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Highest Real-time Performance at Lowest Cost
XC800: Highly integrated and cost-effective 8-bit microcontrollers
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Flash sizes from 4 KB to 64 KB and pin counts from 20-pin to 64-pin
Programmable 16Bit vector computer (e.g. for FOC)
Extended temperature ranges up to 140°C
Integrated oscillator, voltage regulator, EEPROM
and supervisory circuitry
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XC800 architechture

INFINEON‘S HIGH-PERFORMANCE XC800 family of 8-bit MCUs combines an 8051 core and powerful autonomous on-chip peripherals. The
high-quality MCUs are well-suited for a wide range of applications like
motor control with field oriented control (FOC), power factor correction
(PFC) and networking in industrial and building automation systems.

A COMPLETE TOOL CHAIN spans from free SW development environment, starter kits, USB evaluation kits to application kits providing
an entire reference design. The new auto-code generator DAvE Drive for
drive applications can be downloaded for XC800.

[ www.infineon.com/microcontroller ]
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EPE 2009 - SiC and
GaN Enter Mainstream
Applications
EPE 2009 (September 8-11 in Barcelona) offered
several state-of-the-art keynotes; a summary of two
keynotes dealing with new semiconductors and their
applications is given in this first EPE report.
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Using the latest generation of Trench and Polar power MOSFET technologies, IXYS
has developed both Trench and Polar P-channel power MOSFETs that retain all
the features of comparable N-channel power MOSFETs, such as very fast
switching, voltage control, ease of paralleling and excellent temperature stability.
These are designed for applications that require the convenience of reverse
polarity operation. They have an N-type body region that provides lower resistivity
in the body region and good avalanche characteristics, because a PNP transistor is
less prone to turn-on [1]. Abdus Sattar and Kyoung-Wook Seok, IXYS Corp.,
Milpitas, USA
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Efficiency Improvement with Silicon
Carbide Based Power Modules
Whereas SiC switches have the overall lowest dynamic losses, they show higher
static losses due to the lack of conductivity modulation and the necessary chip
size limitations due to the still high SiC base material price. The frequency
dependence of the total losses of the various 1200V configurations (Si-IGBT + Si
free-wheeling diode, Si IGBT + SiC Schottky diode, SiC-JFET cascode plus internal
body diode of the cascode) shows that a module solution containing a state of
the art SiC switch will outperform all other options for switching frequencies
>20kHz. Xi Zhang, Daniel Domes, Roland Rupp, Infineon Technologies,
Warstein/Neubiberg, Germany
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Advantages of NPC Inverter
Topologies with Power Modules
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Efficiency is becoming increasingly important in power electronics. Many
applications are driven by the initiatives for reduced energy consumption. The
technology leaders are inverter applications in the solar market, but uninterruptible
power supplies and motor drives also have new targets for improved efficiency.
This article shows alternatives for 3~ inverters with 700V DC-link voltage.
Michael Frisch and Temesi Ernö, Vincotech Germany and Hungary
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Some Key Researches on
SiC Device Technologies
and their Predicted
Advantages
SiC has proven to be a good candidate as a material
for next generation power semiconductors. To analyse
the advantages of SiC based power devices over their
silicon counterparts, a high volume and standard
application segment such as the 400 to 480VAC line
rated motor drives is considered to be ideal. From this
viewpoint, the present research work has focussed on
1200V class device technologies. 4H-SiC based
MOSFET and SBD structures have been considered to
be the best fit device configurations for the targeted
application category. New SiC-MOSFET/SBD structures
have been developed aiming at high power density
applications. Performance details of such newly
fabricated SiC devices, along with their evaluation
under actual operating conditions, are also introduced.
Full story on page 18.
Cover supplied by Mitsubishi Electric Europe
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Analysing the Hot Spots in
Automotive Circuits
Automotive electronics have to perform in temperatures up to 140°C and to avoid
thermal issues or, even worse, potential system failure under extreme operating
conditions. Thus, it is vital to simulate the operational environment and analyse
thermal performance of power devices in transient and worst case scenarios prior
to implementing system design-in. Sanmukh Patel and Gerry Balanon, Mixed
Signal Analog – Automotive Group, Texas Instruments, Dallas, USA
PAGE 35

Energy Efficiency Standards for Power
Supplies
A multitude of government energy efficiency standards and specifications have
appeared over recent years that are driving the design of higher efficiency
power converters. Efficiency requirements for External Power Supplies (EPSs) and
other energy-using products (EuPs) from various agencies are discussed in this
article, covering different power consumption modes. Resources are described
that will help power design engineers understand efficiency requirements.
Richard Fassler, Power Integrations, San Jose, USA
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Product Update
A digest of the latest innovations and new product launches
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All the power you need...
Fo r a n e n e rg y
e ff i c i e n t f u t u re

Single Chip Inverter
쐌 Applications: Dish Washers, Compressors for Refrigerator,
Small Pumps for Heating
쐌 Smallest IPM in the world (17.5 x 11.93 mm)
쐌 A single silicon chip integrating control, driver, protection
functions (under voltage, interlock, short circuit, over temperature)
with IGBTs, free-wheeling diode and bootstrap diodes
쐌 Single supply voltage of 15V, control input 3V compatible
쐌 Excellent short circuit robustness
쐌 Very first SMD package on the market for Single Chip Inverter
concept simplifying the production process
쐌 Available rating: 1A/500V
쐌 Evaluation board available on request

semis.info@meg.mee.com · www.mitsubishichips.com
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OPINION 5

On the Road to Nearly 100% Efficiency

Shipments of solar power (PV) equipment grew by 81% in the
second quarter of 2009 from the first, according to latest analysis
from market researcher IMS Research, indicating the worst of the
industry’s downturn may now be over. More than 1GW of PV
equipment was shipped by manufacturers in Q209. However, for
the first six months of 2009, shipments were still 34% down
compared to the same period last year, mainly due to the sudden
implosion of the Spanish market. Although the market is up in Q2,
IMS Research still projects new installations will be 25% down on
2008, with around 4.5GW of new PV capacity added.
Led by the growing photovoltaic market, the outlook for inverters
used in alternative energy is expected to remain strong, points out a
recent published report from market researcher Darnell. The
worldwide inverter market is projected to increase from $3.4 billion
in 2009 to about $4.8 billion in 2014, a compound annual growth
rate (CAGR) of 7.0%. The worldwide unit market is expected to
grow at a somewhat faster pace, with a CAGR of 9.2% over the
same period. The market forces driving growth in the inverter
market will vary by region. In Europe, the primary driving forces are
feed-in tariffs, which have been successfully used in 16 EU
countries, most notably Germany, Italy and Spain. In fact, in Europe,
renewable energy sources comprise the fastest growing segment of
the energy market.
The PV inverters started with low power levels up to 2kW. New
inverter series have up to 11kW power in single-phase topologies
and up to 30kW in three-phase topologies. These power levels will
rise in the future. There is also a trend towards higher efficiency
ratings. Therefore, special inverter circuits like HERIC or H5 for
single-phase inverters and three-level or Neutral Point Clamped
(NPC) topologies for three-phase inverters will win market shares

Power Electronics Europe

(see our feature ‘Advantages of NPC Inverter Topologies with
Power Modules’ in this issue). The maximum efficiency of the
inverters will rise from 98% in 2007 to 98.5% in 2010 and up to
99% in 2015. SiC or GaN (see our features ‘Some Key
Researches on SiC Device Technologies and their Predicted
Advantages’ and ‘Efficiency Improvement with Silicon Carbide
Based Power Modules’) will be introduced in PV inverters first,
since the electricity costs of PV are quite high, and higher
efficiency will pay off earlier for PV inverters than for UPS inverters
or drives. Besides higher efficiency, the new materials offer the
possibility of higher switching frequencies up to several hundred
kHz, so that the currently used big and expensive inductors can be
replaced by much smaller ones. The main objectives for all new
AchimtoScharf
types of inverters will be the extension of lifetime
at least 20yr
PEE Editor
and cost reduction.
Since the 1950s, wide band-gap semiconductors such as Silicon
Carbide (SiC) and Gallium Nitride (GaN) have been announced to
be the next step, once silicon reaches its limits. The advantages for
power devices are apparent: low conduction and switching losses,
high temperature capability, and high thermal conductivity. However,
it took almost half a century until the first SiC power device, the
Schottky diode, became commercially available in 2001, pointed out
Nando Kaminsky from the University of Bremen in his EPE 2009
keynote. Silicon as a semiconductor material is well established and
first choice for the vast majority of devices. However, due to
continuous device optimisation and improvements in the production
process, the material properties are more and more the limiting
factor. Wide band-gap Schottky-diodes demonstrated that wide
band-gap devices are reliable components. Furthermore, a market
for wide band-gap materials has been established and is not just
fuelled by R&D programs but by real business, which is pushing for
improvements. Both material quality and cost are key factors to
make wide band-gap devices ubiquitous.
The first SiC diodes were introduced in PV inverters in research
projects also in 2001, and in series products in 2005. The first
application of SiC-MOSFETs in PV-inverter was reported in 2007.
Now MOSFETS, normally-on JFETs, normally-off JFET and Bipolar
Junction Transistors (BJTs) are available as engineering samples.
Very recently, at EPE 2009, the German Fraunhofer ISE Institute has
designed and introduced an experimental PV inverter incorporating
SiC JFETs featuring an efficiency of 99.03% at 1.5kW output power;
according to Prof. Bruno Burger, Head of ISE’s Power Electronics
Group, this is the world's highest efficiency level reported to date.
Thus, innovative Power Semiconductors pave the way to nearly
100% efficiency – the barrier which cannot be broken due to
physical laws.
Enjoy reading!
Achim Scharf
PEE Editor

A suitable
quote as a
lead in to
the editors
opinion
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PCIM 2010 Focus: Energy Savings
and Sustainability
Experts from industry and
academia are invited to present
their latest developments and
the likely future trends at the
PCIM 2010 conference (May
4–6). PCIM Europe Conference
is one of the leading
conferences addressing the
fields of Power Electronics,
Intelligent Motion, Power
Quality, Energy Management
and topics of Common Interest.
PCIM 2009 attracted 600
conference delegates, 6,500
visitors and 250 exhibitors.
Renewable energies and
transportation can benefit
heavily from the application of
innovative power
semiconductors, as the keynotes
and the best paper of PCIM
2009 (May 12–14) have
illustrated.
Those who wish to offer a
technical paper or a tutorial for
PCIM Europe 2010 should send
their abstract/synopsis using the
online submission form. This has
to be filled out exactly to the
required information.

The synopsis should be
submitted as a 3-4 page pdf-file.
Please use the pattern in word or
pdf format. Please have a look a
the ‘best practice’ abstract.
Possibilites are through
Oral presentation (will be held
within conference sessions
addressing key elements of the
same topic); Poster
presentation (authors will have
the opportunity to present their
posters during a special poster
session); or Tutorial (one-day
tutorials are intended to give
profound knowledge about
special topics; they can be held
by one or more speakers).
All submitted abstracts will
be reviewed by the Advisory
Board to ensure a high-quality
conference. Notification of
acceptance will be given
in December 2009. Submitted
papers may be selected for oral
or poster/dialogue
presentation. In cases of
acceptance, the final paper will
be published in the official
conference proceedings.

Detailed information and
guidelines for preparing
and presenting the final paper
will be provided with an
author’s kit from January 2010.
Besides sharing of
information, the conference will
offer plenty of opportunities for
networking, including during
breaks, lunch and social events.
Additional motivation for
submitting high-quality papers
will be generated through
attractive awards. Engineers not
older than 35 years may apply
for a Young Engineer Award.
The awards for the three best
papers in this category are 1000
Euro each. The papers will be
selected upon the submitted
final paper by the conference
directors, and will be granted to
one applicant in the field of
Intelligent Motion and two
applicants from Power
Electronics/Power Quality at
PCIM Europe 2010 Conference.
The author of the Best Paper
Award for ‘Energy Efficiency in
Automotive, Industrial and

Renewable Energy Applications’
will be invited to the PCIM
China 2011 Conference in
Shanghai, including flight and
accommodation, sponsored by
Power Electronics Europe.
The Best Paper Award has
already been sponsored by
Power Electronics Europe for
PCIM 2008 and 2009. The paper
‘Investigations on ageing of
IGBT transistors under
repetitive short circuit
operation’, given by Stephane
Lefebvre, SATIE Laboratoire
Ecole Normale Supérieure de
Cachan (France), won the
invitation to PCIM China 2009
Conference in Shanghai
(including flights and
accommodation). The paper
‘Photovoltaic converter
topologies suitable for SiCJFETs’, by Benjamin Sahan from
University of Kassel (Germany),
was awarded at PCIM 2009.
For more information:
www.mesago.de/de/PCIM/Call_
for_Papers/index.htm

Europe Turns to Energy Efficient Lighting
European consumers are
switching to green products as a
result of the EU ban on
incandescent lamps. According to
the German GfK market research
company, sales of traditional light
bulbs fell by up to 35% in the first
quarter of 2009 in a number of
European countries.
The EU ban will come into force in
stages by 2016. The first step will
see the phase-out, as from
September 1st, of the 100W bulb,
one of the biggest energy wasters, in
addition to frosted-glass light bulbs.
“The big trend is energy efficiency.
Green products account for 65% of
our sales nowadays, and we aim to
raise this figure still further to 80% in
the coming years”, explains Martin
Goetzeler, CEO of Osram.
“Internationally speaking, we’re at the
Issue 6 2009

forefront of technological change
which will be given a further boost
by the EU decision. The
incandescent lamp, on the other
hand, has only played a minor role in
our business for many years. Our
recommendation, as from
September 1st, is therefore to
change to energy-saving products.
This way the consumer will save up
to ⑀250 throughout the product life,
as well as protecting the
environment”.
Alternatives to these bulbs include
halogen and energy-saving lamps in
various shapes, wattages and
colours. Halogen lamps are almost
identical to incandescent lightbulbs,
are 30% more efficient, and fit into
standard household light sockets.
Even more efficient are energysaving lamps with savings of up to

80%. The scepticism surrounding
the technology stems mainly from
the early days of the energy-saving
lamp – after all, the invention is over
20 years old. Osram has, in the
meantime, made significant
technological progress and now
offers an alternative with the new
‘warm comfort light’ which can hardly
be distinguished from the light of a
traditional lightbulb.
The trend towards LED light
sources will also grow stronger.
Light-emitting diodes open up new
opportunities for lighting
applications, especially thanks to
their small dimensions, energy
efficiency and long service life. A
recent study by Osram and
Siemens Corporate Technology
proves that LEDs are just as
environmentally friendly as energy-

saving lamps, and have
considerably less impact on the
environment than traditional
lightbulbs. The latest generation of
LED lamps uses more than 98% of
the total energy used during its
service life and less than 2% during
their manufacture. Similar results
have been achieved with energysaving lamps. They have a service
life of 25,000hr with a rating of 8W.
To achieve the same lamp life with
traditional lightbulbs would require
twenty-five 40W bulbs, each with
an average life of 1,000hr. Some
3,300kWh of primary energy are
required for the manufacture and
service life of the incandescent
lightbulbs whereas the LEDs require
only 700kWh.
www.osram.com
Power Electronics Europe
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Plug in to our Power Tools
Make better, faster power inductor choices with
Coilcraft’s powerful web tools.
Start with an IC, a converter topology, or a
list of electrical and mechanical specs. In seconds you’ll get a list of every Coilcraft part that

could work for you, complete with price information. A few more clicks gives you a detailed
analysis of core and winding losses.
Check out our complete power designer’s
toolbox at www.coilcraft.com/powertools
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Knowledge is power
power is our knowledge
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The new IGBT Generation
with improved
switching characteristics & thermal management
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Reduced turn-on dV / dt
Lower spike voltage & oscillation
Excellent turn-on dIc / dt control by R G
Extended max. temperature range: T j,op = 150°C, T j = 175°C
Extended package capacity

Fuji Electric Device Technology Europe GmbH
Goethering 58 · 63067 Offenbach am Main · Germany
Fon +49 (0)69 - 66 90 29 0 · Fax +49 (0)69 - 66 90 29 56
semi-info@fujielectric.de
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Corporation and Cooper
New Engineer- Digi-Key
Bussmann Expand Distribution
Focused
Website
Richardson Electronics has launched its
redesigned corporate website aimed at
serving the global community of RF,
Microwave and Power Conversion engineers.
In developing the new site, Richardson
Electronics worked closely with the
industry’s leading suppliers for today’s
important applications to provide online
resources designed to help engineers
improve time to market for new products,
locate alternative solutions, save
development costs, reduce risk and improve
design performance.
“We have made it easier for customers
to find information and purchase products.
We currently feature over 75,000 part
numbers online and will continue to add
new parts every month. We have vastly
improved our parametric searching,
technical assistance and online shopping
capabilities”, commented Greg Peloquin,
General Manager, RF, Wireless & Power
Division. Online Shopping improvements
make it easy for customers to log in, buy
available items, request quotes, check
status of all orders (whether placed online
or offline), and save items for later
purchase.
The site’s Design Resource Center offers
a variety of helpful design tools and
technical documents intended to provide
engineers with practical, real-time design
assistance. To help customers compare and
select the right part for their requirements,
each product category allows users to narrow
their choices using parametric searching and
sorting. They can add filters to search
criteria, compare parameters by sorting, or
match ‘must have’ attributes (package size,
frequency, power, supply voltage). Part Detail
pages offer in-depth product specifications,
relevant documents and downloadable
information, as well as particulars on pricing
and availability.
Part Detail pages also include links to the
product’s supplier storefront, where users
can access all products available from the
supplier, documents and downloads related
to the supplier and its products, a list of the
countries and regions their products are
franchised, and a link to the supplier’s
website.

Electronic component distributor Digi-Key
Corporation has announced the expansion of
its distribution with Cooper Bussmann from a
North American to a global agreement.
Cooper Bussmann products offered by
Digi-Key include circuit protection fuses
and ESD suppressors, Coiltronics inductors
and transformers, and PowerStor
supercapacitor lines. Stocked products are

featured in Digi-Key’s print and online catalogs
and are available in prototype/design and
production quantities on Digi-Key’s global
websites.
Digi-Key offers more than 1.5 million
products from nearly 400 quality name-brand
manufacturers.
www.digikey.com

www.rell.com

Power Electronics Europe
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Healthy growth for PV Market Rebound
PV inverters expected
These projections are supported by
Darnell’s recent edition of ‘Inverters for
Alternative Energy Resources’. Led by the
growing photovoltaic (PV) market, the
outlook for inverters used in alternative
energy is expected to remain strong.
The worldwide inverter market is
projected to increase from $3.4 billion in
2009 to about $4.8 in 2014, a
compound annual growth rate (CAGR) of
7.0%. The worldwide unit market is
expected to grow at a somewhat faster
pace, with a CAGR of 9.2% over the
same period. The market forces driving
growth in the inverter market will vary by
region. In Europe, the primary driving
forces are feed-in tariffs, which have been
successfully used in 16 EU countries,
most notably Germany, Italy and Spain. In
fact, in Europe, renewable energy sources
comprise the fastest growing segment of
the energy market. In North America, the
alternative energy industry is driven by a
combination of regulations, subsidies and
tax incentives, and legislation. In contrast,

Issue 6 2009

Asia and the Rest of the World (ROW)
employ a patchwork system of incentives,
including subsidies and other government
actions. In these regions, the primary
focus on alternative energy is the
alleviation of power shortages and the
development of back-up and emergency
power.
The PV segment is expected to be the
single largest driver for the worldwide
inverter market. According to the US
Electric Power Research Institute, by 2011
grid-connected PV systems are expected
to account for more than 90% of new PV
capacity. The PV industry is projected to
see an increase in the number of larger
commercial and industrial installations.
The proliferation of these larger facilities
will continue to fuel the need for larger
and higher wattage inverter configurations.
As a result, the average inverter size for
this application will continue to increase.
www.imsresearch.com,
www.darnell.com

Shipments of solar power (PV) equipment grew by 81% in the
second quarter of 2009 from the first, according to latest analysis
from IMS Research, indicating the worst of the industry’s downturn
may now be over.
The latest quarterly data from IMS Research, which tracks PV
inverter and module shipments, revealed that in spite of the
difficulties the industry is facing, over 1GW of PV equipment was
shipped by manufacturers in Q209. However, for the first six
months of 2009, shipments were still 34% down compared to
the same period last year, mainly due to the sudden implosion of
the Spanish market.
“Although shipments were sequentially up by more than 80%
in Q2, year-to-date sales and shipments are still considerably
down on 2008. In addition, the PV market is strongly seasonal,
and Q2 is typically much stronger than Q1. However, in 2007
and 2008, Q2’s sequential growth was somewhat lower, at 75
and 57% respectively”, Research Director Ash Sharma
commented. “Trading conditions were reported to have been
very tough in Q1; however, it now appears we are starting to turn
a corner with more customers coming back to PV. In spite of this,
large-scale PV plants are suffering in Europe due to difficulties in
obtaining financing. Much hope is now being placed on newer
markets, particularly the US and China, which are showing very
promising signs. The US market is now being led by cash-rich
utilities that are announcing multi-MW investments almost every
week”.
Although the market is up in Q2, IMS Research still projects new
installations will be 25% down on 2008, with around 4.5GW of
new PV capacity added.

Power Electronics Europe
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4th generation

Sintered chips - for high operation temperatures

Intelligent Power Module: IPM
3 in1: Driver, semiconductor, cooling
400 kW – 1,8 MW
33% more power, same volume
5 x higher thermal cycling capability
Sintered chips

Unbreakable sinter joint:
Melting temp. is 6 x higher than operating temp.
Solidus temperature

> 900oC

6 x higher

150oC Operating

220oC

temperature
Typ. solder layer

Sinter layer
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SiC and GaN Enter Mainstream
Applications
EPE 2009 (September 8-11 in Barcelona) offered several state-of-the-art keynotes; a summary of two
keynotes dealing with new semiconductors and their applications is given in this first EPE report.
Since the 1950s wide band-gap
semiconductors such as Silicon
Carbide (SiC) and Gallium
Nitride (GaN) have been
announced to be the next step,
once silicon reaches its limits.
The advantages for power
devices are apparent: Low
conduction and switching
losses, high temperature
capability, and high thermal
conductivity. However, it took
almost half a century until the
first SiC power device; the
Schottky diode, became
commercially available in 2001,
pointed out Nando Kaminsky
from the University of Bremen
in his EPE keynote.
Silicon as a semiconductor
material is well established and
the first choice for the vast
majority of devices. However,
due to continuous device

optimisation and improvements
in the production process, the
material properties are more
and more the limiting factor.
Workarounds like the super
junction stretch the limits, but
usually at substantial cost. So a
lot of effort is spent in the more
straightforward approach, i.e.
changing the semiconductor
material.
The key factor for all wide
band-gap semiconductors is
material supply. That includes
the quality of the crystal, the
size of the wafer, and
especially the cost per area. It
took decades to develop
silicon to its current status
featuring (almost) defect free
8in wafers (for power devices)
at cost about 0.10€/cm². The
improvements with SiC are
impressive. Today, 4in wafers

are available, with 6in
announced, and the high
quality ones do not show
micropipes anymore. For more
than a decade these ‘holes’ in
the wafer were a major
challenge for the material
manufacturers and a large
yield detractor in device
production. However, there are
other defects like screw
dislocations and basal plane
dislocations that have to be
overcome and, in general, the
growth of a binary crystal is
more difficult. This also
increases cost per area, which
is still two orders of magnitude
higher than in silicon. At the
end, there is a feedback loop
between need and
improvement. The more need,
the faster the ‘silicon situation’
is approached. This is on the

right track, but one has to keep
in mind that the wide bandgap market is so much smaller
than the silicon market, and
the amount of money and
effort spent into SiC is
accordingly smaller.
According to Kaminsky, in
this regard GaN is in a better
situation because, as a direct
semiconductor, it is mainly
used in optoelectronics, and
this much larger market is
pushing for better and
cheaper material – but not
necessarily for bulk material.
Usually, GaN is grown on
sapphire which is about an
order of magnitude cheaper
than SiC and gives the GaN
devices a significant cost
advantage. Even the growth of
GaN on standard silicon
wafers has been reported by

Solar inverter equipped with SiC JFETs
featuring efficiency over 99%
Source: Fraunhofer ISE
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International Rectifier. This
would eliminate the material
cost issue on the spot and, due
to smaller device sizes, a GaN
device could be even cheaper
than a silicon one! However,
the substrate or the interface
is not electrically conductive
and, thus, GaN is currently
restricted to lateral devices
(both main contacts on the
same surface). Altogether,
there are still challenges on
the material side, but they are
no longer a road block on the
way to (commercial) wide
band-gap power devices.
Wide band-gap Schottkydiodes demonstrated that wide
band-gap devices are reliable
components. Furthermore, a
market for wide band-gap
materials has been established
and is not just fuelled by R&D
programs but by real business,
which is pushing for
improvements. Both material
quality and cost are key factors
to make wide band-gap
devices ubiquitous. Material
quality is particularly
important for the introduction
of bipolar devices. There will
be no significant
commercialisation of such
devices without the proof that
crystal degradation belongs to
the past. The device concept is
then a second order question.
For unipolar switches, the
silicon IGBT is a hard
competitor and the
introduction of the super
junction MOSFET was a major
set-back. Below 1000V there is
no true market need anymore,
so the market threshold
increased a great deal and the
introduction of unipolar
switches became an
economical rather than a
technological question.
Nevertheless, the SiC MOSFET
would be the device of choice
and its introduction is due. “I
am looking forward to it and,
for the time, being a standard
housing would just be fine“,
Kaminsky concluded.
Extreme high efficiency PV
converters
Photovoltaic (PV) inverters
convert the DC current of solar
generators into AC current and

Power Electronics Europe

feed it into the grid. Three basic
inverter topologies are common:
inverters with low frequency
(50/60Hz) transformer (LF),
inverters with high frequency
transformer (HF) and
transformer-less inverters (TL).
The European market is
dominated by transformer-less
types (80%), in Japan
approximately 50% of the
inverters are transformer-less
and in the USA, up to now,
mostly transformer based
inverters have been used due to
national standards. The
efficiency of the transformerless inverters is up to 98% in
series products and in research
99% efficiency has been
reached. “Such extreme high
efficiencies can be achieved
with three-level or multi-level
inverter topologies and new
power semiconductors based on
SiC GaN“, stated Prof. Bruno
Burger, Head of Power
Electronics Group at Fraunhofer
Institute for Solar Energy
Systems (ISE) in his keynote.
The PV inverters started with
low power levels up to 2kW.
New inverter series have up to
11kW power in single-phase
topologies and up to 30kW in
three-phase topologies. These
power levels will rise in the
future. There is also a trend to
higher efficiency ratings.
Therefore, special inverter
circuits like HERIC or H5 for
single-phase inverters and
three-level or Neutral Point
Clamped (NPC) topologies for
three-phase inverters will win
market shares. The maximum
efficiency of the inverters will
rise from 98% in 2007 to 98.5%
in 2010 and up to 99% in 2015.
SiC or GaN will be introduced in
PV inverters first, since the
electricity costs of PV are quite
high, and higher efficiency will
pay off earlier for PV inverters
than for UPS inverters or drives.
Besides higher efficiency, the
new materials offer the
possibility of higher switching
frequencies up to several
hundred kHz, so that the big and
expensive inductors currently
used can be replaced by much
smaller ones. The main
objectives for all new types of
inverters will be the extension

of lifetime to at least 20 years
and cost reduction. Research for
the medium-term focuses on the
possibility of using functionality
built-in to the inverter to
improve the quality of grid
electricity by controlling reactive
power or filtering harmonics.
Today, most solar modules are
manufactured according safety
class II, so that there is no need
for an additional galvanic
isolation with a transformer in
the inverter. A transformer
causes approximately 2%
additional losses and also
component costs. So inverters
without transformer are the
better solution. They achieve
higher efficiencies, are cheaper
and have less weight than
inverters with transformer.
Additional safety mechanisms
like isolation resistance tests
and residual current
measurement (RCD) make the
transformerless inverters even
safer than the inverters with
transformers.
Inverter efficiency levels are
strongly related to the type of
the power electronics circuit
used for the inverter. Inverters
with bipolar switching like the
H4 and the B6 bridge achieve
maximum efficiencies of 96 to
97%. The highest maximum
efficiencies up to 98% are
achieved with three- and fivelevel topologies and NPC
topologies. Additional boosters
cause additional losses in the
range 1 to 2%, depending on the
level of the input voltage.
Inverters with line frequency
transformer achieve 94 to 96%
maximum efficiency, depending
on their rated output power.
Inverters with high frequency
transformer get 93 to 96%
maximum efficiency, depending
on their output power and the
used power electronics circuit.
The first SiC diodes were
introduced in PV inverters in
research projects in 2001 and in
series products in 2005. The first
application of SiC-MOSFETs in
PV-inverter was reported in
2007. Now MOSFETS, normallyon JFETs, normally-off JFET and
Bipolar Junction Transistors
(BJTs) are available as
engineering samples. Normallyoff JFETs are especially very

promising. Their ratings are
1200V/15A/125mΩ at 25°C. The
normally-off SiC-JFET is a
current driven device, which
differs in the gate drive circuit
compared to a MOSFET or IGBT.
In three-phase inverters, the
efficiency and system
improvement related to the chip
area of the SiC transistors are
much higher compared to those
of a single-phase inverters.
Since the DC-link voltages are
higher, the performance of the
SiC transistors fit the
requirements of this
applications better.
A PV-inverter in hard switched
three-phase B6 topology with
bipolar switching was developed
at Fraunhofer ISE. It was
designed for the application of
normally-off Semisouth SiCJFETs with a low inductive PCB
layout and high switching
frequencies up to 144kHz. Its
nominal power is 5kW at
400VRMS. The split DC-link
capacitor with connection to the
neutral conductor suppresses
common mode voltages, but
leads to at least 650V DC-link
voltage. The European Efficiency
with IGBTs was 95.4%, whereas
with the normally-off JFET, an
efficiency of 96.6% has been
reached. “The increase in
efficiency by 1.2% means a
reduction of losses by 20%!
Depending on the land site, an
additional benefit between ⑀270
and ⑀590 can be gained over an
inverter lifetime of 10 years“,
Burger calculated on base of the
fed-in tariff.
Very recently, ISE has
designed a PV inverter
incorporating SiC JFETs featuring
an efficiency of 99.03% at 1.5kW
output power; according to
Burger this is the world’s
highest efficiency level reported
to date.
PEE has already reported on
SiC, GaN and PV inverters in
detail (see PEE issue 5/2009,
pages 14–27 and also our
features ‘Some Key Researches
on SiC Device Technologies and
their Predicted Advantages’ and
‘Efficiency Improvement with
Silicon Carbide Based Power
Modules’ in this issue.
www.epe2009.com
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P-channel Power MOSFETs and
Applications
Using the latest generation of Trench and Polar power MOSFET technologies, IXYS has developed both
Trench and Polar P-channel power MOSFETs that retain all the features of comparable N-channel power
MOSFETs, such as very fast switching, voltage control, ease of paralleling and excellent temperature stability.
These are designed for applications that require the convenience of reverse polarity operation. They have
an N-type body region that provides lower resistivity in the body region and good avalanche characteristics,
because a PNP transistor is less prone to turn-on [1]. Abdus Sattar and Kyoung-Wook Seok, IXYS
Corp., Milpitas, USA
In comparison with N-channel Power
MOSFETs with similar design features,
P-channel power MOSFETs have better
FBSOA (Forward Bias Safe Operating Area)
and are practically immune to Single Event
Burnout phenomena [2]. The most
important advantage of P-channel power
MOSFETs is the simplified gate driving
technique in High-Side (HS) switch
position [3]. The circuit symbols for both
P-channel and N-channel Power MOSFETs
are shown in Figure 1 (S = Source, G =
Gate and D = Drain). IXYS Corporation has
developed two families of P-channel power
MOSFETs (Polar and TrenchP) covering the
VDS range of -50 to -600V and ID25 range of 10 to -170A.
Gate driving technique for P-channel
high-side switch
Driving a P-channel MOSFET is much
simpler and more cost-effective than
driving an N-channel MOSFET as high-side
switch (HS) [5]. Figure 2 shows one
example of a gate driving circuit for a HS
P-channel power MOSFET. In this circuit,
Dz, Rz, and Ch were added to the typical
gate driving circuit for an N-channel power
MOSFET. The capacitor ‘Ch’, which holds
DC voltage between the higher and lower
gate drive circuits, must be much larger
than the input capacitance of the P-channel
MOSFET. Diode Dz keeps the gate to
source voltage in the range of –Zener
voltage to 0.
The product of Ch and Rz determines
the speed of the DC voltage adjustment
across Ch. If it is too small, there will be a
large current, which can damage the gate
drive IC or Dz. If it is too big, the P-channel
MOSFET will switch on too slowly. This is
due to the slower rise time of the gate
pulse amplitude and can damage the
MOSFET. Rh2 and Rl2 are resistors for
controlling MOSFET turn-off speed, while
resistors (Rh1 + Rh2) and (Rl1 + Rl2)
Issue 6 2009

Figure 1: P-channel (left) and N-channel (right)
MOSFET

Figure 2: P-channel gate driving example for PWM application

control turn-on speed. In most cases,
slower turn-on speed than turn-off speed is
desirable [4].
In many cases, both P-channel and
N-channel MOSFETs can be driven by a
single gate drive IC, as shown in Figure 3.
To avoid cross conduction, dead time is to
be provided by the difference of turning on
and turning off speed. If dead time is too
short, there is a chance of too much heat
generation and a risk of MOSFET failure. If
dead time is too long, the output voltage of
the bridge circuit may be reduced. With this

circuit, at the beginning of the turn-on
period of each MOSFET, the gate source
voltage is not enough to fully turn on the
MOSFET and it will make some additional
power loss. So, this circuit may not be
suitable for hard switching applications. But,
for some ZVS (Zero Voltage Switching)
applications, in which one MOSFETs is
turned on while the opposite MOSFET
operates in diode mode, this circuit can be
cost-effective [4].
Commonly used in automotive
applications, almost all loads are
Power Electronics Europe
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Figure 3: Single gate
drive IC drives both
P-channel and
N-channel MOSFETs

Figure 4: Dead times in single gate drive IC case

connected between switches and body
ground. All switches in automotive
applications are located at the positive
side. To drive the positive side N-channel
power MOSFET at a very low frequency,
pulse transformer or bootstrap techniques
can not be used. Figure 5 shows the
circuit for providing a gate voltage higher
than the DC-link voltage. When the square
wave generator output is at ground, the
diode Dc charges the charge pump
capacitor Cp. When the square wave

generator output is at the positive DC-link
voltage, diode Dd discharges Cp. The
charge is transferred to Cd, which is the
power source of the high side gate drive
circuit.
As shown in Figure 6, the P-channel
MOSFET greatly simplifies the overall circuit
of Figure 5. Generally, the simpler circuit is
more reliable. Although the P-channel
MOSFET has higher A*Rds(on) than that of the
N-channel MOSFET, in many cases, this
simple circuit makes the larger expensive

P-channel MOSFET the most cost-effective
solution [4].
Matching P-channel to N-channel
MOSFET
It is impossible to produce a P-channel
power MOSFET which has the same
electrical characteristics as an N-channel
power MOSFET. As the mobility of carriers
in an N-channel power MOSFET is about
2.5 to 3 times higher, for the same Rds(on)
value, the P-channel power MOSFET size
must be about 2.5 - 3 times of an
N-channel power MOSFET. Because of the
larger area, the P-channel device will have
lower thermal resistance and higher current
rating. Its dynamic performance
(capacitance, gate charge) would be
affected proportionally by the chip area.
In low frequency switching applications
in which conduction loss is dominant, the
P-channel MOSFET should have a similar
current rating to that of N-channel MOSFET.
If two MOSFETs have the same current
rating, their junction temperatures can be
thought to be similar at the same case
temperature and the same current. In this
case, the P-channel MOSFET chip area is
1.5 ~ 1.8 times that of the N-channel
MOSFET chip area.
In a high frequency switching application
in which switching loss is dominant, the
P-channel MOSFET should have similar
total gate charge to that of the N-channel
MOSFET. If two MOSFET have the same
gate charge and are driven in similar way,
their switching losses are similar. In this
case, the P-channel MOSFET has similar
chip area and the current rating is lower
than that of the N-channel MOSFET.
For operation in linear mode, one needs
to match P-channel and N-channel devices
with similar FBSOA characteristics in the
real operating area. This frequently means
the same rated Pd, but attention needs to
be paid to ability of the device to operate in

Figure 5: Low frequency N-channel MOSFET
driving with charge pump
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Figure 6: Low
frequency P-channel
MOSFET driving
circuit

this mode [8]. In real applications, the
suitable P-channel must be carefully
selected in between the same current
rating and the same gate charge. The
applications requiring the same Rds(on) are
very rare.
Power supply applications
Linear voltage regulators are widely used
to supply power to electronic devices. They
have a variety of configurations for many
different applications. One application
example is illustrated in Figure 7. The
resistive divider (R3/R4) monitors the
output voltage and provides a voltage
feedback (VFB) to the positive (+) terminal
of the op-amp (U1). The negative (-)
terminal of the op-amp receives a
reference voltage (VRef) from a Zener diode
(ZD1). The op-amp provides a control
voltage to the regulating transistor (Q1), a
P-channel power MOSFET. As the voltage
drop across the P-channel MOSFET can be
lowered nearly zero, this circuit has wide
input voltage range.
The power dissipation in the device (Q1)
used in the linear voltage regulator is high
because it is the function of the difference
between input and output voltage and the
output current. The P-channel power
MOSFET operates in the linear mode and
requires an extended FBSOA characteristic
which is offered by both families of IXYS
P-channel Power MOSFETs.
Figure 8 shows a battery charging and
discharging system for Lithium-Ion (Li+)
cells. One MOSFET enables the charging
of the battery pack while the other
MOSFET enables the discharging. When
both MOSFETs are off, the cells are
isolated from the external environment to
protect the battery. At the beginning of
the charging cycle, a constant current can
be implemented and the MOSFET will be
operated in the linear region. When the
Issue 6 2009

battery cell reaches a predefined voltage
level, the system voltage loop will begin
to reduce the charging current, in order
to maintain the desired voltage level,
hence the constant voltage-mode
operation [5].
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Figure 7: A linear voltage regulator

Figure 8: A battery charging and protection circuit using P-channel MOSFETs [2]
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Some Key Researches on SiC
Device Technologies and their
Predicted Advantages
SiC has proven to be a good candidate as a material for next generation power semiconductors. To analyse
the advantages of SiC based power devices over their silicon counterparts, a high volume and standard
application segment such as the 400 to 480VAC line rated motor drives is considered to be ideal. From this
viewpoint, the present research work has focussed on 1200V class device technologies. 4H-SiC based
MOSFET and SBD structures have been considered to be the best fit device configurations for the targeted
application category. New SiC-MOSFET/SBD structures have been developed aiming at high power density
applications. Performance details of such newly fabricated SiC devices, along with their evaluation under
actual operating conditions, are also introduced. Gourab Majumdar, Power Device Works, and Tatsuo
Oomori, Advanced Technology R&D Centre, Mitsubishi Electric Corporation, Japan
Silicon Carbide has been the focus of
choice for advanced researches on postsilicon power semiconductor materials. In
the last couple of decades, many of such
researches have given promising results

and have exhibited adequate technologies
for device fabrication and characterisation
(see Figure 1). However, practical devices
that can aptly meet requirements from
various power electronics applications are

yet to be made available in volume. There
are several key reasons for it. One is the
problem of reducing the high cost
involved in making the base SiC material
and processing it for device

Figure 1: Comparison of important physical properties of Si, GaN and three poly-types of SiC
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manufacturing, with sufficiently high yield
and quality that can justify the theoretical
advantages obtainable from the material’s
superior physical properties.
In our study, we have focused on finding
SiC device solutions, in both configuration
and characteristic aspects, that can properly
meet requirements from the major power
electronics application fields, such as the
industrial motor drives segment, and can
elevate systems’ performance-to-cost ratio
substantially.
Benefits from SiC application...
The appearance of SiC power devices on
the market and in power electronics
systems will accelerate new developments
in the areas of device packaging, passive
components, thermal design, circuit and
system designs, as well as improvements in
construction and operation of actuators, e.g.
motor, transformers.
Figure1 also shows a radar chart
comparison involving five most important
properties of these materials. The FOM
(figure-of-merit) values shown in the
inserted table is based on Johnson’s
proposal, but uses thermal conductivity as
an additional multiplier to make the figure
more realistic for power applications. As
reveals, the 4H-SiC excels in terms of the
defined FOM and this poly-type of the
material has become the focus of
attention.
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The above explained physical properties
of high electric field breakdown in
combination with other items considered
in the FOM translate into improved
efficiency, dynamic performance and
reliability of power electronics systems.
Thus, SiC power devices are expected to
be used in various fields of power
electronics equipment in the near future,
provided that their performance
advancement and introductions become
justifiable from the applied systems’
performance-to-cost ratio.
...For power devices
In Figure 1, some important physical
properties of SiC that are significant for its
application as power semiconductor
material are compared with those of the
existing Silicon and GaN, which is also
considered as another potential candidate
for the purpose from the WBG (wide
bandgap) material choices.
The main thrust in this advancement
has been given by the excellent
improvement achieved in MOS-gated
power semiconductor device technologies
including IGBTs and IPMs (Intelligent
Power Modules). Figure 2 shows a
chronology of state-of-the-art power
electronic systems’ output power density
growth in an average over a 1 to 100kW
range. At present, 3 to 5W/cm³ power
density is the level achieved in commercial

equipment. In a decade, more than 10
times of the present level is considered to
be achievable. The major portion of power
electronic systems’ volume comes from
the size of the passive components and
heatsinks.
In general, SiC power semiconductor
devices have the advantage of lower loss,
even at very high frequency switching
operation, and can work at a very high
junction temperature condition. In
addition, by using unipolar SBDs
(Schottky Barrier Diodes) instead of PiN
diodes for freewheeling operation in hard
switched bridge circuits, reverse recovery
can be minimised drastically reducing EMI
noise generation to a very good extent. In
short, SiC devices are expected to play a
prime role in future system designs
where low conduction losses, low
switching losses at high switching
frequency and a high working
temperature above 200°C would be
essential for significantly advancing
systems’ performance. The predicted
advantages of introducing SiC power
semiconductor devices in various power
electronics systems are summarised in
Figure 3 [1,2,3] .
Status of SiC devices
Many researchers have investigated
various SiC devices such as SBDs, pin
rectifiers, MOSFETs, JFETs (junction field

Figure 2: Growth of power density in power electronics system designs and its projection, also indicating the power semiconductor technologies that have
been the key contributors in this trend and future expectations
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Figure 3: The important features of SiC material for power semiconductor applications and the benefits that can be derived from such features for a range
of power electronics applications

effect transistors), MOSHFETs (MOS
hetero-junction FETs, BJTs (bipolar
junction transistors) and IGBTs. High
voltage capability has been demonstrated
in almost all types of SiC power devices
that have been experimented under
various research programs worldwide.
The progress in terms of voltage blocking

capability has depended on the
availability of low doped thick epitaxial
layers and improvements in the process
steps and equipment for device
fabrication. In the case of diode
structures, significantly low on-resistance
values have been achieved.
In terms of blocking voltage, SBDs have

been fabricated having breakdown voltage
as high as 5kV. PiN diodes have been
experimented for even higher voltage
range. However, PiN diodes with blocking
voltage above several thousand volts will
require significant improvement of carrier
lifetime in the low doped region of the
device structure. Also, with a thick low

Figure 4: Specific onresistance versus
blocking voltage
achieved using 4HSiC for SBD and
MOSFET fabrication
(W and µn are
respectively the
width and carrier
mobility of the drift
region, and εr and Ec
are respectively the
dielectric constant
and critical
breakdown electric
field of the material)

Issue 6 2009

Power Electronics Europe

p18-22 Feature Mitsubishi.qxd_Layout 1 03/09/2009 09:54 Page 21

www.mitsubishichips.com

POWER SEMICONDUCTORS 21
Figure 5: High current
density turn-on
switching
performance of a
new 4H-SiC MOSFET
and a new 4H-SiCSBD, both rated
1200V/25A, in a hardswitched inverter
bridge circuit

Figure 6: High current
density turn-off
switching
performance of a
new 4H-SiC MOSFET
and a new 4H-SiCSBD, both rated
1200V/25A, in a hardswitched inverter
bridge circuit

Figure 7: Power loss
estimation for
inverter operation at
high current density

doped drift layer for such high voltage
structures using SiC, stacking faults
originated from the so called basal-planedislocations are considered to cause a
forward voltage drop drifting over time
due to their recombination driven
movements.
In the case of transistor like controllable
Power Electronics Europe

switching structures, JFET type devices have
exhibited fairly low on-resistance, even with
a high breakdown voltage capability.
However, JFET is a normally-on type power
switch and, due to that functional feature, it
faces many restrictions in power control
circuit applications.
For voltage classes up to about 3kV

range, SiCMOSFETs are expected to
play a key role due to its normally-off
feature and simplicity in control
requirement attributed to the virtues of
its insulated gate structure, sufficient
ruggedness and comparatively easier
manufacturability. However, the onresistance of experimental SiC MOSFETs
has often shown much higher than the
theoretical value predictable from SiC’s
physical properties. This is primarily
attributed to a large amount of defect
density generated at SiC/SiO²
interfaces around the three-channel
region. The density of defects (trap
density) thus generated, causes the
carrier mobility to go down, decreasing
current conduction capability and
increasing on-resistance. Considering an
n-channel 1200V SiC MOSFET, a
channel mobility of 50cm²/Vs for
electrons would be essential to reduce
the on-resistance of the device to a
sufficiently low value.
Improved static performance of SiC
devices
In our research, we have focused on
developing 1200 to 1700V range SiC
device technologies that can also realise
sufficiently large current output type
power chips. For this purpose, the two
aforementioned key device structures,
namely the power MOSFET and the SBD,
have been chosen as these are
considered to provide optimum
functionality in all power circuit topologies
applied in the targeted application zone,
although there have been several process
and structure related issues. Concerning
SiC-MOSFET, the problem of low channel
mobility has been thoroughly
investigated.
A remarkable channel mobility
improvement has been made by
developing an appropriate cell structure
and an advanced channel implantation
process step. With the result, a substantial
gain in terms of specific on-resistance (Ronsp) versus breakdown (blocking) voltage,
BV trade-off performance has been
achieved for both 1200 and 1700V rating
categories, as shown in Figure 4. Each
theoretical limit shown is applicable for a
low doped drift layer with one-sided
junction designed for punch-through
operation in blocking mode and majority
carrier current in conduction mode, using
either Si or 4H-SiC.
Concerning SiC SBD structures, many
efforts have gone in to optimising barrier
metal formation and metallisation
processes for obtaining low forward
voltage characteristic, active area and
electrode designs for sufficiently high
current density operation, and chip edge
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Figure 8: 3.7kW/400V
three-phase full SiC
inverter and
operational
waveforms
demonstrating its
capability to operate
at a very high power
density (9W/cm³)

design for sustaining electric field at any
high voltage bias condition. The latest
SBD structures obtained through our
present work exhibit low differential onresistances at both 1200 and 1700V
categories. Thus, the trade-off points in
terms of specific on-resistance and
breakdown voltage are remarkably close
to the theoretical limit for 4H-SiC shown
in Figure 4.
Improved dynamic performance of SiC
devices
These experimental SBD chips have also
been stressed to very high current density
in dynamic mode and are found to have
ruggedness higher than 1700A/cm².For
forming a standard arm switch suitable for
hard-switched inverters, the fabricated
1200V SiC MOSFET and SiC SBD chips
were tested in a inductive load bridge
circuit topology. Figures 5 and 6 exhibit the
combined performance at a high current
density condition in the test set-up. The
transient energies per pulse of switching
operation are found to be independent of
channel/junction temperature variation
due to both devices being free of
conductivity modulation and thus, the
combination is considered to be a very
effective
choice for high frequency operated
Issue 6 2009

inverter bridge circuits, where switching
losses dominates conduction losses. In
order to confirm this observation, loss
simulation for actual inverter operation has
been carried out and the results are shown
in Figure 7.
As expected, the power loss value for
the combination using Si IGBT and Si
PiN diode increases more rapidly than
the combination using 4H-SiC MOSFET
and 4H-SiC SBD. Also, the power losses
of SiC devices do not vary significantly
with channel temperature, particularly at
high carrier frequency range. This also
emphasises the predicted effectiveness
of using SiC power devices where a
high switching frequency is
advantageous for designing the whole
system.
Using these new high current density
type 4HSiC-based MOSFET and SBD
chips, power conversion modules and
inverter units have been built for
experimental purposes. Figure 8 shows
one of such units designed to drive a
3.7kW/400V three-phase AC motor. With
the SiC-based output the inverter switches
at 15kHz, the power density achieved at
full load is typically 9W/cm³, which is
considerably high for this class of
application system investigated under the
present work.

Conclusion
Possible benefits from use of SiC power
devices have been analysed and choices of
device configurations for hard-switched
power conversion systems have been
discussed.
Both in terms of static and dynamic
performances, the latest 4H-SiC-based
MOSFET and SBD power chips have
demonstrated high power handling
capability, even at high temperature and
high switching frequency operating
conditions. All these outcomes imply that
SiC power devices are promising
candidates for power electronics
applications where higher power density
and energy saving designs are increasingly
demanded.
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Efficiency Improvement with
Silicon Carbide Based Power
Modules
Whereas SiC switches have the overall lowest dynamic losses, they show higher static losses due to the lack
of conductivity modulation and the necessary chip size limitations due to the still high SiC base material
price. The frequency dependence of the total losses of the various 1200V configurations (Si-IGBT + Si freewheeling diode, Si IGBT + SiC Schottky diode, SiC-JFET cascode plus internal body diode of the cascode)
shows that a module solution containing a state of the art SiC switch will outperform all other options for
switching frequencies >20kHz. Xi Zhang, Daniel Domes, Roland Rupp, Infineon Technologies,
Warstein/Neubiberg, Germany
The demand for low switching loss, low
conduction loss and high temperature
devices is a major driving force of technology
development in power semiconductors. In
recent years, SiC (silicon carbide) based
Schottky diodes have been introduced as
discrete devices in standard TO-packages [1].
These new diodes have superior
performance compared to Si-based devices,
mainly with respect to switching losses and
thermal performance and are wellestablished in up to 600V hard switching
applications in high end power supplies [2].
Beyond this market entry, this emerging
technology is also considered by many
groups [3] as an ideal candidate for high
power module applications.
The main target of this article is to get a
better insight regarding the trade-off
between static and dynamic losses when
moving from highly cost effective Si-based
to high performance, but costly, SiC-based
solutions. For that purpose, the following
switch configurations are compared:
• Si IGBT (Infineon IGBT4) with Si freewheeling diode (Emitter Control4)
• Fast Si IGBT (Infineon IGBT2) with SiC
free-wheeling diodes (Infineon 1200V SiC
Schottky diodes)
• SiC JFET cascode switches (1200V
normally on SiC JFET with 40V OptiMOS 2
Si MOSFET)
The SiC JFET is used due to the superior
maturity and reliability of this switch in
comparison with the SiC MOSFET [4].

Figure 1: High power module FF600R12IS4F with integrated SiC schottky diodes as free-wheeling
diodes in PrimePACK 2 package

2001. The main advantages of these
diodes are well described in [5]. The first
commercially available high power module
containing SiC Schottky diodes as free-

wheeling diodes is a 600A, 1200V
PrimePACK 2 IGBT power module, as
shown in Figure 1.
The 1200V SiC diodes used are bare Schottky
Figure 2: Typical turnon behaviour of
1200V/600A IGBT S4
Chip with 360A SiC
Schottky diodes (Tj =
25°C, Rg_on = 0.5⍀)

IGBT power modules with SiC freewheeling diodes
SiC Schottky diodes in discrete packages
have been introduced into the market since
Issue 6 2009
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Figure 3: Typical switching loss of PrimePACK 2 module FF600R12IS4F at 125°C with SiC Schottky
diodes

diodes with a p+/p- JTE edge termination
structure and a Ti-Schottky barrier providing a
barrier height of 1.27eV and allowing nearly the
same threshold voltage as Si based PIN diodes.
Each individual chip has a current rating of up to
15A. The required current rating of the freewheeling diode is achieved by paralleling of
multiple chips, which is easily possible due to
positive temperature coefficient of these devices.
The total amount of current rating of the diodes
used per IGBT chip is 60% of the nominal IGBT
current rating, thanks to the superior switching
and thermal performance of these diodes.
Figure 2 shows the typical switching
behaviour of SiC Schottky diodes in
combination with Infineon’s fastest S4 chip
based on IGBT2 technology.
Due to the absence of reverse recovery
charge of SiC Schottky diodes, the turn-on gate
resistor of the IGBT can be reduced drastically
to reduce turn-on losses (in the example 0.5⍀
is used). The reverse recovery current, as can
be seen in Figure 2, is also reduced in
comparison to Si-based free-wheeling diodes.
Figure 3 shows the typical switching loss of the
module.
With the reduction of turn-on losses, the

efficiency or the output power of the converter
can increase. This is very attractive for
applications which have efficiency as first
priority (e.g solar application). But efficiency is
not the only benefit when using SiC freewheeling diodes. With decreased turn-on
losses, the switching frequency can also
increase. This leads to the possibility of
choosing a much smaller output filter and
thus, lower system volume and cost.
SiC JFET power modules
The conduction performance of Si-based

MOSFETs is drops sharply when the blocking
voltage of the switch gets higher than
1000V. IGBTs are a good choice for switches
with blocking voltage >1000V. But due to
the tail current during switching off, switching
losses have certain physical limits. The desire
for a faster switch with low conduction loss
has driven the development of a new switch
based on SiC material: SiC based junction
field-effect transistor (JFET, see e.g. [8]).
The first prototype of a power module
containing SiC JFET switches is an
EasyPACK 2B module with H-bridge
configuration. Figure 4 shows the package
and DBC layout of the module.
The SiC JFET is a normally-on component
with a pinch off voltage of ~ -15V, for
compatibility with standard applications it is
optional to provide normally-off switches
(cascode configuration) formed by a 40V lowvoltage Si-MOSFET (OptiMOS) in series with
the 1200V SiC JFET. Each switch in the module
contains six SiC JFETs in parallel achieving a
Rdson in total of approximately 70m? .
Dynamic tests have been done with
different gate resistor values (39 to 82? ).
The results are shown in Figures 5 and 6.
The test conditions were Tj = 125°C, Id =
40A, Vdc = 600V, inductive load.
A comparison of dynamic losses to IGBT
module is shown in Figure 7. It can be seen

Figure 4: Package and DBC layout of EasyPACK 2B JFET cascode module
Figure 5: Dynamic
test waveforms of SiC
JFET module at turnon
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Figure 6: Dynamic test waveforms of SiC JFET module at turn-off

that the turn-on losses are quite low due to
the low reverse recovery charge of the body
diode.
The turn-off losses are very low, caused by
the absence of minority carriers in JFETs
similar to MOSFETs. Another advantage is
that the di/dt slope during turn-off can be
fully controlled simply with variation of the
gate resistor.
Comparison between Si- and SiCbased power modules
Two possibilities of SiC based devices in
power modules have been presented in
this article. It is now interesting to compare
the two different configurations to pure
Si-based configurations using calculation of
inverter losses [6].
The data of a pure Si-based module was
taken from the datasheet of a 25A/1200V
IGBT4 module [7]. The measurements

with IGBT plus SiC Schottky diodes were
performed on a 25A/1200V IGBT4
module, together with the introduced
15A/1200V SiC Schottky diodes. The
measurement of SiC JFET in cascode
configuration was performed with the SiC
JFET EasyPACK 2B module under test
conditions of Tj = 125°C, Vdc = 600V, Irms =
21.2A, cosφ = 0.8. The Gate resistor value
for each configuration has been chosen to
have the minimal possible switching
losses. The derived results are shown in
Figure 8.
From the calculated results, the
advantages of SiC based devices can be
observed immediately. For applications
which treat efficiency as first priority, the
efficiency of the converter at fsw =20kHz can
be increased by 1.1% by utilising SiC diode
with IGBT if the same output power is
maintained. Utilising SiC JFET can increase

the efficiency by even 1.3%. For
applications which treat power density as
the first priority, the output power of
the converter at fsw =20kHz can be
increased by 31% by utilising SiC diode if
the same semiconductor losses are
maintained. Utilising SiC JFET can increase
the output power by 28%. Under these
conditions, the IGBT/SiC diode combination
outperforms the JFET, due to lower
conduction losses of the IGBT compared to
the unipolar JFET device. Utilising SiC diodes
with IGBTs can increase the switching
frequency of a converter from 20 to 38kHz
if the same semiconductor losses are
maintained. With SiC JFET, the switching
frequency can even be increased to 70kHz
with the same losses. The increase of
switching frequency can then decrease the
size and cost of the output filter. However,
the exact degree of size or cost reduction

Figure 7: Comparison
of switching losses of
the JFET module to a
25A/1200V module
with IGBT4 (Tj =
125°C, Vdc = 600V, Rg
=39Ω)
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Figure 8: Benchmark of total losses between IGBT module, SiC JFET module and IGBT+ SiC
diode module (Tj = 125°C, Vdc = 600V, Irms = 21.2A, cosφ = 0.8)

depends on several other factors.
The utilisation of SiC Schottky diodes or SiC JFETs can decrease the switching losses
dramatically. The configuration of IGBT together with SiC diode as free-wheeling
diodes combines the superior conduction performance of IGBT chips with the ultralow reverse recovery losses of SiC Schottky diodes. Even lower switching losses can
be achieved with SiC JFET. Due to the missing conductivity modulation in the unipolar
component, the conduction losses of the SiC JFET, however, are slightly higher than
IGBTs (trade-off between chip area and cost). According to the switching frequency or
the requirements from applications, one can choose between these different
configurations.
Conclusion
Modules utilising SiC devices (Schottky diodes, JFET) are presented. The
performance of these modules compared to Si-based power modules is
demonstrated and discussed. From the results, it is clear to see the benefits of
utilizing SiC devices. With the same converter design, the efficiency of the whole
system can be increased. A smaller heatsink or passive cooling system can be used.
With the same thermal design, the output power of the converter can be increased
or the power density of the system can be increased. Increasing the switching
frequency, the size of output filter and thus, system cost, can be reduced.
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Advantages of NPC Inverter
Topologies with Power Modules
Efficiency is becoming increasingly important in power electronics. Many applications are driven by the
initiatives for reduced energy consumption. The technology leaders are inverter applications in the solar
market, but uninterruptible power supplies and motor drives also have new targets for improved efficiency.
This article shows alternatives for 3~ inverters with 700V DC-link voltage. Michael Frisch and Temesi
Ernö, Vincotech Germany and Hungary
The sinusoidal output current and
voltage is the same for NPC (neutral point
clamped) and half-bridge topologies. The
difference is the way to generate the
signal.
An inverter with 700V DC-voltage
(+/-350V) generates a three-phase output
signal with 400VAC phase to phase. The
standard configuration with three halfbridges will switch the voltage from 350 to
-350V. For this operation 1200V
components are needed. The
disadvantages in this case are the
following:
• The switching losses are the product of
the total 700V and the output current.
• 1200V components are slower than
600V components.
• The output voltage ripple is higher.
Operation modes of NPC
The NPC inverter with three NPCbridges will switch either 350 to 0V
(positive half- wave) or -300 to 0V
(negative half-wave). Here, only 600V
components are needed. This generates
the following advantages:
• The dynamic losses are significantly
reduced, only 350V are switched.
• 600V components are faster and there
are many ultrafast components available.
• The output ripple is reduced.
T3 is switched on during the positive
half-wave of the output signal. T4 is
switched on during the negative half-wave.
The PWM is modulated with T1 and T2
(see Figure 1). When T1 is switched off
during the positive half-wave, the current
will commutate from the neutral point
through D1 to the output. The negative
path is completely inactive. At the negative
half-wave, we have the same procedure
with negative current, but here T1 and T3
are inactive.
The NPC topology offers advantages
such as reduced switching losses, smaller
output current ripple, and total +/supply voltage is split. Only half of the
Issue 6 2009

Figure 1: Gate signal of a three-level inverter at real power

voltage has to be switched, and this also
cuts the switching losses in the transistor
by half. In the shown NPC topology, we
are able to use 600V components
instead of 1200V types. On top of that,
in 600V technology much faster
components are available than in 1200V.

This will lead to further reduction of the
switching losses. The NPC topology will
have lower ripple in the output current
and half of the output voltage transient.
This will reduce the effort for filtering and
isolation in the filter inductor. The DC
voltage is divided into a positive and

Figure 2: Current and commutation loops at real power
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inductances outside of the module. In
Figure 5, a pinout of a low inductive NPC
module is shown. Here, the NP can be
built on both sides; on one side a low
inductive pair with DC+, and on the
other side with DC-.

Figure 3: Current and commutation loops at reactive power

negative voltage, which supports the
serial connection of DC capacitors
without the need for leakage current
compensation.
These advantages have to face the
drawback of a higher complexity. More
components have to be handled (10
instead of four) and the NPC topology
requires four independent gate drives
instead of two in the standard half-bridge
topology.
Challenges for NPC power modules
The NPC topology is distinguished with
a higher complexity, which makes the
circuit more sensitive for parasitic effects.
To avoid such disadvantages, the power
module has to be designed more
carefully.
The low inductance between DC+ and
DC- in half-bridge topologies is decisive.
For the NPC topology the same is valid.
Additionally, a low inductance between
both DC voltages and the neutral point
(NP) is important. This task is hindered by
the fact that more components are
included.
The inductance of power module
based circuits is mainly influenced by the
wire bonds of the semiconductors and
the external interconnection. The
inductive loops inside the power module
are largely canceled by the eddy current
induced into the backside metallisation of
the module. The current and
commutation loops in real power mode
are shown in Figure 2, and at reactive
power in Figure 3.
The parasitic wiring inductance will
increase the switch-off losses of the
transistors. Therefore, the target is to
minimise the inductance between
DC+, DC- and NP. In Figure 4, the
parasitic inductances of a NPC power
Power Electronics Europe

module are shown.
The pinout of the module is the key
for a reduction of the parasitic

Benchmark of different topologies
In the following, we made a benchmark
of different topologies. Here, the standard
half-bridge (Figure 6) is compared with the
previously discussed NPC topology (Figure
7) and with a mixed voltage three-level
topology (Figure 8).
The conditions of the comparison are
• 4.6kW static load (25A) per phase
• 700V DC voltage (2*350V for three-level)
• output frequency 50Hz
• modulation frequency = 16kHz
• hard switching environment
• sinusoidal output voltage waveform
(230VAC)
• cosφ = 0.8
• 17.2kVA three-phase power.
The effort or chip area is given as the

Figure 4: Parasitic
inductances of a
1200V/300A NPC
module

Figure 5: Pinout of a
low inductive 1200V75A NPC module
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product of voltage rating and nominal
current of the power semiconductor, which
is in line with the cost of the
semiconductors.
The standard configuration for a threephase inverter is three half-bridges. The
components are 2nd generation of 1200V
trench field-stop IGBTs with the
corresponding free-wheeling diodes. The
result is:
Conduction losses 36W
Switching losses
118W
Total losses
154W
Efficiency
96.65%
Total rating of Si
540kVA.
The NPC topology is the next circuit to
compare. The components are the first
generation of 600V trench field-stop IGBTs
with the corresponding free-wheeling
diodes. Here are the results:
Conduction losses 62W
Switching losses
28W
Total losses
90W
Efficiency
98,04%
Total rating of Si
630kVA.
Furthermore, the mixed voltage threelevel topology circuit combines the low
conductive losses of the half-bridge
solution with the advantages of switching
only between DC+/- and the NP. Here,
we have the disadvantage that the
outside transistors have to be rated with
1200V; this limits the switching
performance to the level provided by
1200V components.
The components used in the benchmark
are high speed 1200V IGBTs and freewheeling diodes for the outside switches,
and the first generation of 600V trench
field-stop IGBTs with the corresponding
free-wheeling diodes for the NP-switches.
However, here are the results:
Conduction losses 50W
Switching losses
40W
Total losses
90W
Efficiency
98,04%
Total rating of Si
810kVA.

www.vincotech.com

Figure 6: Standard
inverter with three
half-bridges

Figure 7: NPC
topology

Figure 8: Mixed
voltage three-level
topology

Conclusion
The comparison shows that with both
three-level topologies an efficiency of
98.04% is achievable, compared to
96.65% for the standard three-phase
bridge. The effort in semiconductor cost
is 550kVA, compared with 630kVA for
the NPC, but the components of the
NPC will stay cooler so that they could
be used at higher currents. In a
comparison of maximum output power
at 16kHz, the NPC module will be lower
in cost than the module for a standard
half-bridge. The mixed voltage threelevel topology achieves the same
efficiency as the NPC topology, but with
the need for a total semiconductor rating
of 810kVA compared to 630kVA
Issue 6 2009
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Analysing the Hot Spots in
Automotive Circuits
Automotive electronics have to perform in temperatures up to 140°C and to avoid thermal issues or, even
worse, potential system failure under extreme operating conditions. Thus, it is vital to simulate the
operational environment and analyse thermal performance of power devices in transient and worst case
scenarios prior to implementing system design-in. Sanmukh Patel and Gerry Balanon, Mixed Signal
Analog – Automotive Group, Texas Instruments, Dallas, USA
The increasing integration of circuitry
that is taking place to satisfy the ever
greater functionality and performance
expected by modern automotive
electronics, and the smaller packages that
result, are introducing complex thermal
challenges. These have to be successfully
addressed and understood if changes are
to be made to power load control, power
supplies themselves and heat management
methods.
The use of copper plane-based printed
circuit board (PCB) thermal management,
for example, instead of the traditional metal
heatsink means that ICs have to be
partitioned to optimise efficiency and cost.

However, today’s modules use lower
switching frequencies for switch mode
power supplies, large passive components,
have linear regulators with inefficient
voltage conversion for specific regulators,
and quiescent currents to drive the internal
circuitry.
Getting heat out of the system
Since a smaller package size leads to a
high concentration of heat producing
elements, the result is very high heat flux.
Not only that, but there are other power
devices on the printed circuit board, which
may influence the temperature of the
device under analysis, as well as system

space and airflow constraints that must be
considered. Figure 1 shows the three levels
of thermal management to be considered
in a typical package.
With optimal efficiency, size and cost as
key objectives, lead frame-based thermally
enhanced packages, such as heat slugs or
exposed pad and heat spreader types
designed to improve thermal performance
are now being used more frequently. In
some surface mount packages, special lead
frames are employed, which fuse several
leads on each side of the package to
ensure a good thermal path to transfer heat
from the die pad.
Accurate models of the silicon design

Figure 1: Typical heat
transfer path in an IC
package

Figure 2: Cross-section of the interface materials
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Figure 3: Thermal resistive path for heat transfer

package used and the thermal properties of
the casing are essential requirements in
order to carry out precise thermal analysis.
This involves close collaboration between
the semiconductor vendor and the OEM,
with a full understanding of the end use or
application. Since power FETs account for a
large percentage of the die area, IC
designers need to be armed with a proper
analysis to choose the optimum size of
device to handle normal and worst case
power dissipation scenarios.
Establishing an accurate model for the
silicon design package in power
applications involves several key
parameters, and will typically rely on a
metal tab being exposed on one side to
provide a low thermal resistance path to
the heat extraction plane. The first
parameter to be considered is the aspect
ratio of the silicon die size to the die
thickness. The area and location of the
power device in the package plus, of
course, any supporting drive circuitry that
may contribute to heat is also important.
Then power diffusion within the silicon
thickness of X-µm has to be taken into

account. Next, there is the question of the
interface of the silicon with the exposed
metal pad or tab, which is affected by the
die’s attachment area and thickness. This
parameter may include specifications such
as percentage voiding of the die adhesive
material, typically epoxy. In this case, and if
desired, the simulation can place this under
the power structures for worst case analysis.
Finally, the area and thickness of the
exposed metal pad or tab, as well as the
size of the package complete with mould
compound and connection leads, must be
taken into account, along with the thermal
conductivity of the materials employed and
any temperature dependency variations.
Thermal resistance affecting heat
transfer
Accurate simulation also involves
determining the thermal resistance
affecting heat transfer from the pad to the
heatsink material. There are several options
here depending on the module and heat
generated. These include multilayer FR4
PCBs, single-sided PCBs, or top and bottom
layer PCBs.

The methods of heat extraction and
resistance path can also vary depending on
which of the following three alternative
techniques is used: 1) thermal vias from
the heat pad or tab attached to the inner
heat sink plane, with the exposed pad or
tab being soldered to the top layer of the
PCB as shown in Figure 4; 2) an opening
on the PCB underneath the exposed pad or
tab for contact with a protruding heat sink
pedestal connected to the module metal
case; or 3) a heatsink copper (Cu) plane
on the top or bottom side of the PCB
board connected to the metal case by
means of a metal screw, with the exposed
pad or tab being soldered to the top layer
of the PCB, as shown in Figure 4.
The weight or thickness of copper plating
used on each layer of the PCB (typically
either 28.38g/35µm on the inner layers
and double that on the outer layers, or
28.38g/35µm on all) is another parameter
to be considered for thermal resistance
analysis, especially those layers that are
attached to the exposed pad or tab –
usually the top, heatsink and bottom layers
in a multi-layer board.

Figure 4: Example of cross-section of implementation (thermal vias to Cu heatsink plane)

Power Electronics Europe
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The simulation model
In order to simulate die temperature, a
layout of the IC is of course needed. As
already indicated, the size of each FET and
the aspect ratio of the silicon die size to its
thickness for heat distribution are important
parameters to be taken into account. The
location of the FETs on the silicon die is
influenced by whether or not these devices
are powered simultaneously or
sequentially.
Static or average power dissipation
analysis in the model requires less
computation time and converges once the
highest temperatures are recorded.
Transient analysis, however, requires a
power versus time profile. The data is
recorded with much finer resolution steps
than the switching power profile to capture
the peak temperature rises accurately during
a fast power pulse. This analysis generally
takes longer and requires much more data
input than a static power simulation.
Figure 3 illustrates the different thermal
resistances, which influence heat transfer in
the package. Die junction to ambient
resistance θja is generally used for thermal
package performance comparisons, but is
not a good reference to predict die junction
temperature. Die junction to exposed pad
resistance θjp is generally used as a good
reference to predict die junction
temperature. Die junction to case top
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Figure 5: Example of
a result from the
thermal simulations

resistance is indicated by θjc and θjb
represents the die junction to board below
one lead resistive path.
Data attained from the simulation model
might indicate that minor adjustments are
necessary in order to reduce the power
FET’s maximum temperature on the die
near the top to prevent the hot spot from
exceeding the T-junction of 150ºC shown
in Figure 5. Furthermore, controlling the
power profile for this particular sequence to
reduce the power temperature on the die
might be an option.
Conclusion
Effective automotive power product
development is, among other
considerations, dependent upon a

thorough understanding of the materials of
manufacture and their thermal properties.
The data gained from accurate simulation,
enabling the different thermal resistive
paths and heat transfer characteristics to be
properly taken into account, is vital in order
that systems can be optimised.
Although not specified in data sheets, it
can also be used to provide a reference
point when correlating any de-rating factors
for any increase in ambient operating
temperatures.
Literature
For more information about
Packaging and Thermal reference
information: http://www-s.ti.com/sc/
techlit/slma002.pdf
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Energy Efficiency Standards for
Power Supplies
A multitude of government energy efficiency standards and specifications have appeared over recent years
that are driving the design of higher efficiency power converters. Efficiency requirements for External Power
Supplies (EPSs) and other energy-using products (EuPs) from various agencies are discussed in this article,
covering different power consumption modes. Resources are described that will help power design
engineers understand efficiency requirements. Richard Fassler, Power Integrations, San Jose, USA
Since the discovery in the late 1990s
that approximately 10% of electricity
consumed by residential EuPs was wasted
while products were supposedly ‘turned
off’, but actually weren’t [1], governments
have developed programs to increase their
efficiency. This drive for reduced power
consumption has moved energy efficiency
from being a secondary concern to the top
tier of a new product’s design objectives.
Power supply designers must now be
knowledgeable in current and future
specifications and standards, not only for
their power supply, but also for the EPS’
end product.
A tool that automatically checks
conformance to major EPS regulations
(Figure 1) helps designers to solve this
task. Designers simply input their measured
no-load power and the four active-mode
efficiency levels (and PF, if applicable)
online and the calculator checks the
performance to five efficiency regulations
plus the Five-Star rating program. The
calculator can be used for single input
voltage designs, as well as universal
designs.
The road to efficiency
While the end goal is the same,
governments and agencies have taken
different approaches to reduce EuP energy
waste, some voluntary and some
mandatory.
Voluntary programs typically set
efficiency specifications for manufacturers
to meet, if theychoose to and, in some
cases, allow the use of a label identifying
the product as energy efficient. Examples
include the EC Code of Conduct (CoC),
ENERGY STAR and 80 PLUS.
Mandatory programs have appeared in
an effort to transform products quicker than
voluntary programs, dictating standards
which must be met in order for a product
to be allowed to be sold in a region. One
of the most ambitious mandatory programs
to date is the EC’s Ecodesign Directive.
Power Electronics Europe

Figure 1: Online tool for calculating power supply conformance to efficiency standards

Established in 2005 to set energy and
environmental performance for major EuPs,
it investigates a product’s lifecycle energy
use. Nineteen product groups (Lots) have
been identified and are in various stages of
completion.
The first lot to receive final approval (Lot
6 – standby power) went into force in early
2009.
Other examples include the US Energy
Independence and Security Act (EISA
2007) and the California Energy
Commission’s (CEC) Appliance Efficiency
Regulations.
Occasionally, a hybrid approach is
necessary. Korea’s goal to reach a 1W
standby power maximum for EuPs by 2010
relied on a voluntary efficiency labelling
program. When a 2007 audit revealed that
only 14% of the EuPs conformed to the
goal to date, a large mandatory warning
label was added to the program, to identify
products (and manufacturers) who weren’t
supporting the national goal [2].
A new wave of voluntary efficiency

programs has emerged, developed by
product manufacturers. These ‘stakeholderdriven’ efficiency specifications transcend
geographic boundaries, usually setting
tighter goals than government agency
programs. For example, the Climate Savers
Initiative started by Intel and Google, sets
increasingly tighter active-mode efficiency
goals for a computer’s internal power
supply. In July 2009, it sets a target
minimum efficiency of 88% at 50% load
and 85% efficiency at 20 and 100% loads
(‘silver’ level). This is tighter than ENERGY
STAR’s Computer Spec version 5.0,
effective July 2009, which requires a
minimum efficiency of 85% at 50% load
and 82% at 20 and 100% loads (‘bronze’
level).
Major mobile phone manufacturers have
also begun issuing tighter efficiency
specifications for chargers/adapters
shipped with their products. Figure 2 shows
a sample list of the various Voluntary (V),
Mandatory (M), and ‘Stakeholder-driven’
(SD) programs.
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efficiency [3]. The test method can be
downloaded at
www.energystar.gov/ia/partners/prod
_development/downloads/power_sup
plies/EPSupplyEffic_TestMethod_0804.
pdf
The average efficiency calculation is then
compared to the minimum efficiency limit
calculated using the formula in the
specification, for the corresponding
nameplate output power level. For example,
to conform to the EC CoC EPS efficiency
specification, a 15W power supply must
consume no more than 0.3W of no-load
power from the mains. In addition, the
minimum average efficiency is defined as ⭓
[0.08* Ln(Pno)] +0.585 where Ln(Pno) is the
natural log of the supply‘s nameplate output
power (expressed in watts). In this example,
the supply’s minimum average efficiency
would need to be 80.2%.

Figure 2: Sample list of key efficiency programs

Regulation landscape
Early efficiency regulations were typically
uncomplicated, targeting only standby or
no-load power consumption. Over the
years, programs have become more
comprehensive, covering multiple modes
of a product’s typical use in an effort to
improve efficiency. Single-output EPSs,
targeted early on due to their ubiquitous
nature and ease of voltage/current
measurement, must now be designed for
high efficiency at low loads as well as full
loads in order to be compliant. Another
example, televisions, initially had standbymode only efficiency specifications, but
now must meet both standby and activemode consumption levels.
In 2001’s EC CoC, only a no-load power
(EPS connected to the mains but nothing
connected to its output) consumption limit
had to be met. Today, the Code of Conduct

and all other major single-output EPS
efficiency programs include minimum
active-mode efficiency, as well. Other
country EPS specifications (Australia, New
Zealand, Korea, and China) exist, but those
programs are based on versions of the
following four major specifications.
Harmonised test method and
efficiency calculations
The EPS no-load power consumption is
equal to the AC active input power without
any load connected to the output. The
efficiency is calculated by dividing the unit’s
measured active output power by the
active AC input power, measured at each
load condition of the specification. The
average efficiency is calculated as the
arithmetic mean of the efficiency values
calculated at these load conditions, a
simple arithmetic average of active mode

EC Code of Conduct
The CoC, a voluntary specification based
on a negotiated agreement between
independent experts and representatives of
member states and industry, issued version
3 (v3) of its EPS specification in late 2007
(1/1/09 effective date). It consists of a noload power maximum and active-mode
efficiency minimum for power supplies
⭐250W. The intent was to harmonise
100% with ENERGY STAR’s v2 EPS draft,
but fell short due to ENERGY STAR EPS
specification changes after the CoC v3 was
finalised. Included in v3 is a new category
for mobile phone EPSs ⭐8W. The new
mobile phone specification tightens noload power consumption.
Energy star
Sponsored by the US Department of
Energy and the Environmental Protection

Figure 3: Major EPS
standards summary
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Agency (EPA), ENERGY STAR is one of the
most visible efficiency certifications
worldwide. It works closely with countries
around the world to harmonise efficiency
standards. ENERGY STAR’s EPS v2 spec
became effective November 1, 2008. New
in this version are an active-mode
specification for ‘low voltage’ supplies
(defined as with an output of <6V and
550mA), separation of no-load power
consumption for AC/AC and AC/DC power
supplies, and power Factor Correction of
0.9 at 100% rated load at
115VAC/60Hz for power supplies 100W.
Also, for EPSs with a universal input
voltage range, testing needs to be done at
both 115V at 60Hz and 230V at 50Hz,
with the least efficient set of test values
used to determine qualification. Certain
types of battery chargers and EPSs for
medical equipment are exempt. However,
this specification is being incorporated into
ENERGY STAR telephony, television, set-top
box, imaging equipment, computer, display,
and audio video efficiency specifications.

POWER SUPPLY DESIGN 37

Figure 4: Major EPS no-load summary

US EISA 2007
The Energy Independence and Security
Act of 2007 was signed into law in
December 2007 to move the United States
toward greater energy independence and
security. EISA 2007 is a comprehensive
document and sets the first federal
mandatory efficiency standards for EPSs,
among other products. The EISA 2007 EPS
efficiency limits were adopted from
California’s CEC EPS standard. Certain
battery chargers and EPSs for medical
equipment are exempt.
EC Ecodesign Directive
On October 17, 2008, the member
states Regulatory Committee passed the
EPS standard (study lot 7) on to the
European Parliament for final scrutiny and
approval. One year after the ‘regulation
comes into force’, it will align with the US
EISA 2007 standard. Two years after
coming into force, it will tighten up to align
with ENERGY STAR’s EPS v2. EPSs for
medical equipment and certain battery
chargers are exempt.
Figure 3 summarises the differences and
similarities of the major EPS programs
(excluding low voltage models and mobile
phone specs). Figures 4 and 5 provide a
visual comparison of efficiency and no-load
requirements.
Horizontal standby efficiency
A number of countries are embracing a 1W
(maximum) horizontal standby power
consumption policy. The European Parliament
recently passed Ecodesign Directive Lot 6,
mandating this for a broad range of EuPs by
2010, tightening to 0.5W by 2013.
Power Electronics Europe

Figure 5: Major EPS active-mode summary

Although most agencies strive for
harmonisation, differences appear, making it
necessary for design engineers to review
specifications often. Here are some ways to
keep abreast of pending changes to current
specifications and new efficiency programs,
and to add input to help shape new
regulations.
Conclusion
Today’s energy efficiency specifications
and standards for EuPs have become more
complicated and target different modes of
operation. There are four major EPS
efficiency programs which are shaping
external power supply design. More than
ever, power supply designers need to have a
strong knowledge of worldwide current and
proposed regulations for EPSs and their end

products. Knowing how to quickly access this
information and the design assistance via
the web is vital… and it’s achievable.
Literature
[1] Lebot, Benoit; Meier, Alan; Anglade,
Alain; Global Implications of Standby
Power Use.
ACEEE Summer Study on Energy
Efficiency in Buildings, August, 2000, p. 6.
[2] Kim, Yungrae; New Energy
Efficiency Policy Tool, presented at IEA
International Standby Conference, India.
April, 2008.
[3] Calwell, C; Foster, S.; Reeder, T.;
Mansoor, A.: Test Method for Calculating
the Energy
Efficiency of Single-Voltage External AcDc and Ac-Ac Power Supplies. CEC, 2004.
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Don’t
miss out

The Drives and
Controls Exhibition
& Conference 2010
8-10 June 2010

NEC, Birmingham

Contact us now for your
FREE exhibition pack and become
part of the UK’s largest and most
successful manufacturing event

“Tuesday and Wednesday were
both very busy days with a good
calibre of enquiries and a good
response. We had 12 people
manning the stand and they
were all very busy.”
Patrick O’Neill – WEG
“Initial indicators on the decision
to go back to Drives and Controls
were well founded. Quality leads
from a busy 3 days.”
Bradley McEwan –
Rockwell Automation
“The Drives and Controls
exhibition has resulted on 40%
increase enquiries taken over the
three days from the 2006
exhibition.”
Tony Pickering – Danfoss
“ Wow! As a first time exhibitor
we will certainly be back in
2010.”
Mark Cooper – Wittenstein
( formerly Alpha Gearheads)
“We are very pleased with the
show, it is one of the best shows
we have ever exhibited at.”
David Higham – Habasit Rossi
“Excellent visitor numbers each
day including blue chip
companies.”
Nick Cadby –
Ideas in Automation
“The show looked great and the
support facilities were second to
none. The quantity and quality of
visitor was excellent.”
John Attenborough – Marelli
“The leads we had surpassed our
expectations and we need to talk
about booking a larger stand for
the 2010 event.”
Nigel Evenett – Lafert
“We think Drives and Controls is
now firmly established as the UK’s
number one exhibition for
automation and drives.”
Dave Baston – Control Techniques
“Drives and Controls is the best
show that we have exhibited at for
8 years. We had more enquiries on
the first day than ever before.”
Carl Krajewski –
HMK Technical Services

www.drives2010.com

For further information and your FREE exhibition pack contact:
Doug Devlin | T: 01922 644766 | M:07803 624471 | E: doug@drives.co.uk
Simon Langston | T: 01444 254152 | M: 07962 402454 | E: simon@dfamedia.co.uk
DFA Media Ltd | Cape House | 60a Priory Road | Tonbridge | Kent TN9 2BL | Tel: 01732 370340 | Fax: 01732 360034

“Compared to 2006 we’ve seen a
noticeable increase in visitors. The
co-location with the other shows
makes it a must see event for
engineers.”
John Wilkins – Rittal Ltd
“A superb show. By the end of the
Tuesday we already knew that we
would be back in 2010.”
Dave Proud – KTR
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Replacement for
Electrolytic
Capacitor Banks
Irish Electronic Concepts offers two new series of filter
capacitors with high energy density which makes them
suitable to substitute electrolytic capacitors.
The UP3 and UL9 series are self-healing, metallised
polypropylene capacitors. The key advantages over
electrolytic capacitors are a life of at least 100,000hr at a
maximum temperature of 70°C, low ESL and ESR values, a
high current capability of triple the peak current and a
surge voltage capability of 1.5 times the rated voltage.
The rated voltage of the UP3 series extends from 700 to
3,000V, the maximum current to 100Arms and the
standard capacitance from 65 to 2,100µF with a tolerance
of 10%. Series resistance is in the range of 0.6 to 6.5mΩ, while the permitted peak currents are between 1,350 and 13,000A.
The dielectric strength between the case and the terminals is tested for 3kV at 50Hz for 10s.
Other routine tests are for capacitance, dissipation factor, series resistance, dielectric strength between the terminals and an external
inspection, all in accordance with IEC61071. The UL9 series is available with capacitances of 380 to 17,100µF. The terminals are available in
screw type and also available with solid bus terminals which are suitable for IGBT direct mounting. Additional capacitance values, voltages
and mechanics are available on request.
www.electronicconcepts.ie

100V DPAK PowerMOSFETs Smallest 6A/17V Buck
DC/DC Converter

NEC Electronics
Europe has
announced an
expansion of its NPSeries of Power
MOSFETs.
The two new
devices have a
breakthrough voltage
of 100V and
complement the
lineup of low-voltage
Power MOSFETs for
automotive
applications.
The NP28N10SDE and NP36N10SDE can switch currents up to 28 and 36A
respectively. Based on NEC Electronics’ UMOS-2 technology, the devices combine
on-resistance values of 41mΩ (NP28N10SDE) and 27mΩ (NP36N10SDE) with low
gate charge and input capacitance values. Both devices have logic level gate
drive capability and are housed in the popular TO-252 (DPAK) SMD package.
Like all members of the NP Series, the devices are qualified to AEC-Q101,
support a channel temperature up to 175°C and are fully RoHS-compliant thanks
to tin-plated leads. The new devices address the growing automotive demand for
Power MOSFETs with higher breakthrough voltage, such as DC/DC converters and
injection control for gasoline and diesel injection systems or lighting
applications like LED or HID lamps.

Texas Instruments offers the smallest single-chip, 6A/17V stepdown synchronous switcher with integrated FETs (SWIFT). The
TPS54620 is 60% smaller than today’s multi-chip converters,
resulting in a 6A power solution less than 195mm².
The 1.6MHz monolithic DC/DC converter integrates two highefficiency MOSFETs (26 and 19mΩ) and comes in a spacesaving, thermally enhanced 3.5 x 3.5mm monolithic QFN
package. Cyclone’s NexFET technology (PEE April 2009, pages
26-27) will be integrated in future SWIFT designs. The device
supports input voltages from 4.5 to 17V, allowing it to manage
space-constrained 5 and 12V point-of-load designs, such as
wireless base stations or high-density server.
In addition to size improvements, the TPS54620 offers a high
degree of performance and reliability, such as a highly accurate
voltage reference with 1% accuracy over temperature. Achieving
a 95% power conversion efficiency and a 25% lower onresistance than previous 6A SWIFT devices, the converter easily
powers digital signal processors (DSPs) and other embedded
processors, such as FPGAs and ASICs including power-good,
enable and tracking pins for sequencing.
In addition to the TPS54620, TI introduced its new TPS54418
4A switcher with integrated FETs, which supports input voltages
from 2.95 to 6V. The device switches up to 2MHz, can be
synchronized and achieve greater than 95% efficiency in a 3 x
3mm QFN package.

www.eu.necel.com/mosfet
www.ti.com/tps54620-pr
Power Electronics Europe
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200V IC for Automotive Powertrain
and Battery Management
International Rectifier has introduced the AUIRS2003S 200V IC for
low- mid- and high-voltage automotive applications including
automotive pre-charge switch and stepper drives and DC/DC
converters. Qualified to AEC-Q100 standards, the AUIRS2003S is a
rugged, flexible high speed Power MOSFET driver with dependent
high- and low-side referenced output channels tailored for use in
harsh automotive environments and under-the-hood applications.
The output drivers feature a high pulse current buffer stage
designed for minimum driver cross-conduction while the floating
channel can be used to drive an N-channel Power MOSFET in the
high-side configuration operating up to 200V. The new device also
offers low quiescent current that enables a low-cost bootstrap
power supply for the high-side circuitry. The AUIRS2003S features
high-side output in phase with the input signal and low-side output
out of phase with the input signal. The new device accepts input
logic levels of 3.3, 5 and 15V with standard CMOS or LSTTL outputs
and offers a comprehensive set of protection features including
under-voltage lockout (UVLO), deadtime protection, and negative
voltage spike (Vs) immunity to protect against catastrophic events
during high-current switching and short circuit conditions.
www.irf.com

Power MOSFETs for
Automotive Motion Control
Toshiba Electronics Europe (TEE)
has launched a new range of
power MOSFETs that is optimised
for motors used in fans, pumps
and other automotive motion
control applications. Available
with maximum voltage and
current ratings of 60V and 150A,
these new MOSFETs are based
on the U-MOS trench
semiconductor technology
contributing to typical onresistances as low as 1.7mΩ and
typical input capacitances down
to 4500pF. All of the new MOSFETs are supplied in TO220SM(W) package. This uses copper
connectors and a wide source terminal to drive down on-resistance and package inductance,
reduce thermal resistance, and ensure high current carrying capacity. The package is qualified
to AEC-Q101 at a channel temperature of 175ºC. A thickness of just 3.7mm means that it is
21% thinner than existing TO-220SM package technology.
Toshiba’s current line-up of TO220SM(W) automotive MOSFETs comprises five devices
with respective current/voltage ratings of -60V/-120A (TJ120F06J3); 40V/100A (TK100F04K3);
40V/150A (TK150F04K3); 60V/100A (TK100F06K3); and 60V/130A (TK130F06K3). Typical
RDS(ON) ratings range from 1.7 to 5.5mΩ, while typical Ciss and Qg ratings range from
4500pF and 98nC to 11500pF and 258nC.

VI Brick BCM Array
with Vertical Mount
Heatsink
The Brick Business Unit of Vicor Corporation
announced the VI Brick BCM Array. This is a highefficiency (typically 95%), high power (up to
650W), vertically mounted BCM array, that
provides isolation and conversion from 380V to
12 or 48V for low voltage distribution near the
Point-of-Load (POL). The combination of a high
voltage bus converter with an integrated heatsink
that simplifies thermal management and
minimises board space is unique and has already
been adopted by major customers.
The VI Brick BCM Array is intended for PFC
front-end applications, providing the capability of
a high voltage bus with minimal distribution
losses. This is an efficient solution for applications
using POL and is available with 384 and 352V
nominal input voltages, and output voltages of
11, 12, 44 and 48VDC.
The offline power can be bussed to the
motherboard and converted to either 48 or 12V,
which minimises distribution losses, reduces
conversion steps, improves efficiency and
reduces overall cost. In addition, less capacitance
required for energy storage near the load returns
further space and cost savings.

www.toshiba-components.com
www.vicorpower.com
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AC/DC Connverters

www.microsemi.com
Microsemi
Tel: 001 541 382 8028

Connectors & Terminal
Blocks
www.auxel.com
Auxel FTG
Tel: +44 (0)7714 699967

DC/DC Connverters
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Busbars

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Drivers ICS
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

DC/DC Connverters
www.microsemi.com
Microsemi
Tel: 001 541 382 8028

Fuses
www.powersemiconductors.co.uk
Power Semiconductors Ltd
Tel: +44 (0)1727 811110

GTO/Triacs
www.auxel.com
Auxel FTG
Tel: +44 (0)7714 699967

www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399
www.neutronltd.co.uk
Neutron Ltd
Tel: +44 (0)1460 242200

Capacitors

Hall Current Sensors

Direct Bonded Copper
(DPC Substrates)

www.dgseals.com
dgseals.com
Tel: 972 931 8463

www.hvca.com
HV Component Associates
Tel: +49 (0) 89/891 374 80
www.protocol-power.com
Protocol Power Products
Tel: +44 (0)1582 477737

Diodes

www.powersemiconductors.co.uk
Power Semiconductors Ltd
Tel: +44 (0)1727 811110
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www.curamik.co.uk
curamik䉸 electronics GmbH
Tel: +49 9645 9222 0

Discrete Semiconductors
www.digikey.com/europe
Digi-Key
Tel: +31 (0)53 484 9584

Certification
www.productapprovals.co.uk
Product Approvals Ltd
Tel: +44 (0)1588 620192

Harmonic Filters

www.hvca.com
HV Component Associates
Tel: +49 (0) 89/891 374 80

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

www.murata-europe.com
Murata Electronics (UK) Ltd
Tel: +44 (0)1252 811666
IGBTs
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
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www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616
www.microsemi.com
Microsemi
Tel: 001 541 382 8028
www.neutronltd.co.uk
Neutron Ltd
Tel: +44 (0)1460 242200

Packaging & Packaging Materials

Power Substrates
www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211

www.curamik.co.uk
curamik䉸 electronics GmbH
Tel: +49 9645 9222 0

Resistors & Potentiometers

Power ICs

www.isabellenhuette.de
Isabellenhütte Heusler GmbH KG
Tel: +49/(27 71) 9 34 2 82

www.digikey.com/europe
Digi-Key
Tel: +31 (0)53 484 9584

www.power.ti.com
Texas Instrumments
Tel: +44 (0)1604 663399

Thermal Management &
Heatsinks
www.curamik.co.uk
curamik䉸 electronics GmbH
Tel: +49 9645 9222 0

Simulation Software
Linear Converters
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399
Mosfets
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616
www.microsemi.com
Microsemi
Tel: 001 541 382 8028
www.neutronltd.co.uk
Neutron Ltd
Tel: +44 (0)1460 242200

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211

Power Modules
Smartpower Devices
www.auxel.com
Auxel FTG
Tel: +44 (0)7714 699967

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

www.dau-at.com
Dau GmbH & Co KG
Tel: +43 3143 23510
www.denka.co.jp
Denka Chemicals GmbH
Tel: +49 (0)211 13099 50
www.lairdtech.com
Laird Technologies Ltd
Tel: 00 44 1342 315044
www.power.ti.com
Texas Instrumments
Tel: +44 (0)1604 663399

Suppressors
www.universal-science.com
Universal Science Ltd
Tel: +44 (0)1908 222211

www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

Thyristors

www.microsemi.com
Microsemi
Tel: 001 541 382 8028

www.hvca.com
HV Component Associates
Tel: +49 (0) 89/891 374 80

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Switches & Relays

www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.mark5.com
Mark 5 Ltd
Tel: +44 (0)2392 618616

Optoelectronic Devices
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200

Power Protection Products
www.digikey.com/europe
Digi-Key
Tel: +31 (0)53 484 9584

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

Switched Mode Power
Supplies

www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

www.biaspower.com
Bias Power, LLC
Tel: 001 847 215 2427

Voltage References
www.irf.com
International Rectifier Co. (GB) Ltd
Tel: +44 (0)1737 227200
www.power.ti.com
Texas Instruments
Tel: +44 (0)1604 663399

ADVERTISERS INDEX
ADVERTISER
American Superconductors
Coilcraft

PAGE
23
7

ADVERTISER

PAGE

International Rectifier

OBC

Isabellenhutte

9

CT Concepts

31

Ixys

34

Danfoss

27

Microsemi Power

10

DAU

10

Mitsubishi

Drives and Controls 2010

38

PCIM 2010

Fuji
Infineon

Issue 6 2009

8
IFC

4
IBC

Semikron

11

The Bergquist Company

17

Power Electronics Europe

43_PEE_Issue 6_2009_43_PEE_Issue 6_2009 02/09/2009 14:57 Page 1
C

M

Y

CM

MY

CY CMY

K

2010
International Exhibition
& Conference for

POWER ELECTRONICS
INTELLIGENT MOTION
POWER QUALITY
4 – 6 May 2010
Exhibition Centre Nuremberg

f
E
or
f
r
e
w
o
P

e
i
c
fi

y
c
n

!

Veranstalter/Organizer: Mesago PCIM GmbH, Rotebühlstraße 83-85, D-70178 Stuttgart, Phone: +49 711 61946-0, Fax: +49 711 61946-90, pcim@mesago.com, www.pcim.de

44_PEE_Issue 6_2009_44_PEE_Issue 6_2009 02/09/2009 14:53 Page 1

Rugged, Reliable
Automotive-Qualified 600V ICs
Part Number

Package

VOFFSET

VOUT

IO+ & IO(typical)

tON & tOFF
(typical)

AUIRS2123S

SOIC8

600V

10V - 20V

500mA

140 ns & 140 ns

AUIRS2124S

SOIC8

600V

10V - 20V

500mA

140 ns & 140 ns

The AUIRS212xS family of 600V, single
channel high-side driver ICs for low-,
mid-, and high-voltage automotive
applications features exceptional
negative Vs immunity to deliver the
ruggedness and reliability essential for
harsh environments and automotive
under-the-hood applications.
Features

VBUS
VS Undershoot

VS -COM

Greater
protection
against a
“negative Vs”
event

• Designed and characterized to be
tolerant to repetitive Vs transient
voltage
• Fully operational up to 600V
• Tolerant to large dV/ dt
• Under voltage lockout
• Lead-free, RoHS compliant
• Automotive qualified per AEC-Q100

-VS

tt

For more information call +33 (0) 1 64 86 49 53 or +49 (0) 6102 884 311
or visit us at www.irf.com
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