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Email: armin@eurokom-media.de
UK
Steve Regnier, Tim Anstee

COVER STORY

After the Silicon Carbide User Forums organised by ECPE in 2006 and 2007, the
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and device development. The third User Forum (September 11-12, Barcelona,
Spain) also considered other wide bandgap devices for the first time, in particular
Gallium Nitride (GaN).
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Shunt Current Measuring
up to 800A in the Inverter

Reliability means various things to various people, but the bottom line is cost, in a
broad sense. Engineers must abide by the ethical standard of their employers, yet,
as moral individuals, they must continually subordinate economic benefits to
moral imperatives. Sabin Lupan, International Rectifier, El Segundo, USA
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In 2005, Siemens Drive Technologies introduced the
first large inverter using shunts for phase current
measuring and brought it into series production. It
wasn’t until recently that the power output was
extended to 132kW with the new SINAMICS G120
series. Back then, the joint development between
Siemens, Semikron and Isabellenhütte laid the
foundations for being able to measure currents of up
to 800A today. This article looks back at past events
and takes a glimpse into the future: how was this
technological change successful and what possibilities
do future developments have to offer?
Full story on page 20.
Cover supplied by Isabellenhütte, Germany

Intelligent Power Modules Drive
Public Transport
Power electronic systems are used in day-to-day applications. The sophisticated
technology behind the scenes, however, often goes unnoticed. The utmost care,
therefore, has been taken to guarantee the reliability of the power electronics
driving the vehicle. This article outlines the cooperation between two
manufacturers that fulfil the demands for public transport. Dr. Ladislav Sobotka,
ŠKODA ELECTRIC, Pilsen, Czech Republic and Ralf Herrmann, SEMIKRON,
Nuremberg, Germany
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Automotive Applications Benefit from
Multiphase Boosters
Multiphase operation results in lower component stresses, smaller input and output
capacitance, smaller solution size, better thermal management, and lower output
noise. The new LTC3862 serves the needs of step-up power supplies from 100 to
1000W in automotive fuel injection systems and high power audio amplifiers.
Bruce Haug and Tick Houk, Linear Technology, Milpitas, USA
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OPINION 5

The IGBT Remains the Workhorse of
Power Electronics
The fast progress in IGBT cell designs (planar, trench, enhancement
layers) and bulk technologies (Punch-Through PT, Non-PunchThrough NPT, Soft-Punch-Through SPT or Field Stop FS) which
started from a low current and low voltage origin has resulted in the
device’s wide employment in many high voltage applications. Today,
high power IGBT press-pack and insulated modules have
voltage/current ratings ranging from 1700V/3600A to 6500V/750A.
The most recent low loss and high SOA (safe operating area)
improvements for high voltage IGBTs were mainly due to the
introduction of the SPT or FS thinner silicon concepts, combined
with advanced enhanced planar or trench emitter structures. Similar
advances were also achieved for the anti-parallel freewheeling diode
to match
theScharf
continuously improving IGBT, said ABB’s Munaf
Achim
Rahimo
his presentation on ‘High Voltage Semiconductor
PEEinEditor
Technologies’ at EPE 2009.
Currently, it could appear that the development of high voltage
silicon power devices has reached a limit with regards to further
reductions in the device total losses. The state-of-the-art SPT/FS
structures are close to the so-called ‘Silicon Design Limits’ from the
thickness point of view, and the emitter plasma enhancement will
only provide smaller steps with fine optimisation of the IGBT cell
designs. In addition, the extremely robust modern IGBT designs
already provide the necessary SOA performance with adequate
margins. Hence, one can conclude that the possibility for achieving
major leaps in increased power densities for silicon is becoming
more restricted. Although, increasing the device total area
monolithically or equally through device paralleling can provide the
higher power solution for some applications, this approach will
remain selective due to its negative impact on the cost, size and
complexity of the overall system. Therefore, the quest for more
advance device concepts will remain as the trend continues for next
generation megawatt systems with increased efficiencies.
Today, by carrying out a standard performance study of state-ofthe-art high power IGBT modules, one can clearly see that the main
limiting factor in terms of maximum output current capability is the
diode in both inverter and rectifier mode operation. In addition, the
diode also presents another major restriction with regard to its surge
current capability. Both limits are clearly a result of the limited diode
area available in a given package footprint design which has a typical
IGBT to diode area ratio of around 2:1. This limit in the diode
current capability was fundamentally established after the
introduction of modern low-loss IGBT designs.
This leads to the conclusion that the development effort must
target an improved diode performance to match at least the current
IGBT designs. In other words, there is currently no need for
improved switch generations for many VSI applications, unless the
diode experiences a major revolution in terms of reduced losses
and thus, higher power capabilities. In order to increase the power
density of high voltage IGBT modules while also solving the real
limiting factors due to the diode performance, an IGBT and diode
integration solution is needed, or what has been normally referred
to as a Reverse Conducting RC-IGBT. The practical realisation of a
single-chip technology will provide an ideal solution for next
generation high voltage applications demanding compact systems
with higher power levels, which is proving to be beyond the
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capability of the standard two-chip approach. Similar to power
MOSFETs, the traditional goal for a reverse conducting device having
an integral diode is to obtain higher power for a given footprint
package area by eliminating the need for a separate anti-parallel
diode. Recent development efforts in the direction of solving the
above aspects have resulted in an advanced high voltage RC-IGBT
concept referred to as the Bi-mode Insulated Gate Transistor.
Furthermore, there are continuous developments in Wide BandGap (WBG) materials such as Silicon Carbide and Gallium Nitride
for power semiconductors, due to its ten-fold thinner base region
structures having substantial loss reduction potentials and the high
operating temperature capability when compared to silicon. SiC
Schottky diodes with voltage ratings of typically 600 and 1200V are
commercially available from various vendors such as Cree,
Infineon/SiCED or ST Microelectronics and are used in different
kinds of converters, often together with Silicon transistors; this
combination permits to significantly reduce switching losses, thus to
downsize the transistors or to increase efficiency. At the 3rd ECPE
SiC Forum SiCED’s Peter Friedrichs pointed out that for the near
future a displacement of Silicon in power electronics is not visible
today and thus, smart Si/SiC combinations will be promoted first.
Japan is obviously on the forefront with research and industrial
activities, from crystal growth and wafer processing up to system
design, as illustrated by Hajime Okumura from the National Institute
of Advanced Industrial Science and technology (AIST). Rohm is one
of the first to offer trench SiC MOSFETs, a SiC-SBD/MOSFET
cdombination and a SiC inverter circuit rated at 280kW
(1200V/230A).
Nevertheless, Silicon Carbide and Gallium Nitride will have to wait
for a breakthrough in higher power applications, though incremental
improvements have been reported at EPE 2009 and the 3rd SiC
Forum (see also the following pages).
Enjoy reading!

Achim Scharf
PEE Editor
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MARKET NEWS

Visibility Improves for Global
Semiconductor Market
Strong second-quarter sequential growth along with improving supply chain visibility and semiconductor
demand trends has prompted iSuppli to upgrade its forecast of 2009 chip sales.
The market researcher now predicts
global chip sales will decline by
16.5% in 2009, compared to the
publicly announced forecast
previously of a 23% drop. “Lack of
visibility from the end market and
through the electronics supply chain
was a major problem for
semiconductor suppliers in the first
quarter”, said analyst Dale Ford.
“However, due to a stabilising
economic environment in the
second quarter and improving supply
chain visibility, semiconductor
shipments rebounded as inventories
were replenished and modest
forward-looking purchases were
made. In the history of the
semiconductor industry, the market
has never had a cycle like this one.
Semiconductor sales have always
been subject to a cyclical growth
pattern that sees a move from a low
point, through one or more supplychain balancing periods and then to
an eventual peak in revenue.
However, the most recent cycle,
starting in February 2006, was
robbed of its peak. Just as the
industry had achieved a balanced
supply chain and was starting to
move toward a peak, the global
economic crisis drove the industry
down“, Ford said.
For the semiconductor industry,
this means a both a long and painful
downturn. While revenue began
growing on a sequential basis in the
second quarter of 2009, sales will
not begin to increase on a year-toyear basis until May 2010. This

iSuppli’s current forecast of global semiconductor revenue

means the industry will endure 20
months without year-over-year
revenue growth, compared to the
17-month downturn that the industry
experienced during the 2001-2002
decline. While 2010 will bring a
return to growth in the
semiconductor industry with a 14%
rise compared to 2009, the market
won’t return to its 2007, predownturn level until 2012. Global
semiconductor revenue will rise to
$283 billion in 2012, compared to
$273 billion in 2007.
Revenue from sales of
semiconductors to the consumer
electronics industry is estimated to
have surged by 28% in the third
quarter 2009 compared to the
second. This was the biggest

increase of the largest-sized
application markets for chips. Chip
sales to the smaller automotive
sector grew by an even more
impressive 30%, boosted by the
Cash for Clunkers program in the
United States and stimulus efforts in
China.
Digital power market gets
charged up
In contrast, having overcome
some fundamental hurdles, suppliers
of digital power semiconductors
have aligned behind Digital
Controllers of Power (DCPs), setting
the stage for a nearly sevenfold rise
in revenue by 2013. Global sales of
digital power semiconductors are set
to increase to $821 million in 2013,

up from $127 million in 2008.
The digital power semiconductor
market consists of two types of
products: Digital Power Managers
(DPMs) and DCPs. While DPMs
currently dominate the market,
DCPs will experience more rapid
growth in the coming years. Global
revenue from shipments of DCPs
are set to rise to $236 million in
2013, up from just $16 million in
2008. The biggest growth in
demand for digital power
semiconductors will be driven by
high-end servers, as well as datacom
and telecom equipment. By the year
2011, growth is expected to pick up
in the lower-end compute markets
such as notebook PCs and graphic
cards. “Over the past five years, the

iSuppli’s forecast of global powermanagement revenue for DCPs and DPMs
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Motor Control
Mitsubishi, a leading manufacturer of Power Modules, offers a
variety of products like IGBT Module, Intelligent Power Module
(IPM), DIPCIB and DIPIPM for a wide range of Industrial Motor
Control applications. Covering a drive range from 0.4 kW to
several 100 kW, the RoHS compliant modules with the latest

chip and production technologies ensure the best efficiency
and the highest reliability. The easy to use features, compact
size and mechanical compatibility with previous generations
make the offered products more attractive on the market.
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digital power chip market has made
extraordinary advances”, commented
analyst Marijana Vukicevic. “These
include power-stage integration, the
mixing of digital circuitry with analog
and the arrival of bus communication
capabilities in the form of PMBus
and I²C. All these developments
have established the path for DCP”.
DPMs are devices that use digital
information to manage the overall
functioning of the power system and
the power supplies within it. With
DPMs, digital signals are used for
communication to and from the

power supplies, in order to monitor
and manage a number of tasks,
including power-up, sequencing, load
sharing and balancing, fault
conditions, hot-swapping and
maintenance issues. DCPs are
controllers that use digital techniques
to control the power-switching
functions within a power supply unit.
In its most theoretical form, this
means performing the analog-todigital conversion as early as possible,
so that all feedback and control
functions in the supply are processed
in the digital domain.

Some major players in the
semiconductor industry are jockeying
for position in the DCP market via the
acquisition and purchase of assets.
Infineon Technologies in 2008
purchased Primarion, which offers
DCP products. Also in 2008, Exar
purchased Fyrestorm IP related to
DCP. In the same year, Intersil
acquired Zilker Labs, which offers
DCP products as well. In early 2009,
Texas Instruments acquired CICLON
Semiconductor Device, which offers a
fast and efficient power MOSFET
product line that could be integrated

with TI’s DCP products and improve
system efficiency tremendously. In
other developments, Linear
Technology, Infineon, Texas
Instruments and Powervation
licensed Power-One’s digital power
patents, which relate to digital power
technology for use in DCP products.
Power-One’s position in DCP was
solidified by its patent litigation victory
over Emerson Network Power in the
area of systems-level communication
in point-of-load applications.
www.isuppli.com

New Power Electronics
eCommerce Portal
The B2B eCommerce Portal of
SindoPower, a holding company
of the SEMIKRON Group, went
live in September 2009. The
unique feature of this portal is
the comprehensive
technological support service
and information pool through
technology chatroom and
forum, E-mail and telephone
service. This provides users with
personal online and telephone
support in all matters relating
to power electronics.
The SindoPower range boasts
very good stock availability for
IGBT modules, diode/thyristor
modules, bridge rectifiers, CIB
modules, as well as for discrete
diodes and thyristors. Special
types and modules of lower
demand are available on request.
Orders may also be split up
online for delivery at different
times to enable customers to
benefit from scaled discounts.

“We are undertaking to meet the
typical challenges that arise in
relation to purchasing demands
and inquiries”, states Dr. Walter
Demmelhuber, CEO of
SindoPower. “The slogan ‘Power
electronics in the web’ is not
intended to simply reflect the
presence of power electronics
on the internet, but is also
hoped to set new standards in
B2B order procedures, access to
information and user
networking. We analyse the
contents of customer inquiries
regularly and put the answers to
frequently asked questions
online”.
SindoPower also offers a
number of additional services,
such as express shipping, fax
order placement, electronic
invoicing, online consignment
tracking and connection to an
EDI interface. In the future,
presentations and web

seminars containing audio
recordings on a variety of topics
relating to power electronics
will also be available. To
register, all users have to do is
complete the online registration
form. Products can be easily
found, either using the full-text
search option with name,

number or product
abbreviation, via the search by
category feature or parameter
search mask (search by current,
voltage, topology and design) or
by performing a thermal
simulation.
www.sindopower.com

UPS Market Grows Modestly in Second Quarter
The global market for uninterruptible
power supply hardware (UPS) grew
by just 5% in Q2 from the previous
quarter according to IMS Research’s
latest analysis of the market. The
small quarterly increase highlights the
UPS market’s turmoil, and means
that year-on-year revenues in 2Q09
plummeted over 25% from the
record levels seen in early 2008.
However, this humble sequential
Power Electronics Europe

growth is in contrast to 1Q09 when
revenues sank by over 20% from
4Q08. “Historically, the UPS market
has exhibited seasonal behaviour
with the second half of the year
outperforming the first”, commented
analyst Jason dePreaux. “Though
this pattern looks to continue for the
rest of 2009, the market has a deep
hole to climb out of”. IMS Research
projects that the global UPS market

will be down nearly 20% in 2009,
followed by a slow recovery due to
weakened demand for IT hardware
and the long project lead times of
three-phase systems. In spite of the
sequential market increase, the
world UPS market lost nearly $1
billion in the first-half of this year
compared to the first-half of 2008,
with all regions and power
segments performing poorly. Sub-

100kVA UPS is forecast to recover
early in 2010, followed later in the
year by higher power segments.
Greatest long-term growth is
predicted for >100kVA UPS, as outsourced commercial computing
drives the need for robust and
reliable back-up power solutions at
large facilities.
www.imsresearch.com
Issue 7 2009
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Teaming in (Hybrid) Electric Vehicles
Italy-based Magneti Marelli and
STMicroelectronics have signed
a memorandum of
understanding that lays the
foundations for an agreement in
the sector of power electronics
modules and components for
energy conversion electronic
systems (inverter) to be fitted on
hybrid and electric vehicles.
The future agreement is

geared towards extending to
mass-produced vehicles the
existing collaboration between
Magneti Marelli and
STMicroelectronics in Formula 1,
with regards to the energy
conversion system (inverter) for
the KERS (Kinetic Energy
Recovery System) used in
Formula 1 racing. The goal is to
develop and produce inverters

for hybrid and electric
engines in mass-produced
vehicles that combine high
performance with low cost
and compact size. “In the
perspective of building a strong
position as supplier of
strategic components and
systems for hybrid and electric
engines, this memorandum of
understanding paves the way

toward a second crucial piece of
our offer, after our recent
agreement with FAAM
concerning lithium traction
batteries“, stated CEO
Eugenio Razelli. Magneti
Marelli's is part of the Fiat
Group,its turnover was 5.4
billion Euros in 2008.
www.magnetimarelli.com

Microsemi Helps Power Belgian Bid to
Win Solar Challenge
Microsemi acts as sponsor of the
Umicore Belgian Solar Team in the
tenth World Solar Challenge event in
Australia from 24to 31 October 2009.
Participants will compete on a 3000kilometer course from Darwin to
Adelaide, in cars fueled only by solar
energy.
A bronze-level sponsor of the
Umicore Belgian team, Microsemi was
selected to provide critical solar bypass
diodes for power-generation panels in
the team’s car, an application not
unlike how the company’s products are
used in satellite solar panels. The
bypass diodes are part of energymanagement products for applications
in alternative energy, oil and gas
exploration, electric vehicles, energy
saving (including intelligent lighting
control), and plasma generation for
semiconductor, solar cell, LCD panel,

and industrial glass manufacturing. In
addition to its bypass diodes for
satellite solar panels, Microsemi also
offers a variety of other solar products,
including bypass integrated circuits and
power modules for solar inverters.
“Microsemi is pleased to be supporting
the Belgian Solar Vehicle Team in its
bid to better its impressive second
place finish in the 2007
championships”, said Bertho Simons,
director of Microsemi’s European solar
program. “We share the team’s goal of
demonstrating innovation excellence
while raising energy awareness, and
we appreciate this opportunity to
highlight our commitment to delivering
high-quality, high-performance solar
and other energy products and
technologies for a cleaner, greener
world”.
The biennial World Solar Challenge is

part of the Global Green Challenge,
which is an evolution of the historic and
very successful World Solar Challenge
that has been staged since 1987. The
Global Green Challenge combines the
technical brilliance of the Solar Cars
with the practical results of low
emission vehicles destined to the
marketplace and individually tested
against the harshness of the Australian

Environment. In recent years the event
has featured a demonstration of
practical technology. The practical
technologies aspect has come of age
and will be presented as a competition
with measurable results as an Eco
Challenge for a range of low emission
and alternative fuel supply vehicles.
www.globalgreenchallenge.com.au

Nanocrystalline Chokes in Record-breaking Solar Inverter
The German Fraunhofer Institute for
Solar Energy Systems (ISE) has
established a new world record for the
efficiency of inverters in photovoltaic
systems, a remarkable 99.03% (see
PEE 6/2009, page 12-13). Losses
have been slashed by one third
compared to their previous best result,
by employing SiC components and
improved circuit technology. One of
the new components helping them to
achieve this comes from VAC’s
common mode filter chokes.
Thanks to the high permeability of
VITROPERM 500F, the nanocrystalline
Issue 7 2009

material used for the choke cores, only
a very low number of turns is required
to achieve the required filter
characteristics. Because of this, the
wire diameter can be increased for a
predefined construction volume, thus
reducing the resistive copper losses of
the choke and improving the overall
system efficiency. In comparison to
conventional materials for chokes, this
core material generally enables the
overall volume of the choke to be
reduced or, for a given volume, the
cross-sectional area of the windings to
be increased for maximum efficiency,

as demonstrated by the inverter
design. The material is mainly
composed of inexpensive iron (Fe
content about 75%), thus the chokes
are less susceptible to the significant
fluctuations in raw material price of
other common metals such as copper
and nickel as have been recently seen.
Other benefits of nanocrystalline
common mode chokes are their
broadband damping properties, thanks
to the optimum blend of high material
permeability in the low-frequency
range and a low winding capacitance
for good high frequency properties.

Thanks to these properties, in many
cases, the value of EMI filter capacitors
can be reduced or which may reduce
the number of passive components
necessary. In other cases, it is even
possible to reduce two stage filters to
single stage designs. Another major
advantage of VITROPERM common
mode chokes is the virtually
temperature-independent performance
up to 150°C and beyond, assuring
stable filter characteristics in high
ambient temperature applications.
www.vacuumschmelze.com
Power Electronics Europe

p11-14 EPE Report.qxd_New Market News Template 14/10/2009 10:38 Page 11

EPE 2009 11

Progress in High and Medium
Power Semiconductors
EPE 2009 from September 8-10 in Barcelona attracted around 1000 delegates, making it the largest Power
Electronics Conference in Europe. In our first EPE report (see PEE 6/2009, pages 12-13) we focused on
the keynotes covering SiC and PV inverters. The second report illustrates the progress in high and medium
power semiconductors over recent years.
High voltage semiconductor devices
continue to play a major role in
modern megawatt power systems,
especially in the fields of traction,
transmission and distribution (T&D)
and industrial applications. The main
development trend of power devices
has always been focused on
increasing the powerratings, while
improving the overall device
performance in terms of reduced
losses, increased robustness, better
controllability and reliable behaviour
under normal and fault conditions.
ABB’s Munaf Rahimo introduced
some recent device developments
and future trends to illustrate what can
be expected in the coming years from
the power device performance
viewpoint.

new high power system designs.
In the megawatt range, three types
of switching devices are dominant;
the Phase Controlled Thyrsitor (PCT),
the Integrated Gate Commutated
Thyristor (IGCT) and the Insulated
Gate Bipolar Transistor (IGBT). One
must also not forget the companion
Fast Recovery Diode (FRD)

employed in such applications as a
snubber and/or freewheeling rectifier.
The PCT has been the main power
semiconductor for High-VoltageDirect-Current (HVDC) classic
systems due to its exceptional low onstate losses and very high power
handling capability. With an increased
demand for even higher power

ratings, larger area 150mm PCTs
(125mm being state-of-the-art) with
rating up to 8.5kV and 4000A were
developed for employment in the
latest Ultra HVDC systems with the
total transmission power exceeding
7GW. Nevertheless, due to the better
availability of asymmetric power
semiconductors compared to

EPE Chairmen Prof. Enrique Dede (right) and Prof. Juan Peracaula were proud to announce the yet most successful EPE Conference
Photo: AS

IGCTs and IGBTs
Modern high power systems in
the megawatt range such as traction,
transmission and distribution (T&D)
and industrial drives continue to seek
improvements at the power
semiconductor device level. Despite
the fact that a wide range of high
voltage devices with attractive
electrical characteristics exist, higher
power and superior overall
performance remain as the main
targets for satisfying the demands of

TOSHIBA’S COMPACT SUPER JUNCTION
POWER MOSFETS - LOWEST RDS(ON) x Qg
AND RUGGED CHIPS
Toshiba’s innovative new family of DTMOS II power MOSFETs are now available not only with
a maximum VDSS rating of 600V but also with 650V. The range makes your solutions more
efficient, thanks to faster switching speed, linked with lowest RDS(ON) x Q(g) performance.
Our compact smart isolation TO220SIS package combined with the copper connector
technology, have made the new Toshiba DTMOS II MOSFETs hard to resist. And, if you
need higher power, our TO-3P(N) package are available too.
Visit us today at www.toshiba-components.com/power
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symmetrical devices, the VSI-topology
(Voltage Source Inverter) has achieved
a dominant position in the field of
frequency conversion in many high
power applications including HVDC in
the lower power range (<1GW). In
addition, to achieve the required
control levels in such applications,
turn-off devices are almost mandatory
and the choice available today is
between the IGCT and the IGBT.
Since its introduction in the mid
1990s, the IGCT has established
itself as the device of choice for
Medium Voltage Drives (MVD),
mainly for industrial applications, and
has also been used in many other
systems such as wind-power
conversion, STATCOMs, and interties
to name a few. Due to the
integration with a low inductive gate
unit, this GTO-based device conducts
like a thyristor (i.e low on-state
losses) and turns off like a transistor
(i.e. hard switching). Compared with
the GTO, the IGCT concept allows for
the commutation of high currents
without the need of snubbers, thus
simplifying the circuit compared with
a GTO-solution significantly. The IGCT
is available as asymmetric and
reverse conducting devices where
the latter has an integrated freewheel diode, having been optimised
for VSI applications. Today, IGCTs
have voltage ratings ranging from 4.5
up to 6.5kV for enabling three-level
VSI inverters beyond 4.16 kV. The
recently introduced High Power
Technology HPT-IGCT gives an
increase in the IGCT-SOA (Safe
Operating Area) of up to 50%, thus
providing new perspectives for
control and fault handling, compared
to the standard devices.
A wide range of IGBT products
continue to provide megawatt
applications such as traction, industrial
drives and transmission and
distribution with optimum components
which have enabled a clear leap in
power levels with each improved
generation. The IGBT, with its inherent
advantages including a controlled low
power driving requirement and shortcircuit self-limiting capability, has
experienced many performance
breakthroughs in the past two decades.
The fast progress in IGBT cell designs
(planar, trench, enhancement layers)
and bulk technologies (Punch-Through
PT, Non-Punch-Through NPT, SoftPunch-Through SPT or Field Stop FS),
which started from a low current and
low voltage origin, has resulted in the
device’s wide employment in many
Issue 7 2009

ABB’s BIGT
combines an IGBT
and freewheeling
diode on one chip

high voltage applications. Today, high
power IGBT press-pack and insulated
modules have voltage/current ratings
ranging from 1700V/3600A to
6500V/750A. The most recent low loss
and high SOA improvements for high
voltage IGBTs were mainly due to the
introduction of the SPT or FS thinner
silicon concepts, combined with
advanced enhanced planar or trench
emitter structures. Similar advances
were also achieved for the anti-parallel
freewheeling diode to match the
continuously improving IGBT.
Currently, it could appear that the
development of high voltage silicon
power devices has reached a limit
with regards to further reductions in
the device total losses. The state-ofthe-art SPT/FS structures are close
to the so-called ‘Silicon Design
Limits’ from the thickness point of
view, and the emitter plasma
enhancement will only provide
smaller steps with fine optimisation
of the IGBT cell designs. In addition,
the extremely robust modern IGBT
designs already provide the
necessary SOA performance with
adequate margins. Hence, one can
conclude that the possibility for
achieving major leaps in increased
power densities for silicon is
becoming more restricted. Although,
increasing the device total area
monolithically or equally through
device paralleling can provide the
higher power solution for some
applications, this approach will
remain selective due to its negative
impact on the cost, size and
complexity of the overall system.
Therefore, the quest for more
advance device concepts will
remain as the trend continues for
next generation megawatt systems

with increased efficiencies.
The assumed technological barrier
or silicon limit has led to the recent
trend towards increased operating
temperatures compared to the
traditional 125°C maximum junction
temperatures operation limit. The low
losses and high SOA of modern
IGBTs and diodes has enabled this
step to be taken while also focusing
on reduced leakage currents and
improved package reliability as the
major limiting factors. An increase of
around 10 to 15% in total output
current capability can be predicted
with this approach.
Today, by carrying out a standard
performance study of state-of-the-art
high power IGBT modules, one can
clearly see that the main limiting
factor in terms of maximum output
current capability (i.e. power density)
is the diode in both inverter and
rectifier mode operation. In addition,
the diode also presents another
major restriction with regard to its
surge current capability. Both limits
are clearly a result of the limited
diode area available in a given
package footprint design which has a
typical IGBT to diode area ratio of
around 2:1. This limit in the diode
current capability was fundamentally
established after the introduction of
modern low-loss IGBT designs.
This leads to the conclusion that
the development effort must target
an improved diode performance to
match at least the current IGBT
designs. In other words, there is
currently no need for improved
switch generations for many VSI
applications, unless the diode
experiences a major revolution in
terms of reduced losses and thus,
higher power capabilities.

Using the internal diode
In order to increase the power
density of high voltage IGBT
modules, while also solving the real
limiting factors due to the diode
performance, an IGBT and diode
integration solution is needed, or
what has been normally referred to
as a Reverse Conducting RC-IGBT.
The practical realisation of a singlechip technology will provide an ideal
solution for next generation high
voltage applications demanding
compact systems with higher power
levels, which is proving to be
beyond the capability of the
standard two-chip approach. Similar
to power MOSFETs, the traditional
goal for a reverse conducting device
having an integral diode is to obtain
higher power for a given footprint
package area by eliminating the
need for a separate anti-parallel
diode. Recent development efforts
in the direction of solving the above
aspects have resulted in an
advanced high voltage RC-IGBT
concept referred to as the Bi-mode
Insulated Gate Transistor (BIGT, see
also PEE 5/2009, pages 28-30).
The BIGT exhibits low losses in both
modes of operation with, no typical
snap-back behaviour in the transistor
on-state mode when compared to a
standard RC-IGBT, while also
maintaining high levels of SOA
performance. In addition, the BIGT
offers a number of device performance
advantages such a soft switching
behaviour under extreme conditions
and better diode mode surge current
capability. The initial BIGT technology
demonstrators were mainly developed
for high voltage devices rated at
3300V. High current 3.3kV BIGT
HiPak1 modules were then fabricated
Power Electronics Europe
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and tested under conditions similar to those applied to
state-of-the-art IGBT modules. The BIGT module contained
24 BIGT chips for the estimated current rating of 1500A.
This module can practically replace a similarly rated larger
HiPak2 module which normally contains 24 IGBTs and 12
diodes.
Furthermore, there are continuous developments in
Wide Band-Gap (WBG) materials such as SiC and GaN
for power semiconductors, due to its ten-fold thinner
base region structures having substantial loss reduction
potentials and the high operating temperature
capability when compared to silicon. With the clear
progress achieved for ultra-fast unipolar power diodes
rated up to 1700V and the many switch concepts
demonstrated recently, WBG power devices are now
being regarded as the next major performance leap.
Nevertheless, the current cost of such devices and
some technological and performance aspects yet to be
fully resolved, especially for higher voltage/current
devices, will continue to seriously delay the introduction
of WBG components in megawatt applications. This,
while also taking into account that silicon power
devices, could still provide another major breakthrough
in performance.

temperature is determined by a combination of
the MOSFET channel and drift/JFFET regions. The
resistance of the MOSFET channel and drift/JFET
regions tend to cancel over temperature, resulting
in much reduced temperature dependence of the
total on-resistance of the SiC MOSSFET. Lastly, the
channel mobility of the SiC MOSFEET is not as
high as the silicon MOSFET. Therefore, a shorter
channel length is required to maximise
transconductance.
The modest transconductance and shortchannel effects are important to consider when
using the device. First, the low
transconductance illustrates the need for a high

amount of gate drive voltage. Second, the
rather large triode region will have impacts on
certain types of fault detection schemes, chiefly
the active de-saturation circuits. Some of these
designs assume that the switching device
enters a fairly high impedance constant current
and/or transconductance saturation region
during over-current faults.
A usual method of detecting an over-currrent
is to coordinate the switch gate drive and
transconductance characteristics, so that the
switch enters a constant current mode when
this type of fault occurs. This causes the switch
voltage to rise quickly when the fault occurs,

SiC MOSFETs ahead
Cree’s Anant Agarwal described and compared the
characteristics of Silicon Carbide, 1200V/20A MOSFETs
from a user’s perspective with Si 900V Super Junction
MOSFET (SJMOSFET), Si 1200V MOSFET and IGBTs. The
advantages of SiC MOSFETs are their lower turn-off
losses, lower conduction losses and lower gate charge
(see also ‘Pros and Cons for Silicon Carbide MOSFETs,
JFETs and BJTs’, PEE 5/2009, pages 19-22). However,
they have low output impedance, low transconductance
and low threshold voltage. These factors should be taken
into account when designing the gate drive and fault
detection circuits. The use of the internal body diode is
not recommended for SiC MOSFETs, due to its high
voltage drop and therefore, an external SiC Schottky diode
is recommended. The absence of turn-off current tail
results in voltage overshoot and ringing and therefore,
careful minimisation of parasitics in the gate drive and
load circuits is required.
The SiC MOSFET has unique capabilities that make it a
superior switch when compared to its silicon
counterparts. However, there are some unique operating
characteristics that need to be understood so that the
device can be used to its full potential.
In typical silicon (Si) vertical MOSFETs, the total onresistance of the device is the sum of the MOSFET channel,
JFET region, and drift region. As the voltage rating of the
device increases, the overall on-resistance of the silicon
MOSFET becomes dominated by the drift region resistance.
Therefore, the variation in on-resistance with temperature is
dominated by the drift region resistance, resulting in the
customary doubling of on-resistance from room to
maximum junction temperature. The transconductance of
the silicon MOSFET is usually quite high.
In a SiC MOSFET, the order of magnitude higher
breakdown field of silicon carbide over with silicon affords a
much thinner drift region and higher doping for a given
voltage rating. This minimises the resistance of the drift
region. The net result is that for SiC 1.2kV MOSFETs, the
total device on-resistance is not dominated by the drift layer
resistance. Hence, the variation of on-resistance with
Power Electronics Europe

Issue 7 2009

p11-14 EPE Report.qxd_New Market News Template 14/10/2009 10:39 Page 14

14 EPE 2009

providing a very robust and easy to
detect signal to trip the active desaturation detector. In the SiC
MOSFET case, the output
immpedance is lower and the device
does not go into a clean constant
current region during this type of
over-current fault, especially under
moderate over-currents. Therefore,
the drain to source voltage will not
increase as much. These
characteristics of the SiC MOSFET
need to be carefully considered in
fault protection schemes.
In summary: The modest
transconductance along with the
low threshold voltage require higher
gate voltage with fast rise and fall
times. Fidelity of the gate signal
needs to be carefully managed to
prevent unintentional turn-on or
turn-off. This needs to be carefully
considered when attempting to
replace a Si switch with a SiC
MOSFET in an existing system. The
lower gate charge mitigates the
effects of higher gate swing,
resulting in low gate drive power
requirements. The turn-off voltage
overshoot and ringing are more
pronounced when compared to an
IGBT, due to the lack of a current
tail. Careful management of gate
drive and load parasitics are
required. The anti-parallel diode has
a 2.5 to 2.7V forward voltage, but a
substantially lower reverse recovery
charge when compared to a Si
SJMOSFET. Use of this diode is not
recommended due to its high
forward drop. An external SiC JBS
diode is suggested. Selection of the
anti-parallel SiC JBS diode must be
carefully done to ensure that the
body diode does not conduct. SiC
MOSFETs have passed preliminary
reliability tests and thus, will be
commercially available soon.
Progress in Superjunction
MOSFETs
Infineon’s Holger Kapels illustrated
the progress in Superjunction MOS
devices – from device development
towards system optimisation. Since
their market introduction in 1998,
Superjunction devices have
conquered a steadily rising portion of
the market for high-voltage MOSFETs
such as computer and telecom
power supplies, lighting, consumer
applications and some industrial
areas as photovoltaic converters.
The C6 series is Infineon’s fifth
CoolMOS generation of MOSFETs.
With the predecessor CoolMOS C3
Issue 7 2009

Infineon’s new Superjunction MOSFET generation competes with SiC MOSFETs

and CoolMOS CP series, the
company has continuously increased
the switching speed and reduced the
on-resistance. While the CoolMOS C3
devices are quite universal, the CP
family addresses dedicated
applications requiring highest
switching speed and lowest onresistance related to the package.
Superjunction devices are enabling
very fast switching performance and
driving the market, especially in
applications where efficiency and
power densities are key
requirements. Two main technology
concepts – multiple EPI layers and
trench filling – are known. Over the
years, a continuous reduction of the
area specific on-resistance can be
observed, leading to smaller device
capacitances and inherent increasing
switching speed. To widen the market
position, even in applications where
fast switching transients are critical, a
systematic approach is necessary to
find an optimum trade-off between
EMI and efficiency requirements.
For many years, the competition in
this range of devices was mainly
marked by the goal of achieving the
lowest on-resistance per silicon area.
By the continuous reduction of this
area-specific on-resistance, the
switching speed increased due to the
accompanying reduction of all device
capacitances, but as consequence,
the design-in difficulties increased. In

today’s switched mode power
supplies, the switching speed of
power semiconductors is no longer
the limiting factor to achieving better
efficiencies and more compact
designs. Moreover, the switching
MOSFET has to be regarded as a part
of the overall system and not be
optimised for itself only. It is,
therefore, a challenge to the
semiconductor industry to provide
solutions which allow the utilisation
of the full chip shrink and hence, cost
down potential together with full
control of the switching
characteristics.
By optimising all relevant device
parameters such as gate charge,
threshold voltage, transfer
characteristic and gate resistivity, it is
possible to optimise the switching
behaviour in such a way that even
with 0Ω gate resistance excessive
current or voltage slopes are avoided.
Doing so, the potential of SJ devices
to even better area specific on-state
resistance can be fully exploited
without losing control of the device
during critical switching transitions.
The new CoolMOS C6 family is
designed in this manner, combining
ease-of-use and high application
efficiency.
With the 600V CoolMOS C6
series, energy conversion
applications such as PFC (Power
Factor Correction) or PWM (Pulse

Width Modulation) stages can be
made significantly more energy
efficient. The new C6 technology
combines the advantages of modern
superjunction or compensation
devices including ultra-low area
specific on-resistance (for example,
only 99mΩ in a TO-220 package),
and reduced capacitive switching
losses, while offering easy control of
the switching behaviour, as well as
high body diode ruggedness.
To verify the system efficiency and
the reduced tendency towards
current and voltage oscillations, the
new SJ device family was tested in a
300W power factor correction (PFC)
circuit and in parallel in a
commercially available 500W PC
Silver box. The 300W PFC circuit is
switching at 130kHz and always
driven in continuous current mode.
Three different 600V 190mΩ
Superjunction devices are used for
comparison. Especially at 20 and
50% load, the C6 device shows an
efficiency improvement compared to
other SJ devices. This light load
efficiency gain supports the usage of
the C6 family in new circuit designs
to comply with the new green power
efficiency standards.
www.epe2009.com
www.abb.com/semiconductors
www.cree.com
www.infineon.com
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On the Road to Higher Efficiency
After the Silicon Carbide User Forums organised by ECPE in 2006 and 2007, the time had
come to continue the exchange between experts involved in converter and device development. The
third User Forum (September 11-12, Barcelona, Spain) also considered other wide bandgap devices for
the first time, in particular Gallium Nitride (GaN). Again, it has focused on typical power electronic
systems. The use of wide bandgap is highly promising for electric drives, converters in transportation and
power supplies. Additionally, an insight in recent material and device technology, which is the base for
future system development, has been given.
Starting at the beginning of the
supply chain, the SiC material
situation is no longer a concern:
while cost has decreased over
the course of time, wafer quality
has increased, permitting
devices to be produced with an
area of some 25mm² at
75/100mm diameter wafers with
appropriate yield. This is suitable
for a nominal power in the
Kilowatt range and can be
extended by parallel connection
of devices.
According to Cree’s Marketing
Manager Gregory Mills, a
significant downward cost trend
on unit area basis can be
observed, i.e. current Schottkylike EPI wafers cost $15/cm².
Three years ago, pricing was
$25/cm² and eight years, ago
40/cm², a 60% decrease. And
this trend will continue with the
introduction of 150mm wafers in
the year 2011 at $5/cm². SiC

epitaxial capability will be
developed simultaneously.
Regarding defect density, yield
on wafer level improves
continously and reaches 98% for
2mm² chips such as diodes.
Larger chips of 8.1 x 8.1mm for a
10kV/10A SiC MOSFET have a
88% yield. Nevertheless, SiC
starting material is around ten
times more expensive than
Silicon.
Schottky diodes with voltage
ratings of typically 600 and
1200V are commercially
available from various vendors
such as Cree, Infineon/SiCED, or
ST Microelectronics, and are
used in different kinds of
converters, often together with
Silicon transistors; this
combination permits significant
reduction of switching losses,
thus to downsize the transistors
or to increase efficiency. SiCED’s
Peter Friedrichs pointed out that

the solderless method with
optimised leadframe, higher
current density and multichip
mounting option, efficiently
utilises the high thermal
conductivity of SiC in Infineon’s
3rd generation of SiC diodes
(see also PEE 3/2009, pages 2427). SiCED is also working on
6.5kV SiC switches, but for the
near future, a displacement of
Silicon in power electronics is
not yet visible today and thus,
smart Si/SiC combinations will
be promoted first.
SiC transistors are currently
sampled as JFETs, MOSFETs or
BJTs, typically with voltage
ratings of 1200V or above: JFETs
are quite mature unipolar
devices; normally-on JFETs,
however, require some measure
— like a cascode circuit — to
avoid short-circuit during powerup in voltage source converters.
Alternatively, MOSFETs can be

used as unipolar SiC switches,
also providing a significantly
lower on-state resistance than
comparable high-voltage Silicon
devices; conduction of bipolar
body diode can be deactivated
connecting a SiC Schottky diode
antiparallel. Although channel
mobility and oxide stability still
lead to some concern, SiC
MOSFETs have already proven to
pass at least most reliability
tests.
Bipolar junction transistors
can serve as an alternative,
requiring current-source instead
of voltage-source drivers.
Devices for higher voltage
ratings — including bipolar pindiodes for blocking voltages
above 4500V — have been built
and tested in special
applications, proving their
feasability. However, obviously
the high-power segment suffers
from a kind of chicken and egg

Characteristics of 10kV/10A SiC MOSFET
Source: Cree
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Characteristics of 600V GaN Schottky Barrier Diode

problem: system manufacturers
would need to calculate the bill
of materials of a novel system
with SiC converter; however
extrapolation of high-voltage
device cost today will still end up
with quite inaccurate numbers. It
is obviously easier to take
evolutionary steps, gradually
increasing device voltage and
current capability.
GaN devices will always be of
lateral type which facilitates
integration. According to
Azzuro’s Armin Dagda, GaN is a
competitor to SiC and can be
much cheaper in the end. A
100mm GaN on Sapphire wafer
costs $500 compared to $800 for
a 100mm SiC wafer. Limitations
are the lateral structures
allowing 3µm deep trenches
only. Conventional and costeffective processing is e.g.
possible on Silicon wafers. The
first power devices — such as
600V diodes — have been
introduced already by Ulm-based
(Germany) MicroGaN.
The aforementioned
components and samples are
still packaged in a conventional
way, i.e., as modules, transfer
moulded discretes or, in some
cases, with hermetic packages.
Research aims at progress
regarding parasitics — of
particular importance with
respect to fast switching of
unipolar devices — and also
reliability when elevated
temperature is applied.

Issue 7 2009

Source: MicroGaN

Japan is obviously at the
forefront with research and
industrial activities, from crystal
growth and wafer processing up
to system design, as illustrated by
Hajime Okumura from the
National Institute of Advanced
Industrial Science and technology
(AIST). Within AIST, around 50
research units are working on
wide bandgap electronics. SiC
wafer companies such as Nippon
Steel and Showa Denko offer up
to 4in wafers, whereas Rohm is
one of the first to offer trench SiC
MOSFETs and a SiC-SBD/MOSFET
and a SiC inverter circuit 280kW

(1200V/230A). Mitsubishi has
also introduced a SiC inverter
circuit.
Generally speaking, the
availability of wide bandgap
devices has not set an end to the
art of circuit design — still, the
philosophy of circuit designers
may be to follow different
approaches: The most simple
solution can be preferred, but
also a technically more complex
circuit eventually reducing cost.
The former, in many cases,
happens when SiC Schottky
diodes replace bipolar Silicon
diodes such as in power supplies

Research activities in Japan from crystal growth to power converter design

with high switching frequency;
however — as an example for the
latter — some snubber circuit
together with a reduced switching
frequency may be a workaround
too. Obviously, well-established
Silicon- competes with emerging
SiC- and, in the future, GaNtechnology. In the case that the
functions of active and passive
switch can be decoupled, often a
coexistence will be the optimum,
combining a Silicon transistor —
such as a charge-compensated
MOSFET — with a wide bandgap
— i.e., SiC — diode.
While this is already costeffective for many applications,
special requirements enable
more comprehensive use of wide
bandgap devices: SiC devices
permit an up to now unrivalled
efficiency of more than 99% to
be achieved for photovoltaic
inverters; increased device cost
will pay back rather soon
through the compensation for
electricity fed into the grid. For
this reason, converters for
renewable energy can be
expected to contribute to the
continuous introduction of wide
bandgap devices in power
electronics. Other application
areas — possibly also related to
high voltage or high temperature
— may follow in the future.
www.ecpe.org

Source: AIST
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Parameter Sensing in Power
Electronic Modules
Modern inverter applications and electrical drive control algorithms depend on accurate measurements
regarding key parameters. For the application and the inverter two parameters are of special interest. The
line current driving the application and the power module’s temperature provide the necessary information
on the state of operation. New power modules like Infineon’s MIPAQ family integrate proper sensors, as
well as adapted electronics, to provide highly accurate readings and ease the design and improvement of
compact high performance drives. Dr. Martin Schulz, Dr. Ulrich Schwarzer, Infineon Technologies,
Warstein, Germany
As a voltage across a resistor is
proportional to the current flowing,
utilising resistors as current sensors is
among the most basic ideas to measure
electric currents. Despite the losses that
inherently appear, the method has a
certain appeal as shunts as a single part
are reliable, stable across a wide
temperature range, cost- efficient and
robust. Shunts do not suffer from
overcurrents and have neither hysteresis
nor offset effects. Additionally, shunts can
be mounted using well- established
processes. Positioning the shunt closer to
the heatsink and into the power electronic
module provides an excellent thermal
interface, and even allows for large
currents to be handled. Infineon’s MIPAQ
base series features specially designed
shunts to precisely measure the
application current. Figure 1 displays the
outstanding linearity of these sensors on
the example of module
IFS150B12N3T4_B31.
Though other methods of capturing the

Figure 1: Measured voltage across a 1mΩ Shunt with in the MIPAQ base

current exist, dimensions, EMI and
temperature development inside the
demanding environment of a power
module make shunts the predestined
solution for the integration. It was shown
that other methods like on-chip current
sensing using specially designed IGBT chips

cannot provide an equally sophisticated
measurement [1].
Current measurement
It seems to be a small step from current
sensing to current measurement. In detail
however, current and temperature range as

Figure 2: MIPAQ sense featuring a 100A sixpack, shunts and integrated Σ/Δ-Converter
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get an accurate reading of the baseplate’s
temperature. Due to the large thermal
capacitances involved, the time taken for
the conversion is of secondary
importance. Counting pulses for 50ms or
even 100ms leads to proper information,
as displayed in Figure 4.
As a consequence of the NTC’s
characteristics, the relationship between
pulses and temperature is not perfectly
linear. Nevertheless, an approximation
either piecewise linear polygonal or of
higher order will provide a temperature
information with an accuracy of ±1K.

Figure 3: Current measured with Pearson probe and Σ/Δ-Converter

well as accuracy demands and the need
for galvanic isolation are challenging
targets. To minimise part numbers and
space requirements, Infineon has
expanded the coreless transformer
technology (CLT) to form an analog to
digital converter based on the well
established Sigma/Delta (⌺/⌬) method.
This converter achieves an accurate
reading and, at the same time, provides
galvanic isolation. Built into the MIPAQ
sense as displayed in Figure 2, this device
in conjunction with the also integrated
shunts can be used to form a highly
accurate measurement system.
As the ⌺/⌬-converter forms an
integrating method, a decimator is needed
to get the information on the instantaneous
current. If a common sinc³-decimator with
varying oversampling rate (OSR) is
programmed into a FPGA, the trade-off
between speed and accuracy can be
demonstrated [2]. Comparing this cost
efficient solution with a Pearson current
probe reveals the potential of this set-up as
depicted in Figure 3.
With an oversampling rate of OSR = 16,
a result with 14bit of resolution is achieved,
showing only marginal differences
compared to the Pearson probe. As the
result of the decimator already is digital
information, no further conversion is
necessary to apply it to a microcontroller for
control purpose.
Temperature measurement
The baseplate’s temperature as a further
parameter is sensed in a variety of power
electronic modules. Materials with well
defined thermal dependencies are widely
used as a temperature sensor. Modern
power modules contain a resistor with

negative temperature coefficient (NTC) to
capture the baseplate’s temperature.
As the NTC is a passive component,
additional electronics is needed to
transform the NTC’s temperature
depending resistance into a signal that can
be used by a microcontroller. One method
to do so would be to apply a constant
current to the NTC and capture the
voltage across the device. As the
resistance is a function of temperature,
the voltage at constant current resembles
the same characteristics. As for the current
measurement, digital information would
be the preferred solution. The
implementation within the MIPAQ serve
modules therefore transforms the
temperature dependency RNTC(T) into a
temperature dependent frequency f(T).
Here too, the isolation barrier formed by
CLT is used to provide a signal that is
galvanically separated from the power
electronic section. Simply counting pulses
for a predetermined time is sufficient to

The trend in development
Today, power electronics modules
already contain basic sensors like shunts
or NTC-resistors. New developments
support designers in coping with the
ongoing demands of higher power
densities by adding necessary
functionalities into the power electronics
section, saving space, time and
development effort. This integration is
considered to be an ongoing trend, so
future products are expected to combine
even more powerful sensors or
measurement technology.
Literature
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Figure 4: Relationship of temperature and pulses counted
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XPT-IGBT the newest generation of short-circuit rated IGBTs
Drive with the XPT-IGBT
Features:
• Easy paralleling due to the positive
temperature coefficient
• Rugged XPT design results in:
– Short Circuit rated for 10 +sec.
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– Square RBSOA @ 3x Ic
– Low EMI
• Advanced wafer technology results in low Vce(sat)
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Shunt Current Measuring up to
800A in the Inverter
In 2005, Siemens Drive Technologies introduced the first large inverter using shunts for phase current
measuring and brought it into series production. It wasn’t until recently that the power output was
extended to 132kW with the new inverter SINAMICS G120 series. Back then, the joint development
between Siemens, Semikron and Isabellenhütte laid the foundations for being able to measure currents
of up to 800A today. This article looks back at past events and takes a glimpse into the future: how was
this technological change successful and what possibilities do future developments have to offer?
Kurt Göpfrich, Hardware Manager for Power Electronics, Siemens Drive Technologies, Erlangen;
Reinhard Stark, Sales Engineer, Semikron Elektronik, Nuremberg; and Ullrich Hetzler, Head of
Research & Development, Isabellenhütte, Dillenburg, Germany
There is nothing revolutionary about the
current sensing principle using a low value
resistor and an isolation amplifier. It was
used for the first time by the first isolation
amplifiers from HP and Siemens in electric
drive systems 15 years ago. Now, there are
systems available from numerous
providers, which represent interesting
alternatives in terms of both technical
requirements and cost, and that offer
significantly better cost performance ratio
than conventional solutions with current
transformers.
Demand for more power as well as
increased accuracy, lower construction
and mounting space, cost reductions and
technological innovation led us to focus
again on alternatives to conventional
current transformers and develop an
integrated and modular concept. This
concept can be adapted to all inverters in
the entire power range from 100W to
100KW, both electrically and
mechanically. The aim was to make
technical improvements to the new
SINAMICS G120, while at the same time
increasing market acceptance by reducing
prices.
Figure 2 shows the principle of isolated
current sensing using a shunt. The voltage
drop on the shunt is converted inside
Sigma/Delta (⌺/⌬) transformers into a
serial 1 bit data stream. It is transferred by
optical, capacitive or magnetical couplers
via isolation paths and is integrated into a
digital filter (ASIC or µC). A shunt (or a
number of shunts running parallel) and a
⌺/⌬ transformer are required for each
output phase that has to be measured. The
comparable solution with a current
transformer requires the current
transformer itself, an A/D converter, as well
Issue 7 2009

Figure 1: Isabellenhütte and Semikron act as main suppliers for Siemens Drive Technologies

as an ASIC for each phase.
At the time, the main development goals
and demands on the new solution were as
follows:
• Cutting costs in phase current measuring
and with a simpler mechanical construction
• Reduced mounting space and weight
reduction
• Accounting for power dissipation in the
shunt

• Developing a suitable shunt module for
high currents
• Increasing the accuracy of the entire
system

Cost analysis
Comparing the costs of conventional
current measuring (compensation
transformer + U/f transformer) to those for
shunt measuring, it is evident that shunt
Figure 2: Basic
diagram of current
measurement using a
shunt
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Figure 3: Cost
comparison between
current measuring
method using
transformers and
shunts

Figure 4: Loss
comparison between
current measuring
method using
transformers and
shunts

measuring is considerably more cost
effective with the same or even increased
performance. 90% of modules demanded
by the market are in the lower power
ranges up to 100A, where the greatest cost
savings can be made.
Costs can primarily be saved due to the
first step being less sophisticated
(transforming current into voltage). The
downstream digitisation of the
measurement voltage is associated with the
availability of new transformers at almost
the same cost. Galvanic isolation is not a
significant cost factor thanks to the serial
transfer of digitised data and is therefore no
longer the significant advantage for the
compensation transformer that it used to be
(see Figure 3).
Lower construction volume
In the power range up to 50A, current
can still be carried via the printed circuit
board. This means that all measurement
value logging from SMD shunts is in
comparison to transformers extremely
compact and cost-effective. For higher
currents, the current has to be carried via
bus bars and the higher power loss
respective heat generation in the shunt
requires adapted construction forms.
The fourth generation of IGBTs has a
permissible junction temperature of 175°C.
Figure 5: Paralleled
circuit with up to four
BVR resistors used
for each phase

Power Electronics Europe

All of its predecessors were rated at 150°C
or below. The trend towards higher
temperatures – with increased packing
density – benefits the shunt sensing
process.
Power dissipation
For the current transformers, losses arise
in the compensation circuit, load resistor
and in the subsequent U/f transformer. The
losses in the compensation circuit are
mainly independent of the measured
current. However, losses in the load resistor
and the output stage of the compensation
circuit are current dependent.
When measuring with shunts, the power
losses in the shunt for a given maximum
sensing voltage are directly proportional to
the current according to the following
equation:

The maximum power dissipation is
determined by the voltage range of the
⌺/⌬ converter, which is at 0.2V for most
existing current systems. At 10A, this
corresponds to power dissipation of only
2W, which can be handled easily by
available SMD resistors. This is different for
currents of 300A for instance. A full voltage
range of 200mV would already generate

60W per phase, which is the reason that
design engineers try to use only half of the
converters voltage. Nevertheless, the still
considerable output of 30 to 100W can
only be handled insufficiently with
conventional shunts, which is why the
power modules mentioned above were
developed based on proven high power
modules.
Overall, it is evident that the heat
generation in the shunts for low currents is
no problem, whereas at the upper end of
the current range it needs new solution to
get rid of the heat. But nevertheless, the
losses in the shunt are only less than 2%
of total inverter losses at maximum
current. Figure 4 shows a comparison
between losses of the old (transformers)
and the new measuring method with
shunts.
Shunt module
The shunt modules developed by
Semikron (module housing) and
Isabellenhütte (shunts) for high currents
are optimised in terms of TCE (thermal
coefficient of expansion), offset, long-term
stability and capacity, and therefore meet
the above-mentioned requirements almost
perfectly. They contain a parallel circuit of
up to four precision SMD resistors (see
Figure 5) for each phase, which are
mounted onto a DCB substrate for better
heat dissipation. By using optimum
resistors and modified geometry for the
DCB layout, a TK of 30ppm/K will be
maintained for all modules.
The shunt modules are used by Siemens
in all new SINAMICS inverters in the
corresponding performance class. Since
their introduction, over 100,000 modules
have been deployed in industrial
applications with big success. Table 1 gives
an overview of available Semikron
modules.
These RoHS conforming modules are
limited to a nominal voltage of up to
690VAC. However, the current load limit for
this module form has been reached with
the SKKR 800/0.1 model, in spite of
adaptations to the plate geometry of the
current supplies. The altered plate
geometry helped improve the module’s
robustness and reliability, and the exterior
shape remained the same, making
integration in the device possible with the
same rails.
Since 2005, the sensing limit has
increased from 400 to 600A. A higher
powered module would require the
following:
• Adapting the resistance value of the shunt
to higher currents
• New module housing for higher currents
• Stronger power rails
• Reducing lead losses
Issue 7 2009
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Table 1: Overview of available Semikron shunt
modules

Figure 6: IMC calibrated sensor module

• Potential

parallel circuiting of modules
the voltage output of the
transformer.
Additional advantages of these modules
include:
• Familiar housing
• It is easier for the construction to integrate
the module into an existing concept and
potentially add available materials (rails,
insulator supports, etc.)
• Customised solutions can be produced
relatively quickly.
• Reducing

Measuring accuracy requirements
The quality of any measuring system is
determined by the resolution, offset, noise,
gain and linearity errors, as well as by
temperature and long-term drift. The
absolute accuracy of the actual current

values has a direct impact on the
performance of an inverter or the drive.
Using these types of inverters in machine
tools permits machining of a surface with a
quality better than 0.2µm due to a very low
torque ripple.
The resolution is primarily determined by
digitisation and is less dependent on the
analogous path, as a result of which this
issue is not discussed here any further.
Siemens’ target for offset errors was
<0.1%. Both current measuring methods
were able to meet this requirement. With
shunt sensing, it is extremely important to
select the right resistance value, materials
and resistance model. A material that is not
adapted thermoelectrically to copper (e.g.
constantan) produces a thermoelectric
voltage and an offset voltage, which makes

it impossible to meet the offset
requirement in the temperature range. This
error can be avoided completely by using
Isa-Weld resistors made from Manganin or
Isaohm, where only the offset of the ⌺/⌬
converter remains.
The requirement for gain errors
(deviation between phases) is <0.9%. In
addition to the accuracy of load resistors,
the exact number of turns of
compensation winding in a current
transformer is critical, while for shunt
measuring, the accuracy of the shunt and
that of the ⌺/⌬ transformer plays a
significant role. However, when comparing
these errors in a performance test,
temperature and resistance drift over time
is more important than complete
accuracy. The Isa-Weld resistors deliver
Figure 7: IHC measuring module with galvanic
isolation for currents up to 2000A
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New developments and outlook
In spite of the advantages shunt
current sensing has to offer versus
current transformers and other
magnetic measuring methods,
there are still limitations in the
power output over 600A as a
result of extremely high power
generation within the shunt.
Parallel connection of numerous
modules may solve the heating
problem, thanks to the linear
dependency of power dissipation
on the current output. However,
this solution is not ideal because
of the space requirement and cost
aspects. Power dissipation of 30 to
100W just for the measurement
cannot be justified in the longterm, particularly as the trend
towards using electric energy
economically is becoming
continuously stronger.
That is why further considerable
improvement and innovation in
measuring technology are
inevitable for shunt measuring
applications in other sectors, such
as automotive technology or solar
technology. The interesting market
volume and the achievable
margins have triggered a real flow
of ideas in the area of isolated ⌺/⌬
converters. In addition to galvanic
isolation via optocouplers,
transformers based on magnetic or
capacitive couplings are now
available from several
manufacturers. This competition
has led to a significant reduction in
prices and an improvement in the
product’s characteristics. The next
aim will be to reduce the input
voltage range (200mV = >50mV =
>20mV) while maintaining the
same accuracy. This would offer
the advantage that power
dissipation could be reduced by up
to one order of magnitude, while
the solutions be even more
compact with lower cost. An
example of a solution from
Isabellenhütte: the calibrated
sensor module for direct
measurement of +/-300A current,
voltage and temperature with a
Power Electronics Europe

communication via an isolated
digital interface (see Figure 6).
The number of semiconductor
manufacturers for ⌺/⌬ converters will
continue to increase if the
requirement for isolation is dropped,
and costs will come down due to
reduced complexity of the product
and increased sales. Galvanic
isolation of the digital signals via just
a single coupler can be very costeffective if the clock and data are
transferred together in Manchester
code.
It goes without saying that the
requirements on the overall design
will also increase. In an effort to
eliminate interferences from the
strong alternating magnet fields, the
⌺/⌬ converter will have to be
mounted right next to the shunt, or
even together with the shunt, which
in turn, also reduces size and cost.
These types of modules with an
integrated current sensing (200mV
converter) have already been
introduced. In this case, high power
dissipation results in unnecessarily
large and expensive solutions. Figure
7 shows the IHC measuring module
with galvanic isolation for currents
up to 2000A.
It is likely that new
semiconductor developments in
downstream electronics will also
contribute to this technology
becoming more widely used in the
drive technology and solar
technology sectors. Motor
controllers are currently being
prepared, which are able to directly
process the data streams of all
three shunts (three phases) and
convert them into a digital 12 to
14bit signal with a higher sampling
rate. The measurements can be
triggered at a given time after the
switching edge of the power
transistors and a rapid over-current
signal is generated.
Given the lower power dissipation
in the shunt, the module will become
considerably smaller in the long-term
(possibly even be separated for each
phase) and will directly contain the
⌺/⌬ converter and additional
electronics. Furthermore, directly
mounting the transformer or the
circuit board onto the shunt is a
practical way of avoiding
interferences.
Isabellenhütte has launched a
number of preliminary developments
in this direction. Prototypes for these
types of solutions are available on
request.
Issue 7 2009
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optimum values for these
measurements and comfortably
meet the requirements.
Both methods can meet the
requirements for linearity without
any special measures being taken.
However, shunt measuring still has a
lot of unused potential in this
respect.
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Ready for
mass production

HMS
Taking open loop technology to the next
level: introducing a surface mount device.

Automatic assembly
Dedicated LEM ASIC inside
Compatible with the microcontroller or A/D
converter, reference provided outside or
forced by external reference, 5 V power
supply
Improved offset and gain drifts and
enhanced linearity over traditional open
loop designs
VRef IN/OUT on the same pin
8 mm creepage and clearance distances
+ CTI: 600
No insertion losses
Several current ranges from 5 to 20 ARMS
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Novel 3.5kV Low Loss Rectifier
Diode
IXYS introduces a 600A 3 to 3.5kV diode with a low forward voltage drop, low leakage current and with an
extremely high surge current rating. The experimental findings are consistent with numerical modelling
results and show that by using Aluminium isolation diffusion, it is possible to get an ideal plane parallel
breakdown voltage of 3500V. The diode utilises standard glass passivation and demonstrates stable
blocking characteristics with low reverse current after High Temperature Reverse Bias (HTRB) and
Humidity testing. J.V. Subhas Chandra Bose and Peter Ingram, IXYS Semiconductor, Lampertheim,
Germany
The new diode is manufactured on 5in
diameter silicon wafers and is available in
chip (DWN344-35) and also in module
form (MDD175-28/34), having a
maximum voltage rating of 3.5kV and a
current rating of 600A, with a maximum
operating junction temperature of 150°C.
These devices have specially designed
internal construction to prevent plasma
escape under catastrophic failure
conditions. The robust high reliability
construction and the option for enhanced
rupture capability, make these devices
well suited for demanding applications
such as the chemical industry, power
supplies or track-side equipment for rail
systems, supplies for DC power
equipment, DC supply for PWM inverter,
field supply for DC motors, battery DC
power supplies, industrial drives, wind
power converters and all rectifier and
power conversion in the multi 100kW
range. Futhermore, the devices are suited
to any rectifier application which requires
a diode with the combination of both high
voltage and current rating, reducing cost in
the mechanical sub-assembly over
solutions using multiple lower power
devices.
High-voltage diode technologies
In a planar diode, the use of guard rings
as edge termination are used to increase
the avalanche breakdown voltage, and to
improve the reliability of a diode it is
necessary to shift the maximum electric
field from the surface to the semiconductor
interior [1-10]. The blocking voltage is
limited by the region of junction curvature
where maximum electric field occurs. The
blocking voltage of a diode can be
increased by reducing the curvature effect
either by using floating field limiting rings
(FLRs), metal field plates or a combination
of both. It has been shown that the FLR
technique is sensitive to oxide charges and
Issue 7 2009

Figure 1: Schematic
of novel 3500V diode

Table 1: Parameters used for
DWN344-35 diode

Figure 2: MDD175-34
module and internal
chip assembly of
MDD175-34 module

process variations. Optimal field plate
designs involve multiple dielectric layers
and gaps between metal field plates.
Furthermore, using a forward diode it is

possible to obtain 85 to 90% of plane
parallel breakdown voltage.
In an Aluminium or Boron isolation
diode, it is possible to obtain 100% plane
Power Electronics Europe
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Figure 3: Forward diode impact ionisation (left) and reverse diode potential contour at a breakdown voltage of 3500V

parallel breakdown voltage because of
absence of junction curvature. The diode
consists of an N- type Si region with low
doping concentration. The backside is
deep diffused boron wafers in contact with
the anode metal, and the front side has a
phosphorus-doped region which is in
contact with a cathode metal. The final
passivation layer can be glass or metal
field plate passivation. However, we used
IXYS standard glass passivation for the
reverse diode.
3500V diodes have been investigated
which are insensitive to surface charge
during processing and after High
Temperature Reverse Bias (HTRB) and
humidity test. Optimisation of the structure
and analysis of the breakdown voltage
characteristics is carried out using ISE TCAD
software [11].
Numerical computations and
experimental results
The cross-section of the 3500V diode is
shown in Figure 1, and the diode
parameters used for simulation as well as
for processing are shown in Table 1.
Figure 2(a, b) shows the MDD175
module and internal chip assembly. Figure
3(a, b) shows simulation results of impact
ionisation and the potential contour of a
diode at breakdown voltage. Impact
ionisation occurs at the main junction and
the device breaks down at 3500V, which
is 100% of plane parallel breakdown
voltage.
A diode with chip size of 12.5 x 12.5mm
was designed and fabricated using 5in
starting Si wafers. For isolation diffusion
aluminium is used as a source, because
solid solubility of Al to the Si is higher than
boron. Influence of forward voltage drop on
temperature is shown in Figure 4 and
leakage current can be seen during
reliability test results. Practical results clearly
show that devices have less negative
temperature coefficent with respect to
temperature. Therefore, more devices can
be connected in parallel.
Surge current tests were conducted on
five chips with an increase in steps of
Power Electronics Europe

200A. Devices passed till 8.8kA and from
9kA chips began getting destroyed.
Reliability
Reliability is defined as the ability of a
device to conform to its electrical and
visual/mechanical specifications over a
specified period of time, under specified
conditions, at a specified confidence level.
Prior to the official release of a new
device for mass manufacturing, it must
undergo full qualification test. New device
qualification most often requires several
sets of samples for different reliability tests.
The actual reliability of a device cannot be
accurately determined with standard visual
and electrical measurement techniques.
The most important reliability tests for the
electrical stability of the chip are High
Temperature Reverse Bias (HTRB) and
Humidity test.
HTRB: This test checks the ability of the
samples to withstand a reverse bias, while
being subjected to the maximum ambient
temperature that the parts are rated to
withstand.
Humidity: This test checks the ability of
the package and chip to resist moisture
penetration. The sample is loaded into an
environmental chamber. The relative
humidity is then increased from 85 to

100%, and the temperature is also elevated.
HTRB and Humidity test samples are
randomly selected from 25 processed
wafers. The condition used for HTRB test is
80% of rated voltage at 125°C. The
breakdown voltage and leakage current
were measured before starting the test.
Devices were assembled into the plastic
package with Sylgard 567. The test was
conducted for up to 168hr and readings
were taken once every 4hr. Figure 5 clearly
shows that leakage currents are below
500µA. Furthermore, there is no increase in
leakage current between pre and post
measurement results.
The device characteristics are measured
before starting the test. The humidity test
was conducted at 85°C and at 85%
relative humidity for 168hr. The device
characteristics are re-measured after
cooling down for two to three hours.
Pre and post measurement results show
that there is no increase in leakage current.
The maximum leakage current at room
temperature is 200µA, and at 125°C it is
450µA.
Conclusion
Simulation analysis and practical results
show that by using aluminium isolation
diffusion and glass passivation for 3500V

Figure 4: Forward voltage drop with respect to temperature
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diodes, it is possible to obtain ideal plane
parallel breakdown voltage. Experimental
results show that the device guarantees low
leakage current at 25 to 125°C conditions,
plus long-term stability of the blocking
characteristics, even in plastic packages.
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Beyond Derating – Modern
Reliability Concepts
Reliability means various things to various people, but the bottom line is cost, in a broad sense. Reliability
may address expectations built upon advertising, technical specifications or contracts, and may involve
many stakeholders beyond engineers. Taken in a socio-economical context, we are dealing with an
ecosystem that also requires moral and ethical foundations. Engineers must abide by the ethical standard of
their employers, yet, as moral individuals, they must continually subordinate economic benefits to moral
imperatives. History tells us that civilizations cannot be preserved solely on economic grounds, and the
overall concept of reliability must be considered in this light. Sabin Lupan, International Rectifier,
El Segundo, USA
Concerns about the environmental
impact of product manufacturing, and
disposal at end of life, are factors shifting
consumers’ focus away from lowest
acquisition cost in favour of lowest
ownership cost. The throwaway society that
replaces poor-quality products frequently,
with no financial or environmental penalty,
is ending, and design for reliability is about
to become much more important in the
value ecosystem.
Failure modes and failure mechanisms
Maintaining reliability at a desirable level
requires understanding of failure modes
and mechanisms. Failure modes represent
how a part fails; the ‘stress’ that leads to
failure, while failure mechanisms represent
how the part’s ‘strength’ wears out under
various stresses. Failure mode analysis

enables us to determine the cause(s) of
failure and improve product reliability, while
understanding failure mechanisms allows
us to choose the proper qualification tests
to validate reliability for a given application.
Failure modes are classified as:
 Electrical
 Catastrophic (destructive)
 Functional - failure of a device to deliver
correct output data or signals
 Parametric - out-of-tolerance current or
voltage levels
 Programming - failure of a non-volatile
memory device to respond properly
 Timing – e.g. malfunction caused by
propagation delays, read/write times, rise
and fall times, set-up times not meeting
specifications
 Mechanical – e.g. damaged leads, cracks
in the package, contamination

 Visual

– e.g. illegible markings
– e.g. wrong product,
quantity, packing, orientation, date, code.
Failure mechanisms are classified as
follows:
 Physical Failure
 Time Dependent Dielectric Breakdown
(TDDB)
 Negative Bias Temperature Instability
(NBTI)
 Electromigration (EM)
 Hot Carrier Injection (HCI)
 Radiation Failure (Reactors, Space)
 Neutron
 Beta
 Gamma.
 Administrative

Analysis and prediction
One challenge to reliability engineering
is that available information estimates

Figure 1: Activation
energy as a function
of voltage and
temperature of
Electromigration (a),
Hot Carrier Injection
(b), Time Dependent
Dielectric Breakdown
(c), and Negative
Bias Temperature
Instability (d)
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Figure 2: Concept of
cumulative failures
over a time

the failure probability, rather than
providing actual failure data. It is usually
not practicable to test units for thousands
of hours; hence real lifetime-test data for
a component or system is generally not
available. Quite often, reliability data for
new products indicates ‘0’ failures, which
certainly doesn’t mean that the
respective product will never fail.
Although accelerated lifetime testing at
elevated temperatures provides
experimental data, the assumption is that
activation energy is constant, whereas, in
practice, it is a function of voltage and
temperature (Figure 1). This limits
accelerated lifetime testing reliability
prediction accuracy, so monitoring and
feedback from field failures come to

enhance the product reliability prediction.
Figure 2 illustrates the concept of
cumulative failures over time – a concept
that is further illustrated through the
commonly used bathtub curve (Figure 3).
The curve has three distinct zones. In each
zone, a certain set of factors contribute to
failure, and a certain set of stakeholders
are involved and can, by their actions,
influence customers’ perceptions of
reliability.
The first zone describes early mortality
of units. Applying certain tests to
production units brings the failure rate
down to a level deemed acceptable for
use in the field. The second zone
describes random failures occurring during
useful operating life. These have no

correlation with time; units may be
replaced in the event of failure, although
generally not replaced pre-emptively. The
third zone indicates the onset of wear-out,
as the units approach end of life.
Statistically, half of the product population
will fail, up to the median life, if no
replacements are made.
The reliability mix
Failure rates (one measure of reliability)
are no longer related to electrical or
thermal stress only, but to interplay of
hardware, software/logic and transmission
media. And derating - the practice of
stressing a component below the
manufacturer’s specified maximum limits
for environmental or operational use
conditions - is no longer a panacea to
reliability improvement, but one element in
a systemic approach to product quality in
the broadest sense.
The challenge for derating is that it can
only be applied to one component at a
time and, as manufacturers’ datasheets
are becoming liability documents
providing only a ‘minimum definition’,
there is a need for designers to build-in
extra buffers – these not only add cost,
Figure 3: Bathtub curve as further illustration of
cumulative failures over a time

Figure 4: Reliability growth throughout the
product lifecycle
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Figure 5: Divisions in charge ensuring ongoing reliability growth

but can deteriorate product
performance.
High reliability products (defence
and aerospace) used to utilise
individually qualified parts at an
ever-increasing cost and time to
market. A more cost-effective
approach is to design for reliability
and qualify the product. Designing
for reliability involves understanding
failure modes and selecting the
lowest cost mix of hardware
redundancy, software control, and
transmission media that
meets/exceeds the reliability target.
Qualifying the product involves
understanding the failure
mechanisms and designing a
qualification plan that validates the
reliability prediction within a given
cost and time frame.
Design for reliability
Designing for reliability means
achieving the desired reliability at the
lowest cost, by balancing the
hardware/firmware/software
allocation. Engineers should also bear
in mind that, whereas hardware
reliability is a function of time as
components reach end of life,
software reliability is a function of
cost; there is no wear-out
mechanism for software.
Using information from design
analysis and failure modelling,
engineering judgement is important
to meet the desired reliability costeffectively and within the shortest
time. Powerful design techniques
include implementing redundancy for
Power Electronics Europe

vulnerable components; while at the
same time recognising that reliability
is a product of individual
components’ reliabilities. Monitoring
and controls may also be designedin, using hardware or software as
appropriate, to protect components
against stress.
Astute engineering will also
consider design decisions in the
context of the end application; the
demands placed on a missile will be
different from those placed on a
washing machine, for example. The
missile must achieve very high
performance for a relatively short
lifetime. In contrast, the washing
machine must be optimised for high
endurance over many hundreds of
use cycles.
Reliability growth
Between major transitions
throughout the product lifecycle,
from prototype to development, and
subsequently from development to
production, reliability tends to grow
in each phase, as illustrated in
Figure 4. During the lifetime of a
design, its reliability may increase
while, at the same time, cost is
reduced. This illustration shows that
reliability growth is not solely the
responsibility of design engineers.
Indeed, with increasing importance
of reliability within the value
ecosystem, staff including technical,
management, logistics and customerfacing roles will all come to have a
stake in ensuring ongoing reliability
growth (Figure 5).
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Intelligent Power Modules Drive
Public Transport
Power electronic systems are used in day-to-day applications. The sophisticated technology behind the
scenes, however, often goes unnoticed. Take, for instance, public transport vehicles such as the
underground, trams or trolley buses: the only time the systems that run these vehicles are noticed is when
they fail to work properly, for example, if people get trapped in a stalled metro train. The utmost care,
therefore, has been taken to guarantee the reliability of the power electronics driving the vehicle. This article
outlines the cooperation between two manufacturers that fulfil the demands for public transport.
Dr. Ladislav Sobotka, ŠKODA ELECTRIC, Pilsen, Czech Republic and Ralf Herrmann, SEMIKRON,
Nuremberg, Germany
The environmental requirements for
traction applications are very demanding in
terms of ambient temperature, power and
temperature cycling, as well as size.
Ambient temperatures under operation
normally exceed 100°C, but could also
drop at night during standstill to below
zero centigrade. This passive temperature
swing shows the need for extreme
temperature cycling capability. Equally
important is the need for a compact
overall package, a high power density and

a robust design in terms of vibration and
shock. These somewhat conflicting
requirements have to be taken into
consideration when designing a new IGBT
traction converter. The need for high
power density at high coolant
temperatures often goes at the expense of
the power cycling capability.
IPM for traction
Many conventional power modules
with copper baseplate are available for

traction applications. These modules
then still have to be matched with driver
boards and heatsinks from several
suppliers. The user is responsible for
matching the components and ensuring
the proper functioning of the individual
components in interplay. A SKiiP
intelligent power module comprises
three matched components: heatsink,
IGBT half-bridges and driver with
integrated protective functions. High
power density, load and temperature

Figure 1: ŠKODA ForCity, 15T, featuring 1700V
SKiiPs. The robustness and resistance to thermal
cycles of the SKiiP IPM are particularly crucial
selection factors
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Figure 2: SKiiP pressure contact technology
without baseplate. The thermal cycling
capability is five times higher than that of a
standard module with baseplate

traction converter semiconductor
diagnostics and for automatic intervention
when admissible limits are exceeded. The
current sensors are used for traction
motor control.

Figure 3: SKiiP3
power module on
heatsink

cycling capability are ensured, thanks to
the patented SKiiP pressure contact
technology.
ŠKODA s more than ten years of
experience with challenging applications
such as trolley buses, trams and metro
cars is a confirmation of the high
reliability of the intelligent power module
SkiiP. When developing unique
technologies for public transport vehicles,
there are applications where the use of
intelligent IGBT modules is the only
possible option, e.g. the 100% low-floor
tram ŠKODA ForCity (firm designation
15T, Figure 1) with rotary bogies. The
modules (Figures 2/3) are used for
asynchronous traction drives for voltages
of up to 1000VDC on a direct current
intermediate link. Almost twenty years of
experience with pressure contact
technology has gone into this power
module.
The principle behind the technology is
a mechanical pressure system that
presses the DBC (direct bonded copper)
onto the heatsink without soldering. This
results in homogenous pressure
distribution with a thermal connection
between the ceramic substrates carrying
the semiconductor chips and the
heatsink. A 40% improvement in thermal
resistance (Rth(j-s)) compared to standard
modules is achieved. SKiiP has no
baseplate and fewer solder layers,
resulting in lower thermal-mechanical
Issue 7 2009

stress inside the module. The thermal
cycling capability is five times higher than
that of a standard module with
baseplate, is reached even under the
harsh climatic conditions common to the
electric traction industry, and brings a
number of crucial advantages for this
field of application. High load and
temperature cycling capability is ensured
thanks to the use of patented SKiiP
pressure contact technology. The
pressure contact technology has been
optimised to provide low thermal
resistance and high load cycle capability.
Well-matched materials with careful
consideration of the coefficients of
thermal expansion (CTE), state-of-the-art
packaging and bonding technologies
make this module the fitting choice for
this area of application.
For lower outputs, ŠKODA uses
modules with air-cooled heatsinks. For
traction drives in metro cars, especially in
the electro-dynamic brake mode, liquidcooled modules are preferred, thereby
utilising the maximum current load of the
IPM. The low thermal resistance is used
to provide high load capability. This
means that the dynamic behaviour of the
semiconductor structure is optimised to
achieve maximum reliability and
minimum switching losses. Thermal and
over-current protection elements are
already integrated in SKiiP. The
corresponding sensors can be used for

High reliability and long service life
The IGBT converters have become
standard for power supply in
asynchronous traction motors and are
subject to considerable price pressure.
This is why the technologies used in
intelligent IGBT power modules are
compared to conventional IGBT
transistors in every new project. The
good price-performance ratio, minimum
failure rate and long service life of IGBT
traction converters are important for end
applications. Every year, ŠKODA
ELECTRIC manufactures more than 300
SKiiP-based converters for public
transport vehicles and prefers the IPM,
especially in light of its extensive positive
experience in operating these vehicles.
The robustness and resistance to thermal
cycles are particularly crucial selection
factors.
The tram car consists of four fully
rotating traction bogies which bear 16
synchronous low-speed traction motors
with permanent magnets. Each of the
traction motors is supplied separately
from a voltage converter comprising
SKiiP modules. The roof container
houses the entire traction equipment for
one bogie, including an isolated brake
resistor. Traction converters work with
5kHz pulse modulation, which is the
optimum modulation for this type of
vehicle. Given the limited space and the
parameters requirements for
synchronous motors with permanent
magnets, this constitutes the only
possible design solution, owing to the
compactness and thermal properties of
SKiiP modules.
All SKiiP IPMs used are 1700V
modules. The current parameters of the
modules in the traction converters are
500A, and the modules of the brake
converters and input recuperation circuits
are 1000A. The traction container can
Power Electronics Europe
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Figure 4: Product portfolio SKiiP IPM

withstand harsh type tests. The design
meets the challenging demands of the
fast IGBT technology, in respect of the
very low inductance between the DC link
capacitance filter and the IGBT modules.
Easy access to these modules for
measurement or service reasons is a
further important factor.
Contracts for ForCity trams constituting
a production volume of more than 1000
traction containers have already been
signed, i.e. 4000 traction inverters
comprising the proven SKiiP modules.
Another application featuring the
liquid-cooled SKiiP modules is currently
under development: traction equipment
for the underground system in St.
Petersburg, Russia. Here, the modules
must be able to work for a short time in
the electro-dynamic brake mode at an
output that reaches almost 1MW. A
challenging requirement is the -40°C
temperature level required by the
customer. Traction drives for metro cars
are among the most demanding
applications for thermal cycles, which is
why all operating states were simulated
carefully and the traction converters
subjected to worst case dynamic load
tests. The SKiiP module passed these
tests, thus guaranteeing the high
reliability and long service life of these
modules for the future. SKiiP has also
been used in the first ever hydrogenfuelled bus; the official presentation and
first road tests have already taken place.
In addition, ŠKODA ELECTRIC employs
these modules in converters for auxiliary
drives in the rail industry; electric

locomotives and electric multiple units
(EMUs).
Fully tested power module
The power module is 100% tested to
meet the requirements of traction
applications. Once the IGBT half-bridges,
driver and all other components have
been tested, the overall system
qualification is carried out. If modules are
bought separately and used in
combination with the customer’s own
driver or drivers from other suppliers, the
overall system test has to be done by the
customer. SKiiP guarantees lower costs
(development of driver electronics and
test plus the corresponding test
equipment) and no time wasted on inhouse development.
An optional burn-in test for SKiiP
modules is available, in which the
modules are operated for approximately
two hours under worst case real inverter
conditions at elevated temperature and
elevated voltage. All root causes of early
failures are identified and eliminated.
SKiiP undergoes one of two burn-in
cycles. The modules are tested with
cooling water at 80°C and cycling at a
constant chip temperature. The junction
temperature of the silicon reaches
temperatures up to 140° (IGBT3) to
ensure high stress levels for the module.
High power densities at coolant
temperatures of 105°C can only be
achieved at a maximum junction
temperature above 150°C.
For comparable conditions and
module sizes, the SKiiP4, which was

introduced this year, provides 33% more
power than the current version of this
module (Figure 4). On the one hand, this
allows for the development of more
powerful or more compact frequency
converters, thus reducing costs. This
increase in power is due to the use of an
innovative pressure contact system, an
improved heatsink and IGBT4, CAL4
diode chip technology. In addition, six
parallel half-bridges have been used for
the first time at the upper power end
instead of four, as was the case up till
now (Figure 5). Like its predecessors,
SKiiP 4 is based on well-matched
components such as heat sink, power
module, driver and protective
sensors/functions. Here, the mounting
and connecting technology, which is
based on the pressure system, still plays
a crucial role.
For a reliable and smooth switching
behaviour, a new driver was developed
with digital signal transmission, fully
galvanic insulated switching and sensor
signals, a diagnosis channel (based on
CAN open protocol) and a multi-output
stage.
Conclusion
This article outlines the cooperation
between ŠKODA ELECTRIC as a supplier of
traction vehicles, and SEMIKRON as a
manufacturer of power semiconductor
modules. Together, both companies are
planning further projects. For SKODA, SKiiP
IPMs are the first choice for applications
such as traction, renewable energies,
elevator and high-power industrial drives.

Figure 5: SKiiP4 power module featuring six
parallel half bridges
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Automotive Applications Benefit
from Multiphase Boosters
Multiphase operation results in lower component stresses, smaller input and output capacitance, smaller
solution size, better thermal management, and lower output noise. With its programmability up to 12
phases using multiple daisy-chained controllers, the new LTC3862 serves the needs of step-up power
supplies from 100 to 1000W in automotive fuel injection systems and high power audio amplifiers. The
reduced ripple currents and multiphase operation reduces EMI and provides higher efficiency, faster
transient response, and a wider selection of off-the-shelf components and increase power density when
compared to single phase alternatives. Bruce Haug and Tick Houk, Linear Technology, Milpitas, USA
High power step-down DC/DC
converters have long benefited from
multiphase operation. But all the
advantages of multiphase operation, such
as reduced input and output ripple
currents, lower output noise and lower
component stresses, can also be realised in
step-up applications. Many of the
controllers used in step-down applications
can also be used in step-up applications
and generally have two phases, which may
not provide enough output power or have
the ability to keep the phase currents
balanced. They also usually need extra
support components, like gate drivers, extra
bias voltage and an external error amplifier
to complete the circuit.
Until recently, most high power step-up

converters have utilised non-optimised
solutions due to the lack of an available
multiphase boost controller. The most
common non-synchronous two-phase stepup converter solution has been to use the
top-side drivers of a two-phase
synchronous step-down controller
configured to drive two low-side power
MOSFETs 180° out-of-phase. Another
solution has been to use two or more
single-phase step-up controllers and an
external clock circuit to achieve the required
channel-to-channel phase relationship.
Other non-optimised solutions have used
either push-pull or dual interleaved forward
controllers in a non-isolated step-up
configuration. However, all of these
solutions suffer from significant drawbacks

which limit their utilisation in many of
today’s demanding applications.
In the automotive environment, the next
generation of low emissions diesel fuel
injection systems requires up to 2A of
output current at an output voltage in the
70 to 110V range, and delivered from a
12V battery that can vary from 9 to 28V.
This input-to-output voltage conversion
requires a boost converter capable of
greater than 92% duty cycle with constant
frequency operation.
Furthermore, high power car audio
amplifiers often need a main supply rail in
the 25 to 35V range with the ability to
supply peak power levels approaching
1000W, making multiphase operation
essential. By splitting the power stage into

Figure 1: A two-phase, 72V output, low emissions automotive fuel injection boost converter using the LTC3862-1
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Table 1: Programming the phase relationship between channels

multiple paralleled phases, thermal stress is
reduced on the power components,
thereby reducing output voltage ripple and
noise, allowing the use of smaller output
capacitors, and improving system efficiency.
As power densities continue to rise,
multiphase boost designs become a
necessary option to keep input currents
manageable, increase efficiency and
increase power density. With mandates on
automotive energy savings more common,
a multiphase converter topology may be the
only way to achieve these design objectives.
A two-phase or higher phase converter built
around LTC3862, can demonstrate the
benefits of this type of approach.
A multiphase solution
The LTC3862 is a non-synchronous
multiphase controller capable of operating in
boost, SEPIC and flyback topologies. This
controller utilises a constant frequency, peak
current mode control scheme with its two
power stages operating 180° out-of-phase.
Each power stage is comprised of a single
inductor, MOSFET, Schottky diode and current
sense resistor. The two phases are balanced
closely with a tight current limit threshold and
a highly accurate transfer function from the
ITH pin (the output of the error amplifier) to
the current comparator sense inputs, both
from channel-to-channel and chip-to-chip.
Because of this, the peak inductor current
matching is kept accurate, forcing a balanced
current in multiphase applications.
In a two-phase converter, only one IC is
required, and the two output stages are
driven 180° out-of-phase. In a three-phase
converter, two chips are needed (two
channels from the master and one channel
from the slave) and the output stages are
driven 120° out-of-phase. Similarly, a fourphase converter utilises two ICs with each
channel running 90° out-of-phase. And so
on, until a 12 phase application, where six
chips would be used, with each channel
operating 30° out-of-phase. By splitting the
current into multiple power paths,
conduction losses can be reduced and
thermal stresses can be balanced between
a larger number of components and over a
larger area on the board, and output noise
can be significantly reduced. Conversely, for
a given output voltage ripple, multiphase
Issue 7 2009

operation will result in a smaller total output
capacitance, which is especially important in
high voltage applications where the voltage
coefficient of the output capacitor typically
reduces the effective capacitance.
The LTC3862 contains two PMOS output
stage low dropout (LDO) voltage
regulators, one for the powerful on-board
gate drivers (which contain 2.1Ω PMOS
source transistors and 0.7Ω NMOS sink
transistors) and one LDO for the low
voltage analog and digital control circuitry.
Low dropout operation allows the input
voltage to dip to a lower value before
circuit operation is affected. This is
especially important in automotive
applications, where the cold cranking of an
engine can result in a battery voltage droop
to as low as 4V. The LTC3862 provides a
5V gate drive for logic level MOSFETs and
the LTC3862-1 provides a 10V gate drive
normally required for higher output voltage
applications.
A low emissions diesel fuel injection
power supply
Figure 1 illustrates a boost converter
designed for low emissions diesel fuel
injection systems. This converter operates
over a wide input voltage range to
accommodate the variation of an automotive
battery, from a cold crank condition to a
double battery connection for jump starts.
Because of the wide input voltage range (8.5
to 36V), the converter must be able to
operate at very high duty cycles and still
maintain constant frequency operation. The

LTC3862 has a minimum on-time of
approximately 180ns and a maximum duty
cycle of 96%, with both of these parameters
being user programmable. The operating
frequency can be programmed from 75 to
500kHz using a single resistor, and a phase
lock loop can be used to synchronise the
operating frequency to an external clock
source. For the example, the power MOSFETs
used in Figure 1 are the HAT2267H from
Renesas, a 57μH inductor with a saturation
current rating of 5A, and a total output
capacitance of only 107μF is necessary. The
output capacitance consists of two 47μF
aluminum electrolytic bulk capacitors
connected in parallel with six low ESR 2.2μF
ceramic capacitors, in order to meet the
output voltage ripple and RMS current
requirements. This configuration also limits
the output voltage ripple to only 500mV.
This circuit operates with a peak
efficiency of 96% at an input voltage of
32V. Because a single-ended boost
converter regulates the current in the
source of the low-side switch, the
maximum current that can be delivered to
the load is a function of the input voltage.
As a result, this converter is capable of
delivering 0.5A to the load at an input of
8.5V, 1.5A at an input of 24V, and 2A at an
input of 32 to 36V.
The LTC3862 features two pins, CLKOUT
and PHASEMODE that allow multiple ICs to
be daisy-chained together for higher current
multiphase applications. For a three- or
four-phase design, the CLKOUT signal of
the master controller is connected to the
SYNC input of the slave controller in order
to synchronize additional power stages for
a single high current output. The
PHASEMODE pin is used to adjust the
phase relationship between channel 1 and
CLKOUT, as summarised in Table 1. The
phases are calculated relative to the zero
degrees, defined as the rising edge of the
GATE1 output. In a six-phase application,
the CLKOUT pin of the master controller
connects to the SYNC input of the 2nd
controller and the CLKOUT pin of the 2nd

Figure 2: LTC 3862
current sense circuit
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Figure 3: A 12V input,
24V/5A output twophase car audio
power supply using
the LTC3862

controller connects to the SYNC input of
the 3rd controller.
Additional features
The LTC3862 error amplifier is a
transconductance amplifier, meaning that it
has high DC gain and high output
impedance. This style of error amplifier
greatly eases the task of implementing a
multi-phase solution, because the
amplifiers from two or more controllers can
be connected in parallel. In a multiphase
application requiring more than one IC, all
of the FB pins should be connected
together and all of the ITH pins should be
connected together. The composite
transconductance of the error amplifier is
simply the sum of the number of ICs
connected together, multiplied by the
660μs of each amplifier. This parallel
connection of error amplifiers is not
possible with control ICs that use a true
operational amplifier, since this amplifier
type has a very low output impedance.
In addition to using parallelable error
amplifiers, the transfer function from the
ITH pin to the current sense comparators is
very accurate, in order to provide the best
channel-to-channel and chip-to-chip current
sense threshold matching possible. This
phase-to-phase current matching is
especially important in high current
applications, where resistive losses are
proportional to the square of the current.
Minimising the mismatch between
channels results in a balanced thermal
design, which prevents hot spots on the
PCB and possible thermal runaway.
The LTC3862 has a maximum current
sense threshold of each phase of 75mV,
which allows for a relatively lower power
sense resistor, reducing the circuit size,
Power Electronics Europe

increasing efficiency and eliminating the
need for a current sense transformer. It also
includes leading edge blanking for the
current sense inputs, so an external RC filter
is not required. Nevertheless, some users
may benefit from adding an external filter,
as shown in Figure 2. If external RC filters
are used on the current sense inputs, the
filter components should be placed as close
as possible to the SENSE pins, and the
connections to the sense resistor should run
parallel to each other and kelvin-connect to
the resistor in order to avoid parasitic IR
drops. The SENSE+ and SENSE- pins are
high impedance inputs to the CMOS current
comparators for each channel.
Programmable blanking
The Blank pin on the LTC3862 allows the
user to program the amount of leading
edge blanking at the SENSE pins. The
purpose of leading edge blanking is to filter
out noise on the SENSE at the leading edge
of the power MOSFETs at turn-on. During
the turn-on of the power MOSFET the gate
drive current, the discharge of any parasitic
capacitance on the SW node, the recovery
of the boost diode charge, and the parasitic
series inductance in the high di/dt path all
contribute to overshoot and high frequency
noise that could cause false-tripping of the
current comparator. Providing a means to
program the blank time allows users to
optimise the SENSE pin filtering for several
applications and can be set to a minimum
on-time of 180, 260 or 340ns.
An audio amplifier boost converter
supply
Figure 3 illustrates a two-phase car
audio power supply that operates from a
5 to 24V input and produces a 24V/5A

output. The wide input voltage range
covers an automotive input voltage range,
and the efficiency curves are also shown
reaching up to 96.5%. This circuit can be
easily extended to three-, four-, six- or 12phase operation for higher power
applications, with minimal modifications
to the basic design. This multiphase boost
converter protects the load from mild
overload conditions by imposing a current
limit on each phase (boost converters are
typically not short-circuit proof due to the
diode and inductor connection from input
to output). Audio applications have shortduration peak power demands that are
much higher than the average output
power. Therefore, the current limit must
be set high enough to satisfy these peak
power requirements.
In order to maintain constant
frequency operation and a low output
ripple voltage, a single-ended boost
converter is required to turn off the
power MOSFET switch every cycle for
some minimum amount of time. This
off-time allows the transfer of energy
from the inductor to the output capacitor
and load. Having a high maximum duty
cycle is desirable, especially in low VIN to
high VOUT applications. The maximum
duty cycle for the LTC3862 is 96% with
the DMAX pin connected to ground. For
other topologies, such as a non-isolated
flyback converter, it is desirable to limit
the maximum duty cycle in order to
balance the volt-sec of the transformer.
The LTC3862 has a maximum duty cycle
that is user-programmable. By floating
the DMAX pin, the duty cycle is limited
to 84%. Connecting the DMAX pin to
the 3V8 supply pin limits the duty cycle
to 75%.
Issue 7 2009
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surface mount package that lends itself to fast pick and place assembly
techniques and a negative temperature coefficient that ensures no
localised heating occurs in the capacitor, thus avoiding thermal runaway
and ultimately destruction or operational degradation of the device.
Gold plated termination for hybrid assembly is provided as
conventional tin/tin-lead finished terminations have melting points that
are too low for reliable operation at 200°C. Long life is also a key
attribute with leakage current after 1000 hours operation at 200°C still less
than 1mA.
www.avx.com

IGBT/MOSFET Gate Drive
Optocoupler
NEC Electronics Europe
introduces a new IGBT gate drive
optocoupler series which is
based on a modified output form
aiming at improved
characteristics. The output has
changed from Bipolar/MOSFET to
MOSFET/MOSFET form, with the
result of improved switching
speed and a reduced output
voltage drop, achieving more
efficient IGBT drive.
The new IGBT gate drivers are
designed for 2.5A maximum peak output current and will be released in two
package versions: The PS9505 comes in a conventional 8pin dual inline package
(DIP) and the PS9305 is offered in a 8pin shrunk dual inline package (S-DIP) with
a pin to pin distance of 1.27mm (5000Vrms isolation voltage), reducing the onboard footprint to half of a conventional 8pin DIP.
The PS9505 and PS9305 series incorporate a GaAlAs LED at the input side and
a photo diode with signal processing circuit and power stage at the output side.
The isolated drivers feature the combination of a high speed optocoupler
providing high isolation voltage, as well as IGBT/MOSFET driving characteristics
supplying high output voltage and current. The PS9505 and PS9305 optocouplers
are suited for industrial inverter and motor control applications where a
microcontroller unit needs to be electrically isolated from the high voltage side.
www.eu.necel.com/opto
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Z-Rec 600V Silicon
Carbide Power
Diodes
Cree’s new Z-Rec 600V SiC Junction Barrier Schottky (JBS)
diodes provide improved device power efficiency and
enhanced surge current capability, allowing system optimisation
for performance and cost in power conversion applications
ranging from 250 to 1500W. Primarily used for boost diode
applications in power factor correction (PFC) circuits, Z-Rec SiC
JBS diodes, through their inherent lack of reverse-recovery
currents, will reduce AC/DC power supply losses by up to
10%. Zero reverse-recovery current has been an advantage for
switch-mode power supplies to reach and exceed ENERGY
STAR 80 Plus certification levels.
The new Z-Rec devices add to already impressive SiC-diode
power savings through device junction capacitance values,
which are up to 10% lower than Cree’s first generation devices.
The lower junction capacitance reduces switching losses and
extends the power savings to systems operating at higher
switching frequencies.
Each new device, of a given current rating, maintains the low
forward voltage (<1.8V) of previous Cree SiC diodes at rated
current and temperature. Z-Rec 600V devices are available in
2, 3, 4, 6, 8, 10 and 20A ratings in TO-220-2, TO-220-2 fully
molded (Full-Pack), TO-247-3, TO-252-2 (D-Pak), and TO-2632 (D2Pak) packages.
www.cree.com/power
Power Electronics Europe
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2010
BROCHURE
AVAILABLE
NOW!

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: 01353 863383 | 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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High-temperature PWM
Controller
Belgium-based CISSOID has unveiled
MAGMA, a PWM controller that operates
reliably over the temperature range of -55
to 225°C. The device targets DC/DC
converters and Switching Mode Power
Supplies, where it brings maximum
efficiency above 90% throughout the
whole temperature range. It can operate
with input voltages from 6 to 30V and
delivers a PWM signal at constant
frequency and duty cycles up to 90%. The
chip can be forced to a stand-by mode,
with a typical consumption under 150µA at 225°C. The threshold for the ‘Power Good’ signal can be
adjusted. A Sync pin can be driven by an external clock for synchronisation purposes while the
internal clock is available on a Ckout pin. MAGMA also features an internal reference, input voltage
feed forward, and a soft start activated whenever it comes out of stand-by or the output is enabled.
Associated with Silicon Carbide power transistors or high reliability IGBTs, MAGMA and their recently
announced HYPERION driver enable smaller and more reliable battery chargers and bootstrap
converters in aeronautics, oil and gas, train and automotive applications, with reduced cooling and
better overall cost efficiency. MAGMA is available in ceramic DIL28 package. Pricing starts at €231.63
for up to 200 units.
www.cissoid.com

Low-Loss 1200V IGBT Series
The IGBTs STGW30N120KD and
the STGW40N120KD from
STMicroelectronics have low
energy loss when conducting,
like an ordinary IGBT, and also
reduce losses while switching.
These IGBTs achieve power
savings using ST’s PowerMESH
process, and deliver greater allround energy efficiency. Lower
switching losses allow a higher
operating frequency, which, in
turn, permits smaller and lowercost components in powercontrol circuits. In addition, the
IGBTs’ compact industry-standard
TO-247 package saves
component count by also
integrating the ultra-fast
freewheeling diode required by
most circuits. The 1200V IGBTs
are capable of surviving short
circuits lasting up to 10µs, making them resistant to common causes of motor-controller failures,
such as an error in the gate drive signal, shorting at grounding, and breakdown of motor phase-tophase insulation.
The new series is rated for 1200V operation, which allows use at higher AC line voltages such as
440 or 480V for applications up to 30 and 40A, respectively. They are available $2.50 and $2.80 each
respectively in quantities of 5000 pieces.
www.st.com/igbt
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Chip Resistors
Capable to 200°C
TT electronics IRC has developed a series of
high temperature thick-film chip resistors.
Designated the HTC Series, the chip resistors
feature an operating temperature to 200°C
and are available in standard chip sizes
including 1206, 2010 and 2512 packages.
The thick-film chip resistors feature Pb-free
wraparound terminations with a leachresistant nickel barrier. The resistors meet MILSTD-202 specifications for load life, moisture
resistance and thermal shock. The HTC Series
resistors feature a resistance range from 1.0Ω
to 10MΩ. Maximum voltage ratings for the
1206, 2010 and 2512 chip sizes are 200,
400 and 500V, respectively. Tolerances are to
±0.5, ±1 and ±5%, with absolute TCRs of
±100ppm/°C. Operating temperature ranges
from -55 to 200°C.
IRC will also produce devices outside
these specifications to meet customer
requirements. These electrical characteristics
make the HTC Series resistors ideal for a
variety of harsh environments including
automotive underhood, aerospace, downhole instrumentation, oil and gas
equipment, motor controls, power supply
and circuit-protection applications.
www.irctt.com

New Generation
of Super Junction
MOSFETs
Fairchild Semiconductor brings designers
of power supplies, lighting, display and
industrial applications a new generation of
600V SJ MOSFETs designated SupreMOS.
The combination of their low onresistance and total gate charge brings a
40% lower figure of merit (FOM)
compared to Fairchild’s 600V SuperFET
MOSFETs, resulting in 20% less switching
and conduction losses. These devices, the
165mΩ FCP22N60N, FCPF22N60NT and
FCA22N60N, and the 199mΩ
FCP16N60N and FCPF16N60NT offer
high reverse recovery characteristics
di/dt and dv/dt bringing higher reliability
for resonant converter, LLC and phaseshifted full-bridge topologies found in
switch mode power supply (SMPS)
designs. These features enable power
supplies to meet ENERGY STAR 80 PLUS
Gold classification for desktop PCs and
Platinum classification for servers.
www.fairchildsemi.com/ds/FC/FCP22
N60N.pdf
Power Electronics Europe
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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

Power Electronics Europe

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
Issue 7 2009

p41-42 Website Locator.qxd_p41-42 Website Locator 14/10/2009 12:02 Page 42

42 WEBSITE LOCATOR
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

RES

ADVERTISER

ABB

IFC

International Rectifier

Coilcraft

4

CT Concepts

IBC

Danfoss

29

DAU

26

DFA Media Ltd

34

Isabellenhutte

RES
OBC
13

Ixys

19

LEM

23

Microsemi Power

26

7

Mitsubishi

8

Drives and Controls 2010

39

PCIM 2010

30

HKR

18

Toshiba

11

Digi-Key

Issue 7 2009

Power Electronics Europe

43_PEE_Is0710_43_PEE_Is0710 14/10/2009 10:01 Page 1

A Good

catch!

SAMPLES AVAILABLE!

2SC0650P Dual Gate Driver

Features

The new SCALE-2 dual driver core 2SC0650P combines
highest power density with broad applicability. The
driver is designed for both high-power and high-frequency applications. It is suit-able for IGBTs with reverse
voltages up to 1700V and also features a dedicated
MOSFET mode. Intelligent paralleling allows all forms of
parallel connection of high-power modules. Multi-level
topologies are also supported. The 2SC0650P offers all
6&$/( VSHFL¿F DGYDQWDJHV VXFK DV PLQLPDO MLWWHU DQG
ultra-short signal delay times. CONCEPT’s patented
SODQDU WUDQVIRUPHU WHFKQRORJ\ DVVXUHV HI¿FLHQW KLJK
YROWDJHLVRODWLRQZLWKORQJWHUPUHOLDELOLW\ZKLFKVDWLV¿HV
the highest requirements.

50A gate drive current
2 x 6W output power
+15V/-10V gate voltage
Separated gate paths (on/off)
150kHz switching frequency
80ns delay time
±1ns jitter
3.3V to 15V logic compatible
Integrated DC/DC converter
Short-circuit protection
Embedded paralleling capability
Superior EMC (dv/dt > 100V/ns)

CT-Concept Technologie AG, Renferstrasse 15, CH-2504 Biel, Switzerland, Phone +41-32-344 47 47

www.IGBT-Driver.com
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Benchmark Power MOSFETs for
High Performance Applications
Benchmark Point of Load: VRM, Buck Regulation
Part Number

VDS
(V)

ID
(A)

RDS(on) Max
VGS=10V
(mΩ)

Qg
(nC)

Package

IRFH7921PBF
IRFH7932PBF
IRFH3702TRPBF
IRFH3707TRPBF
IRF8721PBF
IRF8788PBF

30
30
30
30
30
30

14
25
16
12
14
24

8.5
3.3
7.1
12.4
8.5
2.8

8.3
34
9.6
5.4
8.3
44

PQFN (5x6)
PQFN
PQFN (3x3)
PQFN (3x3)
SO-8
SO-8

IR’s latest MOSFETs offer benchmark
performance and are tailored for DC/DC
conversion, AC/DC synchronous rectification,
and Industrial Battery applications such as
E-Bike and UPS systems.
IR’s latest Trench technology in a wide
range of packages up to 250V enables low
RDS(on), low gate charge, and high switching
capability for today’s demanding designs.

Benchmark Power Supply: Synchronous Rectification
Part Number

VDS
(V)

ID
(A)

RDS(on) Max
VGS=10V
(mΩ)

Qg
(nC)

Package

IRFB(S)3004PBF
IRFB(S)3006PBF
IRFB3077PBF
IRFB4110PBF
IRF7853PBF

40
60
75
100
100

330
270
210
180
8.3

1.75
2.5
3.3
4.5
18

160
200
160
150
28

TO-220(D2-PAK)
TO-220(D2-PAK)
TO-220
TO-220
SO-8

Benchmark Industrial: Industrial Battery, UPS
Part Number

VDS
(V)

ID
(A)

RDS(on) Max
VGS=10V
(mΩ)

Qg
(nC)

Package

IRF3205Z(S)PBF
IRFB(S)3806PBF
IRF1018E(S)PBF
IRFB(S)3607PBF
IRFB(S)3307ZPBF

55
60
60
75
75

110
43
79
80
120

6.5
15.8
8.4
9.0
5.8

76
22
46
56
79

TO-220(D2-PAK)
TO-220(D2-PAK)
TO-220(D2-PAK)
TO-220(D2-PAK)
TO-220(D2-PAK)

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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