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ENERGY EFFICIENCY

A Pre-Winter Warmer

Welcome to a frosty October! The
weather here in Europe has sure taken a
down turn. It looks, though, that things in
business take a brighter side in India...
according to Frost and Sullivan.

The India Semiconductor Association
(ISA), an Indian semiconductor industry
organization, has briefed growth, trends
and forecasts for the Indian semiconductor
market in collaboration with a U.S.
consulting company Frost & Sullivan.

According to the report, total
semiconductor consumption in India (total
value of semiconductors used for devices
marketed in India) was $2.69 billion (USD)
in 2006. The $2.69 billion represents 1.09%
of the global semiconductor market, the
report said. Of the total semiconductor
consumption in India, consumption by local
Indian set manufacturers accounted for
$1.26 billion.

The overall Indian semiconductor
consumption will grow at an average rate
of 26.7% per year in 2006 through 2009,
according to the report. Based on the actual
consumption in 2006, the overall Indian
semiconductor consumption is forecast to
be $5.49 billion in 2009. This represents
1.62% of the global semiconductor market
in 2009.

Semiconductor consumption by local
Indian set manufacturers is predicted to
increase at 35.8% per year in 2006 through
2009 and ammount to $3.18 billion in 2009.

Applications expected to consume a
large amount of semiconductors in India
are mobile phones, desktop PCs, notebook
PCs, GSM mobile phone base stations,
STBs and power meters, the report said.
Most demanded semiconductor products
are predicted to be microprocessors,
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analog devices, memory chips and ASICs.

The falling average unit price of
semiconductors has cast a shadow over
the large gaps between estimates and
actual figures, according to the 2007/2008
edition of the report. The report cited a
bill of materials (BoM) for mobile phones
as a specific example. Compared with its
estimate of $25.7 per unit, the actual BoM
was only $11 per unit.

According to iSuppli, the star du jour of
the GPS market is the Personal Navigation
Device (PND) segment, which continues
to develop rapidly as vendors aggressively
cut prices to maintain their share of sales
amid tough competition. However, with
PNDs now in the growth phase of their
product life cycle, prices have gone south,
with the Average Selling Price (ASP) falling
23 percent year-over-year in 2006. In spite
of these dramatic price cuts, the revenue
from PNDs is expected to increase by four-
fold between 2006 and 2013.

iSuppli estimates 40 companies now
are offering GPS navigation capabilities
on a range of products, from PNDs and
embedded systems, to smart phones.

The navigation market used to be clearly
segmented into two separate product
families: embedded systems and PNDs.

The more costly embedded systems
offer the benefits of integration with
improved positional accuracy on a large
dash-mounted display. PNDs offer most
of the important navigation features on
a device priced for the consumer mass
market.

Looks like very good news for the semi
market.

Enjoy the issue and as always | look
forward for your feedback and latest design
challenges.

All the best!

SN2 )

\_J
-

Editor-in-Chief, PSDE
Cliff. Keyes @powersystemsdesign.com
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INDUSTRY NEWS

Marriage of UPS and Fuel Cell Technologies Delivers
Enhanced Power Protection
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UPS and fuel cell technologies have been
integrated to produce an advanced backup
power system which has been installed for
power protection at Investec banking
group’s London Headquarters. This marriage
of a Chloride PowerRACK UPS and a 5kW
IdaTech ElectraGen™5XTR fuel cell system
delivers high reliability power protection with
extended backup power run times to the
building’s security office.

This state-of-the-art product combines a
PEM fuel cell stack, reformer, fuel storage
and delivery, controls and power electron-

ics. It provides a clean, compact and quiet
alternative to diesel generators for city centre
applications. Traditional solutions such as
generators, batteries or fuel cell systems
using bottled hydrogen are only practical for
a limited number of hours. The IdaTech unit
internally produces high-grade hydrogen for
the fuel cell stack, enabling days of opera-
tion from a very compact liquid fuel source.
The ElectraGen™5XTR system also provides
an economical solution to help avoid the tradi-
tional challenges associated with hydrogen
delivery and storage by producing hydrogen
on-site and as needed. It is perfect for remote
locations such as telecommunications towers
or in cities where diesel generator operation
may be a problem.

IdaTech Sales Director Nicolas Pocard
commented: “Key differentiators of the Elec-
traGen™ solution as compared to alterna-
tive models are that it can be used indoors
or outdoors while offering predictable, quiet
performance from a compact liquid fuel and
in temperatures ranging from -40°C to +50°C.
By installing the system at Investec,
IdaTech’s parent company, we are demon-

strating the dependability of this advanced
power protection system at a site where
backup power is critical”.

Installed by Cell Care Technologies, the
system has gone ‘live’ and is delivering on its
promise of high reliability and extended run
times.

www.investec.com/UnitedKingdom/

International Rectifier Grants

License Agreement for DirectFET® Packaging

Technology to Infineon Technologies

International Rectifier, IR® and Infineon
Technologies have announced that Infineon
will license from International Rectifier its
patented advanced power management pack-
aging technology, DirectFET®.

Designed for use in AC-DC and DC-DC
power conversion applications in computers,
notebooks, telecommunications and consum-
er electronics devices, the DirectFET power

package is an industry-first surface-mount
power MOSFET packaging technology for
efficient topside cooling in an SO-8 footprint
or smaller. Compared to standard plastic
discrete packages, DirectFET’s metal can
construction enables dual-sided cooling to ef-
fectively double the current handling capacity
of high frequency DC-DC buck converters.
Infineon will deploy the DirectFET power

o,

Infineon

Internationa
TR Rectifier
package technology with its OptiMOS® 2 and
OptiMOS 3 chip technology and expects to

sample the OptiMOS 2 in DirectFET pack-
ages starting early 2008.

www.infineon.com

Students to Benefit from Wokingham Based
Semiconductor Giant

A newly-refurbished laboratory was opened
today at the University of Reading — thanks to
a £40,000 investment from Microchip Tech-
nology Inc.

Microchip Technology — whose European
Headquarters is based in Wokingham - is
a major supplier of microcontrollers, digital
signal controller and analogue ICs and has an
established track record of supporting educa-
tion through the donation of funding, equip-
ment and software.

The School of Systems Engineering al-
ready uses Microchip Technology’s devices
in its teaching and project work and when
an opportunity arose to refurbish an existing
teaching laboratory, an approach was made
to see if further support would be forthcoming.

Chris Guy, Head of the School of Systems
Engineering, said: “Students on Electronic En-
gineering and Cybernetics courses will benefit
greatly from this exciting new development.

It will enhance the learning of all existing
students whilst acting as a major recruitment
tool for potential undergraduates.

Ganesh Moorthy, Executive Vice-President
said “Microchip was delighted to offer a full
package to enhance the laboratory, which
now boasts a full suite of the latest Microchip
Technology hardware, software and devel-
opment tools. The funding also allowed the
laboratory to be fitted out with new benches
and chairs, greatly enhancing the look,
comfort and student experience. It has been
a pleasure to partner with one of the leading
technology Universities and to help ensure
students learn in a modern, hi tech environ-

ment.” ~ ~
www.microchip.com
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ing FET Controllers Save Power
Protect Redundant Power Supply Systems

Applications

— Blade servers

—N+I redundant systems
—Telecom line cards
—RAID

TPS241x —Merchant power

Features

Co — Ultra-fast, adjustable gate turn-off
mmon
Power —Internal charge pump
Bus —Wide voltage operation range
— Adjustable turn-off threshold
—Complements TI's TPS2490
hot swap controller

Power

Supply 2

YOUR WAY™

The new TPS241x family of ORing controllers from Texas Instruments provides a high-efficiency replacement for ORing
diodes. Also, they offer intelligent monitoring and control of power supplies to prevent bus transient events from causing
board-damaging faults or voltage spikes during operation. These ICs provide 130ns ultra-fast gate turnoff and a wide voltage
operation range from 16.5V down to 0.8V.

_ For samples,
L[IEI::r Oéla{?eﬁ Comeaasrtator Voltage Mf[‘)as:lFltET Enable | Status evaluation modules
Device | Control | Control Filtering Monitoring | Monitoring | Control Pin Package and datasheets, visit >>
TPS2410 X X X X X X 14-Pin TSSOP
TPS2411 X X X X X X 14-Pin TSSOP or call toll free:
TPS2412 X 8-Pin TSSOP
TPS2413 X 8-Pin TSSOP

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1886A1 © 2007 T/

Technology for Innovators” {L‘ TEXAS INSTRUMENTS
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INDUSTRY NEWS

New Handbook of Standardized Terminology for
Industry

the Power Sources

The Power Sources Manufacturers As-
sociation (PSMA) announces publication of
“The Handbook of Standardized Terminology
for the Power Sources Industry—3rd Edition” .
Revised and expanded, this unique handbook
contains hundreds of added terms, especially
selected for the power electronics profession-
al. The third edition also contains illustrations
and four new appendices, including a listing
of EMI specifications, excerpts from interna-
tional standards of units and symbols, along

with guides for authors of technical papers.
These added resources provide concise,
easy-to-use references for engineers involved
in technical writing and presentations.

Many new magnetic terms are described
in this new 126-page third edition that are of
particular interest to the practicing designer
and marketer of power supplies and related
products. Valuable information regarding
worldwide power sources, standards agen-
cies, and military specifications has been

DAL

retained, updated and
expanded from the previous edition.

The book price is US$25 to PSMA mem-
bers and US$50 to nonmembers, and may be
purchased from:

Power Sources Manufacturers Association

P.O. Box 418 Mendham, NJ 07945-0418

Tel: 973-543-6207

E-mail: power@psma.com

e ]

Sailboat with Hydrogen Fuel Cell Makes History

“I feel like Orville Wright,” said Jim Har-
rington, after unveiling Canada’s first-ever
hydrogen fuel cell sailboat to the world.

In just six short months, the president of
A.G.O. Environmental Electronics Ltd. in Vic-
toria B.C. managed to take his initial idea and
make it a reality — to build a completely green
sailing machine.

He completed his first successful voyage
aboard the six-metre sloop “Jim D.” August 23.
“This is history being made,” he said. “It is

that significant.”

Fuel cells generate electrical power quietly
and efficiently, without pollution. The by-products
of an operating fuel cell are heat and water.

Harrington outfitted the sailboat with a
300-watt Horizon fuel cell system and he
managed to do it for about $5,000 in parts,
most of which he purchased at Canadian Tire.

“Every so often in history, there’s a conver-

gence of where technology and the supply of parts
necessary to start a new age occurs,” he said.

Harrington says Canadians are on the brink
of a hydrogen revolution — as fuel cell technol-
ogy advances, so will its use in everyday life.

Harrington is working with iGreen Tech-
nologies to develop more fuel cell technology
products.

Jack Jardine, CEO of iGreen Technologies,
says one their plans is to put together fuel cell
kits priced at $4,500.

“Before long you’ll have guys and gals put-
ting together fuel cell boats in their garages,”
he predicted.

Harrington’s prototype included hydrogen
supplied by NRC in Vancouver, which uses
photo voltaic panels to transform solar energy
into hydrogen to power fuel cells.

Future tests will incorporate larger fuel cells
manufactured by Palcan.

Harrington’s early calculations suggested
the sailboat could reach 2 knots under fuel
cell power of this size, but his tests revealed
a top speed of 1.5 knots. While he’s still work-
ing out the kinks, he’s enjoying the quiet and
clean technology.

“All you can hear is a little poof,” he said,
referring to the tiny blast of vapour that is
released when the fuel cell is in operation.

Harrington comments: “I think that the most
significant development from this test was
the creation of an almost silent power supply
that could feed an inverter to power electrical
devices onboard a sailboat.”

Compared to the smoke and noise of a big
diesel engine, it’s a huge improvement, he added.

Jim Harington: info@agoenvironmental.com

_nwnw.igreenws Il www.palcan.com |

Tl Kicks Off 2007 Portable Power Management Design

Seminar Series

Seminar Focuses on Latest Design Approaches and Applications

Building on the success of its popular
power design seminars, Texas Instruments
announced the schedule for its 2007 Portable
Power Design Seminar series. Leading Tl
power management experts will conduct the
one-day seminar in 5 cities in Europe, starting
in December. For more information, see www.
ti.com/portable-power-e-pr.

The 2007 Portable Power Design Seminar
series provides practical sessions focused on
advanced battery management and power
conversion concepts, basic design principles
and “real-world” application examples, such
as notebook computing and portable naviga-
tion systems. Seminar presenters will cover
design issues and considerations, design
techniques, topologies, tools and examples.
Topics include:

+ New Battery Technology and Portable
Power Management Development

+ Li-lon Battery Fundamentals and Battery
Pack Electronics Design

- Battery Capacity Monitoring Accuracy
and Implementation

+ Battery Charging System Design Consid-
erations

» Buck-Boost Converters for Portable Sys-
tems

+ Driving White LED as Backlight for Small
and Medium-Sized LCD Displays

+ Portable Power Circuit Collection — Ex-
tending Applications of Standard ICs

+ PWM and PFM Operation of DC/DC
Converters for Portable Applications

» Component Selection, Layout and
Thermal Design Consideration for DC/DC
Converters
European Dates and Locations:

December 3 Munich, Germany
December 4 Paris, France
December 5 Birmingham, England
December 6 Copenhagen, Denmark
December 7 Eindhoven, Netherlands

Battery Power Management Products

Tl meets the power design needs of
customers through innovative products and
technical support. Through its analog and
digital systems expertise and manufacturing

Power Systems Design Europe

capabilities, Tl provides high-performance,
discrete and integrated power management
solutions to fit any portable, line-powered de-
sign challenge — from cell phones and PDAs
to telecom, industrial and computing applica-

tions. ,
| P

Power Events

[* The China International Power Supply (CP$
EXPO), November 6-8,Shanghai, China,
www.cpsexpo.cn/en/index.html

* APEC 2008, February 28-28, Austin, Texas,
USA, www.apec-conf.com

g ina , Marc - 20,
China,
www.mesago.de/en/PCChinamain.htm

anghar,

roductronica, November 13-16, VIUnic,
Germany, www.productronica.com

* PCIM Europe 2008, May 27-29, Nuremberg,
Germany, www.pcim.de
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Quad Buck

N
2.25V 70 5.5V

Vi

Vouts
@300mA

Vouts
@200mA

Vours

Vi3

LTC3544

Vout2
VB2

Vour2
@200mA

Vour1
@100mA

9mm? Monolithic Synchronous Quad Step-Down Converter

. . Output Vour Switching Quiescent
t No. .
Part No Canfiguration Vi Range Current (A) | Min. (V) | Frequency |Current Ig(pA)* Package
LTC3547/B Dual Synch Step-Downs | 2.5V to 5.5V 0.3x2 0.6 2.25MHz 40 2mm x 3mm DFN-8
LTC3407/A | DualSynch Step-Downs | 2.5Vt055V |  0.6x2 06 15MHz 40 3mm x 3mm DFN-10,
MSOP-10E
LTC3419 Dual Synch Step-Downs | 2.5V to 5.5V 06x2 06 | 2.25MHz 35 Hmmﬁgcr)np"-H%FN_&
3mm x 3mm DFN-10,
LTC3548/-1/-2 | Dual Synch Step-Downs | 2.5V to 5.5V 08,04 0.6 2.25MHz 40 MSOP-10E
3mm x 3mm DFN-10,
LTC3407-2/-3 | Dual Synch Step-Downs | 2.5V to 5.5V 0.8x2 0.6 2.25MHz 40
MSOP-10E
3mm x 5mm DFN-20,
LTC3417A Dual Synch Step-Downs | 2.25V to 5.5V 15,1 0.8 2.25MHz 125 TSSOP-20E
LTC3446 Single Synch Step-Down + | 574556y | 10,0308 | 04 | 225MH: 140 3mm x 4mm DFN-14
Dual VLDOs
LTC3545 Triple Synch Step-Downs | 225V t055V|  0.6x3 06 | 2.25MHz 58 3mm x 3mm QFN-16,
MSOP-10E
LTC3544/B Quad Synch Step-Downs | 2.25Vt0 5.5V | 0.3,2x 0.2, 0.1 0.8 2.25MHz 70 3mm x 3mm QFN-16
LTC3562 1°C Quad Synch Step-Downs | 2.7Vt0 5.5V | 2x0.6,2x 0.4 0.6 2.25MHz 100 3mm x 3mm QFN-20

*All Channels On

Europe Sales offices: France 33-1-41079555 Italy 39-02-
38093656 Germany 49-89-9624550 Sweden 46-8-623-1600
UK 44-1628-477066 Finland 358-9-88733699 Distributors:
Belguim ACAL 32-0-2-7205983 Finland Tech Data 358-9-
88733382 France Arrow Electronique 33-1-49-784978, Tekelec
Airtronic 33-1-56302425 Germany Insight 49-89-611080,

Our growing family of synchronous buck regulators supports the increasing number of power rails in handheld applications.

The LTC®3544, the latest device in this family, is a highly compact quad output buck solution, delivering 300mA, 2 x 200mA
and 100mA outputs from a single input. All members of this family offer high efficiency, low quiescent current and low noise
operation, as well as low profile, compact solutions.

WV Selected Multi-Output Synchronous Buck Converters WV Info & Free Samples

www.linear.com/3544
+49-89-962455-0

_n-‘._‘-.-"_.

Free Portable

E Solutions Brochure

-

www.linear.com/portsolutions

AT, LTC and LT are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their respec-
tive owners.

Setron 49-531-80980 Ireland MEMEC 353-61-411842 Israel Avnet
Components 972-9-778-0351 Italy Silverstar 39-02-66125-1
Netherlands ACAL 31-0-402502602 Spain Arrow 34-91-304-3040
Turkey Arrow Elektronik 90-216-4645090 UK Arrow Electronics
44-1234-791719, Insight Memec 44-1296-330061
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CamSemi Controller
Answers Need for Low-Cost
Energy-Efficient Power Supplies

amSemi launches its first prod-
ucts - a family of breakthrough

performance controller ICs -

that will enable power supply designers

and volume manufacturers for the first
time to develop more energy-efficient
products at lower cost than existing
inefficient solutions.

The C2470 family is based on recent
advances in intelligent digital/analogue
control, coupled with a neat and simple
resonant single-switch topology that has
never before been exploited in an inte-

Figure 1. The C2470 family uses a
tiny ferrite core in place of bulky and
heavy iron-cored transformers.

Figure 2. The C2470 family and
RDFC topology are ideal for the
replacement of bulky, energy-ineffi-
cient linears with small footprint mini
adapters.

grated form for off-line AC to DC power
conversion. This patented, proprietary
approach allows manufacturers to
secure operating efficiencies in excess
of 80% and 100 mW standby but at a
new low-cost price point. While offering
higher performance and superior safety
features, products based on the C2470
family are cost competitive with iron-
cored linear transformers and signifi-
cantly cheaper than currently popular
Switched Mode Power Supply (SMPS)
approaches.

Given initiatives such as ENERGY
STAR and the California Energy Com-
mission, manufacturers are under
increasing market and legislative
pressures to stop producing bulky and
energy-inefficient linear transformers
that place an unnecessary burden on
the environment. However, until today,
a manufacturer’s only option was to
migrate to much more costly and com-
plex SMPS flyback or Ringing Choke
Converter (RCC) designs.

“When we first introduced our mixed
signal controller concept and RDFC
[Resonant Discontinuous Forward Con-
verter] topology to early-adopter cus-
tomers, the feedback was so positive
that we took the strategic decision to
bring them to market in advance of our
other product developments. Our goal is
to enable energy-efficient off-line power
conversion without a cost penalty and
the C2470 family of controllers does just
that. The devices have been specifically
optimised for high volume, low cost,
single rail input markets while offering
double the efficiency over traditional
linear supplies,” said David Baillie, CEO
of CamSemi.

The C2470 family is a major advance
for power supply designers in using a
forward resonant topology with naturally

Power Systems Design Europe

high efficiency and low EMI. Now manu-
facturers can produce small, lightweight
and more energy-efficient supplies with-
out having to design-in complex EMI
filtering circuitry typically needed with
SMPS.

CamSemi’s new controllers simplify
circuit design by cutting a manufactur-
er’s bill of materials, improving margins
and speeding up product development
cycles while also providing built-in pro-
tection and other features as standard
within the controller. They employ so-
phisticated mixed signal control allowing
the use of lower cost bipolar junction
transistors, as opposed to more expen-
sive MOSFETs and lead to lower overall
system costs than the currently popular
SMPS flyback designs. At output power
ratings of around 6W and above they
become cheaper than linear power sup-
plies, currently the industry’s lowest-
cost standard solution for off-line power
conversion but which suffer from poor
conversion efficiency and are bulky.

CamSemi’s new devices can easily
be incorporated into energy-efficient
power supplies, for a wide range of ap-
plications, with only minimal changes
to layouts and components allowing
multiple new product developments to
be carried out in parallel. By operat-
ing in resonant mode, EMI is greatly
reduced enabling the replacement of
linear power supplies in demanding ap-
plications such as audio products and
cordless phone chargers. As secondary
feedback circuitry is no longer required,
component counts are lower, circuits are
simpler and with no opto-couplers or Y’
capacitors safety approval is easier.

The first three members from the
C2470 family are for 6 to 40W power

range.
www.camsemi.com
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ENERGY EFFICIENCY

There’s More to Energy
Saving than Efficiency
What about Imagination?

By Davy Lo, Chief Marketing Officer, Zetex Semiconductors

or over fifty years the luminous ef-
Fficacy of lighting technologies has

steadily improved yet today the in-
candescent light bulb still only achieves
between 16 and 20 lumens per Watt
(Im/W). For the energy conscious
it's the fluorescent lamp and its compact
derivative that have become the solu-
tions of choice for energy saving in the
home - yet they too only produce be-
tween 60 and 80 Im/W. Enter the high
brightness LED.

By combining forces, semiconductor
and chemical industries have developed
high brightness LEDs capable of achiev-
ing 80 to100 Im/W, the race is now on
to exceed 200Im/W. Such incredible
progress constitutes a major technical
shift that allows a quantum improvement
in lighting efficiency benefiting a broad
spectrum of applications in lighting in
the home, the street, automotive and
LCD backlighting.

But, without the right kind of electron-
ics to drive the latest solid state light-
ing technology, potential energy saving
benefits can not be fully realised. Drive
circuits need themselves to be efficient
and help deliver a high quality, stable
source of light which preserves the tech-
nology’s long lifetime. An industry focus
to improve luminous efficacy and simple
drive electronics will not be enough to
produce really substantial energy sav-
ings and exploit the other benefits of
solid state lighting. We need to think
differently.

When it comes to lighting systems for
example, we're still quite primitive in our
energy saving strategy: Turn it on when
you need it and off (or at least dim it)

when you don’t! As engineers, I’m sure
we can be cleverer than this and if
we’re going to make the most out of the
energy saving potential of new genera-
tions of solid state lighting then our con-
trol system philosophy needs to become
a great deal smarter. The only thing that
stands in our way is the bound of our
collective imaginations.

As a truly ‘disruptive technology’ high
brightness LEDs, in a myriad of differ-
ent powers and colours, simply invite
accelerated usage in lighting applica-
tions, in quantities and roles hitherto not
even considered before. By introducing
smarter control systems that help to
substantially reduce energy consump-
tion, the viability of LED based solu-
tions is assured and widespread use in
interior and exterior building illumination
applications just happens.

What if we start introducing adaptive
or interactive lighting systems in the
home or in the workplace as standard?

How nice it would be for interior lighting
to automatically adjust to ambient light-
ing conditions, avoiding over or under
illumination, to suit the needs of different
age groups or different types of activ-
ity to always be optimised for purpose.
Then what about outside? Sensor acti-
vated highway lighting that dimmed to a
level that suited the average speed and
flow of traffic, to achieve the safest and
most comfortable driving conditions.

While fluorescents have replaced
incandescents on energy saving and
environmental grounds, they should
nevertheless be regarded as an interim
solution. From technical and cost per-
spectives they simply cannot suit the
kind of intelligent energy saving control
scheme intimated above. Since high
brightness LEDs will, they need to be
embraced.

Working together, experts in chemis-
try, semiconductor and optical technol-
ogy, chip packaging, thermal and elec-
trical engineering will in time undoubt-
edly ensure that solid state lighting will
become a standard solution for even the
most general lighting application.

Solid state lighting presents a vast op-
portunity for semiconductor and cluster
industries as technology lends its full
advantages to this sector in driving,
controlling, protecting and enriching
the functionality of solid state lighting
systems. Power management ICs, mi-
crocontrollers, DSPs, wired and wireless
communication interfaces et al can all
be used to build far more intelligent and
energy saving lighting systems. We need
to use our imagination.
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Shining the Light on LEDs

Abundant applications adopting the technology
and more coming in the next five years

By Marijana Vukicevic, iSuppli Corporation

stimulated the interest of numer-

ous applications over the past
several years. Many applications have
adopted LEDs for use as displays in ap-
pliances as well as in consumer, medical
and industrial equipment.

I ight Emitting Diodes (LEDs) have

The intriguing thing about LEDs is their
small form factor, high efficiency and
potentially longer life than that of conven-
tional light sources. While some applica-
tions adopted LEDs as a light source
many years ago, others have struggled
to make LEDs a mainstream light source.

Higher power LEDs (not including
display applications) require higher
drive capabilities that are usually man-
aged through the combination of power
conversion circuitry and driving circuitry.
The growth of LED drivers is somewhat
connected to the increased number of
LEDs used in the applications, but differ-
ent circuit techniques keep the number
of LED drivers used per application at a
minimum.

Driving LEDs

Major market applications for LED
drivers as of today are in the mobile
handset and consumer handheld
markets. These markets combined to

account for approximately 81 percent of
the LED driver sales. The penetration of
LED lighting into these markets will peak
during the next few years. Saturation of
this market is influenced by LED price
drops and integration of LED drivers into
other power management circuits. This
trend will influence LED driver suppli-
ers, shifting it to other potentially higher
growth markets.

However, it is the automotive market
that is predicted to be a high revenue
earner for both LEDs and LED driv-
ers with a forecasted solid 15 percent
growth in the next five years. Many LED
applications in the automotive market
benefit from the usage of compact and

efficient sources
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Figure 1: Year Over Year Growth Rates for LED Drivers.

markets are note-

book monitors, Liquid Crystal Display-
Televisions (LCD-TVs) and the general
illumination market. The average growth
rates for these markets are forecast to
be 255 percent, 177 percent and 92
percent, respectively, for the next five
years. Of the three, the notebook moni-
tor market has the greatest potential as
the application has possibly the highest
benefits and solutions.

The LCD-TV market will have mod-
erate penetration of LED backlighting
technology until 2010 mostly because
LEDs are only used to reduce power
consumption and to improve brightness
in these big displays —factors that are
unlikely to be significant for some time
to come.

The general illumination market is one
of the most logical markets for LED pen-
etration, but historically the dynamics
of this market have shown resistance
to change as well as opposition to new
technology adoption. Still, the market
for LED drivers is predicted to grow to
$89 million by 2011, mostly coming from
commercial and office lighting.

Figure 1 presents iSuppli’s forecast for
LED driver market year-over-year growth
rates.

Today, the LED driver market is shared
among the top LED driver vendors for
mobile handsets and consumer elec-
tronics. At the top are National Semi-
conductor, Maxim Integrated Products
and Linear Technology. There are other
small suppliers that are entering the LED
driver business as well, but they hope to
compete in other, more niche segments
instead of fighting it out in the com-
petitive mobile handset or consumer

markets.

Power Systems Design Europe  October 2007

Look at the Peripherals
You Can Map to I/O Pins

S S
TS - :

PIC24
16-bit MCU

2x UART

D —.
4 [ AR =
LE LR

Now you have the flexibility to customize your microcontroller
with Microchip’s Peripheral Pin Select feature

!I.
” \

Microchip's 16-bit PIC24 microcontroller family
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3. Exclusive development tool
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Vital Connections for
Powering Communications

Reported by Cliff Keys, Editor-in-Chief, PSDE

henever | thought of connec-
tors for power, especially in
critical applications such as

cellular base stations, | would always
have a sense of unease. Troublesome
intermittent faults on some pieces of
my own (low quality) radio equipment
had given me this misconception. |
talked with Jeffrey Burkhardt of Ander-
son Power Products to investigate the
reality.

For any designer with a project on
mission critical equipments, the power
connectors need to be top quality. Many
designs need high current capability as
well as the ability to quickly disconnect
and reconnect with the highest possible
reliability.

Anderson specializes in high reliability
connectors, particularly for high current

(>30A) applications and has designed
in with many of the key players world-
wide in applications ranging from blade
servers, test equipment installations,

network switchers and cellular base sta-
tions. They also supply connectors for
hot swapping applications where high
currents are connected live.

Jeff commented, “Many of our ap-
plications are in rugged environments
where operation on a continuous 24/7
basis in vital applications such as data
centers or base stations, where a loss or
interruption of power would prove at the
very least, unacceptable and potentially
crippling to a service provider with mil-
lions of demanding customers subscrib-
ing. We have been extremely successful,
with these customers, especially those
who need extreme reliability and repeat-
ability in the high current arena.”

In this highly competitive market
place, price is very important, but in
these vital applications where a connec-
tor failure or intermittency could prove
a disaster for a provider, the quality of
these devices is paramount.

Anderson Power Products began
when the company converted an old
brewery in downtown Boston into a
foundry. One of the first projects was to
cast various parts for the Boston Trolley
Transit System. Product development
and inventions such as the trolley pole,
invented by Johan M. Anderson in 1890,
put us on the map. The trolley pole was
used in the overhead system of electric
railways, providing a simple compact,
efficient and durable supporting mecha-
nism. APP received multiple awards for
the Anderson brothers’ innovative trolley
and railway designs. The company has
certainly moved forward.

www.andersonpower.com
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The Nine
Most Useful Power
Topologies

At the beginning of modern power supply design, about thirty years ago, there were a handful of

topologies that served the industry well. In the 1980s, an explosion of research into new and advanced

power conversion techniques created hundreds of new topologies that could be used. Today,
mainstream industry has reverted back to the early topologies. The same handful of circuits provides the

design, there were three funda-

mental converters: the buck, boost,
and buck-boost. Early analysis papers
cover just these topologies. There were
also converters that behaved exactly
the same as these fundamental topolo-
gies. They were considered to be in the
buck, boost, and buck-boost families,
with isolation being included in the
circuit. Included in the buck converter
family are the forward, two-switch
forward, half-bridge, full-bridge and
push-pull. The boost has an isolated
version that can be built with a bridge
or push-pull circuit. The isolated buck-
boost circuit is the well-known flyback
converter.

I n the beginning of power supply

It is an intriguing research exercise to
invent new power topologies and study
their operation. This formed a large part
of research in the past, especially during
the 1980s. Some fascinating circuits
were invented that stretch the mind to
fully understand their operation. A paper
from Caltech came up with over 300
new topologies which used an addi-
tional switch and diode. For a while it
seemed as if the old standby topologies
were in jeopardy of being replaced.

It was a very confusing time for many

www.powersystemsdesign.com

best solutions for most applications.

By Dr. Ray Ridley, Ridley Engineering

designers who needed to produce
products. After reading conference
papers, engineers were tempted to try
exotic new topologies that promised
superior performance but which proved
to be very difficult to implement in pro-
duction.

As a result, the industry came full
circle. Now it relies on the original
basic topologies for nearly all designs.
Exceptions are made for some very high
density applications, or for unusual volt-
age and power ranges, but the working
engineer can almost always get the job
done with the basic set of circuits.

That is not to say that industry has
not made progress. It has come a long
way —just not through the usage of
fundamentally different circuit topolo-
gies. The main advances have been
in judicious use of the correct circuit
for the right application, partitioning of
power into smaller pieces (such as the
motherboard VRMs and point of load
converters), advanced packaging, new
silicon devices, and careful application
of low-loss switching for some of the
topologies.

1. Buck Converter

The buck converter is the most funda-
mental of all power supplies. It supplies
a lower voltage output than the input,
and is used at all power levels where
isolation is not required.

As shown in Figure 1(b), the diode
of the buck converter can be replaced
with an active switch when the output
voltage is low. This provides efficiency
advantages. Caution is required when
using discrete parts since avoiding
overlap of the two switches is essen-
tial.

Probably more buck converters are
built than any other converter. They form
the basis for microprocessor power
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supplies, providing over 100 A to the
load. Modern design techniques break
the total load into smaller pieces, using
several parallel buck converters. This re-
sults in a final power system which can
switch faster. It is also smaller and more
efficient.

When working with these converters,
don’t forget that the input is noisy. Good
power designers will have input filters on
the front end of their buck converters,
preventing the large switching currents
from creating noise issues elsewhere on
the board.

The buck converter becomes less op-
timal as the input-to-output voltage ratio
increases. A 10:1 step down is reason-
able as an extreme. Beyond this, the sili-
con is stressed hard and a transformer
topology may be more appropriate.
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Figure 1: Buck Converter.

e Applications: Step down without
isolation for power levels from less than
1 W to over 1 MW.

¢ Strengths: Low noise output.

e Cautions: Noisy input requires filter-
ing. Don’t try to step down too much.

e Advanced application: Synchronous
rectifiers, multiphase for current sharing.

2. Forward Converter

If your system requires isolation or a
large step down ratio, it can be provided
by the forward converter. This inserts
a transformer in the circuit and allows
appropriate scaling of the input voltage.
The transformer also inserts complica-

tions — the voltage stress on the switch
is increased, and the core must be prop-
erly reset when the converter is turned
off. In general, forward converters only
operate to a 50% duty cycle. The rest
of the period is reserved for transformer
reset.

More advanced versions of the for-
ward converter can be used in resonant
mode, or with synchronous rectifiers for
low voltage outputs.

Figure 2: One-Switch Forward Converter.

e Applications: Isolated outputs for
power levels from less than 1W to about
100W.

e Strengths: Low noise output, single
ground-referenced switch.

¢ Cautions: High voltage on the
switch. Noisy input requires filtering.
Transformer reset circuit needed. Maxi-
mum of 50% duty cycle.

e Advanced application: Synchronous
rectifiers, resonant converters, multi-
phase for current sharing, resonant reset
of the transformer.

3. Two-Switch Forward Converter
The power level of the single-switch
forward converter is limited by the
voltage stress on the switch. At higher
power levels, the converter of choice is
the two-switch forward converter, shown
in Figure 3. This is the most rugged of
all the isolated converters, providing
a voltage clamp on the primary power
switches. It is used in applications up to
1 kW or higher.

Both switches are turned on simulta-
neously, and the top switch requires an
isolated gate drive. The transformer core
is automatically reset through the same
diodes that clamp the voltages of the
switches to the input voltage source.
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Figure 3: Two-Switch Forward Con-
verter.

e Typical Applications: Isolated
outputs for power levels from less than
50W to over 1000W.

e Strengths: Low noise output,
clamped primary switch voltages. Very
rugged circuit.

e Cautions: Noisy input requires filter-
ing. Maximum of 50% duty cycle.

e Advanced application: Synchronous
rectifiers, multiphase for current sharing.

4. Half-Bridge Converter

The half-bridge converter has the ap-
parent advantage over the two-switch
forward of driving the core with a sym-
metrical waveform as each switch is
alternately turned on. For years, engi-
neers debated the relative merits of the
half-bridge and forward. Once current-
mode control became standard, the
half-bridge converter fell out of favor as
it does not work well with current mode
control.

Only recently has it begun to re-
emerge. Some examples include ballast
supplies that need an ac output, and
high-density power supplies that switch
at very high frequencies, where the
reduced core loss of the half-bridge be-
comes the deciding factor. The topology
works well for the non-regulating bus
converters of recent years.

For off-line applications, the current-
mode issue and other complications of
the half-bridge still make the two-switch
forward the preferred approach.

¢ Applications: Isolated outputs for
power levels from less than 50W to
500W.

e Strengths: Low noise output,
clamped primary switch voltages.
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Figure 4: Half-Bridge Converter.

e Cautions: Gate drive noise prob-
lems leading to cross-conduction,
transformer flux balancing, input ca-
pacitor balancing, current-mode control
problem. Not recommended for most
cases.

¢ Advanced application: high-fre-
quency bus converters with regulated
input, synchronous rectifiers.

5. Full-Bridge Converter

As power levels exceed 500 W or so,
some designers will take a pair of two-
switch converters in parallel to supply
the load. The primaries are switched out
of phase with each other to minimize
input noise. This is certainly a rugged
and reliable approach for high power
applications, and it minimizes develop-
ment time.

Another approach is to replace the
diodes in the primary of the two-switch
forward with two more switches, and
alternate the switching of the diagonal
legs to provide the full bridge converter
shown in Figure 6. The full bridge pro-
vides a lower parts-count solution than
a pair of forwards, and is certainly the
right choice if you have extra time for
development.

Advanced designers use the full
bridge in the phase-shifted mode, where
the primary switches are always on 50%
of the time. This minimizes switching
losses in the primary, and eliminates the
need for a primary snubber since the
leakage inductance energy is circulated
in the primary.

However, great care must be taken
with this circuit not to ever overlap the
drives on the side legs of the bridge.
With the high-side drives required, this
can be problematic, and solved with
gate-drive transformers and careful
layout.

www.powersystemsdesign.com

Figure 5: Full-Bridge Converter.

e Applications: Isolated outputs for
power levels from 200W to over 5000W.

e Strengths: Low noise output,
clamped primary switch voltages.

e Cautions: Gate drive noise prob-
lems leading to cross-conduction, trans-
former flux balancing.

e Advanced application: Phase-shift-
ed operation, current-doubler operation,
synchronous rectifiers. High-frequency
bus converters with regulated input.

6. Push-Pull Converter

The last of the buck-derived con-
verters is the push-pull. The push-pull
converter has two ground-referenced
switches, making it easy to drive directly
from a PWM control chip. However, its
application is limited to low-voltage in-
puts since each switch sees double the
input voltage, plus any leakage energy
spikes. It is a common circuit for battery
input to higher voltage outputs, but it is
not recommended for off-line applica-
tions.

It has also been applied successfully
in high-frequency bus converters where
the input voltage is tightly regulated,
such as the half and full-bridges con-
verters.

T
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Figure 6: Push-Pull Converter.

e Applications: Low voltage input,
isolated outputs for power levels from
less than 1W to about 500W.

e Strengths: Low noise output,
ground-referenced power switches.

e Cautions: Transformer flux balanc-
ing, high voltage on input devices.

¢ Advanced application: high-fre-
quency bus converters with regulated
input, synchronous rectifiers.

7. Boost Converter

The boost converter is the opposite
of the buck - it only steps voltage up,
its input is quiet, and its output is noisy.
It is an ideal choice if you need step up
without isolation, and it also finds very
wide usage in power factor correction
circuits which generate a high-voltage
dc bus from the input ac line.

The boost converter is usually seen
only in its nonisolated version. Which
bridge and push-pull boost circuits can
be built, they have issues with start-
up that require extra power windings to
get the circuit up to full output volt-
age without overcurrent in the power
switch.
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Figure 7: Boost Converter.

¢ Applications: Non-isolated step up,
power from 1W to greater than 1 kW,
power factor correction.

e Strengths: Low noise input,
clamped output voltage.

e Cautions: Use current mode control
to provide good response with this RHP
zero converter.

8. Buck-Boost Converter

The buck- boost converter combines
the step down of the buck, together
with the step up of the boost. Shown in
its simplest form in Figure 8, it provides
a nonisolated and inverted input. Since
this is not a particularly common re-
quirement, and since it has a high-side
switch, it is not a particularly common
circuit in industry.
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Figure 8: Buck-Boost Converter.

e Applications: Non-isolated step up
or step down, inverted output, power
from 1W to greater than 100W.

¢ Strengths: Multiple outputs are easy
to add.

e Cautions: Current mode control for
RHP zero, noisy input and output.

9. Flyback Converter

The flyback circuit is the isolated
version of the buck-boost converter.
After the buck converter, it is the most
common circuit made. It is popular due
to its low parts count, single magnetic
element for both energy storage and
transformer action, and for the ease it
provides in generating multiple out-
puts.

The flyback converter has many
modes of operation — discontinuous
mode, continuous mode, quasi-reso-
nant, etc. They are all in common usage.
The drawbacks are the high voltage on
the power switch, which usually must be
clamped, the high noise output which
benefits from a second filter, and a
power limit corresponding to about 10 A
output current.
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Figure 9: Flyback Converter.

e Applications: Non-isolated step up
or step down, inverted output, power
from 1W to 100W.

e Strengths: Single ground-referenced
switch, automatic core reset, multiple
outputs are easy to add.

¢ Cautions: Current mode control for
RHP zero, noisy input and output. Lim-
ited to about 10 A output current

e Advanced application: Quasi-reso-
nant operation, synchronous rectifiers.

Cascaded Converters

Most power system designs are done
with the above topologies. Sometimes,
though, you run into a situation that
calls for more functionality than can
easily be provided with a single stan-
dard power stage. Rather than trying to
research other topologies, one of the
best approaches is to use a cascade of
topologies where each serves its own
function.

For example, if you need a very
high step up ratio, it can often be best
achieved with two boost convert-
ers in series, rather than with a single
power stage. Some very high perfor-
mance systems use three or four series
converters, each one designed to do
a specific job. ! Some high-density
converters also use a cascade of to-
pologies to let each one operate at its
optimum point. &

This is a relatively new development
in the power electronics field, brought
on by the availability of low-cost silicon
with extremely low on-resistance. It
is the basis of most of the high per-
formance power supplies in industry
today. This is a big change from the
previous decade when the thrust was
to accomplish everything in a single
power stage.

Other Converters

Sepic, Weinberg, current-driven push-
pull, isolated boosts, tapped inductor
converters, Cuk converters, and many
others can be found in our industry.
Rarely do they provide a function that
cannot be done simpler with the basic
topologies. If you find yourself heading
in that direction with a design, make
sure you research the implications
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thoroughly, and examine the alterna-
tive architectures you might use for the
same job.

Resonant power also has its niche,
but some of the most impressive circuits
are resonant-transition circuits. They
have the same topologies, but simply
switch in a soft manner.

Summary

The nine converters that formed the
basis of our industry in the beginning
are still with us. Do not think of these
as “beginner” circuits. They are used in
some of the most advanced power sys-
tems in the world, and should be your
choice as well.

Additional Reading

[1] “IBM’s next generation servers look
to bus converters” www.switchingpow-
ermagazine.com/downloads/IBM Build-
ing Blocks.pdf

[2] “The incredible shrinking power
supply” www.switchingpowermagazine.

com/downloads/Incredible Shrinking
PS.pdf

www.ridleyengineering.com
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Simple Solutions for the
Design of High Voltage
Battery Packs

Lithium-based battery packs are becoming
standard equipment in diverse applications

The past two years or so have seen a dramatic increase in the number of high- voltage battery packs

that are using lithium-based cells. These new lithium-based battery packs are replacing previous

generations of battery packs that were typically nickel-cadmium or lead acid and the new packs are

delivering improved performance, longer usable life between charges, and more charge cycles over their

lifetime. These lithium-based battery packs are becoming standard equipment in diverse applications

such as power tools, e-bikes and light delivery vehicles, uninterruptible power supplies, mobile medical

and diagnostic equipment, and other even higher power consuming products such as hybrid and plug

in hybrid electric vehicles. In addition to the performance improvements, lithium based battery systems

provide other benefits such as lower weight, longer run times, no memory effects, and they are also

better for our environment.

By Mike Coletta, Lead Marketing Engineet,

Battery-Power and Portable Systems Design, Intersil Corporation

The features and benefits of lithium-
based packs comes at a price.
We have seen numerous recalls
of battery packs in the past year, with
most of these recalls for lithium ion-
based packs. The previous generations
of nickel-based battery packs were low
cost, simple designs that had minimal
electronics within the pack or system
for battery monitoring and control.

New lithium-based packs can require

a significant amount of electronics
within the pack to meet the safety
requirements as well as to provide a
good user experience. The required
safety features generally include:

www.powersystemsdesign.com

e Pack Overcurrent Monitoring and
Short Circuit Monitoring

e Cell Overvoltage and Undervoltage
Monitoring

e Pack / Cell Temperature Monitoring

Additionally, cell balancing and
pack capacity monitoring may also be
included to further enhance the user
experience.

Battery-powered products that are
used in applications such as notebook
computers and video cameras present
a fairly constant demand for power
from the battery. The more interesting

devices such as power tools and
various mobility products can demand
huge instantaneous loads that must be
supplied from the battery. Because of
the extreme demands that can come
from devices such as power tools,

the battery monitoring and protection
electronics are more complicated and
provide additional levels of protection
not found in the notebook type

battery monitoring and protection
devices. Well-designed muilti cell
monitoring and protection circuits, such
as Intersil’s ISL9208 family of products,
offer multiple levels of detection for error
conditions as well as timing windows
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Figure 1

for these error conditions to clear. At
the same same time, these circuits also
provide hard limits beyond which a
hard fault condition is deemed to have
occurred.

Shown below, we have a simple
example of a Li-lon battery pack that
is used in a cordless power tool or
e-bike application. This design supports
control of both charge and discharge
current using a single path with two
MOSFETs. It is also possible to support
separate charge and discharge paths, if
so desired.

This design provides pack current
monitoring for overcurrent and short
circuit events as well as individual cell
voltage monitoring, pack temperature
monitoring and fast cell balancing with
up to 200mA of balance current. In
this example, the 1SL9208 functions
as an Analog Front End (AFE) and
operates in conjunction with a
microcontroller. The AFE performs
the level shifting of the cell voltages

20

and outputs the voltage on the analog
output pin (AO) to the microcontroller.
The microcontroller can use this
information to monitor the status of
each cell during charge or discharge as
well as for cell balancing. Along with
the analog voltage of each cell, the
AFE also reports any error conditions
to the microcontroller. The charge
and discharge FETs are controlled
directly by the ISL9208 and provide
an automatic protection mechanism
to minimize any possibility of delays
in protection being introduced by the
microcontroller when critical error
states such as overcurrent or short
circuit conditions exist. It is possible
to disable this feature in the charge
and/or discharge modes of operation.
In case this automatic protection
feature is disabled, the ISL9208 will
continue to monitor the current and
will report an error condition to the
microcontroller which will then direct
the ISL9208 to disable the MOSFETSs.
This allows the system designer the
flexibility to implement some unique

charge management algorithms. For
battery packs that require more than
7 cells in series, as shown in Figure 1,
a chipset approach that incorporates
a single microcontroller and multiple
AFE’s is easily implemented.

To illustrate the typical operation
of these types of battery packs and
systems, we use a simple cordless
radial saw example. For this example,
the battery pack protection and
monitoring electronics are designed
for an overcurrent trip point at 50A
and a short circuit trip point of 100A. If
the overcurrent event is cleared within
125mS, the tool continues normal
operation. If the overcurrent event is
not cleared within 125mS, or the load
current exceeds the short circuit limit,
a hard fault condition is considered
to have occurred and the tool is shut
down. The figure below shows a
common scenario.

In phase A, the tool is being started
from an initial resting condition. The saw
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requires in excess of 80A to start the
motor, but once the blade is spinning it
requires just 4A to 6A to keep the motor
running as long as no work is being
performed.

In Phase B, the user begins to cut a
piece of dry wood and the saw requires
between 10A to 20A to maintain the
normal cutting operation.

During Phase C, the saw blade
happens to hit a knot in the wood,
or the blade is somehow bound as it
progresses through the cut. The load
can increase to as much as 60A for a
short period of time and the overcurrent
indication is asserted. In this scenario
the operator reduces force momentarily
on the saw, the load is shown dropping
to less than the overcurrent level
within the 128mS allowed and the saw
continues normal cutting operations.

In Phase D, the operator increases
force on the saw stalling the blade
while trying to cut the wood and the
load current increases accordingly. The
first indication from the monitoring and
protection circuitry is the assertion of
the over current signal followed almost
immediately by the assertion of the short
circuit indication. Since a short circuit
condition is considered to be a hard
fault, discharge of the pack is disabled
and the saw blade is immediately
stopped. Note that the overcurrent
and short circuit indication signals
are internal to the ISL9208 and are
communicated as error conditions to the
microcontroller over the I°C interface.
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The digital fault indications shown in
Figure 2 are being driven by the analog
monitoring and protection circuitry
within the AFE. In a well designed
circuit, these will be filtered signals to
avoid any spurious shutdowns. For
example, the Intersil ISL9208 family
of products provides multiple voltage,
current, and timing thresholds that are
programmable by the user for their
specific applications. These are:

¢ 4 discharge overcurrent thresholds
¢ 4 short circuit thresholds

e 4 charge overcurrent thresholds

¢ 8 overcurrent delay times (Charge)

¢ 8 overcurrent delay times (Discharge)
e 2 short circuit delay times (Discharge)

These multiple thresholds provide
the designer a great deal of flexibility
to deal with the discharge profiles of
various types of equipment. In the case
of power tools, it may be advantageous
to have the tool communicate the limits
to the pack when the pack is initially
installed in the tool as different tools
have different discharge profiles. This
technique matches the personality of
the pack to the tool/application and
can provide the user with maximum
functionality of their device.

Overvoltage and undervoltage
conditions of individual cells within
the battery pack are also important to
monitor. If any cell voltage exceeds the
manufacturer’s specified upper limit,
charging must be disabled to prevent a
potentially hazardous condition to exist.
Similarly, if any cell voltage drops lower

Big innovation,
small size.

Minisens
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to the next level as it is a fully
fledged current transducer for
isolated current measurement
including magnetic concentrators
in an IC SO8 size. This allows you
to include all the functionalities
you are looking for into the space
that you have available.

Non-contact current
measurement with no
insertion loss

Isolation provider

Attractive price

Flexible design allows a
wide range of current
measurement from 2-70 Arus
+5V power supply

Access to voltage reference
Ratiometric or fixed gain
and offset

Standby mode pin
Dedicated additional fast
output for short circuit
detection

High performance gain

and offset thermal drifts

www.lem.com

At the heart of power electronics.

21


http://www.lem.com

COVER STORY

allow discharge across a wider range of
temperatures. Discharge limits of -10°C
to +60°C are fairly typical and some cell
chemistries may be able to discharge
within a slightly wider temperature range.
Due to the narrow range of temperatures
allowed for charging, it may be
necessary to actively heat or cool the
pack prior to and during charging. Due
to cost and space constraints, any
heating and cooling devices are typically
found in the charging base rather than
internal to the pack. Temperatures

are thus communicated between the
microcontroller in the pack and the
controller in the charging base.

Up to this point, we have focused
solely on the safety issues of high
power battery packs. While safety
is the single most important issue in
battery pack design, a well thought
out product will also take appropriate
steps to help ensure a good user
experience. New generations of lithium-
based packs typically have high cell

counts as well as the added cost of
protection and monitoring electronics
within the pack and system. Costs

for spare or replacement packs can

be quite high when compared to

the previous generations of nickel-
cadmium-based battery packs. Users
of these new generations of packs want
to experience increases in performance,
as well as extended run times and
shorter charging times. One method to
provide the improved user experience
is to implement cell balancing within the
battery pack.

Cell balancing is a method to maintain
all cells within a pack at the same
state of charge. The more cells that are
connected in series, the more likely it
is that cell balancing will be required to
maximize the performance and usable
life of the battery pack. Most cells from
a manufacturer and especially within
the same lot are fairly well matched
in terms of ability to accept, retain,
and deliver charge. However, small

variations between cells as well as the
differences in temperatures of cells
during charge and discharge and can
lead to unbalanced conditions. These
unbalanced conditions can seriously
reduce the usability of a battery pack.

In any battery pack, the charging
process must be stopped once the
cell voltages have reached the charge
termination voltage specified by the
manufacturer. Similarly, the discharge
process must also be stopped once
the cell voltages have reached the
discharge termination voltage specified
by the manufacturer. In an unbalanced
pack, the charge process is terminated
as soon as the first cell reaches the
charge termination voltage. Discharge
is stopped once the first cell reaches
the discharge termination voltage.
Some cells may have a tendency to
charge and discharge faster than the
other cells due to their physical location
within the pack and/or perhaps small
differences between the cells during the
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Cell Capacity

Time

Unused capacity

Tape
Figure 3
complex to realize at a reasonable
b cost. That is no longer true. By using
Unused capaci internal balance FETs with the ability to
7 Charge handle 200mA of balance current, the

ISL9208 family of devices can perform
cell balancing quickly and provide the
battery pack designer with a design that
is relatively simple to implement.

Users of lithium-based battery
packs are eager for the performance
improvements and other advantages
of these new devices. By using the
techniques discussed above, it is

Discharge

Figure 4

manufacturing process. In a balanced
pack, charge is transferred from series
cells at higher states of charge to

series cells at lower states of charge.
Parallel cells self balance. This process
can occur during charge as well as
discharge of the pack, although it is
typically implemented during the charge
cycle only for simplicity.

The figure below shows the impact of
not balancing cells within a battery pack
over multiple charge and discharge
cycles. When originally assembled
into the battery pack, the cells were all
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possible to design high power lithium-
based packs that meet all the safety
requirements, as well as provide a rich
user experience all at a reasonable cost.
Using an integrated AFE such as the
ISL9208 family of devices provides a
very robust design with a minimum of
external components and a relatively
low total solution cost.

well matched and at the same state of
charge, but over multiple charge and
discharge cycles they gradually become
unbalanced. This results in a significant
loss of capacity and significantly
reduced usability of the pack. Many
notebook users have found this to be
the case when after a few months of
use their 4-hour typical run time has
degraded to less than 4 hours.

Arguments against cell balancing in
the past were typically based on the
longer charge times that were required
for balancing or designs that were too
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Cleaning Up
Communications

Effects of digital power management in
mobile communication applications

There is no doubt that ICT (Information Communication and Technology) contributes to making our

lives better and more efficient. However, the rapid development of global communications and new

technologies do — to an extent - contribute to global warming.

By Patrick Le Févre, Ericsson Power Modules

uring the Gartner Symposium
D ‘ITxpo 2007 Emerging Trends’,

Analysts said that the global
information and communications
technology (ICT) industry accounts for
approximately 2 percent of global carbon
dioxide (CO,) emissions - a figure that
is equivalent to aviation according to a
recent conclusion by Gartner.

This number is an estimation, and
ICT is a huge area of applications that
includes from power hungry data-
centers to Wi-Fi hotspots, and they all
performing differently when it comes to
energy efficiency and levels of energy
savings reached throughout the years.

Among all of the different applications
included under the banner of ICT, there
is one that merits consideration as
example and case study for the next
step of implementing digital power
management versus existing analog;
mobile radio and radio base station
applications.

51 years in power

It is only fifty-one years ago (April
25, 1956) that the world’s first fully
automatic system for mobile telephony
was launched in Stockholm.

What was called at the time MTA

(Mobile Telephone System A (Figure
1)) began with eight subscribers, and
by expending the service to Géteborg,
ended the year with 26 subscribers!

In fifty years, the mobile phone
industry has grown extremely rapidly
and, according to the global trade
association GSM association (GSMA),
the number of subscribers around the
world is set to increase by 40 million per
month during 2007.

In early May 2007, Ericsson
announced that the one millionth radio
base station was shipped to a customer,
and Powerwave announced that they
have deployed more than 1.3 million
tower mounted amplifiers for hundreds
of cellular, PCS, GSM and 3G networks
around the globe.

Both announcements reflect the
volume of equipments making mobile
communication possible, and with the
growing demand for long and mid-
range mobile-communication systems
such as GSM, 3G, and Femto-cells, it is
easy to see that the amount of energy
consumed by the aggregated number of
equipments deployed all over the world
will continue to grow, requiring a number
of measures to limit their environmental
impacts.
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Radio base station - good but...
Compared to other industries - and
considering the recent estimation
presented at Gartner Symposium
- the pure telecom industry has
relatively low CO, emissions, and
Ericsson estimates that the industry is
responsible for 0.4 percent of global
primary energy consumption and 0.3
percent of CO, equivalent emissions.
Out of this number, assuming 2.6
billion subscribers, it is estimated that
the mobile telecom’s CO, equivalent
represents just 0.09 percent.

Looking at the evolution of energy
consumed by Mobile Radio and CO,
evolution (Figure 2), it is clear that since
the introduction of the first generation
of mobile systems that energy efficiency
has improved, while performances and
capacity have continuously increased,
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though the environmental impact has to
be further decreased.

Ericsson’s life-cycle-assessment
estimates that 52% for GSM and
54% for WCDMA splits wrt CO,
emission occur when the networks
are in operation. These are the parts
where digital power and digital power
management could contribute to further
reduce CO, emissions while improving
systems’ efficiency.

Power efficiency in mobile radio
The result of many different measures

and technical innovations, as shown

in figure one, the level of CO, emission

reduced throughout the years follows

a general improvement in dc/dc

converters efficiency (Figure 3).

Driven by new components and
innovative topologies, over two decades
the power industry has managed to
drastically improve the power efficiency
of dc/dc converters and dc/dc
regulators, reaching an upper limit that
becomes more and more challenging to
surpass!

Now components and technologies
will continue to improve for sure but
recent examples from by the micro-
processor industry have proven that
energy and data-management can
be much better optimized to increase
performance while reducing energy
consumption (e.g. using multi-core
processors instead of single core,
PMOS technology, sleep transistors,
etc.)

Different parts of a radio system
have great room for improvement in

energy management terms, and without
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disclosing advanced research on the
radio transmission part, it is evident
that performance improvements will not
only depend on natural components’
evolution but more on a combination

of different technologies such as digital
power management associated to new
components (e.g. Silicon Carbide).

Telecoms systems are very dependant
on traffic and inter-operation between
the different cells (Figure 4). Besides
software managing the split between
cells and allocation, the state of the art
will be to manage at signal processor
level, the energy consumption in real
time, and to predict in advance what
the energy system might require before
requested by traffic (i.e. using pro-active
energy management).

As it is for portable and nomadic
equipment, reaching the most

optimum energy-efficiency-
management will require managing
energy by function at board level, which
based on today’s analog solution is very
complex, requiring multiple interfaces
making things difficult to work together
and to communicate with the rest of the
system.

Before starting to consider
implementing a kind of intelligence
in power conversion and power
management at system level, it is first
important to set a common instruction
and language, freely available, that
everyone understood.

That was the first task undertaken
by the electronics industry, which has
been successfully conducted under the
PMBus initiative, from which results a
standardized protocol already adopted
by most of the industry leaders such as
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Intel, Dell and many others.

In parallel comes the products
dimension and how to convert analog
dc/dc converters and dc/dc regulators
into units that work with or respond to
a digital signal without adding extra
interfaces and cost.

This step is now partly completed and
different papers presented by Ericsson
at DPF, APEC and PCIM demonstrated
that the migration from analog to digital
power management was technically
possible and the implementation of the
standardized communication PMBus is
a reality.

From that point, how will such
technology help telecoms manufacturers
and operators to operate their systems
in a more efficient way, resulting in less
power consumption and lower CO,
emission?

When digital power becomes
a reality

Often one only considers the core
processor as being ‘the component’
requiring tight control. But, if that is
a very important part of the system,
such components are relatively easy to
control because they are already digital.

For some time, the VRM (Voltage
Regulator Module) and the VRD (Voltage
Regulator Down) have been able to
communicate with the processor, so
digital control is virtually there. And
by adopting PMBus, Intel has given

a clear signal that future products will
easily be able to communicate with their
neighbourhood.

As mentioned, power consumption in
mobile radio applications is very much
driven by traffic, and by combining traffic
management and intelligent power-
management it will be possible to only
power the required part of the system
needed at that time and to standby
the rest of the time if not required.
Otherwise, when traffic increases the
traffic management controller will enable
additional functionalities.

For example traffic management could
control the number of power amplifiers
in operation and decide to power ON
or OFF some of them when traffic
increases or decreases, or to adjust the
polarization voltage to the most efficient
profile at time.

At cabinet level, certain boards that
include mixed-functionalities that are
only required at a certain times during
the operation will have the ability to
be powered ON/OFF, or adjusted to
suit vital parameters, and precisely
monitored to make it possible for the
traffic management controller to report
in real-time to the site manager on
different parameters.

Managing power management down
to the vital few is also very important
to reduce the fixed operational power
and especially the power consumed
by air-conditioning and ventilation. On
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average, 30% of the power consumed
in a radio base station is for cooling.

Adding digital control to individual
boards and PMBus, it becomes simpler
to better control cooling and ventilation,
optimizing operational conditions to
suit specific traffic conditions, and
statistically profile the power demand
for the requirements of the next flow of
traffic.

If considered at start of the project,
the same type of topology could easily
be deployed to fix access and other
ICT applications such as data-centers,
reducing power consumption and CO,
emission.

To conclude

It is always difficult to precisely predict
tangible numbers on a new technology
and how far such technology will drive
the reduction of power consumed
by a system though, as reported
by Ericsson in the 2006 Corporate
Responsibility report, among several
activities to reduce CO, emission, the
implementation of a standby capability
during low load, and implementation
towards the parking of base stations
deployed since 1995 will save between
10 and 20% of energy, resulting in a
saving of 1 million tons or more of CO,
per year.

There is no doubt that the
implementation of digital power
management will strongly contribute
to further reduce energy consumption
and what we are seeing today as result
of energy management is only the early
beginnings of digital power benefits at
systems level.
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IGBTS

Degrees of Freedom for
Optimisation of IGBTs for
400V AC line Applications

Chip thickness and MOS-channel width
influence performance

This article addresses the question how a variation of the requirements on short circuit robustness and

blocking voltage translates into a change of chip performance. Focus is the optimisation of IGBTs for

400V AC power line applications.

By R. Severin, P. Kanschat, A. Ciliox, Infineon Technologies AG, Warstein, Germany

O. Hellmund, Infineon Technologies AG, Am Campeon 1-12, Neubiberg, Germany

The trench field stop technology as
used for Infineon’s TrenchStop®
IGBTs is the state of the art con-
cept in the 600-1200V blocking voltage
range. Key performance parameters for
hard-switching applications are block-
ing voltage, on-state voltage, switch-
ing losses, softness and short circuit
robustness.

Two major parameters influence the
IGBT performance:

1. The MOS channel width (w):

The larger w the lower the on-state
voltage. The short circuit current is in-
creased by a large w.

2. The chip thickness (th.;,):

Reducing th,,, results in decreased
on-state voltage and switching losses.

We compare Infineon’s current 1200V
IGBT4 (low power) chip generation with
a 1200V IGBT* fast chip and a third
variant of IGBT® with reduced chip thick-
ness, increased channel width and a
blocking voltage of 900 V and 1000V. In
the following they are called the 900V
and 1000V IGBT.
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Electrical chip performance

Two main aspects have to be consid-
ered. One is the static on-state of the
IGBT.

The second aspect considers switch-
ing losses. In this discussion we focus
on the IGBTs turn-off due to the fact that
the IGBTs turn-on is mainly dominated
by the free wheeling diode used.

Output characteristics
The output characteristics of the IGBT
versions can be determined by measur-
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Figure 1: Output characteristic:

T; 150°C, Ve 15V. The green line
displays the linear fit to the 1200V
IGBT".

ing on-state voltage drops as a function
of the collector current. Naturally the dif-
ferent IGBT versions have different cur-
rent densities where the current density
is the collector current per active area of
the chip. Figure 1 depicts the measured
on-state voltages.

It turns out that the 1000 V chip
shows a 20% lower on-state voltage
drop than the 1200V IGBT?® at a current
density of 1.6 A/mm?Z.

The achieved threshold voltage
(V) and resistance times active area
(Rc*area) are given in table 1.

Table 1: Linearly approximated
parameters of the output charac-
teristic at T=150°C.

Rc*area
Ve[Vl | [€2*mm?]
900 V IGBT 0.96 0.028
1000 V IGBT 1.06 0.029
1200 V IGBT? 0.90 0.062
1200 V IGBT* 0.88 0.054

The threshold voltages Vit are com
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parable. The resistances for a certain
area Rc * area of the 900V and 1000V
IGBT are in the same range whereas the
1200V IGBT3 shows a value about twice
as high due to the increased chip thick-
ness and smaller channel width.

Dynamic properties

The switching losses E,, are the
sum of the turn-on and turn-off losses
E..+E. as depicted in. fig. 2.

Tusn ol erwv gy

\

olsctor earent |, [A)

Figure 2 Turn-off losses of the differ-
ent IGBTs as a function of the collector
current (DC link voltage 600V; T, 150°C;
stray inductance of 30nH).

Table 2 summarizes the overall
switching energies of the IGBT per unit
collector current.

Etot/|C

[mMWs/A]
900V IGBT | 0.146
1000 V IGBT 0.156
1200 VIGBT® | 0.216
1200 V IGBT* | 0.197
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Figure 1: Overlay of IGET3 1000V and IGBT3 1200V turn off
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Figure 4: Overlay of 1200V IGBT3 and 1000V IGBT turn-off waveforms.
Conditions: DC-link: 600V; T; 150°C; R 20 Q; I, 30A. The depicted curves in

figure 3 are:

IGBT 1000V VCE: black, I.: red, Vg green
IGBT® 1200V VCE: blue, I: violet, Vg bright green

Conditions: IGBTs scaled to the same
size, DC- link voltage 600V; modulation
factor 1; power factor 0.9, all simulated
with Ry, 1.47 K/W and Tamb 40°C.

The simulation shows a benefit of a 20
% higher inverter output current (RMS)
by using the 1000V IGBT in comparison

with the 1200V IGBTS3.

Blocking voltage and switching

behavior

In this section of the article we dis-

cuss the turn-off waveforms.

In figure 4 the switching behavior of

Inverter output current simulated
with IPOSIM

All necessary device properties have
been analysed and were integrated into
IPOSIM. The results of the simulation
are given in the figure 3.

Available cutput current al given operation
conditions
w 0 IGET
- 1300 IGET
E 12000 GBTY
& =, 12007 3BT
E =
3 i
~ =,
g_ e
e —
s . -
1 5 ] 13
Swilching frequency [kHz]

Figure 3: Available inverter output
current as a function of the IGBT
switching frequency.

et b sl

1200V IGBT 4

1200V IGBT 3

1000V IGBT.

900V

W AT T

the 1000V IGBT is displayed. This chip
turns out to be faster than the 1200V
IGBT®. Additionally the turn-off losses
are significantly smaller. This can be
explained by the different chip thick-
nesses. Not only are the losses impor-
tant but also the behavior of the IGBT
in terms of softness fig.5. The devices
were turned off at the same test param-
eters. The IGBT4 has a reduced current
tail with a very soft behavior and lower
turn-off losses by 15% at a comparable
over voltage peak.

The waveforms of the 900V IGBT
show the largest over voltage pulse and
a snappy current behavior.

In case of the 1000V IGBT the tail
current is smaller but still present. This
1000V IGBT may indicate that this chip
might be a reasonable solution for an
application which deals with a limited
collector current.

Short circuit robustness
The IGBTs today offer the capability

for a secure short circuit
turn-off under defined
conditions. Three different
modes of destruction are
known. Type one is the
destruction mode due to
latch up during the cur- -
rent turn-off. This failure o e
mode is well avoided with
the TrenchStop® IGBTs

of Infineon Technologies.
The second failure mode

can be called the current L

destruction mode. This
mode is not related to

Mk it TOEMSH  Sample (NG

i

W R r TEY 16 Feb 2007
LALE Y]

the device’s temperature
and can be avoided by
optimized device design.
The third and most common mode is
the destruction due to thermal run away
after the device is turned off for a view
micro seconds as a consequence of tail
current phenomena.

IGBT.

Short circuit withstand time t,,
Within t,, the short circuit has to be
detected and the driver has to turn off
the IGBT.

T lﬂ-l:-'liﬂ-' ampl T

TR T80V TRT—

Eh

RO —YV i3 Feb 2007
Hoamal

Figure 6 depicts a suc-
cessful short circuit with-
stand of the 1000V IGBT.
The t,, can be determined to
3w 5.6 psec.

Figure 7 shows the experi-
mental results of the short
circuit withstand over all
investigated IGBT versions.

All the IGBTs have the
same cell structure, but dif-

Figure 6: Short circuit withstand of 1000V
IGBT?, Ve 16V, Ve 700V, Rg 200hms, T, 150°

C, t,. 5.6usec.

fer in their thickness. Within
the measurement toler-
ances the 1200V IGBT® and
the 1200V IGBT* show the

Figure 5: Softness compatrison, turn-off waveforms (I 60 A, V,c 600V, T, 25°C,

R off 30 Q)

1200V IGBT* — Eoff 3.54mJ

1200V IGBT® — Eoff 4.18 mJ

1000V IGBT — Eoff 3.42mJ
900V IGBT — Eoff 2.85mJ

Red: I, black: Vg, green: Ve
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Experimental short current withstand time

WCC 700V

same short circuit current
withstand time and distin-
guish clearly from the three
other IGBTs. Hence, the

- :
— | @ e00vV IGET :

§ rl o 1000V IGBT conclus.lon can be drawn
2" 01200V IGBT that an increase of the

8 .l O 1200V IGET3 MOS-channel width which
= 0 1200V 1GET4 reduces the on state losses

is also the key parameter
determining tsc. The upcom-
ing challenge of a secure

Figure 7: Measured short circuit withstands
time of different IGBTs, conditions: Vg 16V, Rg

20Q, T, 150°C, Ve 700V.
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short circuit turn-off can be
solved by using state of the
art drivers like Infineon’s

Figure 8: Short circuit test with the 1000V

1ED020112-S driver chip. To avoid high
over voltage pulses a two-level turn-off
is also integrated. In the measurements
the detection and the turn-off was done
within 5 psec at Vg 16V, VDC 700V and
T, 150°C. Figure 8 shows the successful
turn-off.

Due to the optimized soft shut down
of the 1ED020112-S limited the over volt-
age peak to 736V at a DC-link voltage of
700V. So far we have shown that state
of the art IGBT driver technology offers
the opportunity to deal with a reduced
short circuit withstand time.

Conclusion

This article discussed the 1000V IGBT
as a possible further step in optimizing
the efficiency of 400V applications. Be-
sides the chip performance the reliability
of the devices has to be discussed.

In summary, the potential for ongo-
ing performance improvement and cost
reduction by intelligent adjustment of
IGBT technology and application re-
quirements is shown to be evident and
is worth to be subject of further discus-
sions between IGBT (module) suppli-
ers and their customers. Both degrees
of freedom investigated, namely chip
thickness and MOS-channel width will
influence performance parameters like
on-state and switching losses. These,
however, are traded off versus other pa-
rameters, namely over-voltages, cosmic
radiation FIT levels, softness and short
circuit withstand time.
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Designing for
Telecommunications
in China
New national mobile phone

charging requirements in China drives
design requirements

People’s Republic of China has recently introduced a new Telecommunications Industry Standard for
mobile telecommunication terminal equipment to reduce handset cost for consumers and to minimize

electronic waste and help protect the environment. Designs for this market need to be adapted

accordingly.

By Takashi Kanamori and George Paparrizos, Summit Microelectronics Inc.

nder the new standard, all
l l compliant wall chargers need

to provide a USB connector to
ensure universal charging with all mobile
phones. Furthermore, specific safety
and performance requirements need to
be met to make this standard effective.
This article analyzes the new standard
in detail, discusses its impact on wall
charger and mobile phone designs, and
introduces a variety of charging imple-
mentations that allow system designers
to meet these new requirements.

Main Requirements

The new standard introduces a
variety of electrical and mechanical
requirements that ensure battery charg-

Case

- - Pin 1: VEUS (red)
- Pin 2: D- {white)
izl 4 Pin 3: D+ (green)
1 — Pin 4: GND {black)
Type A Mini
USB Connector

Figure 1: Typical mini USB type A
connector and pin description.

ing inter-compatibility and safety. New
wall chargers are required to provide

a connector that is compliant with the
mini USB type A specification. This
mechanical implementation allows the
mobile phones to be connected to any
dedicated wall charger or computing
USB port for battery charging pur-
poses. The output current capability of
the new wall chargers needs to be at
least 300mA and lower than 1.8A. This
current range addresses both the low-
cost and the high-performance product
segment. Last but not least, the output
voltage of the new compliant wall char-
gers needs to be 5V nominal with a +
5% tolerance.

Power Source Detection

One of the most critical sections in
new mobile phone designs, that need to
be compatible with the new directive, is
the detection of the connected power
source. This is critical because a USB
port and a new wall charger will be iden-
tical from a mechanical point of view
(both utilize USB type A connectors),
however their power characteristics are
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drastically different. For example, when
connected to a USB port, the mobile
handset needs to fully comply with the
USB2.0 specification. In this case, the
charger IC needs to initially limit the cur-
rent to less than 100mA and only allow a
500mA level once “hand-shaking” with
the USB host/hub has found place. On
the other hand, when connected to a
wall charger, the charging algorithm can
be initiated immediately and fast charge
current level needs to be adjusted
(usually higher) depending on the wall
charger rating.

The new standard provides guidelines
on detecting the power source type by
reading the impedance between D+ and
D-. More specifically, a compliant wall
charger will have the D+ and D- shorted
inside the charger, and the shorted node
should be floating. This means that D+
and D- are shorted but not specifically
connected to any part of the charger.
The new Telecommunications Industry
Standard doesn’t provide further specif-
ics on D+ and D- short-circuit detection
mechanisms.

October 2007

D+

oww | | ()

Charger

3.0-3.6V
% 1.5k Q £5%
Enable/Disable
R
) D- L_‘ High/Low-speed
‘ USB Tranceiver
Actual short exists on charger side
Mobile Telecommunication
Terminal

Figure 2: Power source detection implementation for compliant wall charger.

3.0-3.6V
% 1.5k Q +5%
Enable/Disable

Full-speed or
Low-speed USB  |p. ) ( >
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[To |

4

Full or Low-speed USB
Tranceiver

Transceiver

15k Q 5% iﬁkQ *+5%

PC USB Port

Mobile Telecommunication
Terminal

Figure 3: Power source detection implementation for USB port.

D+ and D- are the signal lines used
in USB protocol. D+ and D- form a dif-
ferential pair. D+ and D- line carry binary
data from upstream port to downstream
devices, or from downstream devices
to upstream port. Since D+ and D- is
a differential pair, the voltage level on
one is greater than the other, except in
SEO state, SE1 state, or when a down-
stream device is not connected. SEQ is
a state that both D+ and D- are low, and
frequently asserted to signal an end of
packet, and to signal a reset. SE1 is a
state that both D+ and D- are high. SE1
is not an intended state, per Univer-
sal Serial Bus Specification Revision
2.0. Universal Serial Bus Specification
Revision 2.0 specifies that 15kQ + 5%
resistors connected to ground should
terminate both D+ and D- lines at host
or hub ports. At the mobile telecommu-
nication terminals, 1.5kQ + 5% resistor
connected to a voltage source between
3.0V and 3.6V must pull up either D+
for a full speed device or D- for a low
speed device. This pull up resistor
usually resides inside the USB physi-
cal layer (PHY), and gets connected or
disconnected by a switch activated by a
specific enable signal.

Figure 2 illustrates a simple way to
detect whether the upstream port is
a charger specified by the new Tele-
communication Standard or not. If the
upstream port is a wall charger, D+ and
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D- should be shorted together, and

the shorted node should be floating

as shown in Figure 2. Then the mobile
telecommunication terminal asserts a
specific enabling signal for the 1.5kQ

+ 5% pull up resistor inside the USB
physical layer (PHY). In this case both
D+ and D- should go high. See Figure 4
for the transition diagram. Since D+ and
D- are shorted, it does not matter if the
1.5kQ + 5% is located on D+ side for
full speed device, or on D- side for low
speed device. Both D+ and D- will get
pulled up simultaneously.

In the case in which the upstream port
is not a wall charger specified by the
new Telecommunication Standard, D+
and D- are not shorted. Since the con-
nector for the upstream port is a USB
standard Type A one, the upstream port
is most likely to be a PC USB port. A PC
USB port operates under USB protocol
specified by Universal Serial Bus Speci-
fication Revision 2.0, hence, 15kQ + 5%

pull down resistors are required on D+
and D- at the upstream port as shown

in Figure 3. Then the mobile telecom-
munication terminal asserts a specific
enabling signal for the 1.5kQ = 5% pull
up resistor inside the USB physical layer.
Note that the 1.5kQ + 5% pull up resis-
tor is a much stronger pull up than 15kQ
+ 5% pull down resistor. This time, only
one of the two signal lines, D+ or D-,
should be pulled up high, while the other
is pulled down by the 15kQ + 5% pull
down resistor. Hence, only D+ should
be pulled high for full speed device, and
only D- should be pulled up high for low
speed device. See Figure 4 for transition
diagram.

These results are summarized in the
truth table (Table 1) below.

If the mobile telecommunication
terminal is not equipped with the USB
physical layer (PHY) that can enable the
1.5kQ + 5% pull up resistor, an alterna-
tive detection method can be employed.
One example is to apply current source
on D+ pin and check its continuity on
D- pin. See Universal Serial Bus Specifi-
cation Revision 2.0, 7-1, for pull up and
pull down resistors on D+ and D- lines,
and signal timings.

Battery Charger Implementation

A typical charging solution that ad-
dresses the new standard is shown
in Figure 5. In this example, the wall
charger is rated at 500mA. The SMB135
switch-mode battery charger IC can op-
erate from 4.35V to 6.5V and is therefore
compatible with the 5V + 5% adapter
output voltage specified by the new
Telecommunications Industry Standard.
In addition, this charging IC solution
incorporates an input over-voltage pro-
tection that suspends operation when
the wall charger voltage goes above
approximately 7V. Additional protection
features, including battery over-voltage

En Sigaal for 1. 30t 17
Ful up fevhis

Watds T s rmricaten
Tomrsinal I plaggid ks el
(T i

r Signal fr 1,500k g 5%
Pt 1y Fond
.
uiabis Tesstrmuresiien
Tusrunal i phaggeed ints G SR
Fod

Figure 4: Transition diagrams for power source detection.
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Table 1: Truth Table, Signals vs. Upstream Power Source.

~ Upstream Power-Setres Signals Charger | PC USB Port
EN for the 1.5kQ + 5% pull up resistor 1 1

D+ 1 1/0

D- 1 01

and over-current protection, are also
available to meet the industry’s strict
requirement for secondary safety.

When the system detects a wall char-
ger connection (i.e. D+ and D- shorted),
the system microcontroller (or a dis-

crete switch implementation) brings the
USB500/100 input high, resulting in a
fast charge current of 495mA or 525mA
(selectable). When the system does

not detect a short between the D+ and
D- pins, it will assume that the mobile
phone is connected to a USB port of

L

Irgl Orr-volage
Protection SMB135 R
L IN ouT
LRI l v
o | 7, clpooee
4 TEW5 25V = " SENSEH
SEMSEL
0D
sDa, BATT
“ L T 801
‘ » EFM"“" LISBS000 THERM
y v EM
.- i ETAT
COMP
Typei A Miri L Cone GHND
usE
Conmscbor -

Figure 5: Typical charging application with single AC/USB input that meets the

new standard.
IUSB Type A Cabile |
\ connecled
YES
¥
; Maobile Phone is conmecled 1o |
o and B HO > & Chagor thal does nol mest
TIE PR Standard
YES
YES *
¥ finds
Kobila Phoma |5 comnacted 1o a Enumml:clg'l ——HO—  Suspesd Charging
Charges thal mists the P
TE PRoC Standard
YES
¥
X USE Port
Ronpions B8t 10 BSMA (PC o kaploph
brsmen B4 1 405mA .
¥ )
¥ . Apust o (=H
USB100; BBma,
- . 4 [ LISBS00: 495mA |
VBUS=T.O0V ~YES M Suspend Charging I
| YES
¥
HO Insglamant eharging
i algotithm
¥
Irnpbemsint charging
algorthm

Figure 6: Simplified flow chart that describing a typical, 500mA battery charging
implementation that meets the new standard.
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a desktop or notebook computer. To
be compliant with the USB2.0 Speci-
fication, the microcontroller can then
enable the charger via the EN input pin
and bring the USB500/100 input low.
This will result in a fast charge current
of 100mA or less (selectable). Once the
system microcontroller has success-
ful performed the USB enumeration
process, the mobile phone, and there-
fore the charger IC, can draw as much
as 500mA out of the USB port. This
can be accomplished by bringing the
USB500/100 input pin high. A simplified
flowchart describing this operation is
demonstrated in Figure 6.

In addition to providing full com-
pliance with the new standard, the
implementation shown in Figure 5 can
provide additional value to the mobile
phone design. Unlike traditional linear
charging solutions, the basic operation
of the SMB135’s switch-mode architec-
ture allows for an output (charge) current
that can be significantly higher than the
input current, resulting in shorter charg-
ing times and better consumer experi-
ence. This is very beneficial when a USB
port is used as a power source (limited
at 500mA) as well as with the introduc-
tion of the new, compliant wall chargers;
many of the new chargers will be limited
to low current levels (as low as 300mA)
for reduced system cost and lower cost
associated with the China Compulsory
Certification (CCC). Such cost reduction
measures will be necessary, since they
will allow the wall charger manufactur-
ers to provide solutions that are priced
appropriately for the broad consumer
market.

Summary

The new Telecommunications Industry
Standard for mobile telecommunication
terminal equipment in China is a major
step towards universal battery charg-
ing. The main goal is to provide con-
sumers a safe and easy way to charge
their mobile phones, while reducing the
environmental impact and cost associ-
ated with non-interoperability. Both wall
charger and mobile phone designs need
to take into account the new electrical
and mechanical requirements and also
to develop cost-effective implementa-
tions without compromising time-to-
market and system safety.
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Frequency
Compensation in Switching
Regulator Design

Part 2: Feedback path compensation

In part one of this two-part series, the forward path of a switching converter was considered. In this

second and final part, the feedback path is considered as the loop is closed and the overall circuit is

compensated.

By Nigel Smith, Business Development Manager, Portable Power, Texas Instruments

nce the gain and phase re-
O sponse of the forward path

is known, the error amplifier
response can be designed. The main
aims of frequency compensation are to
ensure: (a) an adequate phase margin
(typically >45°); and (b) an adequate
gain margin (typically >10dB). In addi-
tion, the loop gain should pass through
unity with a slope of -20dB/decade.

Before the frequency compensation
can be designed, a suitable crossover
frequency f, must be chosen. Switching
converters with high crossover frequen-
cies respond more quickly to changing
operating conditions, and are therefore
generally preferred; however, sampling
theory limits the maximum crossover
frequency that can be used. In practice
f, typically lies between one tenth and
one sixth f,,, however, if the error ampli-
fier’s open-loop gain is insufficient at
this frequency, f, may have to be further
reduced.

Having selected the desired crossover
frequency, the gain, phase and slope of
the forward path at f, can be obtained
from its Bode plot. The required gain,
phase and slope of the compensated
error amplifier at f, can now easily be
obtained by comparing the two.
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Three types of compensation scheme
are commonly-used, known as Type-I,
Type-Il and Type-lll (see Figure 1). Type-I
is not commonly used in switching regu-
lator circuits and will not be discussed
here.

Type-Il compensation exhibits a pole
at the origin (to achieve high DC gain)
plus an additional zero and pole. The

resulting frequency response contains
a flat area between the zero and the
pole. Type-Il compensation is generally
used in applications where the output
filter exhibits a single-pole roll-off at
the cross-over frequency. The desired
-20dB/decade roll-off at fc is achieved
by ensuring that cross-over occurs
somewhere in the flat part of the error
amplifier’s response.

% g

_nnp,_l i
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il _
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A I IL R,
LL] - s
R1 % PR—
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i
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L
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Figure 1. Commonly Used Compensation Circuits and Their Response.
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Table 1. Phase Change through a Type-ll Compensation Circuit.

Ky
10 20 30 40 50 60 70 80 90 100
1.2 | -225.5° | -222.7° | -221.7° | -221.2° | -221.0° | -220.8° | -220.6° | -220.5° | -220.4° | -220.4°
1.4 | -221.2° | -218.4° | -217.4° | -217.0° | -216.7° | -216.5° | -216.4° | -216.3° | -216.2° | -216.1°
1.6 | -217.7° | -214.9° | -213.9° | -213.4° | -213.2° | -213.0° | -212.8° | -212.7° | -212.6° | -212.6°
1.8 | -214.8° | -211.9° | -211.0° | -210.5° | -210.2° | -210.0° | -209.9° | -209.8° | -209.7° | -209.6°
2 -212.3° | -209.4° | -208.5° | -208.0° | -207.7° | -207.5° | -207.4° | -207.3° | -207.2° | -207.1°
3 -204.1° | -201.3° | -200.3° | -199.9° | -199.6° | -199.4° | -199.3° | -199.2° | -199.1° | -199.0°
K> 4 | -199.7° | -196.9° | -195.9° | -195.5° | -195.2° | -195.0° | -194.9° | -194.8° | -194.7° | -194.6°
5 -197.0° | -194.2° | -193.2° | -192.7° | -192.5° | -192.3° | -192.1° | -192.0° | -191.9° | -191.9°
6 | -195.2° | -192.3° | -191.4° | -190.9° | -190.6° | -190.4° | -190.3° | -190.2° | -190.1° | -190.0°
7 -193.8° | -191.0° | -190.0° | -189.6° | -189.3° | -189.1° | -188.9° | -188.8° | -188.8° | -188.7°
8 -192.8° | -190.0° | -189.0° | -188.6° | -188.3° | -188.1° | -187.9° | -187.8° | -187.8° | -187.7°
9 | -192.1° | -189.2° | -188.2° | -187.8° | -187.5° | -187.3° | -187.2° | -187.1° | -187.0° | -186.9°
10 | -191.4° | -188.6° | -187.6° | -187.1° | -186.9° | -186.7° | -186.5° | -186.4° | -186.3° | -186.3°
Table 2. Phase Change through a Type-Ill Compensation Circuit.
Ky
10 20 30 40 50 60 70 80 90 100
1.2 | -181.0° | -175.3° | -173.4° | -172.5° | -171.9° | -171.5° | -171.2° | -171.0° | -170.9° | -170.8°
1.4 | -172.5° | -166.8° | -164.9° | -163.9° | -163.4° | -163.0° | -162.7° | -162.5° | -162.3° | -162.2°
1.6 | -165.4° | -159.7° | -157.8° | -156.9° | -156.3° | -155.9° | -155.6° | -155.4° | -155.3° | -155.2°
1.8 | -159.5° | -153.8° | -151.9° | -151.0° | -150.4° | -150.0° | -149.7° | -149.5° | -149.4° | -149.3°
2 -154.6° | -148.9° | -146.9° | -146.0° | -145.4° | -145.0° | -144.8° | -144.6° | -144.4° | -144.3°
3 -138.3° | -132.6° | -130.7° | -129.7° | -129.2° | -128.8° | -128.5° | -128.3° | -128.1° | -128.0°
K> 4 | -129.5° | -123.8° | -121.9° | -120.9° | -120.4° | -120.0° | -119.7° | -119.5° | -119.3° | -119.2°
5 -124.0° | -118.3° | -116.4° | -115.5° | -114.9° | -114.5° | -114.3° | -114.1° | -113.9° | -113.8°
6 -120.3° | -114.6° | -112.7° | -111.8° | -111.2° | -110.8° | -110.6° | -110.4° | -110.2° | -110.1°
7 -117.7° | -112.0° | -110.1° | -109.1° | -108.6° | -108.2° | -107.9° | -107.7° | -107.5° | -107.4°
8 -115.7° | -110.0° | -108.1° | -107.1° | -106.5° | -106.2° | -105.9° | -105.7° | -105.5° | -105.4°
9 -114.1° | -108.4° | -106.5° | -105.5° | -105.0° | -104.6° | -104.3° | -104.1° | -104.0° | -103.8°
10 | -112.8° | -107.1° | -105.2° | -104.3° | -103.7° | -103.3° | -103.1° | -102.9° | -102.7° | -102.6°

Type-lll compensation contains two
zeros and two poles in addition to a pole
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at the origin. The resulting response
contains an area of increased gain at

high frequencies and a
slope of +20dB/decade
in the middle of the fre-
quency range of interest.
Type-lll compensation is
typically used to com-
pensate circuits where
the output filter exhibits a
double-pole at the
cross-over frequency.
This is done by ensuring
that cross-over occurs
midway up the error
amplifier’s +20dB/decade
slope; the combined ef-
fect of the error amplifier
and output filter slopes

is the desired -20dB/de-
cade response.

The relative position
of the poles and zeros in
the compensation circuit
determines the overall
phase boost occurring
at f.. Thus, by placing
the poles and zeros at
suitable frequencies, the
desired phase margin can
be achieved. There are
a number of ways to ap-
proach this. One way is to
consider the position of
the low frequency zero(s)
and high frequency
pole(s) using two factors
K; and K, as follows:

K1=£
e
Kzzﬁ
fe

By considering the rela-
tive values of K; and K,
the phase boost at f, can
easily be determined from
Tables 1 and 2.

The gain of a Type-Il
compensation circuit at £,
is equal to the gain AV at
the zero. Type-Ill com-
pensation has a gain in
dB at f, given by:

G=A,, + 20log(K,)

where A, is the gain at the second zero
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in dB.
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Figure 2. System Bode Plots.

A general procedure for compensat-
ing a switching converter can now be
simplified to the following:

¢ Generate the forward-path Bode
plots.

e Select a suitable cross-over fre-
quency. Use the rule-of-thumb that £,
should lie somewhere between one
tenth and one sixth the switching fre-
quency, but may need to be reduced if
the error amplifier’s open-loop gain at
this frequency is insufficient. Determine
the forward-path gain and phase at the
crossover frequency.

e From the slope of the forward-path
gain at f,, determine whether Type-Il or
Type-Ill compensation is required. If the
forward path slope at f, is -20dB/de-
cade, then Type-ll compensation should
be used; if the slope is -40dB/decade,
then Type-lll is necessary.

www.powersystemsdesign.com

* Place the compensation circuit’s
zero(s) approximately one octave below
the output filter’s break frequency, and
calculate the value of K. This approach
is relatively conservative, but avoids
the possibility of conditional stability by
ensuring that phase stays well above 0°
below f..

e Determine the necessary error
amplifier gain at f, and calculate the re-
quired error amplifier gain at the zero(s).

¢ Calculate the maximum phase lag
through the compensation circuit and,
using Table 2 or 3, and calculate the
minimum value of K, achieving this
phase lag. Calculate the frequency of
the compensation circuit’s pole(s)
using.

e Calculate the individual compo-
nent values in the compensation circuit
required to achieve this response.

Figure 2 shows typical Bode plots for
the forward path, error amplifier and
overall response of switching converter
using Type-Illl compensation.

Each engineer has his own preferred
approach toward frequency compen-
sation, and in practice some iteration
will usually be necessary, however, the
approach described above provides a
good starting point for inexperienced
engineers to build a stable circuit with
adequate performance.
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Reported by Cliff Keys, Editor-in-Chief, PSDE

Micrel

| had the opportunity to speak with John T. Lee, Micrel’s Director of Mixed Signal and RF products.
John told me much about Micrel’s competences that help propel the company ahead of the pack.
It was obvious to me that here was a company that has the foresight and the technological capabilities
to outstrip many of the ‘big boys’. The company philosophy of keeping close to the market and,
as important, close to customers, has certainly paid off handsomely. Also, the ability to move fast when
a marketing opportunity is identified, gives the company a rocket-propelled route to success.

CableCard 2.0 Integrated Power Switch and Controller in
a Single Chip

icrel
has just
launched

the MIC2569YQS,
a CableCard 2.0
Power Controller
designed for use in
CableCard applica-
tions. The new IC
is part of Micrel’s
wide and diverse family of Mixed Signal

on the market that addresses this new
mandate and the CableCard 2.0 specifi-
cation.

new set-top boxes. The idea behind the
mandate is to give consumers a choice
between continuing to rent set-top boxes
from cable providers or purchasing such
units from third-party providers. The Mi-
crel solution is the only integrated circuit

John Lee announced, “Micrel’s Cable-
Card 2.0 Power Controller has received

World’s First CableCARD™ 2.0
products and an ideal solution for high Cnmpuiihiliiy ﬂﬂd SimP“‘h}"

volume consumer electronics makers : PCMCIA Connector
of digital cable receivers, DTV/ HDTVs, : =" ]
digital DVR STBs, and digital satellite |
receiver applications. The device is cur-
rently available in volume quantities and
is priced at $3.31 for 1K quantities. A
free evaluation board is also available.

Another great insight from Micrel’
s team has put the company in a very
strong position. On July 1, 2007, the
Federal Communications Commission
(FCC) enacted a Congressional mandate
that dictates cable providers fully utilize |
the CableCard™ 2.0 specification in www.micrel.coms 3V

MIC2569

CableCard 2.0

MIC2569
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wide customer acceptance and is the
only all-in-one IC CableCard 2.0 Power
Controller solution available today. In
addition, a major STB manufacturer has
received a coveted CableLabs® certifica-
tion in both dual S-Mode and M-Mode
DVR for a STB containing the Micrel
device. This is the only STB to-date to
receive such a certification.”

Micrel’s MIC2569YQS is designed to

supply power to CableCard 2.0 cards

in CableCard host systems. The device
supports both S-Mode (Single Stream
Video) and M-Mode (Multiple Stream
Video) through a simple-to-control
parallel interface. All voltage switching
is soft-start at turn-on and break-before-
make when changing between different
voltage supplies. Output capacitors may
be discharged during internal shunting
of FETs. Built-in current limiting pro-

tects both VCC and VPP output lines

of the host system from card faults and
accidental short circuits. The IC also pro-
vides a FAULT/signal to indicate that an
over-current or fault condition exists and
is equipped with internal thermal moni-
toring circuitry to protect the device itself
in the event of a sustained over-current
condition.

Smallest Fully-Integrated 6A Synchronous Buck
Regulators for 3V and 5V Rails

icrel recently introduced a family
M of the industry’s smallest fully-

integrated 6A synchronous buck
regulators, the MIC2260x series for 3V
and 5V supply rails. Operating at 1MHz
(MIC22600) or at 4 MHz (MIC22601),
the ICs feature built-in sequencing,
tracking and ramp control — enabling
all power-up sequencing and tracking
protocols. Targeted at the communica-
tions, computing peripherals, and high-
end consumer markets, the solutions
are ideal for servers/routers, HD DVD re-
corders, wireless base stations, FPGAs,
DSPs, and low voltage ASICs, as well as
other high power density applications.

“Ease-of-use, small size, high efficiency
and high integration are key drivers for to-
day’s demanding power designs,” noted
Ralf Muenster, Micrel’s marketing direc-
tor for power products. “The MIC2260x
are 6A, high efficiency, current mode
buck regulators featuring fully integrated
MOSFETSs while setting new standards
in terms of footprint and functionality.”

The MIC2260x feature fully integrated
30mOhm P-FET and 25mOhm N-FET
switches that deliver a 6A output current
with an input voltage range of 2.6-5.5V.

Smallest Fully Integraied 6A Synchronous
Buck Regulator for 3.3/5V Input Rails

1] Eic

20uF
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The devices have an adjustable output
voltage option down to 0.7V and provide
efficiencies of up to 93 percent. A pro-
prietary, patent—pending internal com-
pensation scheme makes the devices
extremely easy to use. The MIC2260x
require very few external components
and operate at high fixed switching
frequencies, which in turn, reduce the
size of passive components. The built-in

4 xammiiiey

sequencing/tracking feature enables reli-
able power up/down in multi-rail ASIC/
FPGA applications. The devices also
feature an ultra-fast transient response,
thermal shutdown and current limit pro-
tection, and a junction operating range
from -40°C to +125°C

National Semiconductor

In a recent discussion with National Semiconductor executive, Salvatore Napolitano | was briefed on the

new line of PowerWise® products being launched.

www.powersystemsdesign.com
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New Line of PowerWise® Line of Energy-Efficient

Products

he three
new Power-
Wise® ener-

gy-efficient, high
speed differential
amplifiers, suited
for a wide variety
of comms, test
and instrumenta-
tion, defence and
space applica-
tions as part of their PowerWise® line

of energy-efficient analogue ICs. These
parts deliver outstanding performance-
to-power ratios. The creation of the
PowerWise® line is National’s focus on
products to enable more energy-efficient
designs for engineers.

LMHB6552 is reportedly the industry’
s highest-bandwidth, current feedback
differential amplifier at 1.5GHz, with the
industry’s lowest power consumption
at 112 mW, dissipating 44% less power
than competitive products. This digital-
controlled variable gain amplifier (DVGA)
offers an 8 dB noise figure and a 40
dBm output intercept point (OIP3) at 70
MHz for WCDMA, GSM and WiMAX re-
ceiver signal paths and enables an 8-bit,
3 Giga-sample data acquisition system
with less than half the power consump-
tion of competitive solutions.

LMH6515 DVGA maximises dynamic
range of the signal path in IF sampling
applications. The amplifier’s high linear-

ity, with a third-
order intercept
point (OIP3) of
40 dBm at 70
MHz, and low
noise make it
well-suited for
both broadband
and narrowband
receiver paths. It
features a noise
figure of 8 dB,
consumes just
100 mA and op-
erates at a sup-
ply voltage of 5V.
The LMH6515’
s small 4 mm by 4 mm, 16-pin LLP
package simplifies design and reduces
board space by more than 75 percent
compared to using a discrete attenuator
plus amplifier. In receiver applications,
the LMH6515 offers a maximum gain of
26 dB and a wide 31 dB gain adjustment
range, with 600 MHz (-3 dB) bandwidth.
It delivers gain adjustments in precise 1
dB gain steps -- accurate to within 0.05
dB -- to increase the dynamic range per-
formance of communications systems.
This precision enables accurate balanc-
ing with other blocks in the signal path.

LMHB6555 is the industry’s only differ-
ential driver optimised for DC-coupled,
8-bit data acquisition applications with
input frequencies up to 750 MHz. It con-
verts singled-ended signals into differen-

PoWerlVise® High-Speed AmplifigR

tial signals while providing a fixed gain of
13.7 dB and a wide 1.2 GHz bandwidth.
The LMH6555 also provides 0.5 dB
gain flatness to 330 MHz, a noise figure
of 15 dB at 3.3V, and second and third
harmonic distortion of -53 dBc and -54
dBc at 750 MHz — all essential require-
ments for DC-coupled oscilloscope and
data acquisition systems. The amplifier’
S unique architecture allows it to oper-
ate as a fully differential driver or as a
single-ended-to-differential converter. Its
linearity and 100-Ohm differential load
drive capability, as well as assurance
against overdriving. ADC inputs, make
this amplifier well-suited for driving Na-
tional’s ultra-high-speed ADCs.

www.national.com

Texas Instruments

| had the great pleasure to meet with Francois Malleus, TI's Manager for High performance analog products.
He explained to me that the indicators we have on our cell phones were very inaccurate..a fact, I'm sure we
can all identify with. He started off by telling me, “With all the features packed into today’s phones such as
high-definition video and data transmission, the need to conserve and accurately measure the power left in the
battery has become an absolutely critical factor in a whole host of applications. Manufacturers like to integrate
as many functions as possible, but obviously, they all consume power. We let the consumer know how much
time they have left in their equipment, just like the PC manufacturers do. Our portable device customers asked
us to help them to incorporate the technology into their mobile designs -- and now they can.”

Power Systems Design Europe
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Tl Fuel Gauge for Smart Phones and Handhelds
Accurately Predicts Battery Life

s part of
Tls suc-
cess in

outgrowing com-
petition in power,
it has solved

this problem by
introducing its
system-side fuel
gauge IC with its
Impedance Track™ technology for smart
phones and other handhelds. The 2.5mm
x 4mm gauge predicts battery life with a
staggering 99% accuracy to extend run-
time, protect data and provide a better
user experience for mobile handheld
users.

The bg27500 system-side battery
fuel gauge with TI’s patented Imped-
ance Track technology accurately
measures data from a device’s single-
cell Li-lon battery to predict remaining
battery capacity under all conditions,
even as a battery ages. The tiny IC
analyzes precise state-of-charge by
correlating between a battery’s voltage
and cell impedance, and its current
integration to adjust remaining state-

System-Side Battery Fuel Gauge
Accurately Predicts Battery Life

) -""‘-...__‘__
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of-charge up or down the predicted
discharge curve.

Most handhelds today do not accu-
rately gauge remaining battery capac-
ity, but simply measure the cell voltage
to simply guess the capacity. Tradi-
tional gauging techniques used in some
handhelds require static and unreliable
modeling methods that attempt to com-
pensate for discharge rate, temperature
and age of the cell, and must also model
self-discharge and other non-measur-
able currents. Since these models have
an inherent error, which is difficult to
minimize, an end-user will not accurately
know how much run-time remains as the
battery ages with the usual disappoint-
ment.

| asked Francois, how do you
achieve this?

“The bg27500 directly measures the
effect of a battery’s discharge rate, tem-
perature, age and other factors to ac-
curately predict remaining life within one
percent error. By measuring and storing
real-time battery impedance values, the
IC automatically adjusts to changes in

full capacity as a battery ages. State-
of-charge and full capacity are calcu-
lated from the voltage and impedance
measurements, eliminating the need to
re-learn from a charge and discharge
cycle.”

He added, “As handheld systems pro-
vide more functions, the need has grown
for accurate fuel gauging to intelligently
manage available power, alert the user
of system operating-time, and extend
the run-time of the system as far as
possible. Accurate battery data is used
by applications processors, such as TI's
OMAP3410 processor with SmartReflex
™ power and performance technolo-
gies, to optimize the system’s complete
mobile power operating system. For
instance, the system can leverage low-
power modes, clock gating, clock throt-
tling and dynamic voltage and frequency
scaling capabilities based on battery
capacity. The bg27500 provides an ac-
curate reserve energy warning, which
allows a system to save data to non-
volatile memory at the end of a battery’s
discharge, so all your valuable work is
not lost when battery life runs out.

Also, the bg27500 is implement-
ed on the host system’s board,
and can support an embedded or
removable battery. System-side
implementation allows a hand-
held manufacturer to save cost by
designing an end-equipment that
does not need extra electronics
added to the battery pack. As bat-
teries continue to shrink in size, in-
tegration of electronics on the bat-
tery becomes more of a challenge.
System-side implementation of the
bg27500 can control and manage
other main battery management
functions, such as battery pack
authentication.”

www.ti.com/battman
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Serving the Euwrepean Cemmunity

Workshops Since 2000, Ridley Engineering has provided hands-on laboratory
workshops for power supply design engineers. Now, Ridley
Engineering Europe will continue this trend with a focus on Europe.

Products Since 1991, Ridley Engineering products have been available to designers worldwide.
Products will now be available in Euros, shipped direct from within the EU:
AP300 Frequency Response Analyzer & Accessories
POWER 4-5-6 Design Software - full version and customized AP300 version

Design Ideas For a wealth of design tips and design article archives, visit Ridley
Engineering’s Desigh Resource Center at www.switchingpowermagazine.com

Consulting When designs become insurmountable in the lab, contact us for
consulting services to assist in reaching production more efficiently.

SARL Ridley Engineering Europe ~ Chemin de la Poterne ~ Monpazier 24540 ~ FR ~ +33 (0)5 53 27 87 20 ~ Fax: +33 (0)5 67 69 97 28
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LED Illumination in
Automobiles Requires a
New Generation of Power
1C Designs

lechnology requirements are on the
rise to meet demands

Each year automobiles continue to incorporate increasingly complex electronic systems. Today,

electronic systems account for more than 20% of a typical car’s cost, but that figure will jump to more
than 30% by 2008. Examples of these electronic systems are infotainment systems, safety systems,

engine management, satellite in car radio and TV, hands-free cellular phones and other wireless

connectivity. Five years ago, these systems were only found in “high-end” European luxury cars.

Now they are now being integrated into midrange automobiles from every manufacturer, accelerating

automotive IC growth even faster.

By Tony Armstrong, Product Marketing Manager, Linear Technology Corporation

t the same time, the electronic
Acomponent count in these sys-

tems increases while the available
space requirements continue to shrink,
greatly increasing the electronic density
of each system. All of these systems
require power conversion ICs, often with
multiple voltage rails for each subsys-
tem. Because of the very high power
density and relatively high ambient
temperatures, any practical heat sinking
is too large to be accommodated. Thus
power conversion efficiency becomes
critical due to space limitations and
operating-temperature-range require-
ments. At low output voltages and even
with moderate current levels above a
few hundred milliamps, it is no longer
practical to simply use a linear regulator
to generate these system voltages be-
cause they generate too much heat. As
a result of these constraints, switching

regulators are replacing linear regula-
tors. The benefits of a switching regula-
tor, including the increased efficiency
and smaller footprint, outweigh the
additional design complexity and EMI
considerations.

LEDs Replacing the Incandescent
Bulb

The use of LED illumination in automo-
biles was merely an idea in concept cars
of the past. Today, LEDs are found in the
instrument panel backlighting, interior
lighting, and brake lights of many cars
and trucks. In addition, luxury automo-
bile manufacturers are increasingly tak-
ing advantage of the latest technologies
in solid-state LED lighting to enhance
the aesthetics of their 2007-2008 model
cars by relying on these lighter, smaller,
and more reliable devices for interior
and exterior illumination. LEDs also

Power Systems Design Europe

promise lower cost and longer life; clear
advantages over incandescent light
bulbs for interior lighting, for example,
and HID (high-intensity discharge) and
halogen lamps for headlights.

Driving LEDs from a car battery
requires a DC/DC converter to ac-
curately regulate the LED current to
ensure uniform light intensity and color
integrity as well as to protect the LEDs.
Moreover, the DC/DC regulator should
be optimized for specific power require-
ments depending on the intended use
of the LEDs: headlights, or rear, signal,
or interior mood or reading lights. Also,
a difficult challenge is to power one or
several strings of LEDs from a battery
voltage that can be less than, equal to,
or more than the load voltage. Another
concern is to efficiently dim the LEDs
over a large dimming ratio while pre-

October 2007
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serving their chromatic characteristics
at both low and high brightness levels.
Efficient operation of the DC/DC driver
is a crucial requirement, especially in
driving HB (high brightness) LEDs, since
the power not converted into emitted
light is wasted through heat.

Load Dump Condition and Cold
Crank Conditions

“Load-Dump” is a condition where
the battery cables are disconnected
while the alternator is charging the bat-
tery. This can occur whether a battery
cable is loose while the car is

ignition, after which it typically returns
to a nominal 13.8V, see Figure 1. It is
imperative for some applications such
as engine control, safety and navigation
systems to require a well-regulated out-
put voltage (usually 3.3V) through cold
crank to operate seamlessly through this
scenario.

New IC LED Drivers are ldeal for
Automotive Applications

Two new DC/DC LED drivers from
Linear Technology Corporation address
the many stringent requirements of

automotive interior and exterior lighting.
They feature high operating efficiency,
load protection, wide input and output
voltage ratings, and precision current
regulation and more. The ICs can eas-
ily be configured into several DC/DC
topologies, thus offering a designer the
option of qualifying one IC to satisfy dif-
ferent applications’ conversion require-
ments.

The LTC3783 is a current-mode multi-
topology converter with constant-current
PWM dimming for driving high-power

operating, or a battery cable
breaks while the car is run-

ning. An abrupt disconnection Fmerzy Efficirncy:
The '\-nﬂ'-Ener: uewt

of a battery cable can pro-
duce transient voltage spikes
up to 80V as the alternator

is attempting a full-charge of
an absent battery; see Figure
1 for a graphical representa-
tion. Transorbs on the alter-
nator usually clamp the bus
voltage somewhere between
36V and 60V and absorb the
majority of the surge current.
However, DC/DC converters
down stream of the alterna-
tor are subjected to these
36V to 60V transient spikes.
As these converters, and the
subsystems they power, are
expected to survive, and in
some instances regulate an
output voltage through this
transient event, it is critical
that these DC/DC converters
are capable of dealing with
these high voltage transients.
There are various protection
circuits, usually transorbs,
which can be implemented
externally, but they add cost
and take up valuable space.

“Cold Crank” is a condition
that occurs when a car’s engine
is subjected to cold or freezing
temperatures for a period of
time. The engine oil becomes i
very viscous and requires the
starter motor to deliver more
torque, which in turn needs
more current from the bat-
tery. This large current load
can pull the battery/primary
bus voltage below 4.0V upon

www.powersystemsdesign.com
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Figure 1. 80V Load Dump Condition and Cold Crank Conditions.

LED strings and clusters. Proprietary
techniques provide extremely fast, true
PWM load switching with no transient
undervoltage or overvoltage issues:
dimming ratios of 3000:1 (at 100Hz) can
be achieved digitally as True Color PWM
& dimming guarantees color integrity

of white and RGB LEDs. The LTC3783
allows an additional 100:1 dimming
ratio using analog control. This is an
important criterion since the human eye
is extremely sensitive to minor changes
in ambient light. This versatile control-
ler can be used as a boost, buck, buck-
boost, SEPIC, or flyback converter, and
as a constant-current/constant-voltage
regulator. No RSENSE™ operation uses
a MOSFET’s on-resistance to eliminate
the current-sense resistor and increase
efficiency. Applications for the LTC3783
include high-voltage LED arrays and
LED backlighting, as well as voltage
regulators in telecom, automotive and
industrial control systems.

The following features are important
to automotive customers for LED driv-
ers, including our LTC3783:

e High Current: To deliver high current
(>1.5A), the LTC3783 drives an exter-
nal N-channel MOSFET to power high
brightness (HB) and Super HB LEDs.

¢ High Voltage: The LTC3783’s 3V to
36V input operation and an output volt-
age that is scalable depending on the
choices of the external power compo-

nents, easily drives strings (series) or
clusters (series + parallel) of LEDs.

¢ Protection: The IC incorporates
accurate current and output voltage reg-
ulation necessary to protect HB LEDs.
Additional protections include overvolt-
age, overcurrent, and soft start.

¢ Dimming: With True Color PWM
3000:1 digital dimming the LED’s con-
stant color is preserved over a wide
dimming ratio. Also, the LTC3783 is
capable of additional analog 100:1 dim-
ming.

Another product is our LT3475, which
is a dual channel 36V, 2MHz step-down
DC/DC converter designed to oper-
ate as a constant current LED driver
providing up to 1.5A of LED current per
channel. An internal sense resistor and
dimming control make it ideal for driving
high current LEDs. High output current
accuracy is maintained over a wide cur-
rent range of 50mA to 1.5A while unique
True Color PWM circuitry allows a dim-
ming range of 3,000:1.

With its wide input voltage range of 4V
to 36V (40VMAX), the LT3475 regulates a
broad array of power sources including
automotive power systems. Its switch-
ing frequency can be set from 200kHz to
2MHz, enabling the use of tiny inductors
and ceramic capacitors while staying
out of critical frequency bands such as
AM radio. Combined with a thermally

enhanced TSSOP-16 package, it offers
a very compact solution for driving two
or four high current LEDs.

The LT3475 utilizes a high side sense,
enabling a grounded LED cathode con-
nection, eliminating the requirement for
a grounding wire in most applications.
Current-mode control and a precise
reference voltage optimize loop dy-
namics for a well-regulated, low ripple
constant LED current. Both channels
have separate VADJ and PWM signals
for independent operation. Each channel
switches 180 degrees out-of-phase from
the other, reducing output ripple on both
channels. It also has an integrated boost
diode, further reducing the solution
footprint and cost. Additional features
include both open LED and short circuit
protection.

Conclusion

Although the automotive environment
is considered to be extremely harsh,
LED lighting system designers do have
a number of options available for the
selection of rugged LED drivers that
can handle their stringent performance
requirements. Furthermore, as the
adoption rate of LED lighting continues
to migrate down-stream into the low-
end automobiles, manufactures of LED
drivers will deliver new and innovative
products to meet their needs.

www.linear.com
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Improving Reliability in
Automotive Applications with
Self Protecting MOSFETs

Potentially destructive environment posed
by the extremes of temperature is a huge
challenge for the semi industry

These devices are demanded by the auto industry to provide cost effective
and fully reliable control functions for the myriad of now-electronically controlled functions
commonly found within modern trucks and cars. Power management and control is becoming a
vital part of any automotive design. No more is the provision of power from the battery and alternator
combination considered an ‘unlimited resource’, but semiconductors need a little more care on their
design than their discrete counterparts. Zetex Semiconductors has invested in developing parts to
overcome these issues in MOSFETs, now widely deployed in the automotive sector.

By Simon Ramsdale, Product Marketing Manager, Zetex Semiconductors

ue to these harsh environments
D unprotected standard MOSFETs

have proven not rugged enough
for many automotive applications. In-
ductive spikes and load dumps are tran-
sients that either require larger MOS-
FETs or external clamps to absorb the
energy that would otherwise destroy the
MOSFET. To overcome many of these
limitations, self protected MOSFETs
were created. Their internal protecting
components commonly reduce the cost
and size of solution while increasing
overall reliability in many applications.

Lowside self protected MOSFETs
are commonly used to drive peripheral
loads and for signal interface paths.
Typical examples include relay driving,
LED driving and communications signal-
ing between modules.

www.powersystemsdesign.com 45
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Figure 1. Block diagram of ZXMS6002G self-protected MOSFET.
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Figure 2. Current limiting and over temperature shutdown status indication of the ZXMS6002.

Relay Driving

Due to the inductive nature of relays
large transients can be created when
deactivating the relay. These transients
have the capability of destroying un-
protected drivers. Protected MOSFETs
have an integrated voltage clamp, as
shown in figure 1, which automatically
turns back on the MOSFET when its
drain-source voltage exceeds a prede-
termined level. This also helps protect
the device from load dumps; which is
important as relays are often used on
unprotected rails.

To help cope further with transients
most protected FETs also incorporate
over-current protection; which helps
the FET withstand fault conditions that

would otherwise blow standard switch
devices. The robustness and reliability
is further improved by over-temperature
protection. During fault conditions the
drain-source voltage increases as the
load current increases. This results in
device junction temperature increases,
which without over-temperature pro-
tection would cause the device to be
destroyed.

To improve reliability still further some
form of diagnostic feedback as to the
state of the switch may be provided. In
figure 1, the protected MOSFET gives
diagnostic feedback on the actual con-
dition of the MOSFET’s gate voltage.

During current limit conditions the cur-
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rent limiting circuitry reduces the gate-
source voltage. This reduction can be

used as the basis for diagnostic feed-

back.

This change in gate voltage can be
detected by the control system; allowing
the system to respond to the fault. If the
fault should continue then to protect it-
self the protected FET will normally shut
itself off when its junction temperature
exceeds 150C. During these conditions
the Gate voltage will fall further. Fig-
ure 2 shows how the status pin of the
ZXMS6002 varies with MOSFET condi-
tion providing direct diagnostic feedback
which can be used to improve reliability.

This form of feedback can be used
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Figure 4. Current limit vs Ry, for ZXMS6003.

to warn the system of a fault enabling
the management of the system to make
an intelligent decision. This may be to
notify the driver of the fault or enable the
system to turn off the drive thus increas-
ing the reliability and life of the system.

Versatility and reliability can be further
increased by making the current limit
programmable as the protected FETs are
rarely used at their rated current limit.
By reducing the current limit so that it is
closer to the relay switching current fault
conditions will be more reliably handled
resulting in lower junction temperatures.

Lamp driving
Protected FETs are commonly used

www.powersystemsdesign.com

to drive lamps; their built-in current
limit will limit the in-rush current of
incandescent lamps thus protecting
the driver and increasing the life of the
incandescent lamp. As the lamp heats
up, its resistance increases reducing its
current.

One way of reducing the cost can
be to use a smaller protected FET with
a programmable current limit. Fig-
ure 3 shows the block diagram of the
ZXMS6003, an external resistor R
sets the dc current limit. Figure 4 shows
how the current limit varies with R .
The current flowing into the STATUS
pin is mirrored within the ZXMS6003 to
set the current limit. This feature allows

the ZXMS6003 to provide higher surge
currents; by placing a resistor and series
capacitor in parallel with R, increases
the current into the STATUS pin. This
raises the short term current limit allow-
ing higher in-rush currents allowing the
lamp to heat up in a controlled manner
yet providing a lower nominal current
limit which helps protect the system
from faults.

Inter-module communications

Protected FETs are also used as low
cost high reliability communication
drivers. Their open drain format allows
them to interface to a wide range of
voltages and their robustness allows
them to withstand a wide range of tran-
sients.

With their built-in self-protecting fea-
tures, self-protected MOSFETs provide
a cost effective solution to switching
loads in a wide variety of automotive
applications. Their intrinsic features
increase system reliability which can
be further increased by the inclusion of
diagnostic feedback and programmable
current limit.
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ENERGY EFFICIENCY

Power Electronic Interface
for Ultracapacitor as Power
Buffer in a Hybrid Electric

Energy Storage System

Active paralleling of Ultracapacitors with
lithium - A winning combination

Ultracapacitors store approximately one-tenth the energy of nickel metal hydride batteries but are

capable of more than ten times the power. The energy specific cost of the Ultracapacitor is high relative

to batteries, but that specific cost of power is just the reverse; for the Ultracapacitor, “cost of power” is

low relative to batteries, regardless of type.

By Dr. John M. Miller, PE, Maxwell Technologies, Inc., San Diego, California
Michaela Prummer and Dr. Adrian Schneuwly, Maxwell Technologies SA, Rossens, Switzerland

ltracapacitor power energy stor-
l | age cells have been introduced

in relatively large volumes since
1996 and continue to experience steady
growth. In recent years they have be-
come accepted as high power buffers
for industrial and transportation applica-
tions in combination with conventional
lead-acid batteries, as standalone pulse
power packs, or in combination with ad-
vanced chemistry batteries. The merits
of ultracapacitors in such applications
arise from their high power capability
based on ultra-low internal resistance,
wide operating temperature range of
-40°C to +65°C, minimal maintenance,
relatively high abuse tolerance to over
charging and over temperature, high
cycling capability on the order of one
million charge-discharge events at 75%
state-of-charge swing and reasonable
price.

Combining both energy storage tech-
nologies together results in an energy
storage device with high energy avail-
ability combined with high power and
high efficiency. This paper examines the
recent surge of interest in combining
the power dense Ultracapacitor with an
energy optimized lithium-ion battery and
what the interface requirements are for
the ultracapacitor in this active parallel
configuration.

Considering Ultracapacitors in combi-
nation with lithium-ion batteries, one can
see from the cell potential versus cell
capacity traces in Figure 1 that lithium-
ion has very different potential behavior
than the Ultracapacitor. The scales are
in proper perspective to illustrate the
order of magnitude energy differences
between lithium-ion and Ultracapacitor
cells. Batteries store and deliver their
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energy via reduction-oxidation, redox,
reactions (i.e., Faradaic or mass trans-
fer processes) and thereby hold near
constant potential until the reactant
mass(s) are consumed. Ultracapacitors
on the other hand are energy accumula-
tors (i.e., non-Faradaic) and require a
potential change to absorb or deliver
their charge. Because of these very dif-
ferent voltage-current behaviors of the
two energy storage components a direct
parallel combination will not be as ef-
fective as a buffered configuration, what
is called an active parallel combination.
Active paralleling means having a dc-dc
converter interface the ultracapacitor to
the lithium-ion battery.

Both direct and active parallel
configurations have been explored ex-
tensively over the past decade. In fact,
the telecommunications industry is
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Figure 1: Active Parallel Combination of Ultracapacitor with Battery: Hybrid Energy Storage System, HESS.

well aware of the benefits of the direct
parallel combination of ultracapacitors
with lithium cells, generally in a parallel
circuit of a single lithium cell (OCV~4V)
across two series connected carbon-
carbon ultracapacitors (OCV=2.3

to 2.5V each). In this direct parallel
example the ultracapacitor, because
of its very low ESR, supplies a major
portion of burst power needed during
transmission while the lithium-ion cell
provides all reserve power and stand-
by power. The combination results in
significant air time improvement. A
similar case can be made for heavy
transportation, city transit buses for
example, or light rail all of which are
now exploring the use of ultracapaci-

tor technology or have pilot programs
underway.

Figure 1 highlights the need for power
electronic conversion to match an ultra-
capacitor pack to a lithium battery pack
in order to simultaneously optimize the
pulse power and energy of the com-
bination, ™ The demonstrated benefit
of backing up a battery pack with high
pulse power Ultracapacitors has been
documented by ISE Corp. in their hybrid
transit buses for municipal transit au-
thorities.

The Ultracapacitor plus dc-dc con-
verter must deliver a combined efficien-
cy on the order of 90% or better to build

CP Efficiency 3000F UC (0.1, 0.25, 0.4Pml)
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Figure 2: Ultracapacitor Constant Power Discharge Time for >95% Efficiency (8s

at 0.1Pml, 2s at 0.25Pml, 1s at 0.4Pmi).
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a value proposition when combined with
a lithium pack of 95% to 90% efficiency
over a wide range of loading. Analysis
shows that today’s Ultracapacitors, pos-
sessing ultra-low ESR and hence high
efficiency at relatively high power levels,
can indeed deliver such efficiency.
Figure 2 is the result of such analysis for
a typical Ultracapacitor cell undergo-
ing constant power testing. The result

is 95% or better efficiency for pulse
time intervals ranging from 8s at 10% of
matched load power, P, to 2s at one
fourth P,,, to 1s when the power load-
ing is 40% of P,,. Matched load power
is defined in (1) and results when the
terminal load equals the cell (or pack)
internal resistance, ESR.

U2
P = ™ Q)
4ESR,,

In (1) the maximum cell (pack) poten-
tial is Umx and the internal resistance is
the dc value of ESR, or the ESR taken
at very low (i.e., <100mHz) frequency. At
such low frequency, the ESR will consist
of ionic (Ri) and electronic (Re) contribu-
tion to ESR, or Ri + Re for both Ultraca-
pacitor and lithium-ion cells.

Another observation made from
Figure 2 is that the efficiency curve at
constant power drops significantly as
power level is increased. This is due to
the fact that for a fixed power demand,
the Ultracapacitor internal potential (i.e.,
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Figure 3: Ultracapacitor Discharge Characteristics Under Constant Power Loading: 0.1Pml (left) and 0.4Pml (right). Voltage
scaled by 10x (blue trace), current x1 (red trace).

the potential across the carbon-electro-
lyte compact layer having non-Faradaic
characteristic equal to Q/C) drops non-
linearly as charge Q is removed. The
removed charge, Q = i(t)*t is itself nonlin-
ear and equal to terminal power, P/Uc.
Therefore, Ultracapacitor current must
increase as the potential across the
double layer decreases. This presents a
design criterion for the interface dc-dc
converter in sizing of the boost switch.

The terminal potential and current
behavior of the Ultracapacitor during
constant power loading, which can be
viewed as normal operation in a vehicle
traction drive, become highly nonlinear
as internal potential across the carbon-
electrolyte compact layer (i.e., Uco =
Q/C(U)) decreases from near maximum
potential. Note that in all applications
that recuperate energy from the load
the energy storage component must
have reserve capacity to absorb the
anticipated level of return energy. Figure
3 illustrates the ultracapacitor terminal
voltage and current under constant
power discharge at 0.1Pml and 0.4Pml.

The nonlinear characteristics of
Ultracapacitor voltage and current il-
lustrated in Figure 3 for the energy D
Cell (350F, 2.5V) are taken at 10% and
40% of matched load respectively.
Voltage and current characteristics
commence relatively linearly, trending
to square law behavior and ending with
a strong exponential change as poten-
tial approaches cut-off (i.e., the point
at which insufficient charge remains
to support the current: i(t) = dQ/dt).
Table 1 summarizes the characteristics
of Ultracapacitor performance under

constant power operation.

It is insightful to point out two key time
constant aspects of the constant power
results shown in Table 2. The power D
Cell (310F, 2.5V, 2.87mQ) characteris-
tics result in a time constant 1 = ESR*C
= 0.77s. This time constant describes
some very fundamental behavior of the
cell and can in fact be used to define its
efficiency under constant current opera-
tion. At matched load conditions the cell
energy is depleted in exactly two time
constants, T = 2t = 1.78s for the power
cell tested. For rapid discharge (i.e.,
abuse conditions) and short circuit the
stored energy will be dissipated in one
time constant.

Energy efficiency under high loading
conditions is summarized in Table 1 and
shows that at matched load power lev-
els half the stored energy is dissipated
internally and half delivered to the load
(i.e., efficiency is 50%). For constant
power levels well below matched load
conditions the Ultracapacitor efficiency
trends toward 100% and for cells de-
signed for passenger vehicles the overall
efficiency will be as shown in Figure 2,
in the range of 95% to 98%.

High efficiency means more compact
modules and improved product integra-
tion, less cooling system burden so that
air cooling suffices and reduced overall
installation cost. Power cells packaged
in modules such as the one illustrated
in Figure 4 are state-of-the-art in high
specific power (approaching 20kW/kg),
low cost (~$12/kW) and high efficiency
(>95%). Improved efficiency in energy
storage means transportation systems
having improved fuel economy, reduced
emissions and uncompromised perfor-
mance.

Armed with this background on
ultracapacitors and lithium-ion batter-
ies we shift our attention now to the
active parallel combination case shown
as Figure 5. In this figure the Maxwell
Technologies Ultracapacitor model
connects via a half-bridge converter
(e.g., buck-boost stage consisting of
line reactor L, and a phase leg module)
to the lithium-ion cell model. The most
important aspect of this configuration
is the key role played by control of the
dc-dc converter, in the case presented
here, as one of energy management
strategy, EMS, resident in a supervisory
controller.

Table 1: Summary of Power D Cell Ultracapacitor Performance under Constant

Power Discharge
Power loading Load Watts Voltage cut-off Time to Uco Useable Delivered Energy Eff.
w) Uco, (V) © Encrgy (J) | Energy (P*1)
0.1 Py = 34 0.45 31 1260.6 1054 0.83
0.4 Py, = 135 0.9 6.56 1230.5 885.6 0.72
1.0P, = 336 1.42 1.78 1180 598.1 0.507
1.6 Py = 538 1.8 0.653 1120.6 351.3 0.313

* Total stored energy at Uc = Umx is 1295 J and for cut-off potential determined

as:U,, =2,/ESR*P,
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Figure 4: Energy D Cell Ultracapacitor Cell (350F, 2.5V, 3.2mW, 60g, PmI=5.6kW/kg) and Module (left), and 48V Module
(right) Designed for Heavy Transportation Applications.
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Figure 5: Ultracapacitor with dc-dc Converter plus Lithium-ion Active Parallel HESS.

The EMS supervisory controller for the
dc-dc interface converter must continu-
ously monitor load power flows, lithium
cell (pack) power flows, and Ultraca-
pacitor cell (pack) power flows. It must
also generate buck-boost converter
gating signals, necessary to effect bi-
directional power flows in proportion to
accumulated SOC information on both
the lithium cell (pack) and ultracapacitor
cell (pack). It must determine, based on
SOC information, and connected load
power demand the relative contributions
of dynamic (Ultracapacitor) and sus-
tained (lithium) power levels. Finally, at a
vehicle system level, and in cooperation
with a higher level executive controller,
the EMS controller must manage the
long term trend in relative SOC of the
two components so that overall vehicle
objectives such as fuel economy and
performance can be optimized.
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In conclusion:

The system shown in Figure 5 remains
at the forefront of power electronics re-
search to address the remaining technol-
ogy gaps in meeting vehicle level require-
ments for energy storage over the full
operating temperature range and without
any sacrifice in performance. Lithium
alone cannot meet this challenge because
it will lose a significant portion of its power
capability for temperatures below -10°C.
Nor can Ultracapacitors acting alone meet
the energy requirements of passenger
vehicles without exceeding allowable
package space.

What is recommended is the active par-
alleling of ultracapacitors with lithium, but
with power flows subject to supervisory
energy management strategies that seek
to maintain both the energy component
within its high efficient range — meaning

low power stress levels, and the pulse
power component within its energy range
— meaning without incurring wide SOC
swings that shave off efficiency points.
The active parallel combination thus re-
quires the most efficient power processor,
a bi-directional dc-dc converter, which is
comfortable with wide voltage variation on
the input and admits instantaneous power
reversals without loss of regulation.

Every investigator over the past de-
cade who has pursued Ultracapacitor
plus battery combination agree that in
combination the benefits far outweigh
the performance of either component
acting alone. But much remains to build
a value proposition and this will only be
accomplished with further advances in
power electronics for dc-dc conversion.

www.maxwell.com
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Automotive System Design

for Zero Failures

With smart power solid state devices

A practical example of driving automotive incandescent lamps illustrates the method to
predict smart power device lifetime in the real application. Furthermore, enhanced protection

architectures are described.

By Romeo Letor, Sebastiano Russo, Roberto Crisafulli;

STMicroelectronics, APG Body Division

ystem design for zero failure
S requires the definition of a risk

assessment to take into account
all potential parametric variations. In our
specific case, the choice of load driver
will be made on the basis of its resulting
reliability in terms of number of activa-
tions versus all parameters variations
(battery voltage, ambient temperature,
etc.). This criterion is valid both for
nominal operating condition and over-
load conditions. A minimum life time will
be required in nominal operating condi-
tions while a software strategy defining
a maximum number of activation will be
required to prevent catastrophic failures
in overload conditions.

The concept of mission profile is a
powerful method to predict the lifetime
of a smart power device operating in
a given system. The usage of this tool
requires the full comprehension and
characterization of the stresses applied
to the device, which in turn requires a
two-sided approach:

1. An electro thermal analysis of the
interaction between power device and
load in order to identify the stresses ap-
plied to the physical structure;

2. A reliability model formulation of
the device physical structure versus the
stresses.

Both the system designer and the
smart power device designers take
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benefits from this methodology: in fact,
from one side, the system designer can
safely choose the smart power actuator
while, on the other side, the silicon de-
signer can optimize the device protec-
tion architecture.

Automotive actuators driving
Nowadays, smart power devices are
widely used in the automotive environ-
ment to drive various actuators and
lighting systems equipping modern
cars. The main reasons to use solid
state smart power switches are linked
to the increased need of reliability,
fault tolerance and diagnostic power.

In general, those requirements are in
contrast with the market demand for
inexpensive and small Body Control
Units, the modules in charge of pro-
viding power distribution and circuit
protection to other units in the vehicle,
monitoring sensors and switches and
driving output loads. This challenge
spurs the silicon designer to embed
ever-innovative features into ever-
smaller devices.

The harsh automotive environment re-
quires devices able to drive huge inrush
currents of automotive loads avoiding
unwanted spurious fault detections.
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Figure 1: Reliability of smart Power solid state relay physical structure.
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Figure 2: Detailed power requirements for a Portable Media

Player system.

A typical example is the dimensioning
of a switch to drive incandescent lamps
for automotive exterior lighting. Automo-
tive incandescent lamps have peak cur-
rents up to about 10 times the nominal
value. Consequently, the driver must
be sized in order to handle the power
dissipated when conducting the nominal
current under steady state conditions
allowing, at the same time, the few
milliseconds inrush transient to safely
expire with no consequences on the its
reliability. Additionally, the same de-
vice must be tolerant to repetitive short
circuit conditions of duration ranging
between 10ms and 300ms that is typi-
cally the time required by the microcon-
troller to recognize and validate a fault
condition. In any case, for evident safety
reasons, the device is generally not al-
lowed to switch off the load on its own
and suitable protections must prevent
the device from destruction, minimizing
the resultant stress on its own structure.

For the above mentioned reasons, an
overcurrent protection is normally imple-
mented in the form of a current limiter
in order to set the device working point
inside a safe operating area even during
short circuit operation. The choice of a
proper value for the current limitation
is a matter of trade-off between short
circuit reliability and load compatibility.
Indeed, extreme environmental condi-
tions, such as very low ambient temper-
ature, and borderline system conditions,
such as high battery voltages or low
levels of device current limitation, may
sometimes cause the inrush of the bulb
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Figure 3: Inrush current and resulting delta T without

dynamic delta T control.

to be clamped, thus letting the device
work in linear mode and dissipate a
huge amount of power during the lamp
turn on transient. This power dissipation
leads to very fast temperature transients
responsible of thermo-mechanical
stresses and resulting in device per-
manent damages. The thermo-

current amount, but by the temperature
variation resulting from the interaction
of the driver with the load. Conse-
quently, it is necessary to translate the
mission profile in the temperature profile
by mean of a precise device and load
thermo electrical modeling.

mechanical stresses caused by
fast temperature variations always
cause fatigue of the device top
layers even though the absolute
temperature reached is far below
the critical level which is normally
masked by the thermal shutdown
protection. Therefore, to design a
reliable driver, the definition of a
proper dynamic thermal protec-
tion able to limit steep temperature
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by the load behavior, the number
of load activations and the ambi-
ent temperature distribution. Nev-
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Figure 4: Cumulative damage after 500K activations.
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Figure 5: VIPower M0-5 family of automotive high side drivers.

2. A comprehensive description of the
physical structure ruggedness versus
the applied thermo mechanical stress.
This is defined with a curve showing the
number of temperature variation cycles
to device failure. In this specific case,
it is an experimental curve obtained by
testing a significant number of devices
versus defined temperature variation
value ranges. The thermal transient is
fast enough so that the stress is bound-
ed to the aluminum top metal layers.
The resulting curve “number of cycles
versus Delta T” fits with the Coffin Man-
son law (figure 1). It is an exponential
curve modeling of thermo mechanical
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stress applied to a metal subjected to
temperature variation.

Now we have all the data to perform
our system definition and validation us-
ing the following steps.

1. Define the mission of the device as
follows: N1 @ DeltaT1, N2 @ DeltaT2, Ni
@ DeltaTi, where N1, N2, Ni are number
of activations of a given deltaTi;

2. From the stress characterization,
we can derivate the different stresses
applied to the device: NF1 @ DeltaT1,
NF2 @ DeltaT2, NFi @ DeltaTi, where

Power Systems Design Europe

NFi is the number of cycle to failure at a
given DeltaTi;

3. Calculate the cumulative dam-
age applied to the device. The damage
is defined as 1/NF, so the cumulative
damage is given by S 1/NFi = 1/NF1 +
1/NF2 + ....+1/NFi. This value must be
lower then 1 and clearly a low value cor-
respond to a low stress and hence to a
high reliability margin.

Let’s make an example

The VND5025AK is a VIPower M0-5
25mW dual channel high side driver
typically used in turn indicator functions.
Like all the other VIPower M0-5 devices,
this device is equipped with a dynamic
temperature control that limits the
maximum temperature variation to 60K
with a hysteresis of 30K. The maximum
DeltaT = 60K has been chosen because
the corresponding thermo mechanical
stress is still elastic (i.e. not permanent)
so the damage is extremely limited. (NF
=2.5E6 @DeltaT=60K , NF =30
E 6 @ Delta T = 30K) Let’s consider a
VND5025AK driving a set of 2x P21W +
R5W automotive lamps at Tye=
-40°C and VBATT=16V. This is a widely
diffused automotive turn indicator
configuration, The interaction of the
protection with the lamps induces a Del-
taT1=60 K plus 8 times a DeltaT2...T8
= 30K (figure 2). Supposing that the mis-
sion is 500K activations, the resulting
damage after 500K activations is 0.233
that is far below 1.

To verify the effectiveness of the built-
in dynamic temperature control, we can
now evaluate the damage on the same
device supposing to disable the DeltaT
limitation control. In this case, the inter-
action of the device with the lamps would
induce a DeltaT = 110K (figure 3) that,
according to the physical structure char-
acterization, corresponds to a maximum
number of activations NF = 100E+3.

Thus, after 500k activations, the
cumulated damage would be S 1/NFi
= 5 that is much higher then the maxi-
mum allowed value. This means that
our dynamic temperature control has
enhanced the reliability of the device by
a factor > 20 (figure 4).
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Experimental Detection
and Simulation of

Temperature Distribution

of Smart Power Devices
Designed for Automotive
Applications

Automotive applications need special

lreatment

Here follows a special report from the University of Naples covering the specialised area of automotive

power electronics, in particular studying electro-thermal phenomena of power devices

By Andrea Irace, Giovanni Breglio and Paolo Spirito

University of Naples Federico I,

Department of Electronic and Telecommunication Engineering, Ital

he incredible demand for reliability
I of power electronic devices used

in automotive application, some-
times with less than one device failure
over one million samples, demand for
design and characterization tools useful
for implementing rugged designs and to
investigate unusual failure mechanisms.
This is particularly true when effects
other than simple electrical behaviour,
such as electro-thermal dynamic inter-
actions, appear to limit or eventually
jeopardize the long-term reliability of
the power device.

www.powersystemsdesign.com

In the department of Electronic En-
gineering of the University of Naples
Federico Il the research group has been
studying electro-thermal phenomena
both theoretically, numerically and from
an experimental point of view. In what
follows we present two of the most
interesting outcomes of this research, a
dynamic infrared microscope capable
of detecting surface temperature on
chip with a space resolution of less
than 20pm and with a time resolution of
less than 2ps and a 3D electro-thermal
simulation tool capable of taking into

account also particular driving strate-
gies of the electron device, as it may
be the case of Smart Power MOSFETs
(Fig.1) where a control logic interacts
with the power section and controls
its dissipated power and temperature.
Both these tools have been used to
help leading semiconductor manufac-
turers in understanding their reliability
issues and consequently to improve
their designs.

The IR microscope
The detection of the temperature
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Figure 1: Thermal analyses experimental set-up. The control of the entire sys-

tem signal is made via GPIB bus.

distribution across the area of the
device in transient conditions is made
possible by the use of a custom
developed radiometric 2D measure-
ment system that allows acquiring

the transient temperature maps of the
device surface. We use a fast (actual
time resolution is less than 2ms) single
cooled Cd-Mg sensor mounted in a
microscope optical chain that has an
equivalent spot size of about 10mm
with a working distance of 2.5 mm.

In order to perform a 2D scanning of
the surface to be mapped, we use an
x-y step motor stage controlled via a
motor control card installed in a PC
which controls device biasing and data
acquisition. In such way, the device
under test is shifted with respect to the
microscope spot, and it is possible to
cover the entire surface under obser-
vation. The step by step acquisition

of the radiometric waveforms coming
from the sensor is performed by means
of a 5MS/s 12bit A/D converter card
that connected via the PCI bus into
the PC converts and elaborates the
output detected signal. The acquisi-
tion software also performs the pre-
filtering of the detected signal by using
an averaging procedure to increase the
signal to noise ratio. The schematic
representation of the experimental set-
up is sketched in figure 1.

It is important to remember that
radiometric systems are able to per-

form absolute thermal measurement
only if the target emissivity coefficient
is known. Unfortunately, the surface

of power devices is often composed
of different materials (i.e. aluminium,
passivation, silicon oxide, etc.) that
are characterized by different emissiv-
ity coefficients. Hence, in our thermal
mapping procedure, a preliminary
characterization step is also performed
in order to determine the emissivity
coefficients of the points that define the
acquisition grid.

THERMOSS3: a 3D electro-thermal
simulator

The THERMOS?® simulator we pro-
pose, entirely written in MATLAB, is
based on a forward iterative finite
difference time domain scheme where
the electrical equivalent of the thermal
problem and the electrical quantities
(drain current, source voltages) are
solved self-consistently at each discrete
time step. Non linearity in the thermal
conductivity together with voltage
depolarization due to finite resistance
of the source metallization is explicitly
taken into account. The Ip=f(Vss,Vps, T)
behaviour of the unit cell is modelled
considering temperature dependence
of the threshold voltage, mobility and
MOSFET internal resistances. Con-
vection on the surface and sides and
isothermal boundary condition at the
heatsink has been used.

As an exhaustive example of the
capability of this new tool we pres-
ent the simulation of a smart power
device produced by STMicroeletron-
ics (Fig.2). To comply with automotive
requirements this class of devices
includes several protections. The more
restricting rule driving the protection
strategy of the Power actuator is to
avoid false short circuit detections in
the harsh and very noisy automotive
environment. Beside a high level of EMI
immunity the devices should not turn

Figure 2: An optical picture of the two channels monolithic smart Power MOS-

FET (VND830SP).
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Energy efficient

Improve Efficiency in Low Frequency (50-400Hz)
Industrial Applications with Fairchild’s 600V/30A
IGBT. The FGH30N60LSD is a MOS-gated high
voltage switching device that combines the best
features of MOSFETs and bipolar transistors.
Featuring extremely low saturation voltage (Vcessan
Typ. = 1.1V), this IGBT increases system efficien-
cy, while meeting low frequency requirements.
For further energy efficiency for industrial applica-

Texas Instruments

Fairchild Semiconductor

tions that are using both low frequency and high
frequency switches such as solar inverters,

the FGH30N60OLSD can be combined with
Fairchild’s FCH47N60F SuperFET™ FRFET®
MOSFET that offers high operating frequency up
to 250 kHz and ultra-low on resistance.

To learn more: http://www.fairchildsemi.
com/ds/FG/FGH30N60LSD.pdf
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Texas Instruments offers a full line of
high-performance products ranging from
standard linear ICs to plug-in and integrated
power solutions. And, Tl makes designing easier
with leading-edge support tools such as training,
a broad selection of evaluation modules,
application notes, data sheets and more. Visit
www.ti.com/analogelab for complete informa-
tion on all TI’s analog training opportunities. Free

Linear Technology

Linear Technology Corporation announces
the LT3080, a 1.1A 3-terminal LDO that may
be easily paralleled for heat spreading and is
adjustable with a single resistor. This new ar-
chitecture regulator uses a current reference to
allow sharing between multiple regulators with
a small length of PC trace as ballast, enabling
multi-amp linear regulation in all surface-mount
systems without heat sinks.

The LT3080 achieves high performance
without any compromises. Featuring wide input

samples and small orders (shipped within 24
hours via Tl authorized distributors) are avail-
able to help accelerate your time-to-market.
Download your copy of TI's Power Management
Selection Guide for a comprehensive review of
TP’s complete line of high-performance power
products...

voltage capability from 1.2V to 40V, it has a low
dropout voltage of only 300mV at full load. The
output voltage is adjustable, spanning a wide
range from 0V to 40V, and the on-chip trimmed
reference achieves high accuracy of +-1%. The
wide Vy & Vour capability, tight line and load
regulation, high ripple rejection, low external
parts count and parallel capability make it ideal
for modern multi-rail systems.

To learn more: www.linear.com

Indium Corporation

Indium Corporation’s Indium5.1AT Pb-Free
Solder Paste is an Award-Winning No-Clean,
Pb-Free Solder Paste that delivers enhanced fin-
ished goods reliability by featuring;

¢ Low Voiding at Via-In-Pad

¢ Excellent Printability

¢ Excellent Wetting

¢ Robust Reflow Profile Window

Via-in-pad technology for BGA components
has reduced PCB real estate requirements,
but this can also lead to significantly increased

Anderson Power

voiding. Indium5.1AT delivers voiding in the 5%
range over many different profiles when solder-
ing BGAs with via-in-pad technology.

Indium will be exhibiting at Productronica
Hall A4, Stand 163

For more information about Indium5.1AT Pb-
Free Solder Paste visit:

www.indium.com/indium51AT
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Anderson Power Products® (APP), offers its
PowerMod®HP (high power) series connector
family, featuring touch-safe female housings, cable
strain relief and integral positive latches. These
safety features, combined with the ease of con-
nector assembly, establish a new standard for cost
effective high power connectors.

APP’s PowerMod HP Series is RoHS Compliant
and rated up to 450 amps for appropriate appli-
cations at a 30° C temperature rise. Using APP’s
patented Sterling contact technology, the Power-

Mod HP offers low electrical resistance, provides

a minimum of 500 mating cycles and is rated for
circuit interruption (true hotplug). These connec-
tors are IP 20 rated (touch safe) for user safety. The
integral coding key provides further protection by
allowing the user to configure unique mating of up
to 6 individual connectors. For additional informa-
tion visit their web site at:

To learn more: www.andersonpower.com
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Figure 3: Temperature distribution on chip: experimental (left) and simulated

(right).

L1
“ Terser
e e ,AJW\Z& \f’\f\f\,mg
el
00 106 2
2|/ i
z |/ i
| | 4 O
>
'Wﬂ'. [] mﬂ[-‘] 2

Figure 4: Simulation of the permanent short circuit protection on a VND-
800PEP device with a detail of a single heating-cooling transient with com-
parison between the maximum temperature on chip and temperature detect-

ed by the thermal sensor

off either for an inrush condition either
for intermittent short circuit. The short
circuit protection is implemented using
negative feedback to ensure stability
and to maintain the device in a predict-
able status in every condition. A current
limitation combined with thermal shut
down intervention protects the power
device during short circuit operation.
The integrated current feedback fixes
the working point in the active area of
the Power stage. The resulting high
power dissipated equal to battery volt-
age multiplied by Drain current leads
to a fast increase of the thermal sensor
temperature and to the intervention of
thermal shut down block.

Scaled technology permitted a signifi-

58

cant die size reduction and the Ron*mm?
has decreased by a factor 10 in the last
10 years. As a result the size of the sili-
con can be reduced significantly for the
same targeted load. On the other hand
the short circuit current of the device
cannot be reduced because this value
needs to be higher than the inrush cur-
rent of the targeted loads. The result is
that also the power density generated in
the device during short circuit increased
also by a factor of 10.

To compare and validate the outcome
of THERMOS?® we have experimental
temperature map at our disposal. In
Fig.3 we report a comparison between
experimentally detected temperature
distribution and the result of the simula-

tion. As we can note a good quantitative
agreement is obtained both in shape
and in peak temperature value.

To further investigate the features of
the simulator we would like to underline
that a well designed thermal shutdown
strategy relies on the optimal position
of the thermal sensor on the device
surface. If this should not be the case,
temperature difference between the
sensor and the maximum temperature
reached on chip can be observed and
reliability of the device can be eventu-
ally impaired as temperature fatigue of
the metals and soldering joint might
increase the Ron of the device. In
Fig.4 we report a simulation where the
temperature sensor has been deliber-
ately placed far from the region where
temperature reaches its maximum,
we notice how, even if the sensor is
correctly switching the device, the
maximum temperature on chip reaches
values higher than Tshutdown.

From figure 4 the PWM modulation of
the dissipated power and the timestep-
ping strategy can also be observed. In
particular it is noticeable that as tem-
perature at the sensor location reaches
the shutdown threshold timestepping is
reduced thanks to the predictive event
detection algorithm and the same hap-
pens when temperature reaches the
reset value with a negative slope.

The value of such a tool in the de-
sign stage of a smart power device is
straightforward as it can be used to
optimize the whole design, influence
of layout (i.e. position of temperature
sensors, bond pads location etc.) and to
investigate the performances of different
protection strategies.
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Avago Technologies Introduces New Extra Bright Il Oval
Red, Green and Blue LEDs for Electronic Signs and Signals

Applications
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Avago Technologies has announced
a new series of Extra Bright Il oval Red,
Green and Blue light emitting diodes
(LEDs) for the electronic signs and
signals (ESS) market. Avago’s series
of 4 and 5mm oval through-hole LED
lamps have been specifically designed
for use in full color ESS applications
such as passenger signs, variable
message signs, scoreboards and
channel lighting. Avago is a leading
supplier of analog interface components
for communications, industrial and
consumer applications.

New Three Channel
Current Accuracy

o>
ﬂ?‘g;ﬁ$

3-Channel
Switch-Mode
=— __LED DriverIC

Supertex has introduced the HV9982,
a new three channel LED driver IC
designed to provide high LED current
accuracy through closed loop control
of the output currents. It is specially
designed for applications using RGB
LED backlighting or multiple strings of
white LEDs.

The HV9982 employs a fixed
frequency, closed-loop, current mode

Avago’s HLMP-Lx63 (4 mm) and
HLMP-Hx63 (5 mm) series of LEDs
provide an oval shaped radiation
pattern, a wide viewing angle and high
illumination intensity to make display
characters viewable from any angle in
bright sunlight. Moreover, these LED
lamps have a very smooth, matched
radiation pattern to ensure consistent
color mixing in full color applications.
Each lamp is made with advanced
optical grade epoxy to offer superior
high temperature and high moisture
resistance in outdoor ESS applications.

Designers of electronic signs and
signals are seeking higher brightness
levels to reduce the number of LEDs
in a cluster. With Avago’s HLMP-Lx63
and HLMP-Hx63 series of extra-bright
4 and 5 mm oval through-hole LED
lamps, electronic signs can be designed
using fewer individual LEDs to provide
equivalent brightness. Alternatively,
signs can be designed with the same
number of LEDs, providing substantially

higher brightness levels for better
readability and contrast. The lead
spacing and packages are compatible
with conventional high-brightness 4
and 5 mm standard and miniature oval-
pattern LED lamps.

The extra-bright HLMP-Lx63 and
HLMP-Hx63 through-hole oval LED
lamps are supplied in Avago’s precision
optical performance molded packages
to offer high brightness and low power
consumption. The packaging design
coupled with carefully selected materials
allows the lamps to perform with high
reliability in a wide temperature range,
which is crucial for outdoor applications
where the LED is exposed directly
to ultraviolet radiation and humid
environments.

LED Driver IC Provides High

control architecture that ensures stable
operation over a wide range of input
and output voltages. Its high-side
current sensing allows it to be used in
buck, boost or SEPIC configurations
while delivering +1% current accuracy
between strings. The HV9982 features
an internal 40V linear regulator providing
an 8V power supply to the IC. The

IC utilizes an internal control with

an external clock source to facilitate
synchronization.

Each channel of the HV9982 can
drive a LED string of up to 200V, with
efficiency greater than 90%. The output
current range of each channel is user-
programmable with an external sense
resistor and can be individually dimmed
using either linear or PWM dimming.
Three built-in disconnect FET drivers
enable high PWM dimming ratios.
Programmable slope compensation

Power Systems Design Europe

allows for synchronization and greater
than a 50% duty cycle in fixed frequency
operation. The IC also includes hiccup
mode protection for both open LED and
short circuit conditions.

“Because of its closed-loop
architecture, the HV9982 delivers
exceptionally accurate line and load
regulation for multiple LED strings, ”
states Ahmed Masood, Vice President
of Marketing for Supertex. “With the
ability to be configured in buck, boost,
or SEPIC topologies, and advanced
features such as OVP, short circuit
protection, and accurate PWM control,
this device sets a new benchmark for
LED driving applications.”

October 2007

Ericsson’s Third Generation POLATM Modules Improve
Performance and Save Board Space

Ericsson Power Modules’ PMN and
PMP series point-of-load modules,
based on the latest generation of high
dynamic-response control IC with
embedded TurboTrans™ functionalities,
are third-generation POLA™ products.
As point-of-load (POL) power
modules, they address a wide range of
applications — from industry to avionics —
including applications in the Information

& Communication Technology (ICT)
industry.

The modules are the PMN 5118U,
rated at 4.5-5.5Vin, 0.7-3.6V @ 30A;
the PMN 8118UW, rated at 5.5-14Vin,
0.7-3.6V @ 30A; and the PMP 5818UW,
featuring a rating of 4.5-14Vin, 0.7-5.5V
@ 16A. The wide input range and fast
transient response of these modules
makes them particularly suitable
for the new generation of DSP and
microprocessors that demand such
performance levels.

Additionally, and as a result of their
TurboTrans™ features, the modules
can be operated with far fewer output
capacitors than traditional point-of-load
devices, reducing the amount of board
space required by voltage regulators,
and resulting in a much higher power

density than conventional units.

Telecom and datacom (router, servers
and interfaces) are the prime areas of
deployment for the PMN and PMP, but
the performance of these products
makes them ideal for powering FPGA,
DSP and other ASICs requiring a fast
transient response and high efficiency at
a competitive price.

600V/30A IGBT Improves Energy Efficiency in
Low-Frequency (50 ~ 400Hz) Industrial Applications

Energy efficient

v -i’ra-qu-eﬂrp {50 - S00M ) _:'
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Fairchild Semiconductor’s new
600V/30A IGBT, the FGH30NG60LSD,
addresses the need for low conduction
losses in low-frequency (50~400Hz)
industrial applications such as solar
inverters, welding machines and
uninterruptible power supplies (UPS).
Featuring extremely low saturation
voltage (Vcegay, TYP. = 1.1 V), the
FGH30NGB0LSD is specially designed
to increase system efficiency while
meeting low-frequency requirements.
For further energy efficiency in
industrial applications which are using

www.powersystemsdesign.com

both low frequency switches and

high switching frequency switches
such as solar inverters, this IGBT

can be combined with Fairchild’s
FCH47N60F SuperFET™ FRFET®, an
advanced MOSFET that offers high
operating frequency of up to 250 kHz
and extremely low on-resistance (Rps(n),
Typ. = 0.062 Ohms).

“Energy efficiency is one of the
primary concerns of today’s industrial
applications such as solar inverters,
welding machines and UPSs,” says
Donghye Cho, director of Fairchild’

s High Voltage Functional Power
Solutions. “By tailoring our new IGBT
to achieve extremely low conduction
loss and then combining this product
with our SuperFET MOSFET offering
high switching frequency and low Rpgor,
Fairchild demonstrates its ability to
solve complex design challenges.”

The FGH30N60LSD is a MOS-gated
high-voltage switching device that
combines the best features of MOSFETs
and bipolar transistors. This device
integrates a fast-recovery diode (FRD) to
help designers reduce component count
while further ensuring system reliability.

Uniting SuperFET technology with a
lifetime killing process, our SuperFET
FRFET offers improved body-diode
characteristics, which enable operation
at high switching frequency, extremely
low on-resistance, excellent turn-off
dv/dt immunity and low EMI. All of these
features increase system efficiency and
reliability.

Fairchild’s FGH30N60OLSD utilizes
lead-free (Pb-free) terminals and
has been characterized for moisture
sensitivity in accordance with the Pb-
free reflow requirements of the joint
IPC/JEDEC standard J-STD-020. All
of Fairchild’s products are designed to
meet the requirements of the European
Union’s Directive on the restriction of the
use of certain substances (RoHS)
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ENERGY EFFICIENCY

LED to Lead the Way

An excerpt from Vinod K. Sharma/ New Delhi, as recently published in the Business Standard

Reported by Cliff Keys, Editor-in-Chief, PSDE

ight, they say, is the darkest chapter
I of physics. No wonder that 128
ears after Thomas Alva Edison
invented the light bulb out of fear of dark-
ness, it continues to rule the roost in terms

of domestic lighting, not in India alone,
but even in the developed countries.

The incandescent bulb, emits only
5per cent of the energy it consumes as
light. The rest is emitted as heat, result-
ing in wastage of energy. That makes
the bulb a highly inefficient lighting
device. Next in the line are fluorescent
lights. Compact fluorescent lamps (CFL)
convert between 6-15per cent of the
energy into light, emerging as a viable
alternative to the bulb.

That these lamps can be fitted in the
same holder that holds the incandescent
bulb makes them an attractive replace-
ment bet. New investments need not be
made in fixtures.

Also, the life of CFL lamp can be as
high as 10,000 hours as compared to
around 2,000 hours for an incandescent
bulb, provided you have already not
knocked it down while cleaning the dust.

The tungsten filament in the bulb is
yet another weak link in the chain, which
makes the bulb vulnerable. The only thing
going for the bulb is the low initial price.

~

As the use of CFL spreads and the
volumes improve, the cost of CF lamps
could tumble, thereby increasing usage.

While things could become better
with more CFL usage, the future clearly
lies with LED or light emitting diodes,

a technology that has been around for
over four decades but is only now being
commercialized for everyday use.

An LED lamp consumes far less en-
ergy for the same degree of brightness.
For instance, it would consume only
6W as against 60W for an incandescent
bulb and 14W for CFL for a brightness
of 800 lumen. And it could last almost

40,000 hours as compared to 2,000 hrs
for an incandescent bulb and 10,000
hours for CFLs.

These economic reasons apart, anoth-
er advantage of LED is it is a solid state
lighting system. The term solid state is
a reference to light in an LED emitting
from a solid object, a block of semicon-
ductor, rather than from a vacuum or
gas tube.

This makes them thermal and vibra-
tional shock proof and, therefore, the
preferred choice in cabin lighting sys-
tems in aeroplanes.

One advantage LED would have over
CFLs is that they are environment-
friendly and do not use environment
degrading halogens and gas vapours.
Since 1970, the efficiency of LEDs has
improved 10-fold every 10 years.

That would enable LEDs to eventu-
ally achieve over 95 per cent efficiency,
something that would make LEDs a
household name. And companies in the
LED lighting systems business would
have a future brighter than the lamps
they will make.
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Greater Protection; 50% More Power
Density in a Compact Footprint

Complete Solution for Low- and Mid-Voltage Applications

200 V Driver ICs IR's rugged 200V driver ICs and

Additional benchmark DirectFET® MOSFETs deliver

Package Compliance Typical Current Input Logic F A A
eatures more protection and higher power
IRS2001PBF DIP8 density in a compact footprint.
IRS2001SPBF | S0IC8 Bulk Independent
v UVLO, VCC | RoHS & PBF | 290 mA /600 mA | HIN, LIN high & low IRS200x Features
ape i i . . . L
IRS2001STRPBF | ~"¢ Ree|p sidedive | High-side circuitry powered by
IRS2003PBF DIPs bootstrap power supply
e Undervoltage lockout protection
IRS20035PBF SOICS Bulk UVLO,VCC | RoHS & PBF | 290 mA /600 mA | HIN,LIN/N | Deadtime g K P
Is2003sTRPeE | SOIC8 Tape ® 33V, 5V and 15V input
& Reel logic compatible
IRS2004PBF DIP8 e Cross conduction prevention logic
IRS20045PBF | SOIC8 Bulk | yyi0,vee | RoHS & PBF [ 290 mA /600 mA | IN, SD/N SdD 'Tf’.“t e (for half-bridge drivers)
SOIC8 Tape eadtime o . .
IRS2004STRPBF &Rl Shutdown input available
= on IRS2004(S)PBF
© 50 V/ns dV/dt immunity on floating
Vs pin
H ®
DirectFET® MOSFETs DirectFET Features
e 1.4° C/W junction to case thermal
[ R . : :
. VBRDSS  Mbston) bsnl 1, @TC Power Dissipation resistance (R, ) enables highly
Part Package Polarity (v) 45VMax. 10V Max. =25°¢C Ruwe @ T,=25°C (W) effective top-side cooling
(mez) () () * Less than 1° C/W Risjuncion ) in half
IRF6635) DirectFET| N 18 180 | 470 [ 170 | 1.4 89 the footprint of a D-Pak
IRF6613| DirectFET| N 40 4.1 34 150 | 420 [ 126 | 14 89 e Qver 80% lower die-free package
TRF6648| DirectFET | N 50 — 70 86 | 360 | 140 | 14 89 resistance (DFPR) than D-Pak
IRF6646| DirectFET| N 80 = 95 68 | 360 | 120 | 1.4 89 * 0.7 mm profile compared to 2.39 mm
for D-Pak
DirectFET® is a registered trademark of Intemational Rectifier Corporation
‘ for more information call +49 (0) 6102 834 311 or +44 (0) 1737 227 215 Rech ](l er

or visit us at http://www.irf.com THE POWER MANAGEMENT LEADER
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