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ENERGY EFFICIENCY

An Industry of Vision,
Leadership and Change

Last month we had the pleasure of
participating at the PCIM conference and
exhibition in Nuremberg, Germany. What a
great show this was! Just as at APEC at the
end of February in California, all the power
guys came together, but here in Europe | got
a better feel for what’s happening here on our
doorstep, so to speak. The atmosphere was,
for me, electric (no pun intended!). | had the
pleasure of several interviews and product
pitches, much of which | have written up in
this issue for the benefit of those who could
not attend.

What was particularly interesting for
me was the fact that top executives from
the major power companies, are really
taking the environmental issues seriously.
In particular Alex Lidow of International
Rectifier and Arunjal Mittal of Infineon
were outstandingly insightful and vocal in
their energy philosophies that, for sure,
will become embedded in their respective
company cultures. With the minds of these
deep, creative thinkers | believe we will see,
in time, real progress in terms of real products
that are truly green and not just timely
philosophies.

Power Systems Design Europe ran a very
well attended forum, reported later in this
issue. | would like to thank the presenters
for their excellent material meticulously
prepared and presented to a full house. | can
recommend you look up the presentation
compendium available on our website, again
you will find this in the PCIM roundup section
in this issue.

The issue of lighting really doesn’t want to
go away, and, thankfully, it never will. | gave
a call for articles at the beginning of the year
which resulted in a ‘tidal wave’ of material.
There is so much innovation in this broad
area, this is why we used it as the theme
for our PCIM forum. We ran the special
feature in two parts to cope with the number
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of submissions, but could easily have run to
three. | have to keep a balance editorially so
will report on developments in real time as the
news comes in.

News just in time says that Philips
Electronics India, is installing energy efficient
lighting in India to help save the energy crisis
there. Philips has outlined ambitious plans to
sell 20 million CFLs in India by Dec 2007.

There are many more hot news items
in this issue. Our news section leads with
National Semiconductor’s appointment of a
new Vice President and General Manager
for Europe, Robert Hinke. He brings a vast
resource of marketing, sales and product
experience to the role and will, | am sure, use
this solid base to motivate and steer the rich
and talented resources available within the
company.

In my GreenPage report | mention the
spiraling datacentre power demand. Just
browsing the news-feeds, | see this is now
being addressed as a matter of some urgency.
Not altogether surprising, considering the
huge wastage of energy here together with
the accelerating demand for more computing
power. | will investigate this further and report
in a near-future issue.

So, before moving into this issue of PSDE,
I must say that | have been greatly impressed
by the volume of newly-launched, energy-
efficient power design techniques and
products that will certainly affect the lives of
us all for the better. But in addition to all this,
it has been refreshing to hear the views of
the guys that are wielding great power and
influence in our industry in that they have a
very clear vision of what is needed in terms
of tangible plans and actions to really help
improve our environment. | absolutely believe
that the environment will be fixed by the kind
of engineers and visionaries | talked with
recently at PCIM and APEC, rather than by
any political committee directive.

All the best!

g O \Q,seﬂ.

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

National Appoints Robert Hinke as Regional Vice
President and General Manager for Europe

Digi-Key and Linear Technology Announce Expansion of

National Semiconductor Corporation has
announced that Robert Hinke has been ap-
pointed Vice President and General Man-
ager, Europe. Previously, Robert served as
National’s European Marketing Director.

Robert joined National Semiconductor
in 1983 and now brings a wealth of sales,
marketing and communications experience
to his new position. Through his participation
in National’s marketing council, he has been
instrumental in shaping the company’s global
marketing strategy.

The broad experience Robert has gained in
his key positions within the company’s sales
organisation, including worldwide account

Distribution Agreement

Digi-Key Corporation and Linear Technology
Corporation have announced the expansion
of the companies’ distribution contract from a
North American contract to a global contract.

Linear Technology Corporation designs,
manufactures and markets a broad line of
standard high performance integrated circuits.
Principal product categories include ampli-

fiers, battery management, data converters,
high frequency, interface, voltage regulators
and voltage references. Applications for Lin-
ear Technology’s products include telecom-
munications, cellular telephones, networking
products, notebook and desktop computers,
video/multimedia, industrial instrumentation,
automotive electronics, factory automation,
process control and military and space sys-
tems.

Digi-Key Corporation is a broad-line dis-
tributor specializing in board level electronic
components. The company’s focus on prod-
uct selection, coupled with its commitment
to stock 90 to 95 percent of the products
featured in its print catalog, facilitate Digi-Key
to supply a broad range of customers from
numerous areas of commerce and industry
around the globe.

Linear Technology products stocked by

manager and regional sales manager for
National’s Central and Southern European
Communication Segment, forms a very strong
foundation for this key leadership role.

Robert studied in Munich/Germany and
holds a Master’s Degree in Electrical Engi-

neering. In his new role, he reports to Mike 3

Noonen, National’s Senior Vice President, ¥ ey

Worldwide Marketing and Sales. Hp
i :

Digi-Key include a wide range of integrated
circuits. These products are featured in both
its print and online catalogs and are available
for purchase directly from Digi-Key. The distri-
bution agreement between Linear Technology
and Digi-Key enables the distributor to fulfill
the needs of its diverse customer base.

“With Digi-Key’s rapid growth in the over-
seas markets, we are very pleased to expand
our agreement with Linear Technology,” said
Mark Larson, Digi-Key president and COO.
“Linear Technology’s commitment to quality

and customer satisfaction makes for a valued
partner, with Digi-Key passing its own brand
of superior customer service on to the thou-
sands of customers it comes in contact with

every day.”
www.digikey.com
www.linear.com

2 Million Barrels of Oil Saved by Energy-Saving Devices
from STMicroelectronics

STMicroelectronics a leading proponent of
sustainable development, announced that it
had shipped over 250 million units of energy-
saving products in 2006. Designed to reduce
power consumption in end equipment from
lighting to white-goods appliances and enter-
tainment electronics, these ST chips allow to
save over 1200 GWh of electricity at the point
of use, which is equivalent to saving the more
than 2 million barrels of oil needed to gener-
ate this energy.

ST’s long-term focus on power-conscious
design incorporates both reduction of energy
consumption in the chip itself and contribution
to energy savings in the end application. For
example:

In lighting, their microcontroller-based solu-
tion for compact fluorescent lamps signifi-
cantly reduces the energy consumption of

the lamp by using high-performing switching
components that minimize power losses. The
microcontroller also makes the lamp’s light
intensity almost constant throughout the life
cycle and extends the lamp’s life, reducing
waste. Intelligent dimming solutions from ST
reduce power consumption in traditional bulb
lamps while ST’s phase-control dimmers also
extend bulb life and enhance the consumer
experience, providing smooth up-and-down
light adjustments and memory presets.

Advanced motor-control and thermo-
regulation technologies contribute to energy
efficiency and higher reliability in a variety of
home appliances from heating and air-condi-
tioning systems to refrigerators and washing
machines.

ST’s patented sensorless motor control-
ler adjusts the frequency and voltage of the
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Adaptable, High-Density, Multi-Functional POL Controller
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power supplied to the motor and optimizes
the motor speed to the load needs, thus re-
ducing the energy consumed by white-goods
appliances and air-conditioning systems.

The company’s dedicated solution for
refrigerators uses digital temperature regula-
tion to maintain the internal temperature more
accurately for better food preservation while
saving power.

Remote control systems are yet another
significant consumer of energy. ST’s power-
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supply units for stand-by systems use innova-
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tive technologies to reduce energy consump-
tion in TV sets, set-top-boxes and PCs, which
remain in stand-by mode 24 hours a day.

According to iSuppli, STMicroelectronics is
the world’s number one supplier of semicon-
ductors for power management.
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Technology for Innovators”

The new UCD9240 Fusion Digital Power™ point-of-load (POL) controller from Texas Instruments gives designers faster time
to market without sacrificing features or performance. This flexible and adaptable multi-rail controller provides high power
density, dynamic power supply, load-optimized phase management and configurable sequencing.

High-Performance Analog >>Your Way
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For evaluation modules and data sheets, visit >>
www.ti.com/digitalpower-e
epic@ti.com

High-Performance Analog >> Your Way, Fusion Digital Power, Technology for innovators and the red/black banner are trademarks of Texas instruments. 1823A1 © 2007 T}
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INDUSTRY NEWS

50 Years of Pioneering Mobile Comms

In 1956, after nearly five years develop-
ment, Deputy Director of Swedish Telecom
Administration, Sven Thornander, made a 600
Kilometers mobile phone call from a bus in
the town of Trelleborg throughout the Swedish
archipelago. The mobile phone industry was
born.

Powering such equipment was then very
challenging and throughout fifty years of

improvement, power supplies have played a
vital role in the mobile industry.

Late 1977, in parallel with the development
of pure telecom core-systems, Ericsson de-
veloped high efficiency, high reliability dc/dc
converters to power its new generation of
fixed and mobile systems.

“It was challenging for the power industry
to develop military type dc/dc converters
at a price for industrial, and to make them
optimized for mass manufacturing, while
permanently improving power efficiency”,
said Ericsson’s Patrick Le Fevre. “With more
than 60 million dc/dc converters shipped to
the Telecom and Datacom industry powering
worldwide fixed and mobile telecom systems,
the celebration of the millionth radio-base-
station shipped to our Nigerian customer is
the proven evidence that what was a huge
challenge became a wonderful success
story. More will come with next generation of
intelligent power supplies drastically reduc-
ing power consumption and resulting in less
energy consumed and CO, released during
telecom systems’ operation.”

Ericsson has now delivered its millionth
GSM base station. The shipment marks a
milestone for the GSM technology that, since
its introduction in 1991, has connected more
than 2.3 billion users. Today, Ericsson has
deployed GSM networks in more than 100
countries. The millionth GSM base station was
delivered to the mobile operator MTN Nigeria.

Since delivering its first base station in
1991 to Mannesmann in Germany, Ericsson

rapidly emerged as the market leader in GSM
technology. The growth in demand for GSM
services has resulted in Ericsson deliver-

ing the same number of GSM Base Sta-
tions during 2004-2007 as during the period
1991-2003.

Strong growth is expected to continue. The
number of GSM subscribers around the world
is set to increase by 40 million per month
during 2007 according to the global trade as-
sociation GSM Association, GSMA. More than
10 million are currently being added every
month across India and China. In India alone,
Ericsson is currently installing a new GSM
base station every 15 minutes.

Kurt Jofs, Executive Vice President and
head of Business Unit Networks at Erics-
son, says: “After 16 years, the pace of GSM
deployments shows no sign of slowing down.
In fact, we expect 2007 to be the fifth con-
secutive record year for deliveries. Ericsson
is committed to delivering quality communica-
tions for all. We will continue to leverage on
our expertise in evolving mobile infrastructure
to provide future-proof investment in Ericsson
GSM networks.”

GSM, first introduced in 1991, is the
world’s leading digital cellular system. It
provides voice, packet switched data (GPRS/
EDGE) and Short Message Service (SMS).
GSM has become the world’s most widely
used mobile system and is now deployed in
more than 100 countries on all continents.

www.ericsson.com

OSRAM Expansion in Opto Semiconductors with New
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OSRAM is significantly expanding produc-
tion capacity at its plant in Penang, Malay-
sia. At the same time, a further construction
phase will be completed by the end of 2007 at
its plant in Regensburg, Germany. OSRAM,
Europe’s leading manufacturer of light emit-
ting diodes (LEDs) and number two on the
world LED market, will be equipped to meet
growing demand for LEDs far into the future.
In Malaysia, in addition to the existing facili-
ties for assembling Regensburg chips a wafer
production line will be put into operation in

Chip Factory in Malaysia

2008 for the upcoming volume applications
for lighting and consumer.

The construction of a chip factory in
Penang will mean that OSRAM will have a
second production site for chips in addition
to the plant in Regensburg. From 2008 the
Penang site will manufacture LED chips. Total
investment in the new plant will ultimately be
in high double figures of millions of euros.
The lighting manufacturer is also starting to
expand the existing LED assembly facilities
in Penang. When work is completed, capacity
will be 50 percent higher.

Expansion work will also continue in Re-
gensburg at the same time as capacity is ex-
panded in Malaysia. Regensburg will continue
to manufacture semiconductor materials and
produce wafers for highly innovative semi-
conductors for lighting, display and sensor
applications. The new construction phase in
Regensburg is approaching completion, with
investment in high double figures of millions
of euros. In addition to production, Regens-
burg also accommodates the central research
and development of OSRAM Opto Semicon-

Power Systems Design Europe

ductors.

OSRAM CEO Martin Goetzeler said “OS-
RAM’s life-blood is its innovations — and
opto semiconductor products are central
to our growth strategy. LEDs are the light
sources of the future as they offer so many
benefits including compact dimensions and
enormous potential for energy savings. The
expansion of our production capacity in Pen-
ang and Regensburg is a clear sign that we
are on course for sustained growth.”

Ruediger Miiller, CEO at OSRAM Opto
Semiconductors, commented: “The expan-
sion of our production sites is our response to
increased demand for LEDs throughout the
world. At OSRAM Opto Semiconductors we
now have the broadest portfolio of patents on
the market. Our successful bases in Regens-
burg and Penang will enable us to strengthen
our market position still further with technolog-
ically and economically impressive products.”

June 2007
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High Efficiency, 1.5A Switching Battery Charger with PowerPath™ Management

Our latest monolithic battery charger/USB power manager allows up to 700mA battery charge current from a 500mA USB
port or up to 1.5A from an AC adapter, providing faster charge times without the heat of linear chargers. In addition to
high efficiency operation, the LTC4088’s “instant-on” feature allows the end product to operate immediately when plugged
in, regardless of the battery’s state of charge or even without a battery. See the table below for the battery charger/USB
power manager that’s right for your application.
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V Info & Free Samples

www.linear.com/4088
Tel: 1-408-432-1900
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| Free Battery Charger
Solutions Brochure

www.linear.com/batsolutions

AT, LTC and LT are registered trademarks and PowerPath and
Bat-Track are trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
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INDUSTRY NEWS

Infineon Appoints Dr. Reinhard Ploss to Management Board

The Supervisory Board of Infineon Technolo-
gies AG has appointed Dr. Reinhard Ploss to
the management board. He will be responsible
for operations, comprising advanced logic and
power logic front-end manufacturing, back-end
manufacturing, logistics and quality manage-
ment units previously assigned to different
responsibilities. “Our ‘fab-light’ strategy has
caused us to shift the focus of our in-house
manufacturing toward power logic products and
to farm out manufacturing of advanced logic
products to foundries. We are reorganizing to
reflect this change,” said Dr. Wolfgang Ziebart,
President and CEO of Infineon Technologies
AG. “Reinhard Ploss has not only been with the
company and involved in the semiconductor
market for many years, he also has exceptional
knowledge and experience in these areas. This

will help us to further improve productivity in our
manufacturing operations.” After receiving un-
dergraduate and doctoral degrees from Munich
University of Technology, Dr.Reinhard Ploss
began his career at Siemens AG in Munich,
where he held a number of managerial posts in
the field of single process technology. He then
moved to Siemens’ semiconductor plant in
Villach, Austria, where he was latterly respon-
sible for the entire process technology. From
1996 to 1999, Ploss headed Siemens’ Power
Semiconductors division in Munich, and when
Siemens spun off its Semiconductor Group to
form Infineon Technologies AG in 1999, Ploss
was additionally appointed to manage EUPEC,
a wholly owned subsidiary of Infineon Tech-
nologies AG in Warstein, Germany.

www.infineon.com

Indium Roundup

New Sales Director for Asia Pacific Region

William (Bill) Brunstedt has been appointed
Associate Director of Sales and Marketing for
the Asia Pacific region. Bill is responsible for
integrating sales activities in China and the
Asia Pacific regions. In addition, he will work
on developing and expanding the region-
specific sales force throughout Asia. Bill has
over 20 years of experience in the electron-
ics industry and joined Indium Corporation in
2005 as a Market Development Manger for
Asia. Bill is based at Indium Corporation’s
Asia Pacific office in Singapore.

New Business Development Director

Terry Guckes has been hired as Business
Development Director for the Metals & Chemi-
cals Business Unit. Terry is responsible for
extending existing relationships and creating
new customer opportunities for Indium’s
gallium and germanium products. He has
extensive industry experience in specialty
chemicals, batteries, solar, and gallium, as
well as in production and reclaim and refine-
ment of raw materials. Terry will be based at
Indium Corporation’s global headquarters in
Clinton, NY, USA.

New Technical Manager

Richard Brooks is promoted to Manager
of Technical Services for the Asia Pacific
Region. Rich’s primary responsibility is to
train and manage the teams of technical
support engineers that serve China and the
Asia Pacific region. With 19 years of electron-
ics industry experience, Rich provides the
resources and experience necessary to lead
a world-class support team. Rich is based in
Texas, USA.

2007 Innovation Award

Indium5.1AT Pb-Free Solder Paste was
awarded the Innovation Award at NEPCON
China in Shanghai, China. Sponsored by

ErVI=

EM Asia magazine, the Innovation Award
recognizes excellence in the Asian electronics
industry.

Indium5.1AT is an air-reflow, no-clean
solder paste that provides increased finished
goods reliability when compared to competi-
tive solder pastes. It features ultra low voiding
(in the 5% range) when soldering BGAs with
micro via-in-pad designs. No other solder
paste is known to exceed this level of perfor-

e | www.indium.com_

Power Events
* The China International Power Supply
(CPS EXPOQ), June 13-15, Shenzhen, China,
<www.cpsexpo.cn/en/index.html>

* The China International Power Supply (CPS
EXPO), November 6-8,Shanghai, China,
<http://www.cpsexpo.cn/en/index.html>

* APEC 2008, February 28-28, Austin, Texas,
USA, www.apec-conf.com
<http://www.apec-conf.com/>

* PCIM China 2008, March 18 — 20, Shanghai,
China,
<www.mesago.de/en/PCChina/main.htm>

* PCIM Europe 2008, May 27-29, Nuremberg,
Germany, www.pcim.de
<http://www.pcim.de/>
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MAXWELL®
3D electromagnetic-field simulation and parameter extraction for component design
and optimization

SIMPLORER®
System/circuit simulation and statistical analysis for multi-domain,
mixed-technology design

ePHYSICS™
Thermal and stress analysis for electromechanical components

OPTIMETRICS™
Parametric, optimization, sensitivity analysis

UK / EUROPEAN HEADQUARTERS COPENHAGEN, DENMARK  MUNICH, GERMANY PARIS, FRANCE

ANSOFT

AMNSOFT.COM

ROME, ITALY
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Efficient Full-Brick DC/DC

Converter is

‘Drop-In’

Replacement for New and
Old Designs

Ericsson Power Modules’ latest DC/DC converter platform, the PKY4716PI, utilizes industry standard

full-brick format and footprint, an excellent drop-in replacement for enhanced performance.

redominantly aimed at the
Ptelecoms market with custom-

ers developing base transceiver
stations in cellular radio networks where
high efficiency and reliability are premi-
um, the PKY4716PI is also suitable for
many industrial applications.

Delivering 700W output power and
typically exceeding 94 % efficiency,
the efficiency curve is virtually flat from
30 % to 100 % load. This impressive
level of performance is achieved by
using a specially optimized topology
and advanced rectification techniques.

The device will handle both 48V and
60V system voltages and has an input
voltage range of 36-75V. For safety and
availability, it can withstand up to 100V
input continuously and features an ultra-
wide output voltage trimming range
that can be adjusted down to 10V to
provide flexibility, desirable for different
RF power amplifier technologies and
applications.

Load and line regulation is typically
20mV with +1% set voltage over a base-
plate temperature range of -40 to 100°C.
The device delivers full power at 100°C
base-plate temperature. Fully current-
limit-protected, the device has over-
voltage protection on input and output
connections. This new product fully
meets ROHS requirements and, with its
low component count, offers high reli-
ability.

Offering su-
perior efficiency
in this market
category, the
PKY4716PI can
handle dual sys-
tem voltages.
The very high
control-loop
bandwidth in the
converter means
that a minimum
of external filter
components
are needed,
giving greater
economy and
real estate savings for new RF power
amplifier designs. In use, normally an
input filter is not necessary if the input
feeding impedance is low enough.

The unique use of magnetics, pla-
nar technology, switching and new
advanced synchronous rectification,
differentiate this new product. Mechani-
cal design has been refined and offers
very efficient thermal management able
to handle the extreme power levels of
high-performance DC/DC converters.

Demand drivers for this device include
applications such as WCDMA base
transceiver stations. Higher output
power means increased demands on
efficiency to reduce power losses and
energy usage. It is estimated that 1 watt
of power loss at board level is worth
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about $10 over a five-year period.

In addition, investments in central
power equipment, standby batteries,
cooling, floor space, and other areas
are directly proportional to the power
and energy consumption. Comparing
the efficiency of the PKY4716PI with the
market today, the energy cost savings
alone would account for about $150 over
a five-year period, assuming 70 percent
average output power and $0.1/kWh.
This is for one single converter. A base
transceiver station, or radio base station,
contains several RF power amplifiers and
converters, so nationwide deployment
would result in huge annual savings.

This makes it a great investment, both for
the bottom line and, importantly, for the
environment.

www.ericsson.com/powermodules
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Industry’s Easiest and Smallest Solution for

Multiple-Rail Power Sequencing

LM3880 Power Sequencer in a Tiny S0T23-6 Package Controls Up to 3 Supplies

Application Diagram 5V

I,‘{I:‘;“gXA Timing Sequence of Flag Outputs
S
Input supply >
5V > =
= B 5V
Vcc < < < I/0
FLAG 1 33V@1A
LM3880
1 | FLAG 2
FLAG 3
L
i V' Core
1.2V @ 2A
' Time delay = 30 ms

Power up = 1-2-3
Power down = 3-2-1

LM3880 Features

* Easiest method to sequence rails

Applications

* Sequencing power rails of digital logic devices
(ASICs, FPGAs, DSPs, microcontrollers) to

avoid latch-up conditions

* Input voltage range of 2.7V to 5.5V

* Standard timing options: 10 ms, 30 ms, 60 ms, 120 ms

* Systems with multiple rails
* 1-2-3 power up and reverse-power down 3-2-1 control

* Customisation of timing and sequence available through

factory programming

HML.D.BLE
* Available in tiny SOT23-6 package

For samples, datasheet, online design
tools, and more, visit us today at:

" Phone: +44 (0) 870 240 21 71

Email: europe.support@nsc.com

National

Semiconductor
The Sight & Sound of Information

© National 1S d Corporation, 2007. National di and @ are registered trademarks of National Semiconductor Corporation. All rights reserved.
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ENERGY EFFICIENCY

Pioneering a Greener
Electrical Environment

By Christophe Basso, Application Manager — Automotive and Power Regulation Group, ON Semiconductor

ince the days when Thomas Edi-
Sson powered the first light bulb

in 1879, electricity was consid-
ered a gift and our modern consumer
life-style shows this to be true. Unfor-
tunately, freedom always comes at a
price. International agencies have now
been set up to regulate energy produc-
tion amidst concerns that atmospheric
emissions from power stations contrib-
ute to the cause of many climate-related
problems. Solutions need to found to
reduce energy bills while protecting the
environment. Capitalizing on long term
experience in the energy conversion
domain, ON Semiconductor plays an
active role in the race toward lower and
smarter power consumption. In the 80’s
the UC384X family entered the market
as the only reliable Switch-Mode Power
Supply (SMPS) controller. At this time,
power greed was not of real concern
and a generic UC384X-based power
supply could easily draw 10W when left
connected idle to the mains. Ahead of
their time, ON Semiconductor success-
fully introduced the MC4460X family
with the intention of drastically reducing
power consumption in consumer appli-
cations left in standby mode. Today, ON
Semiconductor’s components power
LCD/ plasma TVs and set-top boxes via
hard switching or resonant solutions,
offering cost effective and flexible semi-
conductor solutions to achieve standby
power levels below 300 mW.

ON Semiconductor’s new integrated
circuits provide the designer with ready-
to-use solutions aimed to address and
exceed the next International Energy
Agency (IEA) recommendations, Blue
Angel and U.S. Energy Star regulations.
Techniques range from skip-cycle to fre-
quency foldback, depending on output
ripple requirements. Measurements car-
ried out on 65 W adapters built with the
NCP1230 or the NCP1271 have shown
the ability of these new controllers to
lower the no-load standby power below

100 mW in high-line conditions.

When a power supply engineer
designs a converter, the component
choice and arrangement are mainly
dictated by the wish to maximize the ef-
ficiency at nominal load. This is the case
for a personal computer (PC) where the
efficiency of a standard 250 W silver
box peaks around 75% at full power.
Experience shows however that a com-
puter will rarely consume its full power
during a normal operating time. Given
its internal structure, the system is more
likely to draw energy in a range of 20%
to 60% of the power supply capabil-
ity, with surges up to 80% sometimes.
Therefore, as the power supply oper-
ates a long way from its nominal design
point, efficiency suffers drastically. In
an attempt to improve the situation, a
new program called 80 PLUS, funded
by US electricity suppliers, has been
implemented. This program imposes ef-
ficiency above 80% for a power supply
operated between 20% and 100% of its
capacity. ON Semiconductor is one of
the first vendors to obtain 80 PLUS cer-
tification for a power supply built with an
active-clamp controller, the NCP1562.

If energy efficiency poses a challenge
to power supply designers, electricity

suppliers face another concern brought
about by the multiplication of ac-dc
front-end sections: the full-wave rectifier
drawing discontinuous current pulses.
Given the operating principle which con-
sists of recharging the bulk capacitor at
the sinewave peak, the input current and
voltage suffer distortion and sag. Among
the many troubles it brings, distorted line
signals induce higher rms currents and
force the use of heavy and expensive
copper wire. ON Semiconductor was
one of the first companies to introduce
Power Factor Correction (PFC) circuits
designed to shape the current and make
it look more “friendly’ to the electric-

ity plant. The MC33261 and MC33262
actually pioneered this effort 20 years
ago when no official coercive standard
ruled this domain. In January 2001, the
European Community firmly adopted
the IEC1000-3-2, banning non PFC-
equipped products if the power drawn
exceeds 75W. ON Semiconductor, in its
efforts toward better and smarter world-
wide power consumption, has recently
introduced several new PFC controllers
among which the NCP1653 sets new
performance standards. Single-stage
PFCs are also highly regarded given the
benefit they bring in terms of compact-
ness and cost reduction. The NCP1651
operates a single-switch flyback in a
continuous conduction mode and brings
excellent power factor performance
together with a reduced bill of materials.

Years ago, consumer devices such as
TVs or VCRs were lacking technical so-
lutions to reduce their own consumption
bill, making the design of efficient power
supplies a perilous exercise. Fortunately,
the situation has now evolved favorably
and the semiconductor industry now
offers design solutions to meet even the
most stringent laws and regulation lim-
its, which in addition, are environmen-
tally far superior to their predecessors.
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Enjoy the benefits of field-oriented control
at lowest system cost

INFINEON s the world’s first microcontroller supplier to offer optimized 8-bit MCUs
capable of supporting Field Oriented Control (FOC), a technique for operating electric motors that
results in smooth and efficient operation at all speeds. Implemented on its 8-bit XC886 and
XC888 families, Infineon brings FOC motor control solutions to price-sensitive applications such
as dishwashers, fan controls and washing machines. This highly innovative solution offers significant
reduction of system costs and frees up to 40% CPU capacity, providing plenty of headroom for
other applications. Unlike most competitive hard-coded FOC implementations, the XC886/8
microcontroller-based solution offers the added benefit of software reprogrammability to give
developers more versatile application options.

Oriented 7 £
conrot | K| X KUK

Key features of XC886/888 enabling FOC

m 16-bit fully programmable co-processor (vector computer)

= PWM unit with hardware trigger for A/D conversion (CapCom6E)
m A fast 10-bit A/D converter

Key benefits

® 16-bit performance at 8-bit costs
u Higher energy efficiency

® |ower torque ripple

m Excellent dynamic response

Order now at:

www.infineon.com/xc800-foc

Infineon

Never stop thinking


http://www.onsemi.com
http://www.infineon.com

Communications Systems
Driving Innovation

Networking systems spurring improvements in the
power supply industry

By Marijana Vukicevic, iSuppli Corporation

he communication equipment
I market has grown tremendously
in the past decade due to the
widespread adoption of the Internet
and the upgrade of obsolete telecom-
munications equipment, both wired and
wireless.

The telecom/datacom network equip-
ment market comprises infrastructure
equipment used to handle the transfer
of voice and data around the world’s
communication networks. It is a large
and well established market whose
major players include manufacturers
of high-end servers and switching and
routing equipment.

The performance level, power
throughput and system costs typically
are higher for such systems than in most
other kinds of equipment. The power
conversion takes place throughout a
full network equipment power system,
spanning the entire range, from the AC
mains to the final point of power con-
sumption.

Networking equipment—i.e. switches,
routers, servers—by definition need to
work in concert with other such devic-
es—anywhere from one to thousands—
in a system. Furthermore, such systems

often employ redundancy techniques to
ensure adequate system reliability and
performance. The size of those systems
is large, and for that reason, coordina-
tion between power subsystems will
become crucial in the coming years as
companies redefine the components in
such systems in order to drive out cost
or to increase performance.

Complex systems as networking
equipment often serve as an early-
adoption opportunity for innovations in
the power supply industry, innovations
that ultimately may have wider applica-
bility throughout the industry.

In 1980s and

Communcation Equipment Forecast
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Figure1: iSuppli’s forecast for communication equipment
units for the period of 2006 through 2011.

frequencies, new
technologies, new

component form factors, innovations in
magnetic devices and distributed power
since have been employed throughout
the power conversion industry in non-
network applications. Voice and data
network power developments therefore
can be viewed as a bellwether for future
trends in the power supply industry in
general.

As such, communications systems are
driving deployment of high-performance
AC/DC and DC/DC power supplies.

The system design is becoming more
complicated as the number of supply
voltages is increasing and power re-
quirement levels are rising. An example
of this trend is a mid-level server power
system design that accommodates
more than 10 point-of-load supplies,
and is likely to rise to support more than
20 in the near future.

The requirement for more sophisti-
cated power supply designs is unavoid-
able—and the way to implement them
is through the use of digital power. As of
today, some communication equipment
uses digital power managers (DPM) that
administer power supplies and connect
them to other parts of systems. Some
use digital control of power (DCP) that
combine voltage loop controls and digi-
tal power managers into a single unit.

The communication market is a major
technology driver, and in the case of
digital power will be a market driver
too. The market for digital power in the
communications equipment market is
predicted to grow by a factor of four
from 2007 to 2012.

Figure1 presents iSuppli’s forecast for
communication equipment units for the
period of 2006 through 2011.
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Why Look Anywhere Else?

Intersil has your complete
Telecom/Datacom solution,
from DCIDC Bus Converters
to Point-of-Load DC/DC (and
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Using the TL431 in a
Power Supply

I’'ve devoted several articles so far to the complexities of allegedly simple passive components. In this

article, we’ll look at one of the active semiconductors of the power system—the popular TL431.
This three-terminal part includes a precise voltage reference and an amplifier. It consumes very little
board space and is widely used in the industry to achieve reasonable performance at low cost. However,

its analysis is very complex when used with an optocoupler for feedback isolation.

Operational Amplifier Feedback
For the best performance, the pre-
ferred circuit for feedback control
compensation uses an error amplifier
and a precision reference —part of the
control chip for non-isolated supplies.
Current-mode control is the best way
to control converters, and is used by
most power supply designers. For this
type of control, the optimal compensa-
tion network is a Type Il amplifier, an

Power Supply Output

POWER

STAGE

Current C2
|_|_|_L Feedback 4“7
C, Ry
ML e
Vce
PWM Ve -
Modulator EIA

Control Error XV ref

Voltage

Figure 1a: Type Il Compensation
Feedback.
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Figure 1b: Type Il Compensation
Bode Piot.
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By Dr. Ray Ridley, Ridley Engineering

example of which is shown in Figure 1.
In this configuration, a conventional op-
erational amplifier is used to amplify the
difference between the output voltage of
the power supply and a fixed reference
voltage.

Figure 1b shows the typical com-
pensation curve for a Type |l amplifier.
At low frequencies, the circuit acts like
an integrator, utilizing components C;,
and R, to provide high gain. Resistor R,
provides the correct dc regulation level,
but due to the virtual ground at the input
of the error amplifier, it does not appear
in any of the gain equations.

At a frequency typically several times
less than the loop gain crossover, a zero
is introduced in the transfer function and
the midband gain of the compensator is
given by the ratio of R, and R;.

At a higher frequency, selected ac-
cording to the power stage characteris-
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tics, the circuit again forms an integra-
tor, the gain determined by R1 and C.,.
Exact choice of these parameters are
outside the scope of this article 2.

Vee Power Supply Output
% i
R
5
9 )
It
It
———AA—rt
[ R,
R
Control Error 1
Voltage TL431
Ve H»—{ 2 1 }»
V ref FB R
b
% Gnd

Figure 2: TL431 Used as a Type Il
Amplifier.

Figure 2 shows how the TL431 can be
used as a standard error amplifier. There
are three differences found when using
this part versus a standard operational
amplifier:

1. A pullup resistor must be used on
the output. The value of this resistor
must be chosen to provide sufficient
bias current to the device under all cir-
cuit conditions. Furthermore, the output
of the amplifier must be kept above a
minimum value required to provide the
bias;

2. A good voltage reference is includ-
ed in the part; and

3. The open loop gain, and drive ca-
pability are less than that of a good op
amp. However, if you keep the imped-
ances around the amplifier high, it will
work well.
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If the TL431 is configured as shown
in Figure 2, and these are obeyed, the
design procedure is the same as for a
standard Type Il amplifier.

TL431 Feedback with Isolation

Most engineers using the TL431 don’t
use it as in Figure 2. They use the circuit
that has become very widespread in
the industry where the TL431 is used in
conjunction with an optocoupler to pro-
vide feedback loop isolation, as shown
in Figure 3.

Power Supply Output
Vo

Control Error
Voltage

Ve Ry

Figure 3: Typical TL431 Configuration
with Output Bias and Optocoupler.

In this circuit, the output of the TL431
is powered through the resistor R;, and
the optocoupler diode, connected in
series with the power supply output.
This apparently subtle change has a big
effect on the way the circuit works. The
gain of the circuit is now driven by the
current into the output of the TL431,
not by its output voltage. This current is
determined by three things: the voltage
gain of the TL431, the supply voltage to
the top of the resistor R;, and the value
of the resistor itself. While the circuit of
Figure 2 is independent of the resistor
value and the supply voltage, the circuit
of Figure 3 is a strong function of both
of these quantities.

Note that the feedback compensa-
tion consists of just a capacitor, C,. A
second capacitor, C;, represents the
output capacitance of the optocou-
pler, and its frequency response rolloff.
However, the circuit of Figure 3 is still a
type Il compensator, although this is not
immediately apparent.

TL431 Compensation - Low
Frequency

At low frequencies, the gain of the
TL431 amplifier, with capacitor C; and
Resistor R, forming an integrator, is
high, and this dominates the response.
Figure 4a shows the low-frequency
equivalent circuit.

www.powersystemsdesign.com
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The gain from the power supply
output to the output of the error ampli-
fier, Vx, is given by the classic integrator
equation, and plotted in green in Figure
4b. Going across the isolation boundary
through the optocoupler, this integra-
tor gain is multiplied by the current gain
of the optocoupler, and the ratio of the
resistors R, and R;. The resulting low
frequency gain of the circuit, from power
supply output, to control input, Ve, is
shown in red in Figure 4b.

TL431 Compensation - Mid
Frequency

At a higher frequency, the gain of the
integrator around the TL431 amplifier
reaches unity, and beyond this point, the
voltage signal is attenuated. However,

DESIGN TIPS

there is always gain from the output
voltage to optocoupler diode current
due to the connection of the resistor Ry
to the power supply output. In the mid-
band frequencies, this is the dominant
feedback path.

Figure 5 shows the equivalent circuit
in the midband region. The gain is deter-
mined entirely by the choice of resistors
on the primary and secondary side of
the optocoupler, and the amplifier is not
part of the circuit. The crossover of the
loop will normally occur during this fre-
quency range, and the resistors should
designed first for the desired crossover
frequency.

TL431 Compensation - High
Frequency

At high frequencies, we encounter the
pole of the optocoupler itself. This is
represented by the capacitor C; in the
circuit of Figure 6a.

Figure 6b shows the rolloff of the gain
of the optocoupler. With a good opto-

Power Supply Output
Vo
Cq |
It
R
Control Error FB
Voltage KR
9 4 2
Ve R5
VX V ref
Ry
. Rg 1 -
Low Frequency Gain = —— ——
R SC4Ry

Figure 4a: Low Frequency Circuit for Typical TL431 Connection.
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Figure 5: TL431 Circuit Midband Gain.
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Dr. Ray Ridley's laboratory workshops are
expanding into Europe in 2007. In our four-
day workshops, you'll build and measure
switching power supply circuits in a state-
of-the-art lab. Our practical, hands-on

Type Il compensation, optimal for
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Figure 6b: Mid-Frequency and High-
Frequency Gain Plot.

coupler, this can be in excess of 10 kHz.
However, the rolloff is a function of the
current level at which the optocoupler

is operated. The more current flowing in
the device, the higher the bandwidth. It
is advisable to bias the optocoupler with
relatively low values of resistors to make
sure it operates near the upper end of
its rated current range.

Unfortunately, for integrated power
supplies, the bias resistor is built into
the controller, and cannot be easily
changed. This often forces the optocou-

Figure 7: TL431 Final Compensation
Gain.

pler to operate in the low current region,
and the loop design is compromised.

TL431 Complete Compensation

The two feedback paths of the TL431
configuration combine to give the total
compensation shown in Figure 7. The in-
tegrator gain, shown in blue, dominates
at low frequencies, and the second
feedback path through the bias resistor
dominates at mid and high frequencies.

The resulting total compensation is
shown in red. This is still the desired

Vo
Injection Resistor ‘ ‘ AP300
ANALYZER
5 p'

Power Supply Output

Vee AAS

A

Ry

1
[2F—{2]|

Figure 8: While measuring the loop, it is important to break both of the feedback

paths by injecting.
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If you are going to use this circuit for
compensation, you MUST measure
the resulting loop gain to make sure
you have a stable system. The entire
stability of your power system using the

shown in Figure 8. This will provide the
proper loop gain of the system. If you
attempt to measure the loop at either
point A or B shown in this figure, the
measurement results will not be par-
ticularly useful for the design of a well-
compensated loop.

An additional valid point for injection
and measurement is at point C, on the
primary side of the isolation boundary,
although this is sometimes more difficult
to implement due to line-referenced
voltages.

Summary

Should you use the TL431 as your pri-
mary feedback amplifier? By all means,
it has a good internal amplifier, and ref-
erence, and if your output voltage level
is high enough, it can work well. (A low
voltage version of the part, the TLV431,
extends the range of operation to lower
output voltages.) If you hook the TL431
up in its industry standard configuration
with an optocoupler, be sure to follow
the recommendations of this article, and
you should be able to design a rugged
control loop.

1. Design course notes, www.ridley-
engineering.com/workshop.htm

2. “Switch Mode Power Supply SPICE
Simulations and Practical Design”,
Christophe Basso.
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Gain a lifetime
of design experience

4-5-6 software, and lunch. Download a
reservation form at www.ridleyengineering.com.
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Frequency Response Analyzer
The NEW AP300 from AP Instruments
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The AP300is an

essential tool

to ensure stability

and design integrity

in switching power supplies.
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The AP300 makes

swept frequency
response measurements
that give magnitude
and phase data plotted
versus frequency.
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Ridley Engineering, Inc.

www.ridleyengineering.com
In the US: 885 Woodstock Rd. Suite 430-382 Roswell, GA 30075 US +1 770 640 9024
In the UK: 10 The Green Bracknell, Berkshire RG127BG England +44 1344 482 493

Frequency
Range

0.01 Hz to 30 MHz

Selectivi
Bandwidt

1 Hz to 1 kHz

Output

20Vp-pat2()

Injection
Isolator

Optional 0.1 Hz to 30 MHz

Input
Isolation

Optional 1,000 V

PC Data
Interface

High-speed USB 2.0
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How Much Does Your
System Really Cost?

I asked Alfred Hesener, the Marketing Director for Fairchild Semiconductor, responsibie for the European
marke! to enfighten us a little more about the multiplicity of advantages gained by today’s popular use of

madules in power electronics.

Reparted by Ciff Keys, Editor-in-Chief, PSDE

horoughly analyzimg the

cost components of a given

ayatem often reveals surprizing
insights - costs are higher than antici-
pated. the factors driving the cost may
not be what wou axpact, and thea mpact
on the end wser of the system can again
ba quite different from what can mar-
m&lhy be expected!

Teken at face value, the costaf a
given systam s the sum of the cost of
itz components — that's easy. However,
maving from this simpla summing op-
eration o the cost of & finlzhad design

[and let's mat farget the occasional rede-

sign). to a readily sesembled board, 1o 5
bested anad mounted board. and then on
to the energy the system B consuming
far its given function, the failuna rate it
iz showing, and the performance and S
or cost Improvemants it can bring ta the
party, &dds a kot of further varigbles to

the sguaticn = in return, all of these fac-
tors ars influsmcing the sslkection of the

Tabia 1: How the wsage of modwes dives aiferant systen cost companants
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Figure1: Ten or more components can
e integpratad info ome madule,

ariginal compaonents on the BO0M in the
first place.

In system design, theng is an appartu-
nity that iz becoming more and more of
a reality, as lower-cost, Righer-reliability
multichip packaging technigues mowe
inta the mainstream: power modulkss,
Gone are the deys when getting the
madule o not fall apart upon a few
thesmal cycles used to b= a mystical art,
ard na flexiaility i changing key param-
aters meant huge NRE cost and pretty
much going down a cha-way streat with
na afternatives.

BOM cost System Timeto  Ohfallures  Fallures in
Impact of using modules on... cost market time
Reduced number of components + + ++ ki w4
High performance ++ ++ 0 0
Increased reliability 0 0 + ++ -+t
Less board space or application volume ++ ++4 ++ 0 0
Easier and faster design + ++ +H++ + ++
Reproducible performance ++ +++ ++ + +
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Imtegraling key components inlo a
module offars mamy advantages, with
time Cost impravements possible
driven mainly by the much improved
Tine-iunming batwaen e different
components = no extracrdinary design
rnargining required, This in en helps
firat of all to improve the systern cost,
simce a higher perlormance Gan De
reached, the board space can be
recluced, and the desired perarmance
can more easily be reproduced, reduc-
ing the amaount of effort required alse-
wihere in the syatem to compensate far
eamponent variations.

A standardized module with a gate
drive circuit that's tried and tested,
alang with its standardized high-power
routing amd protection functions that
arg Cloge 10 the companens o be
protected, can significantly reduce
design time — espacially in the case of
changing a system to higher jor lower)

& [apilfal

power, With pin-compatible power ard, recluced envirgnmental impact,
modules available today, that tazk can  Especially i industrial applications,
literally be reduced Bo the few seconds  whare the cost for operating equip-

it takes to change & part numiber in ment iz part of the calculation of the
e EDA cesign system, And thal in tatal east of cwnership, impraving the
twrn helps to improve time to market, efficiency can be a significant com-

A factor that has a ange impact o the  petitive adeantage.

auccess of a given syatem!

Lisirg modulss in power sleciromics
has many advantages. Above table
shows the impact of using modules
an the different cost factors of an ap-
plication, Far all the applications that
do niot simphy have enough space ar
redaxed perlofmance requirements,
mzdule-based golution: can signifi-
cantly improve the cost end usens ane
eing.

Az the module manufzcturer performs
The rediability engineering at module ley-
l, tasting all the components involwed
tegether, the reliability of the system is
atrangly improved, This can be shown
Bakh in Oh failures as well as field Tail-
wras, the |atter being significantly more
axpangive to fix

Energy elliciency i5 always wel-
come, since it brimgs cost savings in
tree different ways, namely, reduced
efiort for cooling the system, resulting
in recluced system Size, lower alectric-
ity coat over the lifstime of the systam;
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New Kool Mu S_nynams Available
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Indhectors mode from Mognatics™ Koed My® E cores run
woaker thon these mods with gopped farriie cores. Eddy
corrents, cowsed by the fringing Flux ocress the discrele
air gaps of @ gapped ferrite, con beod 1o exxesive heat
o o hoavy copper lewses. The distrbuted air gops
inharant in Kool My con provide @ mech coler indude.

Kool My E cores are ovailable in meny indesiry
standard sizes. Mognefics now offers cores in 14 sizes
{from 12 mm to 80 mm) end four pesmesbilifias {26y,
40y, 60y, ond P0p). New sizes ore being odded.
Standerd bobbir: ere ok ovoilsble.

If you are using gopped farrite E cores fer inductor
opplicnfions, see whot Kool My E cores con do for yee.
You may aven be shle 1o reduce core size in odditian lo

| laving o cooler weil. For meee informatien, contoct
Mognetics.

[HAFIA SALFS AND SERVICE
0. Bax 11411 = P 1 SE56-0422
[Phions 412.606.1333 » Fax 41 1.696.0033

1-800-245-3984 + ymail: mogeetics@spang.com
ASIA SALES & SERWIE

+852.3102.9337 = emol: mlasaleifipang.con
[FURDPE SALES £ SERVICE

+31. 402553319 = emal: wsalerBiapang (on

21


http://www.fairchildsemi.com
http://www.mag-inc.com

& [aeifal

Multi-Function Power
Management Solution

from Linear
Li-Ion/Polymer battery applications

Linear’s switch mode USB power manager & triple buck regulator provides faster charge time with

minimized thermals. | talked with Tony Armstrong, Linear’s Power products Marketing Manager.

Reported by Cliff Keys, Editor-in-Chief PSDE

just announced the LTC3555, the

first in a family of next generation
multi-function power management solu-
tions for Li-lon/Polymer battery applica-
tions. The LTC3555 integrates a switch-
ing PowerPath™ manager, a standalone
battery charger, an ideal diode, 12C
control, three high efficiency synchro-
nous buck regulators plus an always-on
LDO, all in a compact, low-profile
4mm x 5mm QFN package.

I inear Technology Corporation has

High-end portable electronic de-
vices continue to be constrained for
board space, while battery capacities
are increasing due to increased power
demands from today’s demanded
increased levels of functionality. USB
charging is now becoming common-
place and the number of system rails
continues to increase in order to power
uP/FPGA/DSP cores, I/0Os, memory
circuits, media processors, radio/mobile
broadcast receivers, HDDs, etc..

The LTC3555 is the first member of
a new family of products that imple-
ment truly ‘meaningful’ integration to
allow designers to deliver vital competi-
tive advantage. This means simply that
Linear have talked with their customers
and found out what they actually need.
Somewhat different to many manufac-
turers who simply pack as much as pos-
sible onto a chip, almost as a demon-
stration of technological achievement, a

=
Multi-Function Switching Power
Manager+Battery Charger+Triple Sync
Buck+LDO

practice that comes at a price, not just
in dollars but also in terms of thermal
issues, routing problems and the pos-
sible generation of spurious noise from
unused regulators on the chip.

Performance needs for portable prod-
ucts major on high efficiency, low output
voltage and medium to high output
current from bucks, fast charge rates,
small solution size and minimal external
components.

Many designers in the portable
electronics marketplace perceive that

Power Management ICs (PMICs) are big,
clunky, low-performance, but relatively
cheap ICs. Linear’s products clearly
demonstrate to the design community
that high-performance PMIC’s now exist
in the marketplace, i.e. all multi-function
PMIC'’s are no longer alike.

The intelligence in the new LTC3555
from Linear is truly outstanding. With
Linear’s PowerPath system, the load is
always powered first, no matter whether
the battery is flat, faulty or even missing.
This gets rid of the perennial and most
annoying problem of a portable device
not starting up due to the battery charg-
ing priority from the charger chip. But
thankfully, to the hard-pressed designer,
this intelligence poses no extra prob-
lems. Linear’s customer research and
dialog has been used effectively. They
want all these extra differentiating fea-
tures to be easy to implement. Linear, as
a function of their well developed design
culture, look beyond the requirements
of today and project this well into the
future so that once a family is agreed
and put into silicon design, it will last.
No ‘knee-jerk’ spins and fixes are gener-
ally necessary due to this meticulous
and practical planning for their future
customer needs. This is the reason they
have the most envious business model
in the industry with their innovations in
power often ‘adopted’ by competitors.
Perhaps this is the most sincere form of
flattery.
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Tony Armstrong, Linear’s Power Prod-
ucts Marketing Manager at the com-
pany’s HQ in Milpitas California, com-
mented, “We take very great care when
defining new analog ICs. This is based
in part, upon our ongoing dialog with our
customer base, and input from our huge
engineering talent here to determine
future requirements also. We are highly
adept at anticipating future customer
needs; therefore, it is common for our
products to generally satisfy the needs
of the majority of customers - and that
is a great achievement and accolade for
our engineers and field staff.

In this specific case, we anticipated
the demand for higher power loads and
higher capacity batteries. Thus, with
this chip, for example, we demonstrate
a very high efficiency energy transfer.
When powered from a current limited
source such as a USB port, you don’t
want to waste any available energy which
will aggravate the thermal issues associ-
ated with small packages. Using a linear
regulator taking 5.2 volts down to, say,
3.6V, you will get a power loss of about
32%. Using the switching regulator as
we do, this loss is as little as 7%. Thus,
the best use of a limited energy source
and much less heat dissipation means
no risk of thermal shutdown as with
linear regs, it’s win-win”.

Linear’s Bat-Track™ system which
charges the battery at 300mV above the
battery terminal voltage ensures that
dissipation is minimized. This is a big
deal for portable products where the
battery will still receive a charge even
when the device is in use. Even when
the source current is limited to 100mA,

the portable device, which in the case of
an mp3, will need about 80mA leaving
the remainder for the battery via a high
efficiency charger.

The LTC3555’s PowerPath control
feature seamlessly manages power flow
between an AC wall adapter or USB
port, Li-lon battery and system load
while its “instant-ON” operation ensures
system load power even with a dead
or missing battery. For fast charging,
the LTC3555’s switching input stage
converts nearly all of the 2.5W available
from the USB port to charging current,
enabling up to 700mA from a 500mA
limited USB supply and up to 1.5A
when wall powered. An internal 180mil-
liOhm ideal diode plus optional external
ideal diode controller provide a low loss
power path, further minimizing heat
generation and maximizing efficiency.

The chip’s three integrated synchro-
nous buck regulators feature 100%
duty cycle operation and are capable of
delivering output currents of 1A/400mA/
400mA, respectively, with adjustable
output voltages down to 0.8V. The inter-
nal low Rpgon SWitches enable efficiency
as high as 94%, maximizing battery run
time. In addition, Burst Mode® opera-
tion optimizes efficiency at light loads
with a quiescent current of only 35uA
per regulator (<1uA in shutdown). The
high 2.25MHz switching frequency al-
lows the use of tiny low cost capacitors
and inductors less than 1mm in height.
Furthermore, the regulators are stable
with ceramic output capacitors, achiev-
ing very low output voltage ripple.

The device features USB-compatible
programmable

S8 Limited Battery Charge
Cumend vs Batiery Voltage

U8 Limiled Baltery Charge
Current vs Batlery Vollage

current limiting to
100mMA/500mA/1A,
while its Bat-Track
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Figure 1: LTC3555 Special Charger Features when USB-

powered.
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mination. To preserve
battery energy, the

& el

LTC3555 draws <23uA from the bat-
tery in suspend mode. The charger is
compatible with inputs up to 5.5V (7V
absolute maximum transient for added
robustness).

Here follows a summary of features
for the LTC3555:

e Complete Multi-Function PMIC:
Switching Power Manager, Li-lon/Poly-
mer Battery Charger, Three Buck Regu-
lators & LDO

e Thermally Enhanced, Low Profile
(0.75mm) 28-Lead 4mm x 5mm QFN
Package

Power Manager & Battery Charger:

¢ High Efficiency Switching Power-
Path Controller with Bat-Track Adaptive
Output Control

® Programmable Input Current Limit
(100mMA/500mA/1A)

® Maximum Charge Current Program-
mable up to 1.5A from Wall Adapter

e 180mOhm Internal Ideal Diode Plus
Optional External Ideal Diode Control-
ler Provides Low Loss Power Path from
Battery to Load

DC/DC

¢ Three, High Efficiency 2.25 MHz
Synchronous Buck Regulators: 1A,
400mA, 400mA loyr

¢ Adjustable Output Voltage Range:
0.8V to Vgur

e Burst Mode Operation with Low Iq:
35uA per Regulator

e Always-On 25mA/3.3V LDO

This will undoubtedly be a real hot
product for the portable electronics mar-
ket. Linear have accumulated a great
deal of experience here, already work-
ing with major players in this booming
industry.

The LTC3555 is available from stock
in a compact, low-profile (0.75mm)
4mm x 5mm QFN-28 package.


http://www.linear.com

COVER STORY

PesEGree)
&

ENERGY EFFICIENCY

System on Chip for
Brushless DC Motors

Silicon integration enables next-generation

motor designs

The latest levels of silicon integration are helping designers of brushless DC (BLDC) motor

designs to simplify development and drive down component count and cost without sacrificing

functionality or performance.

By Dr Georges Tchouangue, Principal Engineer and Wolf Jetschin, Senior Marketing Engineer,

Toshiba Electronics Europe (TEE) Dusseldorf, Germany

rom industrial pumps to white
Fgoods and from fans to air

conditioning systems, the demand
for brushless DC (BLDC) motors is
growing year-on-year in line with
requirements (both commercial and
legislative) to improve efficiencies and
deliver quieter, cleaner operation.

BLDC drives offer a number of
advantages over brushed DC and
induction motors — but to make
the most of these benefits while
ensuring accurate and effective motor
control has typically required very
complex solutions. Now, however,
the latest integrated application
specific standard product (ASSP)

semiconductor technologies are
helping engineers to simplify and
reduce the costs of BLDC motor-
based applications while allowing them
to improve performance, functionality,
reliability and efficiency.

The advantages of going BLDC
There are a number of advantages
in choosing BLDC motors for modern
motion control applications. The
elimination of mechanical commutation,
for example, leads to quieter operation
with less vibration and helps to
increase reliability and reduce
maintenance even under non-fault
conditions. What’s more, BLDC motors
can also win on pure performance

considerations: their dynamic response
is superior to many alternatives and
they can reach higher speeds. In certain
cases choosing a BLDC approach

may allow smaller and more cost
effective motors to be chosen, making
them suitable for space-constrained
applications, which then also benefit
from their easier cooling and inherently
increased torque density. Cost
considerations are further aided by the
fact that falling prices have made BLDC
motors much more affordable in recent
years.

Driving BLDC Motors
BLDC drivers use electronic, rather
than mechanical, commutation and

Power Systems Design Europe

June 2007

hence require inherently more complex
circuits to drive them. The main
component of the drive is an inverter
based on power MOSFETs or IGBTs,
which direct current to the wound
components (Figure 1).

The power MOSFETs in the power
stages require gate drivers and the
overall system needs high-level control
— for instance for start-up sequencing
and fault-state handling. Designs will
also need some form of feedback
mechanism to sense the rotor position
and allow the controller to calculate the
necessary PWM stator waveform; only
then can the electronics commutate
the outputs at the correct time to
produce the desired speed of motion.
Indeed, position sensing constitutes
a fundamental design decision for the
drive designer and will guide the choice
of controller device.

Absolute rotor position detection,
which requires a resolver and
sophisticated vector control techniques,
is the domain of very high-end systems.
For most other applications the choice
is typically between Hall-effect sensing
or sensorless architectures.

Hall-effect sensing is an established
technique with well-understood
advantages: primarily, it allows higher
torque to be applied at zero speed than
sensorless designs; and the controller
circuitry allows enough ‘detectable
incidents’ per revolution to minimise
jitter and to provide the necessary
accuracy of position detection. This
allows the production of drives that
are versatile and resistant to stalling.
For some applications however, the
addition of the sensor element may
be too costly, or it may be impractical
to mount the sensor in close enough
proximity to the rotor. Furthermore,
adding Hall sensors clearly has an
impact on overall reliability, an issue
that is compounded by the fact that
the sensors themselves can be prone
to damage and to demagnetisation of
the small rotor magnets used to trigger
them. Use of sensors also necessitates
additional interconnections, increasing
vulnerability to electrical noise. This
has led many designers to employ a
“sensorless” architecture. In this case
the drive circuit measures the back-EMF
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Figure 2: Toshiba SOI Power Structure.

from the stator coils and employs the
necessary algorithms to determine the
rotor position.

SOl (Silicon on Insulator) for BLDC
applications

Developing integrated semiconductors
that can simplify drive implementation
is not a trivial task, not least because
such ICs must combine high-voltage
switching with digital control circuitry.
Chip designers have therefore been
obliged to use new fabrication
techniques for BLDC driver components.
For the AC 110V and the AC 220V main
voltages, for example, Toshiba has
developed its own high-voltage SOI
manufacturing process that allows the
integration of power transistors with
almost any type of active device in a
monolithic circuit.

Conventional bulk silicon fabrication
technology forces designers to use
junction isolation to isolate individual
circuit elements. But devices such as
forward biased diodes and minority
carrier injection devices cannot then be
integrated on the same substrate as a
high voltage power transistor such as an
IGBT or power MOSFET.

By contrast, Toshiba’s high voltage
SOl fabrication allows the various
circuit elements to be isolated by a
thin layer of silicon dioxide, which
is a perfect insulator. Not only does
this allow almost any type of active
device to be integrated alongside
power transistors rated up to 500V or
higher, but it also allows all devices to
be packed together very densely on
the substrate. Leakage currents are
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Figure 4: Block diagram of Toshiba’s TB6588FG PWM sensorless driver ASSP.

also greatly reduced, as are parasitic
effects. By comparison, junction
isolation techniques introduce parasitic
capacitances and do not prevent
leakage currents from flowing.

Toshiba’s SOI power ICs incorporate
silicon dioxide trenches that isolate the
IGBTs from low-voltage CMOS circuitry.
These trenches can be made very thin,
enabling compact and highly integrated
power devices. In fact, the separation
area between high voltage devices is
reduced to around 0.7 % of that required
for a bulk silicon device of comparable
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SOl-based ICs can interface

current rating. This allows an equivalent
current density of approximately
100A/cm?. The active circuit elements
are also isolated from the silicon
substrate by a thick layer of silicon
dioxide. Figure 2 shows a cross section
of the Toshiba SOI power IC structure.

directly with logic-level devices and
microprocessors, while the technology
permits increased device density,

by reducing leakage currents and
parasitics. Developments like these
support the development of ready-
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integrated solutions for BLDC
applications.

Single-chip inverters

Launched at last month’s PCIM
exhibition in Nuremberg, the latest
SOl-based devices from Toshiba are
single-chip inverters for BLDC motor
applications operating with voltages
up to 500V. Toshiba has combined its
SOl technology with a trench isolation
structure as shown in Figure 2 to
bring together low and high voltage
circuits in a reliable monolithic device
measuring just 32 x 13mm. At 3.8mm
(max), package thickness is 27 % lower
than existing HZIP23 packages, while
improved thermal resistance reduces
requirements for external cooling.

Devices in the new TPD412x family
integrate into a single part full three-
phase inverter bridge operation and
other key features including protection
and integrated bootstrap diodes.
Supplied in the latest, compact DIP26
packaging, these single-chip inverters
are ideal for industrial motion control
applications including pumps and fans,
as well as home appliances such as
dishwashers.

Figure 3 shows a block diagram of the
TPD4120AK, one of the devices in the
new family. As the diagram shows, the
new chips combine high- and low-side
drivers with six IGBTs to supply current
to the motor stator coils. Integrated
fast recovery bootstrap diodes reduce
component count and cost, while
additional on-board functions include
protection against overtemperature,
overcurrent and undervoltage
conditions.

Toshiba’s new single-chip inverter
line-up features devices with output
voltages of 250V and 500V. The 250V
inverters offer a 1A output current, while
the 500V versions are available with
output currents of 1A, 2A or 3A. All of
the inverters can interface directly with a
host microprocessor.

Whether sensor-based or
sensorless, pulse width modulation
(PWM) is the underlying technology for
the motor drive circuit. However, the
designer has decisions to make with
regard to the complexity of the PWM
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circuit to be used. In many sensorless
applications, for example, the basic
rectangular PWM waveform is often
perfectly acceptable, and has the
advantage that it is simple, requires
few components, and achieves high
efficiency. In such designs the PWM
signals are integrated out by the
inductance of the motor, resulting

in a rectangular current wave that is
several magnitudes lower than the
PWM frequency. To help engineers
address the requirements for PWM
functionality with the minimum number
of external components, the Toshiba
TPD421x family includes devices that
offer built-in PWM functionality.

Sine of the times - beyond PWM
There are applications where the
electrical and acoustic noise that
is created prevent a straight PWM
solution being employed. In these cases
it can be better to use a sensor-based
design in conjunction with circuitry
designed to create a sinusoidal motor
current from the underlying PWM signal.
This sine wave current can help to
ensure smoother operation, minimising
both vibration and noise.

In general, there are two ways
to create the requisite sinusoidal
current from the PWM signal. The
first is to develop software to run on a
microcontroller or other programmable
device, and the second is to choose
an ASSP (application specific standard
product) solution such as Toshiba’s
TB6551F, which contains all the circuitry
necessary to generate three-phase
sinusoidally modulated PWM signals
with programmable dead time and lead
angle. The route chosen will depend
on a number of factors, not least the
trade off between the suitability of a
standard solution and the time and
cost required to develop software and
implement a fully custom design. For
designers looking to an ASSP solution,
the TB6551F can be combined with an
inverter with dead-time specification
appropriate to the desired operation.
For instance, in the case of Toshiba’s
TPD4113K and TPD4113AK 500V/1A
single-chip inverter ICs in HZIP23
packages (and, in the near future DIP26
options), the adjustable minimum dead
time is 1.4ps. This allows the creation of
‘silent’” brushless DC motor drives with

www.powersystemsdesign.com

all the high efficiency and low power
dissipation benefits of PWM.

Simplifying sensorless control

In addition to highly integrated inverter
products, semiconductor manufacturers
such as Toshiba can also offer ASSP
driver ICs that will help to simplify
BLDC motor designs. Earlier this year,
for example, Toshiba launched a single
chip ASSP that brings together driver
and controller to provide a single-chip
solution for three-phase BLDC motor
applications requiring sensorless control.
The TB6588FG PWM sensorless driver
ASSP integrates PWM sensorless motor
control, protection functionality, an
output power stage and an operational
amplifier in a single 36-pin HSOP
package.

Figure 4 shows a block diagram of the
TB6588FG in a typical application circuit.
By combining sensorless operation with
high levels of on-board functionality, the
new ASSP can significantly reduce the
component count, design complexity
and development time of three-phase,
full wave BLDC motor applications with
power levels up to 60W. In particular
the device is ideal for home appliance,
pump, industrial motion, automotive
motor and other motion control
applications requiring an operating
power supply voltage ranging from
around 10V to 42V.

Toshiba’s TB6588FG is a complete
motor driver solution that controls
forward or reverse rotation speed by
changing the PWM duty cycle based
on an analogue control signal input. Full
wave PWM operation provides for high-
efficiency and low-power operation
while minimising electrical and acoustic
noise. Lead angle control options of
0°, 7.5°, 15° and 30° allow designers
to tune their application for optimum
efficiency.

The IC can deliver a maximum
current output of 2.5A through its
integrated power stage and offers
configurable modes for improving
the motor start-up characteristic.
Built in protection against overcurrent
conditions and the ability to enable
detection of excessive commutation
frequency and low rotation speed
further improve design flexibility while

minimising the need for external
components.

Future developments

Toshiba’s six-input 500V/2A and
500V/3A single-chip inverters are in
mass production now and additional
devices - including versions with
integrated functions for Hall sensor-
based designs and devices targeted at
sensorless motor control — will join the
line-up during the course of the year.
In addition to the devices themselves,
Toshiba is also developing evaluation
boards that will allow designers to
quickly and easily assess inverter
performance in target applications.

The next stage in the evolution of
single-chip controllers and drivers
will be an IC that not only integrates
sensorless motor control, op-amp and
power stage, but also incorporates all of
the circuitry needed to deliver full-wave
sine wave PWM motor drive output.

By continually investing in
new technologies, processes
and packaging, semiconductor
manufacturers such as Toshiba are
driving up the levels of integration
available to designers of BLDC motor
applications. And by choosing products
with high levels of integration, these
designers can dramatically reduce
the component count, board space,
complexity and cost of their designs
without sacrificing — and, indeed, in
many cases further enhancing - the
functionality and performance of their
target application.
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Power-Off Protection
in Analog Switches for
More Robust System

Design

Hot plug insertion, transient signal blocking,
and system fault protection

Without off isolation there is a risk of data acquisition or processing problems resulting from unintended

signals bleeding through the switch, or current leakage resulting in device failures. This article outlines

how the designer can avoid these problems.

By Travis Williams, Senior Applications Engineer, Fairchild Semiconductor

nalog switches can be used in
Amany different applications includ-

ing portable handheld devices
from cell phones and PDAs to consumer
devices such as computers and video
displays. Regardless of the applica-
tion, whether it be audio, video, USB, or
control signal routing, system design-
ers often find cases where non zero
signals could be present on the switch
inputs when no power is supplied to the
switch. When subjected to input signal
over voltage conditions, analog switches
using standard design techniques are
susceptible to unintended signal glitches
(lack of signal off isolation) and exces-
sive current leakage. Lack of off isola-
tion can lead to system data acquisition
or processing problems resulting from
unintended signals bleeding through the
switch. The second problem, current
leakage, is far more serious in that it can
result in device failures and potential
product returns. Fairchild Semiconduc-
tor has developed specialized power-off
protection circuitry used in their newest

analog switch products, which allows
the switches to not only withstand over
voltage conditions but to also guarantee
signal off isolation will be maintained.
The following article outlines common
application situations where such an
over voltage condition could occur and

provides a detailed discussion of how
standard analog switches will respond
to such an event. Finally, it discusses
from both the data path and reliability
viewpoints how the power-off protection
feature overcomes these design chal-
lenges and protects the system.

VCC floating or
weak pull down

Vsw-0.8V
ok P PMOS
arasitic
S Control / Source Bulk
/ Diode
Positive Signal Bleed <: - Positive Input Signal
through A (Vsw)

L

Figure 1: A Typical Analog Switch Application with Signal Bleed Through.
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A Case for Power-Off Protection
There are several common situa-
tions where it is desirable for an ana-
log switch to ensure signal isolation
when the switch is not powered. One
need arises during system power up
sequencing. In addition to power up
sequencing other application examples
where power-off protection is desirable
are, hot plug insertion, transient signal
blocking, and system fault conditions.
In the power up sequence case, some
functional systems become powered on
before others. Often this is a result of
different voltage requirements neces-
sitating multiple internal power rails.
Generally it is advised to power the
analog switch with the highest supply
rail available to achieve the best switch
operating performance. This can mean
that components which use the lower
V¢ rail, such as the system processors,
are fully powered on before the neigh-
boring higher voltage analog chipset.
For example, if the analog switch is
being used to route control data and
the general purpose input output (GPIO)
controller becomes fully powered before
the analog switch it can result in the
controller sending a signal to the input
of the switch before it has fully turned
on. For the analog switch to fully guar-
antee correct functional state based on
its own control inputs it must be pow-
ered on. For a standard analog switch
when a positive data signal appears on
the switch input before the switch has
fully turned on there is a no guarantee
that the signal will be handled correctly.
Often the system designer is aware of
the power up timing mismatch and re-
lies on the analog switch to isolate input
from output. Unless the analog switch
has specifically designed circuitry to
guarantee off isolation in the power-
off case, the signal can bleed through.
Signal bleed through can result in false
logic states which could derail system
startup. Signal bleed through can even
occur on both output pins simultaneous-
ly of a single pole double throw switch
regardless of the OE and S pin states.
When the V¢ pin is floating or very
weakly pulled down it is possible for the
switch input signal Vsw to power up the
switch internal circuitry thus allowing
the signal to bleed through the switch.
This can be seen in Figure 1 where the
switch internal Vc node is indicated as
Vsw-0.8V. With the internal node now

www.powersystemsdesign.com

VCC= 0V

OE

Parasitic PMOS
Source Bulk Diode

Current Path

Positive Input Signal
(Vsw)

Control J
A
L

Figure 2: Typical Analog Switch Current Leakage Path when in an Over-Voltage

Condition.

powered up the switch will turn on and
pass the input signal. In this case it is
even possible for a positive voltage to
appear on the unselected output.

In applications where the analog
switch is used to protect against tran-
sient noise or against a fault condition,
often the switch is placed on the system
periphery and is used to separate
internal components from the outside
world. In a fault protection application
the switch is also expected to withstand
such a condition for long periods of
time (milliseconds). When the positive
input voltage is sustained, as in a fault
condition or power up sequence, it can
also lead to irreversible damage of the
analog switch. This damage results
from excessive current flowing from the
switch input ports to a grounded switch
V¢ pin. This current path is a result
of the inherent switch parasitic PMOS
bulk diode which acts like a forward
biased diode when the input voltages
are greater than V¢ + 0.5V. The diode
does require a minimum forward voltage
to conduct which is typically assumed
to be approximately 0.5V. This effective
diode allows excessive current to flow
through the chip into the V¢ pin. The
greater the voltage on the input pin the
greater the current will be. This voltage
current relationship is exponential and
can easily be represented with an ideal
diode curve. As a result the maximum
current rating of the chip can quickly
be exceeded. Once a part has been
damaged from an over voltage event the

part will often continue to exhibit exces-
sive leakage and may no longer function
even when inputs are returned to normal
operating conditions. Figure 2 illustrates
the current path formed between the
data input pin and V¢ just described.

Power-Off Protected Switches for
Robust System Design

Switches with power-off protec-
tion have specially designed circuitry
that prevents unintended signal bleed
through as well as guaranteed system
reliability during an over-voltage condi-
tion. When V¢ =0V the switches will
isolate the input signal from the outputs
regardless of the state of the enable
pins or the select pins thus preventing
unintended signal bleed through. It will
also protect against current leakage
from the signal pin into the supply pin.
The input signal will effectively see a
high impedance input when the switch
is powered down thus preventing any
parasitic PMOS bulk diodes from being
forward biased. It is important to note
that unless specified power-off protec-
tion is typically only on one port and not
necessarily on both sides of the switch.
On the first generation of power-off Pro-
tected switches the protection has been
added to the common pin because this
port is most likely to see an over voltage
event. This means that the system de-
signer must carefully read the datasheet
to ensure that the switch is properly
configured to protect against the an-
ticipated threat. A system designer will
likely also want to know how the power-

29



30

CIRCUIT PROTECTION

off protected switches behave in a
system which is powered up an in which
the input signal still greater than Vs?
For example, if the switch were powered
by V¢ =2.8V and Vsw = 3.6V. In this
case, the power-off protected switch
will not protect against excessive cur-
rent leakage to V. and thus datasheet
absolute max ratings must be observed.
In a typical switch it is acceptable for
Vsw to exceed V by 0.5V however any
voltage in excess of this can lead to reli-
ability failures and should be avoided. In
the above mentioned ex-
ample the V¢ supply should

quently have application conditions
such as, power up sequencing, hot
plug insertion, or fault conditions that
can compromise system data flow. The
need to ensure robust system perfor-
mance has resulted in power-off protec-
tion being added to many of Fairchild’
s newest analog switch products. The
FSUSB30 and FSA2156 both incorpo-
rate power-off protection which helps
protect against the powered off Vbus
fault condition described in the USB
specification or other system power off

fault conditions. Continue to look for
new Fairchild analog switches including
USB switches and high performance
audio switches which will also have this
feature. By choosing analog switches
with this feature, designers can feel
confident that their system will be pro-
tected during a power-off over voltage
condition.

www.fairchildsemi.com

be increased to equal the
max value of the switch input
signal, if this is not possible it
should be within 0.5V of Vsw.
The SPDT switch will ensure
that the unselected output
will not have any signal bleed
through as illustrated in Figure
1. The selected output on the
other hand will still pass the
full value of the input signal.
Thus referring to the case just
described if V. were in-
creased to 3.3V the Vsw input
of 3.6V would pass through
to the selected output. Future
power-off protected switches
will further increase this range
allowing the switch input
swing to exceed V. up to a
maximum level regardless of
the V¢ supply. In the mean
time though there is a simple
schematic work around

which solves this problem. By
inserting a 100 Ohm series
resister between the switch

Ve pin and supply rail you —l
igh Funer Srmirsaducian:
e They Yewrd the KfsnT

can protect the switch against
damage during a powered

up over-voltage condition.

By so doing the 100 Ohm
resistor limits current flow
back in to the V¢ rail dur-

ing the over voltage event to
within a safe operating range.
Finally, it should be noted that
datasheet limits always apply
with regard to maximum over
voltage conditions in both
cases whether the parts are
powered up or down.

Conclusion
System designers fre-
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PORTABLE POWER

Powering Portable
Media Players

Innovative solutions provide peak

performance

Fully understanding Portable Media Player system and power requirements is crucial for a successful
design. Space-saving solutions with reduced number of regulators and the ability to handle multiple

tasks are now a must for today’s designs.

By Dipak Patel, Applications Manager, National Semiconductor

were handed a project, they basically

purchased off-the-shelf discrete pow-
er solutions from various vendors. The
list of issues the power designer must
now consider has greatly increased
as power systems have become more
complicated. Some of the key areas
where these new design challenges ex-
ist are:

e Multiple outputs due to feature-rich
devices, LDOs, Bucks, battery char-
gers; overall more control of the system
is required to obtain better efficiencies
during battery operation.

¢ To ensure stable multiple voltage
supplies to the host processor, IC sys-
tems now require increased flexibility,
programmability, and power sequenc-
ing to allow for powering down unused
power functions when left unused.

* Finding an easy to implement, cor-
rect and easy-to-use power manage-
ment solution can become a critical
part of rapid system development and
improved cycle time-to-market.

¢ By having a high level of integration
in such a PMIC reduces overall system
cost and size constraint significantly
when compared to equivalent discrete
solutions.

¢ Extending battery life now requires
higher efficiencies and DVS (Dynamic
Voltage Scaling) to reduce overall power
consumption.

I n the past, when system designers

www.powersystemsdesign.com

The system diagram in Figure 1 details
the many power requirements of a typi-
cal personal media player (PMP). Using
smart power control in your design can
yield improved performance in many
areas including:

¢ Digital signal processor

¢ Hard drive for storage of the down-
loaded media

e Touch pad to select software driven
functions of the media player

¢ L CD display

UsBe
Connectar

Backlighting

LCD Contaller

Digital Bus

Hard

Drive

Audio
-l Codec

m mm

Figure 1: Portable media system level diagram.
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Figure 2: Detailed power requirements for a Portable Media Player system.

e Audio amplifier

¢ Audio Codec

¢ Flash memory used to store the
operating system; upon system boot up
of the DSP, the bootloader instructs the
DSP to download the OS image from
Flash to the SDRAM

¢ SDRAM storage of the OS image,
SDRAM has faster access time than
flash so the DSP can access information
quickly

¢ USB interface to download music
content from a computer

Many of these challenges can be seen
when designing in power requirements
for PMPs. These devices have a multi-
tude of constraints and unique needs
that can be better handled when using
smart, programmable power control-
lers. This article includes details of the
design specifics on powering the main
subsystems. We'll also review how the
integration of various power and control
functions into a common IC can solve

system issues such as: powering sub-
systems, digital application/peripheral,
audio amplifier block, DSP (I/0, Core),
and memory, hard disk drive, and LCD
backlight display.

Later, we’ll review more key features
that affect design and power manage-
ment such as: battery charging and
monitoring, battery charger linear char-
ger, smart control parameters, power
prioritisation routing, power sequencing,
soft-start, and communication between
the PMIC and the DSP.

Powering the digital application /
peripheral

Typically Low Drop Out (LDO) regula-
tors are used to power digital peripher-
als. Voltages are usually 1.2V to 3.3V
with a current requirement of 150mA.
Good external output filtering is also
required. Digital loads require LDOs to
have good load transient response to
keep the output voltage in regulation.

Power Systems Design Europe

Powering the audio amplifier
block

An LDO is required in this application
as the noise generated from a switch
mode supply will introduce excessive
noise into sensitive analogue circuits.
Here, the important parameter to con-
sider is the Power Supply Rejection
Ratio (PSRR). If transients on the power
supply line are not suppressed, harmon-
ics will appear at the speaker output. At-
tention to good output filtering and PCB
layout is important.

Powering the DSP (I/0, core), and
memory

Typically, magnetic buck switching
regulators are used to power the DSP
and memory due to the high load de-
mand and high efficiency requirement.

Buck 1 and 2 are high efficiency syn-
chronous FET (low rds) switching regu-
lators. A multiphase switching scheme
has been implemented such that NFET,

June 2007

950 [LLLL 11
V=32V
00 Vi =4V \\ (
n= f
0 Ul N AL
V=5V M g'
—_ B0D \ 1} A
g .‘: l'".."“'— et
> 750 ot
8
:E 70.0
5 65.0
60.0
55.0
50.0
01 1.0 10 100 1000
Output Current (mA)

Figure 3: Typical efficiency vs oy for a 2 MHz magnetic buck switching regulator.

and PFET of buck 1 are turned on/off at
fixed phase intervals in time which are
different to that of buck 2 using counter
logic. This reduces the overall demand
from the main DC source or battery.

The output voltages can be changed
via I°C if dynamic voltage scaling is
required. The concept is to dynami-
cally scale the output voltage up or
down based on the load demand at
that moment in order to maximise
the overall system power saving. For
example, when the DSP is running in
a mode where it is reading or writing
large amounts of data to memory or
doing intensive numerical calculations
where the power needs to change dra-
matically. By using the I°C the voltages
can be changed. Once the function is
completed the DSP informs the PMIC
to go back to the lower voltage set-
ting. This type of power management
technique increases the longevity of
the battery.

The bucks operate at 2 MHz which
means the physical dimensions of the
external inductor are considerably re-
duced. Below is a typical efficiency plot
for a magnetic switching buck regulator.

Powering the hard disk drive
The Buck-Boost is required when

www.powersystemsdesign.com

extending the device runtime 3.3V for
the hard drive during battery operation.
This voltage is lower than the maximum
battery of 4.2V and higher that the mini-
mum battery of 2.8V. In addition it needs
to supply a peak current initially of about
500mA for the motor on the hard drive
spindle to turn. During read write cycles
to the hard drive the current averages
about 200mA.

Powering the LCD backlight Display

A Boost circuit is required to power
the LCD backlight display. This is re-
quired to produce a large voltage which
tends to be greater than the supply volt-
age for the lighting supply to the LCD
display. A magnetic or switched capaci-
tor boost regulator can be used as an
LED backlight driver.

Battery charging and monitoring

The A/D converter multiplexes the
battery voltage and the battery charger
current. Battery voltage measurement is
then scaled and can be used to moni-
tor the battery voltage during (constant
current, constant voltage) charging, or
when the battery is being used in the
system.

If the Li-lon battery voltage drops
below the battery low threshold voltage,
the battery low alarm interrupt is pre-

triggered prior to event occurring, by
setting a “voltage low-value threshold”
higher than the battery-low alarm. The
DSP is informed earlier so that it can
take precautions before the battery volt-
age drops and causes a system failure.
This informs the user that the battery
needs to be charged via the DC source,
otherwise the system will gracefully
shutdown without the loss of media
content.

A dual voltage comparator with hys-
teresis prevents battery chattering. Once
the battery trips the low threshold, it is
disengaged from the system. However,
the battery voltage can float back up.
By setting the hysteresis window with a
high enough upper threshold, the bat-
tery cannot re-power the system.

Battery charger linear charger

Prequalification mode is the mode
when the battery is charged, at a lower
current rate initially about 10% of the
full rate if a DC source is connected.
The reason for this is, if the battery is
damaged and full charging is initiated,
this could create a potentially hazard-
ous condition. In addition, the battery
has a low effective standard resistance
by charging the battery at full rate could
create a voltage spike on the battery,
creating a false condition that the bat-
tery is fully charged. This mode termi-
nates once the full rate charging voltage
is reached, typically 2.85V.

The module provides CC (Constant
Current) charging and CV (Constant
Voltage) charging to charge the bat-
tery. Full charging mode occurs once
the prequalification charging is com-
pleted. In Constant Current mode, the
appropriate battery charging current is
supplied.

In CV mode, the voltage on the bat-
tery increases rapidly during the full
charging mode. Once it reaches the pro-
grammable termination voltage, which
is typically 4.1V, it is complete — known
as End of Charge (EOC). Top off mode
enables once the battery is in the EOC
cycle which is about 5% to 10% of the
full rate charge. CV charging continues
a little longer to squeeze more capacity
into the battery.

The beauty of the integrated charger
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Figure 4: Hard drive load demand during start up and normal read write operation.

in the PMIC is that status of the battery
charger can be accessed via internal
registers. There is no need to write firm-
ware (Microcontroller or DSP) to control
the battery charger, as its intelligence is
self contained where the DSP acts upon
the messages and takes the appropriate
action.

Power prioritisation routing

Power routing allows system usage
immediately after an external power
source has been detected. System
power takes precedence over the bat-
tery charging, so when the user has
the DC source connected and wants to
use the device, power from the DC is
allocated to the normal operation of the
media player, whatever power is leftover
is used for charging the battery.

Battery disconnect is a feature that al-
lows longer battery shelf life in products.
When the system is being shipped, the
unit uses the “disconnect circuit” which
prevents discharging of the battery. The
user “opens” the circuit by simply con-
necting DC source to the media player,
where the DSP wakes up and connects
the battery as necessary.
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PMIC enables power sequencing

Power sequencing of the supplies
occurs when there are multiple volt-
age domains where the highest voltage
needs to come on first (typically the I/O
pins) followed by all the other voltage
rails in a high to low order sequence.
With the DSP core being last. In addition
one supply rail is not to exceed another
by more than a diode drop; otherwise,
excessive current flow backward from
the I/0 voltage through the IC, into the
lower voltage DSP core. From a system
standpoint, the power supplies need to
be present in a particular sequence and
handshaking and acknowledgement
signals between the DSP and the PMIC
need to occur for this to happen.

Soft-start

Soft start provides a smooth linear
ramping of the buck regulator’s output
voltage. By actively limiting the inrush
current to the active devices gives the
system added reliability.

Communication between the PMIC
and the DSP

12C interface bus permits communi-
cation between the DSP master to the

PMIC slave via a clock and data
line. Registers can be read over
this communication link and infor-
mation on the status of the overall
system can be proactive with this
data.

The PMIC has the ability to in-
terrupt the DSP through the IRQB
open drain pin, which transitions
to a logic low level upon the fol-
lowing events: removal and inser-
tion of the DC source, USB power
detected and disconnected, bat-
tery low alarm, thermal alarm, ADC
conversion completed, charger
safety timeout (after 10 hours of
charging.)

Once an event occurs, the DSP
can then read the interrupt register
bits via I°C and then service them
appropriately. This interrupt mes-
sage can be relayed to the appli-
cation software layer informing the
user an event has occurred.

Final thoughts on power
management

Understanding Portable Media
Players system and power requirements
are keys to selecting power designs for
fast time-to-market constraints. PMICs
such as the LP3910 address both the
needs and the challenges implementing
power solutions.

This complete device features buck-
boost for HDD, DVS for system power
savings, power sequencing for multiple
rails, Li-lon battery charger and bat-
tery monitoring. This integrated solution
not only powers PMPs effectively, it is
also an ideal space-saving solution by
reducing the number of regulators with
the ability to handle multiple tasks for
advanced designs with many require-
ments. Using the new PMIC’s, power
designers can meet the challenges
required in a wide variety of portable de-
vices, while increasing performance.
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Integrated Platform
Improves Motor Control
Performance in
Commercial Aviation

Control for new higher efficiency, lower
weight aircraft motors

The vast array of pumps, fans compressors and actuation motors on modern aircraft has transitioned
to higher performance variable speed permanent magnet motors. Driving these motors presents some

design challenges.

By Michael Toland, Product Marketing Manager, International Rectifier

costs such as fuel and maintenance,

airlines are driving airframe manufac-
turers to produce more efficient planes.
A key area of focus is the many motors
utilized within an aircraft for fuel, envi-
ronmental and hydraulic control.

I n order to lower major operating

Traditionally, the aircraft industry has
used fixed speed induction motors with
mechanical gearboxes. New system ar-
chitectures are moving to variable speed
permanent magnet (PM) motors because
of their smaller size and lighter weight,
in addition to their high torque to current
ratio, efficiency and power factor. These
new motors are designed to drive fuel
and liquid cooling pumps, environmental
control fans, compressors, and actuation
of flight surfaces more efficiently. These
new motors, like any new technology,
come with design challenges.

First, the development of the motor
control so ftware algorithm using a DSP
or FPGA requires significant investment
in resources and rigorous certification
process. Secondly, the motors require
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electro-mechanical use of Hall sensors
for rotor position, which can lead to
cable complexity and added reliability
concerns.

A high reliability control platform for
sensorless vector control of variable
speed PM motors (Figure 1) has been
introduced to facilitate the transition
from geared motors. Utilizing an innova-
tive Motion Control Engine (MCE) with
an embedded pre-configured sinusoidal
field oriented control (FOC) algorithm IC;

Figure 1: IRMCT3UF1integrated motor
module.

benchmark gate drivers; MOSFETs and
feedback electronics, the new approach
provides complete drive control in a
robust, small footprint and lightweight
plastic package.

The new integrated motor module,
which is MIL-STD-883 certified is sup-
ported by design tools that enable the
user to quickly configure the motor
drive in a variety of configurations to
a specific application. Since the con-
trol algorithm is a hardware-based IC
dedicated to motor control, certification
requirements are simpler than those
designed for a software-based algorithm
programmed into a microcontroller or
FPGA, resulting in a rapid, cost effec-
tive time-to-market solution for electric
aircraft system integrators.

An Integrated Approach

In existing solutions, digital motor
control is typically designed using a
DSP, microcontroller or FPGA-based
software program, requiring a team of
software design engineers to write and
debug the code.
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However, a new approach using
an integrated motor control module,
International Rectifier’s IMOTION™
IRMCT3UF1, incorporates a unique
hardware-based Motion Control
Engine™ (MCE) IC (Figure 2) to perform
the same function previously delivered
using a resource-and time-consuming
DSP or FPGA alternative.

Figure 2: Motion Control Engine.

A companion development tool, Ser-
voDesigner™, expedites software devel-
opment by providing a simple menu-
based selection process where motor
design and user defined parameters
such as ramp time or maximum speed
are organized a drive parameter spread-
sheet. Upon completion of the motor
design, the final design parameters and
the user defined parameters are entered
into the development spreadsheet.
ServoDesigner™ translates the motor
parameters and stores them within the
module, enabling the motor designer to
quickly evaluate the performance of the
motor. Diagnostic tools are also avail-
able to aid this process.

This hardware-based control scheme
dramatically reduces the number of man
hours required from months to days to
obtain mandatory certification and can
be easily duplicated for each motor drive.

Sensorless Digital Brushless DC
Motor Control

The Motion Control Engine (MCE) IC
allows the designer to control motors up
to 500 VA without software development
or the use of Hall sensors to determine
the rotor position. Without Hall sensors
for position sensing, the rotor must start
in a known location. In order to gain
control of the motor the rotor windings
must be spun and parked to the known
position. The goal is to maintain an
orthogonal relationship of the stator and
rotor windings. The stator winding back
EMF is a function of the motor speed,

and the stator -
currents are a P
function of the

back EMF and
applied voltage. | ERwa
The rotor position i
can be calculated i
and the signal fed
to the space vec-
tor PWM modu- |
lator and the

g m——

appropriate gate
signals applied
to switch the
MOSFET. In addition, inverter leg shunt
current sensors are used to feed back
phase current to the digital controller in
order to provide the maximum torque
and maintain speed. The rotor angle
with respect to the stator is estimated
every 11 microseconds to provide a
smooth operating drive with minimal
torque ripple.

The sensorless algorithm operates
over a continuous speed range of 10
percent to 100 percent of full speed
without overload for greater perfor-
mance. Removal of the Hall sensors re-
duces the motor cost while significantly
improving reliability.

The module is designed to shut down
during an over-current, over-temper-
ature, or an over- and under-voltage
event. Phase currents are monitored. If
the safe condition is exceeded a gate Kkill
signal is applied and a fault occurrence
is indicated. At this point, a restart se-
quence can be initiated which includes
clearing the fault.

A thermistor is mounted on the IMS
substrate board in close proximity to the
power silicon. If the substrate tempera-
ture exceeds the safe limit of 105 degrees
C a gate-kill signal is asserted. The DC
bus is also monitored for under-voltage
and over-voltage conditions and minimum
and maximum speed conditions. Opera-
tion outside these preset limits will also
produce a fault to protect the load. To
clear the fault condition a fault clear pin
is provided to initiate restart sequence.
Communication to the device is done via
an RS-232 serial interface and can be
used for longer cable lengths or noisy en-
vironments. Additionally the module uses
an error detecting protocol to maintain
the integrity of the host registers.

Figure 3: MIL-PRF-38534 qualified power module.

Gate Drive Circuitry

Based on selected parameters, the
proprietary algorithm within the digital
controller ultimately controls the gate
driver integrated in the motor control
module and the switching of the power
semiconductors during commutation.

The optimized chipset including the
control, gate drive and power MOS-
FETs and intellectual property have
been combined with rugged packag-
ing to meet vibration profiles in a small
lightweight footprint ready to mount on
a cold plate or heatsink.

This integrated package (fig 3) ap-
proach also incorporates a fully quali-
fied power MOSFET mounted on an
insulated metal substrate (IMS) close to
the gate drivers for the lowest possible
inductance. Each lot is screened to
military specification MIL-PRF-38534 to
ensure the highest level of reliability and
rated at the full operating temperature
range of minus 40 to plus 85 degrees
Celsius.

Conclusion

The trend in aircraft design is towards
more efficient brushless DC motors. A
new approach using an integrated motor
drive module for brushless DC motors
dramatically reduces the effort of pro-
gramming the motor control and simpli-
fies the certification process. Because
the device is configured for sensorless
field oriented control the elimination of
Hall sensors improves reliability while
reducing component count to simplify
design and increase performance in
variable speed motors used in electronic
aircraft to achieve greater fuel economy
and lower maintenance costs.
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Reported by CIiff Keys, Editor-in-Chief, PSDE

he PCIM International Exhibi-
I tion and Conference for Power

Electronics, Intelligent Motion and
Power Quality convened in Nuremberg,
Germany, May 22-24, was the finest
example of a focused and dedicated
platform for the power industry. To
describe it as a success is a complete
understatement. The quality of speak-
ers and exhibitors alike was higher than
| could have ever imagined. | met with
engineers and senior executives from
many world-class companies there,
large and small, limited only by the time
available to get around them all.

The key messages, products and fu-
ture plans | was privileged to be part of,
truly inspired me and underscored my
belief in the future of this great industry.

We, at Power Systems Design Europe,
ran a high level forum that was packed
to full capacity. There was great enthusi-
asm from delegates to hear our premi-
um-class speaker panel supported by
Fairchild, Infineon, International Rectifier,
National Semiconductor, ST and Texas
Instruments, giving their insightful pre-
sentations and predictions on the highly
topical theme of “Lighting Technology”.
We actually had to print more handouts
and place the presentations on our web-
site due to the huge demand. Check it
out at:

www.powersystemsdesign.com/
PCIM_Lighting.pdf
With well over 6,000 trade visitors
from 50 countries, everyone was kept

on high alert throughout the whole
event. The 300 or so exhibitors have
given a resoundingly positive response
to the event and many, including us at
PSDE, have already signed up to be part
of next year’s PCIM. Several of the com-
panies | interviewed told me spontane-
ously that this show and conference is a
‘must do’ in their yearly planning cycle.
It doesn’t get any better than this!

This industry is defining the future
in a multitude of diverse areas and is
probably the nearest thing we have as a
saviour of the environment. It captures
the attention and imagination of the
world. The profile of the technologies
and products we are working with today
has never been higher... and it’s grow-
ing fast. Join us next year at PCIM and
grow with it...and with us!

Allegro Pushes Ahead

Developments in linear Hall effect sensors

At the Sensor & Test Conference,
Nurnberg, Germany engineers from Al-
legro MicroSystems presented a paper
covering major new developments in
linear Hall-effect sensor technology.

The paper focused on a new low-
noise, high-bandwidth linear Hall-effect
sensor for applications in current and
position sensing.

The new device includes improved

amplification and a new filter option
that allows the user to reduce noise and
bandwidth by changing a filter capaci-
tor.

The new sensor also includes a shield
to prevent noise being transmitted from
the current loop to the sensor circuitry in
current-sensor applications. For a flip-
chip sensor, the noise has been reduced
by more than 60% compared to earlier
devices.

New sensor products from Allegro Mi-
croSystems were featured on the com-
pany’s booth including the ACS712 and
ACS713 families of high-performance
low-noise current sensors with 2100V
RMS isolation, the A138X family of
programmable, analog-output devices
in low-profile surface-mount packages,
and the ATS651LSH gear-tooth sensor
modaule that is optimized to meet the
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requirements for speed and direction
sensing in automotive transmission ap-
plications.

LNB voltage regulator ICs for satellite
receivers

Allegro also introduced four new
voltage regulator ICs for use in the LNB
(low noise block) sections of analog and
digital satellite receivers.

The A8290 and A8291 are single LNB
supply control voltage regulators, while
the A8286 and A8292 are dual LNB sup-
ply voltage regulators. All are designed
for high efficiency, using Allegro’s ad-
vanced BCD process.

These low-noise block converter regu-
lators are monolithic linear/switching
voltage regulators, specifically designed
to provide the power and interface sig-
nals to an LNB down-converter via a co-
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axial cable. The integrated boost switch
in each device has been optimized

to minimize both switching and static
losses. To further enhance efficiency, the
voltage drop across the tracking regula-
tor has also been minimized.

The A8290 (single) and A8286 (dual)
devices provide the higher output cur-
rent required by the latest satellite set-
top box applications. The A8286 pro-
vides up to 650mA per channel and 1.0
A total continuous lead current, while
the corresponding figures for the A8290

are 500mA and 750mA. The A8291
(single) and A8292 (dual) versions have
lower current limits for more traditional
requirements.

All four devices offer ‘push/pull’ out-
put stages with the ability to sink and
source current, and a static current limit
with overcurrent timer mode.

They also offer a ‘cable disconnect’
function in addition to a wide variety of
other diagnostic capabilities.

The regulator ICs require few external
components because the boost switch,

compensation circuitry, and sense resis-
tor are all integrated into the solution.
The A8290 and A8291 also integrate an
output filter bypass FET. A high switch-
ing frequency is chosen to minimize the
size of the passive filtering components
to further assist in reducing cost.

All four devices are available in the 5 x
5mm QFN/MLP-28 package.

www.allegromicro.com

AVX Demonstrates Leading Capacitor Technologies
Highest capacitance radial and axial leaded MLCCs

I met with Jonathan Lennox, responsi-
ble for Technical Marketing of Ceramics
at AVX who presented the newly devel-
oped radial and axial leaded multilayer
ceramic capacitors offering high capaci-
tance levels of up to 1.0mF at 50V and
100V in SR21 radial and 3.3mF at 10V in
an SA10 axial configuration.

The new SkyCap® series radial leaded
ceramic capacitors are an extension of
the existing SR21 family, which provide
increased efficiency by allowing very
high capacitances at around half the
previously available package volume.
SkyCap capacitors are the industry’s
leading conformally coated radial leaded
MLC. They have been RoHS-compliant
since January 2005.

SpinGuard® axial leaded capacitors
now use the X5R dielectric for the first
time and offer a high capacitance of
3.3mF at 10V. These components are
also RoHS-compliant and are a suitable
replacement for tantalum axial leaded
devices.

AVX is the first company to offer
this size of radial leaded MLC capaci-
tor in this capacitance value with 100V
rating. AVX is also first to market axial
leaded MLC with the X5R dielectric. The
company continues to make develop-
ments and support customers who need
improved performance in leaded de-
vices, while many competitors have de-
emphasized the through-hole devices to
concentrate on SMD devices.

Both capacitors are ideal for use
in commercial and industrial power
supplies as well as other applications
requiring higher capacitance values.

www.powersystemsdesign.com

New low profile, low ESL multi-anode
‘Mirror’ Tantalum Capacitor

The New TPM series multi-anode
“mirror” configuration multianode tan-
talum capacitors have been developed
by AVX, delivering reduced height, lower
self inductance and lower Equivalent
Series Resistance. The new symmetrical
design reduces ESL to 1nH - half that of
standard D case sized devices. Low ESL
enables a higher resonant frequency
up to 500kHz (mirror D case), delivering
more efficient filtering in DC/DC power
switching converters. The new design
also reduces the height of the new tan-
talum capacitors from 4.3mm (E case)
to 3.1mm (D case) with even further
reductions planned, down to 2.0mm
maximum height.

The mirror anode configuration is
also better for thermal power dissipa-
tion; hence higher ripple current can be
achieved using only one capacitor. This
allows downsizing of the power supply
without compromising the output cur-
rent ratings.

Multianode mirror tantalums are
available as D case devices within
AVX’s existing TPM series. Complying
with RoHS requirements, TPM capaci-
tors are designed for 3x reflow, 260°C
peak temperature lead-free assembly
systems, and feature an operating tem-
perature range of between -55°C and
+125°C.

Mirror TPM capacitors have a capaci-
tance range of 10 to 1000mF, are rated
at 2.5 to 50V and have an ESR range of
25-140mW. High voltage (35 and 50V)
devices will be especially attractive for

telecommunication applications where
design height is becoming an important
parameter: capacitance values 10-22mF,
ESR 65-140mW on a single 35-50V
capacitor are difficult to attain within the
3.1mm maximum height using any other
technology.

Cap Arrays with FLEXITERM® Termi-
nation Resist Cracking

FLEXITERM arrays from AVX can with-
stand over twice the PCB deflection of
standard MLC devices without cracking.

The addition of a layer of epoxy silver
in the termination means that the array is
able to absorb mechanical stress which
helps to protect the internal structure
against short circuit failure. FLEXITERM
arrays are offered in two or four element
packages from 0405 to 0612 case sizes
and are all RoHS compliant.

These arrays can be used in a number
of high volume commercial decoupling
applications, such as mobile communi-
cations as well as in higher temperature
automotive systems, for example in
engine management, control systems
and dashboard electronics.
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Fairchild Optimize Power Efficiency and System Reliability

in Flyback Designs

Higher efficiency « Lower EN

Fairchild, committed to a greener
and less wasteful environment, demon-
strated convincingly with a presentation
from Alfred Hesener, Marketing Director
Europe, the huge need for responsibility
towards our environment. The company

has now introduced their Green FPS
e-Series, a new family of Fairchild Power
Switch (FPS™) products to provide high
energy efficiency and system reliability
in DVD player, set top box, LCD monitor
and other sub-25W power supply de-
signs. Based on Fairchild’s proprietary
valley switching technique, the Green
FPS products raise power conversion
efficiency by 1% and reduce EMI up to
5dB compared to conventional hard-
switch converter topologies. These
highly integrated FPS devices combine
the functionality of a fully avalanche
rated SenseFET, a current mode pulse
width modulation (PWM) IC and many
protection functions, simplifying design
and improving system reliability. Utiliz-
ing advanced burst mode operation,
the Green FPS e-Series devices meet
standby power regulations by reducing

Products Vos Max Roson) Max Peak Current Output Power Max (W) Package Price
) (Ohms) Limit (A) (1000pcs, each)
@85 -265Vac @230Vac
FSQO0165RN 650 10 0.9 13 15 8DIP/8LSOP $0.84
FSQ0265RN 650 6 1.2 16 20 8DIP/8LSOP $0.95
FSQO365RN 650 4.5 1.5 19 25 8DIP/8LSOP $1.01
FSQ311 650 19 0.6 8 10 8DIP/8LSOP $0.67
FSQ321 650 19 0.6 10 12 8DIP/8LSOP $0.67

standby power consumption to below
0.2W at no load conditions (below 1W at
0.5W load).

Designs employing Green FPS
e-Series products provide superior
system reliability and space benefits
compared to discrete MOSFET/con-
trollers, RCC switching converters, or
conventional hard-switching solutions
due to space saving 8 lead DIP and 8
lead LSOP packaging and the inclusion
of a variety of protection circuitry. This
circuitry includes over-voltage protec-
tion (OVP), over-load protection (OLP),
abnormal over-current protection (AOCP)
and thermal shutdown protection (TSD).
Additional features include an integrated
fixed oscillator, under-voltage lock out
(UVLO), optimized blanking and gate
turn-on/turn-off driver, and temperature
compensated precision current sources
for loop compensation.

These products meet or exceed the
requirements of the joint IPC/JEDEC
standard J-STD-020C and are compliant
with European Union regulations now in
effect.

Samples are available now, produc-
tion quantities in 8 weeks.

www.fairchildsemi.com

Infineon Powers Forward in White Goods and Industrial

Applications

CiPoS™ Modules: Intelligent Power Increases Efficiency and Reliability of Home Appliances

Infineon introduced a new family
of highly integrated intelligent power
modules that contain nearly all of the
semiconductor components required
to drive electronically controlled vari-

able-speed electric motors. Reflecting
Infineon’s commitment to improving
energy efficiency of electrical drives,
the new CiPoS (Control Integrated
Power System) modules are designed
to enable energy-efficient operation
of consumer appliances as washing
machines and air conditioners, offering
efficiencies of up to 94 percent.

The use of variable-speed motors
to reduce the energy consumed by
household appliances is growing in
response to regulatory requirements and
consumer demand. Concurrently, smart
design of drive control electronics to
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make best use of these motors presents
manufacturers with further opportunities
for efficiency and savings.

The new CiPoS modules incorpo-
rate a three-phase inverter power stage
with a SOI (Silicon-On-Insulator) gate
driver, boot strap diodes and capaci-
tors, and auxiliary circuitry in a com-
pact, high-performance, fully isolated
package. Based on a combination of
Infineon’s TrenchStop™ IGBT (Insulated
Gate Bipolar Transistor) and EmCon™
(Emitter Controlled) diode technology,
they eliminate as many as 23 discrete
components. This can reduce manufac-
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turers’ costs in decreased inventory and
logistics costs, reduced circuit board
space, simplified layout and assembly,
improved overall reliability, reduced EMI
and shorter time-to-market. The CiPoS
modules represent a ready-to-use solu-
tion for all motor drive systems with a
power rating of up to 3 kW.

The CiPoS modules also offer the
industry’s lowest junction-to-case resis-
tance, which increases output current
by up to 20 percent compared to other
available modules. For example, the
junction-to-case thermal resistance of

the IGBTs of the CiPoS module IKCS-
12F60AA is 3.6°C/W (degrees Celsius/
Watt), and of the EmCon diodes is
4.9°C/W. At a nominal operating voltage
of 15V, this low resistance results in an
output current of 6.0A, compared to the
5.0A produced by the closest competi-
tor. This makes a higher output power
possible in designs with equivalent-
sized heatsinks compared to alterna-
tives, or the use of a smaller heatsink
for the same power Interfacing to the
microcontroller is through direct connec-
tion of the control terminals supported

PrimePACK Modules: Optimized for Industrial Applications

The new PrimePACK™ modules in the
1200V and 1700V voltage classes are
up to 45 percent lighter when compared
to modules with the same power. This
family of compact IGBT modules enable
power converter system solutions to be
optimized for industrial drives, windmills,
elevators, traction or auxiliary drives,
power supplies and heating systems in
trains and tractors.

PrimePACK modules are based on in-
novative packaging that also utilizes the
advantages of the Infineon IGBT4 chips,
which feature excellent electrical rugged-
ness. The unique module design offers

advantages, such as the special layout of
the IGBT chips inside the module that sig-
nificantly improves heat distribution. The
IGBT chips are closer to the baseplate’s
screw-fastening points, resulting in a low
thermal resistance between the baseplate
and heatsink. Internal stray inductance
is reduced by approximately 60 percent
from that of comparable modules.

The half-bridge configuration and
modular design of the modules make
it easy to scale the converter power by
employing different module sizes or by
connecting the modules of a given type
in parallel. Modules are available in both

by pull-up resistors. A feedback control
loop can be easily implemented by add-
ing an external operational amplifier.

Engineering samples of the first family
members, which are in RoHS-compliant
single-in-line modules best-suited to
washing machine and similar applica-
tions, are available now.

Production-level quantities are ex-
pected to be available in the third quar-
ter of 2007. Dual-in-line versions suited
for higher-power HVAC applications are
also planned.

www.infineon.com/cipos

1200V and 1700V voltage classes and in
two module sizes - the 89mm x 172mm
PrimePACK 2 and the 89mm x 250mm
PrimePACK 3 and are up to 45 percent
lighter than comparable modules with
the same power.

Volume production of the 1700V
PrimePACK modules is available now.
Volume production for the 1200V ver-
sion will begin in September 2007. The
modules are RoHS-compliant and meet
fire protection requirements in accor-
dance with NFF16-101 and 16-102.

www.infineon.com/primepack

Isolated Surface-Mount Current Transducer Family
Operates from Single +5V Supply

Application Manager for Business
Segment Industrial, Bernard Richard,
demonstrated to me a new current
transducer, the HMS model, which is
designed to operate from a single +5V
power supply. The new unit measures
only 16 (L) x 13.5 (W) x 12 (H) mm and
integrates a primary conductor. It is
directly surface-mounted onto a printed
circuit board, reducing manufacturing
costs.

Four standard models are available

www.powersystemsdesign.com

to cover nominal AC, DC, pulsed and
mixed isolated current measurement of
5, 10, 15 or 20 Agys, up to 50 kHz, with
a measuring span of up to +3 x Ipy. The
same mechanical design is used for all
four models so that they can be used
to measure current across a complete
range of end products.

The internal reference voltage (2.5V)
is provided on a separate pin or can be
forced by an external reference (between
2 and 2.8V) for reference thermal drift
cancellation. Gain and offset are fixed
and set so that, at |,,, the output voltage
is equal to Ref in or Ref out +0.625V.

A unique LEM ASIC designed for use
with open-loop Hall-effect technology
has been used to provide performance
improvements. These include better
offset and gain drifts and linearity, in
addition to an extended operating tem-
perature range (-40 to +85°C) compared

to traditional discrete technology.

These products are compatible with
standard production techniques such
as pick-and-place automation and flow
soldering including RoHS temperatures.

An additional version of the HMS
transducer is under development for
PCB mounting through holes instead of
surface mounting and will be available in
the next few months.

The transducers are CE marked,
conform to the EN 50178 standard and
are recognised for industrial applica-
tions such as home appliances, vari-
able speed drives, UPS, SMPS, power
inverters (solar, wind, etc) and air-condi-
tioners.

The HMS is supplied with a five-year
warranty, as are all LEM industrial prod-
ucts.
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Microchip Introduces 2MHz, 500 mA Switching Regulator

Markus Austermayer, Field Sales
Engineer for Microchip presented the
MCP1603, a new 2MHz, 500mA switch-
ing regulator. This low-power switcher
provides adjustable and fixed output volt-
ages, operating efficiency of up to 90%,
and is available in Thin SOT-23 (TSOT-23)
and 2mm x 3mm DFN packages and
is ideal for extending battery life and
reducing heat dissipation in a variety of

portable, handheld electronic devices.

It also features a low quiescent
current of 45pA, a standby current of only
100nA, under voltage lockout (UVLO),
over-temperature and over-current pro-
tection and auto transition from PWM to
PFM modes for lower energy use and
heat dissipation, as well as longer battery
life. With an input voltage range of 2.7V
to 5.5V and either an adjustable output
voltage range of 0.8V to 4.5V, or a fixed
output voltage range between 1.2V and
3.3V, the MCP1603 switcher can cover
the entire Li-lon, Li-Polymer, NiCd and
NiMH voltage range.

The new MCP1603 Evaluation Board
(Part number MCP1603EV) demonstrates
using the MCP1603 as a Buck switcher.
This board is available now at www.
microchipdirect.com.

The MCP1603 switching regulator is

available now. Samples can be ordered
at sample.microchip.com. For further
information, visit Microchip’s Web site at
www.microchip.com/MCP16083.

In addition, | was told about the com-
pany’s investment in Regional Training
Centres in UK, Germany, Italy and France
where workshops in local language are
delivered by Microchip experts, focusing
on application-driven solutions.

To support its customers still further,
Microchip has recently developed a suite
of web-based design tools.

www.microchip.com

Micronas Demonstrates Most Accurate Linear Hall Sensor
for Greener Automotive Performance

| talked with Peter Zimmermann, Mar-
ket Manager Automotive at Micronas
about the announcement of the HAL
82x family of programmable Hall-effect
sensors, designed to meet the latest ac-
curacy requirements of many automo-
tive applications.

“We designed the HAL 82x to meet
the increasing demands on engine
management in the automotive indus-
try. Ever more accurate readings of
key vehicle parameters means lower
emissions and better fuel economy. This
sensor offers the highest precision to
meet the requirements of next-genera-
tion throttle valve position sensors. This
reduces pollutant and CO, emissions.”
Other target applications for the device
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include linear movement measurement,
flow measurement, position detection
and contact-less potentiometers.

Like its predecessors, the HAL 82x
has an integrated EEPROM to store the
sensor parameters. Proven in previous
generations of Micronas Hall-effect sen-
sors, the EEPROM is extremely robust
and reliable, even at the allowed maxi-
mum junction temperature of 170°C.

The sensor’s high accuracy is based
on the 14-bit signal path, the integrated
digital signal processing and the ratio-
metric 12-bit analog output. The sensor
also features a multiplexed analog
output. With this new output format,
developed by Micronas (patent pend-
ing), the 12-bit D/A-converter of the
HAL 82x achieves the actual resolution
of a 14-bit-converter, while avoiding the
small quantization intervals. This deliv-
ers an excellent signal-to-noise ratio on
the output.

Micronas designers put extra effort
into minimizing the drift of sensitivity
and offset over the temperature range.
This guarantees long-term stability
of the main parameters, which helps
to ensure the car’s optimum perfor-
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mance for many years. The differential
non-linearity (DNL) is below one LSB.
Electrostatic discharge (ESD) is a severe
issue in automotive applications and the
4-kV rating of the HAL 82x significantly
surpasses other existing linear Hall sen-
sors.

Automobile trouble-shooting and
repair is enhanced by an integrated wire
break detection system. This makes it
easy for the engine control computer
to detect and report problems with the
car’s wiring.

Micronas offers a development board
for design and production of the Hall
sensors. The required software is avail-
able free of charge.

The RoHS-compliant HAL 82x is avail-
able in the TO-92UT package, suitable
for overmolding, and operates at ambi-
ent temperatures between -40°C and
+150°C.

www.micronas.com
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National Launches Industry’s Highest Power PoE PD

Controller with Auxiliary Power Support

National’s Werner Berns, application
design centre manager for Europe, gave
me a run-down on the new Power-over-
Ethernet (PoE) powered device (PD)
controller with adjustable output current
level and the special ability to interface
with any DC-DC converter topology.

The new LM5073 integrates a pro-
grammabile interface port including
a hot-swap controller exceeding the
standard |IEEE 802.3af specifications,
enabling designers to operate PoE
appliances at power levels of 30W or
more. For greater flexibility, the LM5073
separates the PD interface from the
DC-DC converter to support a wide
variety of isolated and non-isolated DC-
DC converter topologies. Applications
include IP telephony, remote security
cameras, card readers, wireless access

points, PoE-enabled industrial automa-
tion systems and point-of-sale termi-
nals.

The LM5073 PoE controller supports
PD designs that are fully compliant
with the |IEEE 802.3af standard. If more
power is required, the low RDS(ON)
hot-swap MOSFET and programmable
DC current limit extend the range of
LM5073 applications to more than twice
the power level of IEEE 802.3af compli-
ant devices. The LM5073 also provides
the flexibility for the PD to accept power
from unregulated auxiliary sources such
as AC adapters and solar cells in a vari-
ety of configurations. The 100V maxi-
mum voltage rating simplifies selection
of the voltage suppressor that protects
the PD from network transients.

National’s LM5073 can be used with
the DP83848 single port or DP83849
dual port 10/100 Mbps Ethernet physi-
cal layer device to provide a space and
cost effective system solution for PoE
Ethernet compliant designs. The power
for the node (following the PoE stan-
dard) is supplied by standard CAT5
cable and connectors via the National
devices, which eliminates the need for
expensive external power supplies while

delivering full Ethernet connectivity.
Offered in a 14-pin TSSOP with
exposed pad for improved thermal
performance, the LM5073 integrates
a 100V, 700 milli-Ohm, N-channel
MOSFET as well as the PD signature
and under-voltage lockout resistors.
It provides configurable front and rear
auxiliary inputs that accept power from
AC adapters to reduce the power draw
on the PoE power sourcing equipment.
Complementary control outputs provide
a flexible interface to the best DC-DC
converter topology for the particular ap-
plication. For non-isolated applications,
the LM5073 can be paired with National’
s LM5007 and LM5010 buck regula-
tors or the popular LM5574, LM5575
and LM5576 high-voltage SIMPLE
SWITCHER® product family. For higher-
power isolated systems, the LM5073
can be paired with National’s LM5020 or
LM5026 pulse-width modulation (PWM)
controllers. For more information on
the LM5073 or to order samples and
an evaluation board, visit http://www.
national.com/pf/LM/LM5073.html

www.national.com

Power Integrations’
Peak Power

Reference Design Kit (RDK-115)

Power Integrations’ product marketing
manager, Andrew Smith demonstrated
the advantages of the TinySwitch®-PK
integrated power supply control IC with
peak power mode. TinySwitch-PK can
deliver up to 280 percent peak power for
short periods of time, enabling design-

www.powersystemsdesign.com

TinySwitch-PK IC Delivers 280%

ers to specify transformers rated for the
continuous power level which signifi-
cantly reduces size, weight and cost of
designs. With its high level of integration
and robust feature set, TinySwitch-PK
enables simple, flexible designs with

far fewer components than competing
discrete and integrated solutions.

Many consumer products have sel-
dom-used motors, buzzers or lights that
require extra power for short periods.
DVD player drawer-opening motors or
PVR disk drive motors are good exam-
ples. The rest of the time, the hardware
performs standard tasks and consumes
much less power, yet all the system
components — such as transformers,
output diodes and bulk storage capaci-
tors — must be specified for use at the

occasional higher power requirement.
The challenge in these systems is to
design a power supply that can provide
the necessary peaks when needed, but
does not burden the application with
peak costs. By automatically entering
into a special peak mode — doubling
operating frequency and boosting cur-
rent limit for the duration of the peak
power requirement, TinySwitch-PK
coaxes up to 280 percent of the design
power level out of the same transformer
and integrated MOSFET. Moreover, it
simplifies the transformer construc-

tion for multiple-output designs. Due to
the chip’s higher operating frequency,
the number of primary turns may be
reduced, making it easier to match com-
mon voltage ratios and consequently
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fit all of the turns onto a short bobbin,
reducing total copper usage and cost.
TinySwitch-PK features a 700V MOS-
FET alongside low-voltage control cir-
cuitry on a monolithic IC. Other features
include integrated auto-restart, input
under-voltage and output over-voltage
protection, hysteretic thermal shutdown,
and frequency jittering to minimize EMI.

The device also includes selectable cur-
rent limits, allowing designers to choose
any of three current limit values for each
family member without any additional
IC pins or external components. This
capability enables designers to optimize
their power supplies for either maximum
efficiency or greatest power output.
Complete documentation for the
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TinySwitch-PK family can be found on
the Power Integrations web site. The
new product family is also supported by
a reference design kit (RDK-115).

www.powerint.com

Systel’s Digital Control Makes Lighting Control Simple

Systel is a mixed-signal semiconduc-
tor company in the field of research,
development, engineering and manu-
facturing of Digital Configurable Power
Control and Management Controllers,
providing innovative solutions for the
power electronics market. The company
has launched the IDC2000, the second
generation of its digital power controller
ICs, and applications based on broadly
patented technology and methods.
These ICs are a family of novel single
chip controllers, a concept based on
Systel’s Universal Power Management
Mixed-Signal SoC Controller (UPMC)
technology.

The IDC2000 proprietary architecture
is a breakthrough System-on Chip digi-
tal based concept for Power Control and
Power Management evolved by Systel
during decades of research and devel-
opment. It contains all the required end-
product control functions for the lighting
and building automation applications
field, including street lighting.

In Lighting, the IDC2000 IC family is
able to implement almost any type of
power topology and control function
that a designer could imagine to create
newly featured high performance net-
workable and non-networkable (regular)
multi-lamp electronic ballasts at the low-
est market price.

The IDC2000 IC family allows a single
ballast to implement multi-channel topol-
ogy that operates any combination and
type of linear or compact fluorescent, LED
or HID lamp, with each lamp individually
controllable for full On-or-Off control or
dimming to the lowest level determined
by the design. Lamps will be driven by
the highest standards and specifications
envisioned by the designers.

The IDC2000 ICs enable innovative
multi-channel topologies for dimmable
or non-dimmable multi-lamp and multi-
fixture ballast solutions (central ballast).
In the latter, each fixture could be con-
trolled separately and use different types
of lamps, located at varying distances
without affecting light quality at a price
competing with simple regular ballasts.

In building control Systel has taken
advantage of the IDC2000’s features to
develop highly specified applications to
achieve the largest possible energy sav-
ing solutions with a short payback term
of less than 2 years in both retrofit and
new buildings. The IDC2000 is highly
applicable for all the active components
of the building control system (ballasts,
central and local remote controllers,
multiple networkable sensors, remote
controllable actuators to drive HVAC and
other devices). Uniquely, the IDC2000
allows smart load shedding without
affecting user comfort, such as modify-
ing air conditioner settings at the local
controller and shutting down individual
lamps within a fixture.

In residential applications in which
savings are a relevant factor, the
IDC2000’s features with embedded
power line modem will provide highly
competitive solutions that cannot be
outrivaled in cost and performance,
together with robust and smart control
at the level of individual elements.

In other lighting fields, such as flat
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panel backlight applications with
fluorescent and LED lamps, the unique
multi-channel IDC2000 platform features
with its synchronization capability to
external signals will allow the industry to
develop solutions with the highest envi-
sioned performances and algorithms at
the lowest cost.

Systel’s IDC2000 parametrical tuning
configuration provides an exceptionally
short time to market. The user friendly
GUI tools, such as the PDK-L3, devel-
oped by Systel for fluorescent lighting,
can “mold” the IDC2000 to almost any
power topology and create any con-
trol algorithm desired by the designer,
including debugging the end-product in
a fraction of the time required by other
types of controllers. The IDC2000 was
built from the ground up to provide an
unprecedented single chip solution al-
lowing previously unaffordable applica-
tions with the highest specifications,
while exhibiting the most advantageous
cost performance ratio achieved in the
industry.

The IDC2000 was designed with the
goal of being the most comprehensive
digital architecture with none of the
drawbacks of devices currently in the
marketplace. The IDC2000 was de-
signed to overcome the speed limita-
tions of “micros” and “DSPs” and their
arduous programming, without the dis-
advantages of analog solutions, using
parallel processing based on dedicated
Configurable Hardwired Engines.

The IDC2000 platform based on
Systel’s UPMC digital technology, a truly
different IC power controller concept,
was created as a Generic Configurable
Architecture allowing designers to create
their own “Customized ASIC” solution
for Lighting and Building Control.

www.systelpower.com
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Tl Launches Energy-Saving, Single-Chip Power Factor
Control for Consumer Applications

Single-Chip PFC Controller

Natural Interleaving™ Dual-Phase, Transition-Mode

Ripple Current Reduction
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*13 TEXAS INSTRUMENTS

| was fortunate enough to meet with
Larry Spaziani, Product Line Manager
for TI’s power supply control products.
He gave me an overview of the newly
launched UCC28060, the industry’s first
single-chip, interleaved, transition-mode
power factor correction (PFC) control
circuit that helps lower power system
cost and save energy in consumer ap-
plications such as digital TVs, personal
computers and entry-level server plat-
forms.

The UCC28060, a two-phase high-
performance controller for 75- to 800-W
applications, simplifies power system
design, minimizes switching losses,
and saves system cost and valuable
board space when compared to tra-

Inpint Wolage (V)

ditional single-
phase, transition-
mode or continuous-
conduction mode
(CCM) topologies. In
certain customer ap-
plications, designers
have been able to
reduce their overall
bill of materials cost
by as much as 20
percent, while at the
same time achiev-
ing higher levels of
performance in a
smaller, thinner and
lighter power supply
design.

The UCC28060 helps designers to
efficiently meet or exceed the world’s
most stringent power factor require-
ments for consumer electronic sys-
tems. It features Natural Interleaving™
technology, which reduces the input
and output current ripple, distributes
magnetics to improve thermal man-
agement, and provides light-load
phase management. The UCC28060’s
ripple cancellation feature significantly
reduces ripple current compared to
single-phase or alternative “master-
slave” interleaved solutions. In addi-
tion, the feature allows a designer to
reduce capacitor size by 27 percent,
and it gives designers the ability to
use a much smaller and less expen-
sive electromagnetic interference
(EMI) filter.

Poyy = 800 W
Vo = 400V

The PFC controller’s light-load
phase management enables a
power supply to operate at high

efficiency over the whole range
of the load, enhancing system
performance and aiding OEMs’
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efforts to achieve the stringent
80 Plus and Energy Star® com-
pliance. Phase management
allows the user to turn phases

TS

—

2-Phase TM Interleave
L
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of the power supply on or off so
that only the phases required to
power the load are enabled. The

T 120 170 prrai]
Input Voltage (V)

Ripple Current Reduction
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270 UCC28060 can increase efficiency
by up to five percent at light load
conditions.

Safety is a critical concern of

all power system designers, and the
UCC28060 offers several unique sys-
tem control and protection features to
improve power system reliability. The
device incorporates the industry’s first
“failsafe” over-voltage protection circuit,
which provides dual paths of voltage
sensing to protect against shorts to an
intermediate voltage. If undetected,
such shorts could lead to a cata-
strophic failure on the board. Secondly,
the PFC device provides in-rush cur-
rent management to prevent MOSFET
conduction during in-rush events, while
eliminating reverse recovery events in
the system output rectifiers. Finally, the
UCC28060 employs sensorless cur-
rent shaping to protect the system from
potential damage that may otherwise
occur during “brown-out” conditions
and recovery.

Samples of the UCC28060 are avail-
able in a 16-pin SOIC package. An
evaluation board, power factor correc-
tion application notes and data sheets
are available at power.ti.com.

Tl also demonstrated at the PCIM
Europe conference its Digital PFC
Adapter Board, based on the TMS-
320F280x digital signal controller. This
board helps analog and digital power
supply designers evaluate and de-
tect power factor correction in power
systems that support consumer and
industrial applications. The PSFB2808
board is used with TI’'s F2808 eZdsp
Starter Kit and free downloadable
C2000 Power Factor Correction Soft-
ware, and is available through Tier
Electronics.

www.tierelectronics.com
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Toshiba Launches New Motor Drive and Control Products

Next generation single-chip inverters

Toshiba Electronics Europe (TEE)
held a press conference at the show to
launch a new generation of single-chip
inverters for brushless DC (BLDC) motor
applications operating with voltages
up to 500V. Available in PWM and non-
PWM versions, the new devices inte-
grate into a DIP26 package full three-
phase inverter bridge operation and
other key features including protection
and integrated bootstrap diodes.

The new TPD412x family of DIP26
single-chip inverters is ideal for home
appliances such as refrigerators and
washers as well as industrial motion
control applications including pumps
and fans. Increasingly these products
use BLDC motors to deliver high accu-
racy and long-term reliability alongside
efficient energy use and low levels of
noise and vibration. Single-chip invert-
ers are a vital component in reducing
the component count, complexity,
development time and cost of BLDC
motor-based designs.

The new chips combine high- and
low-side drivers with six IGBTs to sup-
ply current to the motor stator coils.
Integrated fast recovery bootstrap
diodes reduce component count and
cost, while additional on-board func-
tions include protection against over-
temperature, overcurrent and undervolt-
age conditions. Three members of the
family also incorporate PWM circuitry
and three-phase distribution logic in the
same DIP26 package.

Toshiba’s new single-chip inverter
line-up features devices with output
voltages of 250V and 500V. The 250V
inverters offer a 1A output current, while

the 500V versions are available with
output currents of 1A, 2A or 3A. All of
the inverters can interface directly with a
host microprocessor.

Toshiba has used silicon on insulator
(SQI) technology and a trench isolation
structure to bring together low and high
voltage circuits in a reliable monolithic
device measuring just 32 x 13mm. At
3.8mm (max), package thickness is 27%
lower than existing HZIP23 packages,
while improved thermal resistance re-
duces requirements for external cooling.

Toshiba’s six-input 500V/2A and
500V/3A single-chip inverters are in
mass production now. Additional devices
including versions for sensor-less mo-
tor control will join the line-up during
the course of the year. In addition to
the devices themselves, Toshiba is also
developing evaluation boards to allow
designers to quickly and easily assess in-
verter performance in target applications.

Single-Chip Sensorless Sine wave
ASSP for BLDC Motors

Toshiba also announced the indus-
try’s first single-chip sensorless motor
controller application specific standard
product (ASSP) to offer full-wave sine
wave PWM motor drive output. The
new TB6582FG will significantly reduce
the complexity and component count
of brushless DC (BLDC) motor applica-
tions ranging from home appliances
and pumps to industrial automation and
automotive motion control.

Unlike MCU-based alternatives, the
new device is a cost optimised state
machine which does not even require
programming. Specifically, the TB-
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6582FG takes the analogue speed inputs
supplied by a host microcontroller and
provides a complete full-wave sine wave
PWM drive output without the need for
additional processing. The sinusoidal
motor coil current waveform provides
for smoother BLDC motor operation

and lower electrical and acoustic noise
than is possible with conventional PWM
outputs while still allowing designers to
realise the benefit of PWM efficiency.

Toshiba has integrated on-board
circuitry that accurately calculates rotor
speed and position using phase current
information, allowing designers to elimi-
nate the need for Hall sensors. This not
only reduces component count but also
improves application reliability, while
making the TB6582FG ideal for applica-
tions where addition of sensors is not
practical or commercially unviable.

The TB6582FG features a built-in
triangular wave generator with a carrier
wave frequency of f,./252Hz and an
integrated dead time function that al-
lows safe operation of the power FETs
in a push-pull configuration. Control of
motor rotation speed in both forward
and reverse directions is achieved by
changing the PWM duty cycle based on
the input from the host microcontroller.

Suitable for operation with supply
voltages from 6.5V to 16.5V, the new
motor controller SoC features an on-
board regulator that provides a typical
reference voltage of 5V. Lead angle
adjustment capability allows designers
to tune their applications for optimum
efficiency.

www.toshiba-components.com
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Tyco Electronics Roundup

As expected, Tyco demonstrated a broad range of its latest products and services. I have captured the main

points for your information, but recommend following the web addresses provided for further information.

fastPACK 0 H 2™ gen

H-Bridge Module for Fast Switching
Applications

The fastPACK 0 H 2™ gen is a new
family of fast switching H-bridge mod-
ules in the flow 0 package. With this
family, Tyco Electronics addresses the
needs of higher power fast switching
applications, such as welding, switch
mode power supply and solar energy
conversion, requiring frequencies of up
to 250 kHz.

The entire family consists of 15 differ-
ent versions at 600V and 8 different ver-
sions at 1200V. Combining the different
diode types, substrates and the optional
DC link capacitor mentioned above, the
family provides the optimum solution for
any application within this power range
and frequency.

flow90PACK 1 + flow90CON 1

Sixpack and Rectifier now available in
90° housing

After its very successful flow90PIM
series — Tyco presents a sixpack (flow-
90PACK 1) and a rectifier configuration
(flow90CON 1) in the 90° housing. These
modules are dedicated to motor and
servo drive inverters, which require the
heat sink to be in an up right position
(at 90° mounting angle) in respect to the
PCB. This package provides many ben-
efits in addition to the standard Power
Module features.

The flow90PACK 1 family (six-
pack with NTC) is available for up to
600V/75A and 1200V/35A. The flow-
90CON 1 family (3 phase input rectifier
with brake chopper), optionally half con-
trolled is available for up to 1600V/75A.

flowPACK 2

Sixpack in IGBT4 1200V technology
with 150A at 1200V

A new member of the flowPACK
family that extend the power spectrum
at 1200V up to 150A. The flowPACK 2
includes a sixpack and a NTC packed
in very compact flow 2 housing. IGBT4
technology improves the EMC behaviour
due to softer switching. The baseplate
of the module leads to an optimal heat
dissipation of module and heatsink. The

www.powersystemsdesign.com

Module is equipped with a mechanically
isolated NTC.

This module is dedicated to motor
and servo drive manufacturers which
require high power density on minimum
space.

The flowPIM 2 family (sixpack and
NTC) is available at 1200V in 75A, 100A
and 150A.

NEXT GEN. POWER FACTOR
CORRECTION MODULES

New modules in flow0 housing

A new P80x PFC power module fam-
ily to support the increasing demand of
modern electronic equipment for higher
output power and smaller footprint. The
product is incorporating state of the art
components ranging from high speed
IGBTs and Tandem diodes for cost
sensitive solutions to low Rdson MOS-
FETs and SiC diodes for high switching
frequencies and outstanding efficiency.
With a maximum continuous output
power of 8kW at 230V input voltage and
switching frequencies of up to 400kHz
the new PFC modules are well suited for
all kinds of high power applications like
welding equipment, motor inverter and
power supplies.

flowPHASE 0 - EXTENSION 600V

Extension of flowPHASE 0 half bridge
power module family

Tyco Electronics has extended its
family of high power modules in the
flow 0 package. Besides the 1200V half
bridge module family, ranging from 50A
to 150A, now also available are further
5 half bridge modules spanning 75A to
200A at 600V.

The flowPHASE 0 family is ideal for
a modular approach in motor inverter
design and manufacture. It enables the
use of the same power module and PCB
design for a complete series of products
in of different power ranges, thus reduc-
ing the development and manufacturing
cost.

flowPIM 2 3 gen 100A /1200V IN
IGBT4 TECHNOLOGY
The ultra compact 100A PIM Module
Now the 3" generation of Tyco’s

biggest PIM Module, the flowPIM 2 3"
gen. It includes rectifier, brake chop-
per, inverter and mechanically isolated
NTC with improved pinout. This Module
is equipped with IGBT4 technology in
order to improve the EMC behaviour
and can support currents up to 100A

at 600V/ 1200V. The flowPIM 2 3™ gen
is the optimal solution for motor drive
manufacturers who require high power
density on minimum space for compact
devises.

The flowPIM 2 3" gen family (recti-
fier, BRC, sixpack and NTC) is available
in 600V/ from 50A up to 100A and in
1200V/ form 35A up to 100A.

flowSIM

A New Class of Power Module Simu-
lators

The new flowSIM simulator for Tyco’s
Power Module products. This LabView
based tool allows the simulation of three
and single phase outputs as well as
three and single phase input stages and
PFC circuits, supporting applications
like motor drives, solar inverter, UPS
and switch mode power supplies.

flowSIM uses real measured data
gathered during the characterization of
the power modules for the calculation
of the power losses providing access to
up to 2 million data points per module.
Previously this tool was only partly avail-
able for engineers in the application
notes. This combination of simulation
for the application output wave forms
and calculation of the power component
losses based on real measured data
provides an extremely high simulator
performance in terms of accuracy and
speed.

Tyco Electronics will support all new
standard products with the new flowSIM
simulator, which can be downloaded
free of charge from:

www.flowPIM.com

47


http://www.toshiba-components.com
http://www.flowPIM.com

Special Rep

Melze Measures the Power
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At my Vacuumschmelze press meet-
ing | had with Patrick Trost, Director for
sales Europe, he gave me a rundown on
the company’s major exhibits.

Evaluation kits

VAC'’s patented closed-loop cur-
rent sensors with magnetic field probe
feature outstanding sensor precision.
The system electronics are almost
wholly integrated in the IC DRV401,
designed in collaboration with a leading
IC manufacturer. However, the IC is also
available as a separate unit for opera-
tion with passive VAC sensor modules;

in this case the system electronics are
external to the sensor module. VAC
supplies evaluation kits for developers
designing current sensing systems with
IC DRV401. A variety of kits are available
for passive VAC current sensors which
are or will soon be available.

Core Sample kit

VAC also presented a new core
sample kit comprising nanocrystal-
line VITROPERM® toroidal tape-wound
cores for EMC applications. A con-
venient plastic case contains around
65 cores in various sizes and types,
with external dimensions ranging from
approximately 10 to 40 millimetres. In
graduated permeability ranges from
18,000 to over 100,000, the kit provides
developers with the maximum scope for
laboratory experimentation.

Common Mode Chokes with VIT-
ROPERM?® cores demonstrate superior
broadband attenuation properties even
at high operating temperatures of up
to 150 degrees Celsius. Thanks to the
combination of high permeability and
high saturation flux density, small size
Common Mode Chokes with fewer turns
can be produced that deliver outstand-
ing high-frequency response.

ort - PCIM Europe 2007 Roundup

10 years of CTs

VAC has for ten years produced Cur-
rent Transformers for Electronic Elec-
tricity Meters. Since the first develop-
ments in 1997, VAC achieved significant
growth rates in this section — due to
worldwide trends in replacing mechani-
cal meters with electronic versions. Due
to the high quality and reliability, global
meter manufacturers adopt VAC’s cur-
rent transformers for their next gen-
eration electricity meters giving VAC a
considerable market share in ANSI and
IEC regions.

This includes special CTs, which
are protected against tampering with
magnets as well as specific transform-
ers for tampering detection. In addition,
the Hanau-based enterprise offers new
modaules for three phase applications
and specific CTs with integrated primary
copper bars based on cores of new al-
loy of VITROPERM® family.

www.vacuumschmelze.com

Vicor Announce MIL-COTS 28V DC-DC Vel Chip Modules

I met with Paul Yeaman, Vicor’s princi-
pal product line engineer, who talked me

through these newly launched modules

-]

delivering a stunning
20% more power at
1/3 the volume in a
rugged, miniature
package.

Vicor’s new MIL-
COTS 28V DC-DC
Vel Chip module
product line consists
of a 28 Vdc input
PRM™ regulator and
a family of VTM™
current multipliers
with output voltages
from 1 to 50Vdc.

The PRM and VTM
chipset provides the
full functionality of a DC-DC converter
but also features high efficiency and

higher power density, fast transient re-
sponse, low noise, and flexible thermal
management. With each module weigh-
ing only 1g and measuring just 32.5 x
22 x 6.6 mm, the chipset offers clear ad-
vantages for designing power systems
in mission-critical portable and airborne
applications.

A PRM and VTM chipset can pro-
vide up to 100 A or 115 W for a system
density of 172 A/in® or 198 W/in® and
because the PRM can be located, or
factorized, remotely from the point of
load, these current and power densities
can effectively be doubled at the load
itself. The modules may be paralleled for
higher power arrays. A compatible filter
(M-FIAM7) is available that provides
EMI filtering in compliance with MIL-
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STD-461 and transient suppression in
compliance with MIL-STD-1275, MIL-
STD-704 and DO-160.

The Vel Chip package is compatible
with standard pick-and-place surface-
mount machinery and assembly pro-
cesses. It provides flexible thermal
management through its low junction-
to-case and junction-to-board thermal
resistance.

A MIL-COTS PRM and VTM chipset
is available now in OEM quantities. MIL-
COTS Vel Chips are in mass produc-
tion and are available immediately from
stock. Evaluation Boards are available to
evaluate the entire family of MIL-COTS
28 V DC-DC Vel Chip Modules. Each
PRM and VTM is surface mounted to a
unique PWB that can be mated using
integral connectors. Evaluation boards
are also available from stock.

Ve| Chip Through-Hole Packaging
Option

Vicor have now introduced a through-
hole packaging option for all Vel Chips
including MIL-COTS. This is in addition
to existing surface mount (SMT) com-
patible packaging, doubling the avail-
able range.

Through-hole products are electri-
cally and thermally identical to the
SMT versions and are compatible with
both hand soldering and wave solder
techniques so they are perfect for fast
prototyping or large production runs.
Through-hole assembly facilitates multi-
chip cold-plate or heatsink mounting
and makes system assembly simpler,
faster, cheaper and available now.

The new through-hole packaging
option is compatible with both leaded
and lead-free solder. For the MIL-COTS

market, this option aligns with the Vicor
MIL-STD MFIAM filters for a complete
solution. Power designers in a broader
range of applications can take advan-
tage of the benefits of Vel Chips.

Information on board layout and 3D
models as well as data sheets for all
Vel Chip products, application notes
and demo board user guides are avail-
able now. Please visit:

www.vicorpower.com

Zetex Miniature LED Driver Tackles High Power Tasks

—

| was fortunate at PCIM to meet
with Colin Davies, Global Applications
Manager for Zetex. The company is
renowned for the design and manufac-
ture of high performance analog ICs
and providing high efficiency power
management and signal process-
ing solutions through combination of
ASICs and building block components
for audio, video and linear applications
as well as motor control and DC-DC
conversion.

At the show, the company launched
the ZXLD1362, high power LED driver.

Operating from a 6V to 60V input sup-
ply and achieving up to 95% efficiency,

www.powersystemsdesign.com

the ZXLD1362 can
drive up to 16 high
power LEDs with an
adjustable output
current of up to 1A.
Provided in the tiny
TSOT23-5 package,
this LED driver is the
smallest of its kind in
its current rating, with
a maximum footprint
of 2.8mm x 2.9mm
and off-board height
of Tmm.

Simple to use and
requiring just four
external components, this highly inte-
grated chip supports a range of flexible
LED brightness and thermal manage-
ment schemes. Output current can be
adjusted by applying either PWM or DC
voltage control signals to the adjust pin.
Application of a low voltage signal turns
the output off and puts the device into a
low current standby mode.

Supporting an operating frequency of
up to 1MHz, the ZXLD1362 is able to
offer highly sensitive and accurate LED
brightness control, with a typical dim-
ming ratio of 1000:1 cited at 300Hz. A
soft-start feature can also be achieved
by the addition of an external capacitor.

Integrating a 60V MOS switch and a
high-side output current sensing circuit,
which uses an external resistor to set
the nominal output current, the chip
enables high power LEDs to benefit
from ground referenced return paths,
of particular importance in architectural
lighting applications.

To simplify thermal control, the input
resistance of the chip’s adjust pin has
been set at 50kQ in order to be compat-
ible with common thermistor values.
The chip’s compact design and ability
to comfortably withstand high-voltage
transients, means it will also appeal to
space-starved automotive and industrial
applications.

This product is a drop-in upgrade for
many lower power solutions, including
Zetex Semiconductor’s own ZXLD1350
(30V, 350mA) and ZXLD1360 (30V, 1A).

For more information visit:
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Miniature SIP Packaged Device is Smallest Safety Approved
1W DC/DC Converter

C&D Technologies has extended
its NMJ series of low power DC/DC
converters to include eight new single
output models. The devices are the
world’s smallest UL60950 safety
standard approved 1W converters.

. R 1, S
The new snhap-in aluminum electrolytic
capacitors of the B43305 and B43508
series from EPCOS offer converter
solutions with significant space saving

Aluminum Electrolyt

The NMJ series is housed in fully
encapsulated, UL 94V-0 rated, 7-pin
SIP packages with a footprint of
just 1.91cm?, making them ideal for
use in applications that demand a
miniature, safety approved solution.
With reinforced system of insulation the
NMJ is production tested at 5.2kVDC
operation at full 1W load, without
heatsinking, is possible between 40°C
and +60°C.

The single and dual output (with power
sharing) DC/DC converters use an
advanced internal SMD construction and
toroidal magnetics to help them achieve

a power density of up to 0.42W/cm?®. The
complete NMJ series provides engineers
with a choice of 5V or 12V inputs.
Available outputs are 5V, 9V and 15V.

Up to 11 million hours calculated
MTTF using MIL-STD 217F FN2 method,
allows for usage in high reliability, long
life applications. The RoHS compliant
NMJ series offers pin and functional
compatibility with the C&D’s NMV
series of SIP DC/DC converters, giving
designers upgradeability for systems
requiring safety agency recognition.

ic Capacitors: Ultra-Compact Solution

ability. The components feature the
same electrical properties as earlier
types, but are smaller by up to two case
classes. That corresponds to a height
reduction of 5 and 10 mm. In this way the
components enable the design of even
smaller power supplies and frequency
converters. The further miniaturization
was achieved by the use of new
materials, an improved capacitor winding
design and an optimized concept for the
mechanical construction. The B43305
series covers the capacitance range
from 68 to 3300 pF and is available for
voltages of between 200 and 450 V. It

has an operating life of 2000 hours at

a temperature of 85°C. The product's
dimensions of between 22 x 25 mm
(diameter x height) and 35 x 55 mm
mean EPCOS ranks among the best-in-
class manufacturers.The B43508 series
covers the capacitance range from 82 pF
to 2700 yF at voltages of between 200
and 450 V. The product is designed for
use at temperatures of 105°C and then
attains an operating life of 3000 hours.
The 1000 pF / 400 V type stands out in
the 22 x 25 mm to 35 x 55 mm range and
can be regarded as a benchmark in this
class.

Complementary 40V MOSFET for Size, Cost and Reliability

in LCD Designs

Fairchild
Semiconductor

. FDDgazay
introduces the

FDD8424H, a

complementary

40V MOSFET

that provides s _ A

Dual DPAK 40V Dual DPAK MOSFET

packaging and industry-leading thermal
dissipation to increase system reliability,
reduce board space and decrease
overall system cost. Optimized for

half- or full-bridge inverter designs,

the FDD8424H is ideal for use in
backlighting units (BLU) for LCD

TVs, LCD monitors, motor drives and
lamp drives. Compared to alternative

solutions, the FDD8424H in Dual DPAK
provides thermal resistance that is five
and 10 times lower than solutions using
8-lead and dual SOIC (SO8) packages,
respectively. In addition, the integration
of a P-channel high-side MOSFET and
an N-channel low-side MOSFET into a
single package allows a common drain
connection within the device, simplifying
board layout and reducing design time.
“Fairchild’s FDD8424H offers display
designers the ability to optimize the
footprint and the thermal performance
of their inverter designs,” said Mike
Speed, Fairchild’s marketing manager
for Communications and Consumer
Products. “The optimization of

RDS(ON) and gate charge (Qg) in a
Dual DPAK offers improved switching
performance compared to conventional
SO08 solutions, resulting in lower heat
dissipation and increased efficiency.
Also, the FDD8424H provides 12
percent lower case temperature in
backlighting inverters while driving eight
CCFL lamps.”

This lead (Pb)-free device meets or
exceeds the requirements of the joint
IPC/JEDEC standard J-STD-020C
and is compliant with European Union
regulations now in effect.
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We know what needs to be done
... but can we do it in time?

Heporfed by Chtt Keys, Editar-in-Cfuel, PS0E

industry has well and truly teken up

the challenga far the absclute nead
o conserve emengy, not just to be more
efficient o save casts, but 1o take the
broader and konger term view for the
sake of our anvironmant,

I t s@ams bo me, fimally, that the whok

It =ounds great, but in spite of this,
the whide idea of the congenation of
electrical enargy, and therafone fusl
BN ESS0NS, Seams oot blown Jway
when we consider the huge incresses
riesded decade-on-decade in e (T
data server mdustry. Thess guya meed
ribong @nd more SOm puteog power 1o
garee their customers, but are reguested
i congerye elecirical power, Lnless
thera iz a metecric advance in techmal-
ogy, existing demand fram the power
source industry will have to be acaled
Up considerably.

Electricily use associated with servars
douinled from 2000 bo 2005, reprazent-
ing & aggregate annual growth rate
of 14% per year for the LS. and 168%
P year for the workd. Almast gl of this
groswth is attributable to growth im the
numpers of servers (partculary woksme
servers), with anty 2 small parcentage
assotinbed with InCreases in the power
uEs par unit.

Total direct power consumption for all
sarears in the LS i 2005 was aboul
2.8 millizn &KW, Including cooling and
auxiliary eguioment increases that iotal
o about 5 million KW, eguivalent (in
capacity terrms) 1o five 1000 MW power
plant=."

Thizs represents a huge amount of
Pl ard with it, | wioulkd guess, plenty of
ernironmentalhy-unfriendby emizsions. In
this @rea ahone, thene must be colassal
prograss made just in order bo tand
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still, let alone make progress., & frighten-
ing thaught for the envircnment,

On the plus side, the Microcell tech-
nology wsed in Firefly's new 30 and 30°
carbon-graphite foam batteries repra-
sants a significent advance in lead-acid
battery perfarmance. The company bas
nicw teame with MorthStar to bring
the technology inlo preduction with
advenced lesd-acid battery manutfactur-
ing technigues, A large portion of tha
funding for this phase of developrment
is prowvided by the US Army, which has
awarded Firefly & contract under its
"Silent Watch” program. This 5 a project
that seeks to develop batterkes with
sufficient capacity 1o power alacirical
equiprment in military land vehicles dur-
ing siealth cparations,

According b2 Ml Ovan, Sr Vice
President of Firsfly, the lead-acid elec-
trochemistry of comanticnal batterias
iz unchangsed n Microcel technakogy.
Rather, new physical geomatries en-
abled by the use of carbaon foam allow
a graaker utilization of the full anargy
potential of lead-acld battery chem iy,

The thecretical limit for the chamistry
itzelf i= 170 Whr'kg. The fundamentsl
advance embodied in Microoell echnal-
agy Is the use of carbon-graphite foam,
which replaces tha commnticnal kad
grid a3 an electrods.

At tve hugely popular and successful
PCIM show in Mlmbserg (22-24 May),
| wias forunate encugh b Spaak with
Alex Lidow, CED of Intermational Recti-
fier. It wias reslly a relreshing pleasure to
hear the raticnale he has set a= a culture
poit o his company and did not
cantaim the usual techmolagy pitch ons
might expect Fom such & discussion,

Alex told me very directly that it just
izn't good encugh to simply churm out
prociuects that are abeled "enangy af-
ficient’, ‘green’ or ‘cost saving' &3 B be-
cameg incregsingly popular these days.
He told me thers is & much broader con-
Siceralion that must be acknowledged
when one kooka at the total picture, ie.
Eree anergy reguined, pollution polen-
tizl and cost to actually produce such

& “wander product’. The lact that the
product may b= populsr doss no good
if the aciual manutaciune of the product
polutes the environment. A real “wow
mament’ that | want b repart in depth in
a later izsue,

So hopefully, we get to 2 stage whera
bhe periier industey can get its more
efficient, cooler running and greenar
procuced pans into haese podier hungry
industries az a matter of scme urgency.
It puts a huge responsibility on aur in-
dustry and generates a very challenging
appartunity Toe us all,
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A typleal BO0-watt power supply

WITHOUT SiC DRODES [S80KHz)

b
Simplify cincuit —
design L

— ..|r“"-- L’._,,-—-..H‘
Elirnanate o
.\\

smibber circuits

Reduce boost
inductor size

SIC. THE MATERIAL OF CHOICE.

FERo RECOVERY® Ractiller Q
Higher frequency operation

Mo high fraguency ringing
Lower switching loss ;I" J
Lower moise rFJ

Conber operating 1emperature '
Higher power density

B FiC diodes T= 25 50, 100, 160G

[ QTS
BT=5PL
= 11000
| |

Improve efficilency. Reduce size. Lower cost.

That's what you can do with your power supply designs with Cree's
800V Silicon Carbide Schottky diodes in 1A, 24, 4A, BA, 10A or 20A
ratings. Call +1 §19 313 5300 to discuss how our SiC diodes can help
your next design or visit www.cree com/power to request samples.

A lyplcal 500-wall pewer wipply
WITH 5iC HODES (200KH£]

Cree cuts your cost
=8 with reliable SiC diodes.

The Revolution Starts Now.

CREE®


http://www.powersystemsdesign.com/greenpage.htm
http://www.cree.com

PRECISE, RELIABLE, HIGH BRIGHTNESS

LED DRIVER ICs

For Constant LED Current Regulation

IR’s high-brightness LED driver IC’s, adapt and
compensate to LED parameter variations to enable
a highly accurate and inherently stable design.

FEATURES

© 200V or 600V control IC in compact
8-pin DIP or SO package

e |ncorporates continuous mode,
time-delayed hysteretic buck regulator

e External high-side bootstrap circuit
delivers frequencies up to 500kHz

Load Micro- e | ow-side driver provided for
Part No. Package  Voltage Current power Deadtime  Frequency synchronous rectifier designs
Regulation Start-up

e Micro-power startup of less than 500pA
IRS2540PbF DIP8, S08 200V +/-5% <500pA 140ns <500kHz ) ) ]
© 140ns deadtime for continuous current regulation

and PWM dimmable capability

For more information call +44 (0)1737 227215 or +49 6102 884 311 or visit us at

International

Rectifier

T o TGt THE POWER MANAGEMENT LEADER



http://www.irf.com



