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With the WE-MXGI Wrth Elektronik offers the newest
molded power inductor series. It combines an innovative
iron alloy material that provides high permability for lowest
Rpc values combined with an optimized wire geometry.

Ready to Design-In? Take advantage of personal technical

support and free samples ex-stock.
www.we-online.com/WE-MXGI

#UItralowlLosses

WE are here for you!

Join our free webinars on:
www.we-online.com/webinars

Highlights
= Extremely high power density
= Ultra low Rpc values and
AC losses
= Magnetically shielded
= Optimized for high switching
frequencies beyond 1 MHz
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What an Event!

In a response to our post on LinkedIn
where we thanked all the contributors to
Bodo's Wide Bandgap Event one person
commented “Great format, and | loved the
15-minute sessions - | felt I'd been hit with
a fire-hose of WBG knowledge.” | personally
wouldn't have been able to express it in a
more precise way. So, | think that the entire
team of Bodo's Power Systems can surely
say “Mission Accomplished”.

When | moderated the SiC session on day
#2 at our WBG event, | quoted Guy Moxey
(Wolfspeed), who said the following at the
panel discussion on day #1: “Use SiC as a
weapon with an incredible value for mon-
ey,” because | think he is right. He talked
about the price decline of a specific SiC
component which cost $85 ten years ago,
which we can now buy in volumes for $3.50.
However, I'd like to extend this to GaN as
well because considering the entire system
and lifetime cost of both, SiC and GaN de-
signs, these technologies are able to pro-
vide “an incredible value for money”.

Aly Mashaly (ROHM) told us that “in 2030
all the servers in the world will consume
six times the entire power consumption of
Germany”. Considering that Germany has
climbed to the 3" place in the global GDP
rankings of national economies (after the
US and China) in 2024 this is an almost in-
credible amount of power consumption for
a single application class. This and other
data and details discussed clearly demon-
strates how important it is to develop real
energy-saving systems.

During Bodo's WBG Event we saw so many
excellent approaches making the best out
of the huge energy demand, and we will
continue to bring you many inspiring power
solutions - hopefully highly efficient solu-
tions - in the twelve magazines we have
planned for 2025. Bodo and | are both
electrical engineers, but we are unable to
write so many in-depth power stories per
year nor can we present 40 technical WBG

Events

embedded world 2025
Nuremberg, Germany March 11-13
www.embedded-world.de

APEC 2024
Atlanta, GA, USA  March 16 - 20
www.apec-conf.org

AMPER 2025
Brno, Czech Republic  March 18 - 20
Www.amper.cz

papers in a single day, nor can we explain
products in the tabletop exhibition. There-
fore, we really appreciate your help and
support for writing stories, for presenting
at our event and for inspiring us at trade
shows and conferences. This is why we say
thank you very much for all of your support.
Let's continue to co-operate in a fruitful way
in 2025! Keeping this in mind the entire
team of Bodo's Power Systems wishes you
a healthy, inspiring, prosperous and peace-
ful 2025!

Bodo's magazine is delivered by postal ser-
vice to all places in the world. It is the only
magazine that spreads technical informa-
tion on power electronics globally. We have
EETech as a partner serving our clients in
North America. If you speak the language,
or just want to have a look, don't miss our
Chinese version at bodospowerchina.com.
An archive, of every issue of the magazine,
is available for free at our website bodo-
spower.com.

My green tip of the month: Use the WBG
“weapon” (or is it better we call it a “seed"?)
to create highly-efficient power systems. As
every percentage point increase in power

efficiency counts!
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https://epe2025.com
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Acquisition of SiC JFET Business

onsemi announced that it has entered into an agreement to ac-
quire the Silicon Carbide Junction Field-Effect Transistor (SiC JFET)
technology business, including the United Silicon Carbide subsid-
iary, from Qorvo. The acquisition will complement onsemi'’s exten-
sive EliteSiC power portfolio and enable the company to address
the need for high energy efficiency and power density in the AC-DC
stage in power supply units for Al data centers. Additionally, the
move will accelerate onsemi’s readiness for emerging markets such
as EV battery disconnects and solid-state circuit breakers (SSCBs).
“As Al workloads become more complex and energy-intensive, the
importance of reliable SiC JFETs that deliver high energy efficiency
and are able to handle high voltages will continue to increase,” said
Simon Keeton, group president and general manager of the Power
Solutions Group, onsemi. “With the addition of Qorvo's industry
leading SiC JFET technology, our intelligent power portfolio offers
our customers yet another solution to optimize energy consump-
tion and increase power density.”

www.onsemi.com

Cooperation for Development of Sensor ICs with Functional Safety

Novosense Microelectronics and Continental Automotive Tech-
nologies have signed a memorandum to enhance strategic coop-
eration in the development of sensor ICs with functional safety, as
well as for the global integration of Novosense's products within
Continental's worldwide platforms. Products being co-developed
include those for safety functions and system reliability - from air-
bag triggers to battery pack monitors. Novosense is a member of
the AEC and an active developer for the global automotive industry.
It has implemented an extensive R&D program for the sector that
leverages a system-level understanding of automotive electronics,
as well as a reliable product delivery supply chain.

www.novosns.com

SiC Partnership between Automotive OEM and Semiconductor IDM

STMicroelectronics and Renault Group's Ampere have entered a
multi-year agreement, effective from 2026, for the supply of Silicon
Carbide (SiC) power modules. The multi-
year agreement is aligned with Ampere’s
strategy of working upstream with its
partners. The two companies have
worked together on the optimization of
a new power module, the key elementin
the powerbox. The powerbox combines
three SiC-based power modules, an ex-
citation module, which provides the nec-

essary electrical excitation to the motor or generator for control-
ling the magnetic field within the motor, and a cooling baseplate

designed to dissipate heat from the back
side of the power module, simplifying
the thermal management and cooling
process. It is designed for both 400 V and
800 V battery systems, with the latter al-
lowing rapid charging from 10% to 80%
in under 15 minutes.

www.st.com

Semiconductor Product Distribution Center opened in Germany

Texas Instruments has opened its product distribution center in
Dreieich, Germany, close to Frankfurt, Germany. This distribution
center includes 9,000 square meters of space and specific automa-
tion features. It has the capacity to quickly ship up to 7,500 orders
per day. Located near Frankfurt Airport, the distribution center
enables faster product delivery in Europe. The pick, pack and ship
process is fully automated and orders are ready to ship within 15
minutes or less. Customers in central Germany can expect same-
day product delivery, while next-day delivery is available to custom-
ers in most European countries. Tl has been operating in Europe
since 1956.

www.ti.com
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(ScoGaN

ROHIM

SEMICONDUCTOR

Contribute to Smaller Size and Lower Loss

Gallium Nitride (GaN) is a compound semiconductor material used in next-generation power devices. Due
to its low on-state resistance, and faster switching capabilities compared to silicon-based devices, GaN
products contribute to lower power consumption and greater miniaturization of power supplies and other,

emerging power electronic systems.

Broad portfolio Designed for ease-of-use
¢ Discrete GaN HEMTs e Enhancement-mode,
and optimized gate driver normally off GaN devices
¢ |ntegrated power stage devices ¢ Class-leading maximum
¢ Product offerings at 150V driving voltage
and 650V ¢ Embedded electrostatic

discharge protection

High performance

¢ |ndustry's highest class FOM
(Figure of Merit)

¢ Stray-inductance-minimized

¢ Enables miniaturization and
reduces power consumption

www.rohm.com


http://www.rohm.comGallium
https://www.rohm.com/products/gan-power-devices

8 News

January 2025

bodospower.com

Bodo’s Power Systems®

Collaboration to Advance Plug & Charge

Vector and Hubject now collaborate to further advance the Plug &
Charge (PnC) technology. The aim is to simplify the electric vehicle
(EV) charging process. With more than 2.6 million PnC-ready vehi-
cles already on the market and more EVs on the horizon, the part-
nership helps to accelerate the adoption and implementation of
PnC technology. Through this collaboration, automotive OEMs and
charging station manufacturers can now obtain the Hubject QA
(Pre-Production) and Production Certificates via the Vector Security
Manager with the latest release of the development and test tool
CANoe Version 18 SP3. The Vector Security Manager is the link be-
tween the Vector tools and the OEM-specific security implementa-
tions. With it, security functions can be used uniformly in the tools.
Hubject QA and Production Certificates are essential for testing EVs
and Electric Vehicle Supply Equipment (EVSE) using the CANoe Test
Package EV or CANoe Test Package EVSE from Vector. This integra-
tion ensures that both the vehicles and the charging stations meet
the ISO 15118 standard of interoperability, conformity and market
readiness. PnC offers a seamless user experience. It eliminates the
need for physical cards or mobile apps to authenticate and initiate
charging.

www.vector.com

TSMC Excellent Performance

Asahi Kasei received a 2024 TSMC Excellent Performance Award for
its Pimel™ photosensitive Polyimide material, in recognition of its
“Excellent Technology Collaboration and Production Support in Ad-
vanced Packaging” at the 2024 Supply Chain Management Forum
held by Taiwan Semiconductor Manufacturing.

TSMC presents the Excellent Performance Award to suppliers that
have made remarkable contributions to its technology leadership
and manufacturing with advanced semiconductor processes over
the past year. At the award ceremony, TSMC Chairman & CEO Dr.
C.C. Wei thanked suppliers for delivering timely and high-quality
professional services to drive continuous improvement of the sup-
ply chain and related industries. Pimel™ has been used for world-
wide semiconductor applications such as buffer coatings, passiv-
ation layers for bumping, and dielectric layers for re-distribution
bumping. As semiconductor technology continues to advance, the
demand for materials like Pimel™ has grown, with these applica-
tions becoming increasingly vital in supporting the evolution of
more complex and compact semiconductor devices.

Award

www.asahi-kasei.com

GaN Design and Development Center in Ottawa, Canada

The French company Wise-integration, which is active in digital con-
trol of gallium nitride (GaN) and GaN ICs for power conversion, has
opened its North American Design & Development Center in Ot-
tawa, Ontario, Canada. Led by Christian Cojocaru and staffed by ex-
perts in analog and digital technology design, the center will drive
the development of the company's design portfolio for the next
generations of WiseGan®. By maximizing the high-frequency capa-
bilities of GaN without added power losses, the next generations of
the two product lines are said to “enable significant reductions in
system size and cost, while boosting overall conversion efficiency”.
Since its launch in 2020, the fabless company has established more
than 20 patent families for its two core product lines. WiseGan in-
cludes GaN power integrated circuits designed for high-frequency
operation in the MHz range, integrating features that streamline
implementation with digital control. WiseWare is a 32-bit, MCU-
based AC/DC digital controller optimized for GaN-based power-
supply architectures. The company recently announced the launch
of a subsidiary in Hong Kong.

www.wise-integration.com
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SiC technology

A cost-effective enabler of highly efficient power drive systems

Read the new whitepaper

With electric motor drive systems (EMDS) consuming up to 46% of all electrical energy generated globally, the
need for greater efficiency has never been more urgent. This new white paper examines the regulatory and
environmental factors driving the development of more efficient PDS designs, along with the potential cost
and other benefits of CoolSiC™ technology.

The analyses presented in this paper are based on measurements and simulations performed by Infineon.

You’ll learn about:

- Global regulations to improve motor efficiency - SiC technology - the key to greater efficiency
- Ways to improve the efficiency of power drive - SiC versus IGBT in complete drive modules
systems - The cost/benefit analysis of SiC over IGBT

Read this white paper now and discover how CoolSiC™ technology can build greater efficiency and
sustainability into your PDS designs.

o~ _.
Download the whitepaper now Infl neon

www.infineon.com
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A very short Look back at electronica 2024

From November 12 to 15,2024 a total of 3,480 exhibitors present-
ed their innovations across the entire spectrum of electronics to
about 80,000 visitors at the electronica trade fair in Munich, Ger-
many. In addition to sustainability, key topics such as artificial intel-
ligence, the future of mobility, and the development of young talent

sparked discussions at the exhibition stands and at the supporting
program. The equally successful SEMICON Europa took place con-
currently in two of the 18 halls. The organizer, Messe Munchen, is
“delighted that the trade fair was once again held at the same high
level as before the pandemic and that the atmosphere was very
positive despite the challenging times”. In order to attend elec-
tronica show, which had its debut exactly 60 years before, 3,480 ex-
hibitors traveled from 59 countries and regions, with 76 percent of
them from abroad. There were around 80,000 visitors from around
100 countries and regions. The share of international visitors to-
taled 54 percent. After Germany, the top 10 visitor countries were:
Italy, China, France, Austria, United Kingdom, Switzerland, USA,
Spain, Netherlands and Poland.

Some trivia: Roland R. Ackermann, the Correspondent Editor Ba-
varia of Bodo's Power Systems, had already visited the very first
electronica show 60 years ago while he was delighted to greet so
many friends and business friends at this year's electronica show
as well. The next electronica will take place from November 10 to
13, 2026.

www.electronica.de

“A much better Way to conduct Heat away from the Die”
- especially in GaN Applications

QPT has just filed a patent for a way to attach dies to the heat
spreaders or substrates which are typically Aluminium Nitride
(AIN), which it calls gAttach™. This is said to provide “a much better
way to conduct heat away from the die and also increases reliabil-
ity” as the assembly process places less stress on the substrates,
which is one of the biggest challenges the high-power semiconduc-
tor packaging industry faces. QPT developed this gAttach process
for use with the Gallium Nitride (GaN) transistors that it uses in its
electric motor control designs to enable them to handle the huge
amounts of waste heat that results from using them for high pow-
er, high voltage applications and at high frequency. GaN transis-
tors are now being made that are rated for high voltages but the
die size is relatively small for high voltage transistors, which means
there is less surface area to remove heat from. As a result, they are
often down rated to enable them to function without overheating.
gAttach solves this problem as now significantly more heat can be
efficiently removed from the die so that it will not overheat. This
opens up GaN to now be efficiently used for next generation, high

power, high voltage applications in automotive, industrial motors
and to finally deliver on the promise of low cost, high voltage GaN
transistors.

WWWw.g-p-t.com

Semiconductor Company cooperates with Automotive Tier-1 Supplier

ROHM Semiconductor and Valeo announced they are collaborat-
ing to propose and optimize the next generation of power mod-

ules for electric motor inverters using their combined expertise in
power electronics management. As a first step, ROHM will provide
its 2-in-1 Silicon Carbide (SiC) molded module TRCDRIVETM pack to
Valeo for future powertrain solutions. Valeo focuses on efficient,
electrified mobility across various vehicle types and markets from
the smallest one (ebikes), through the mainstream (passenger cars)
to the largest one (eTrucks).

ROHM and Valeo have been collaborating since 2022, initially focus-
ing on technical exchanges aimed at improving the performance
and efficiency of the motor inverter. By refining power electronics,
both companies aim to offer optimized cost/performance by deliv-
ering higher energy efficiency, reducing heat generation thanks to
an optimized cooling and mechatronic integration, and increasing
overall reliability with a SiC packaging. Valeo will start supplying a
first series project in early 2026.

www.rohm.com
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Reverse Conducting IGBT (RC IGBT) \/...

2400A/1200V & 2400A/1700V in PP3+
1000A/1200V & 800A/1700V in DualXT

FEATURES

» RC technology is combining IGBT and FWD in the same chip
) Improved solder material for higher reliability

» Higher lifetime at same ATj

» Increased output power

» Higher power cycling capability

» Lower conducting and switching losses

PrimePACK™ is registered trademark of Infineon Technologies AG, Germany.

[F= Fuiji Electric

www.fujielectric-europe.com Innovating Energy Technology
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Donation to Charity instead of Christmas Gifts

Vincotech has again opted to embrace the seasonal spirit of char-
ity. In lieu of sending gifts to customers, the company is present-
ing 12,000 Euros to its partner in philanthropy, Plan International
Germany. Donated on behalf of its workforce and customers, these
funds will support a development project in Ecuador. Youngsters,
and girls especially, in ten communities in the Cotopaxi and Santa
Elena regions stand to benefit from this initiative. It aims to impart
business, digital, and soft skills that will help get them off to a bet-
ter start in working life. The project also provides health services
to mothers and children. This is Vincotech'’s second contribution to
the project. The company had staged a virtual reality challenge at
the PCIM Europe trade fair in May 2024 to raise funds for Plan In-
ternational Germany. Fairgoers rose to the occasion. Vincotech and
its partners rewarded their efforts by pledging €15,000 to upskill
young Ecuadorians and furnish health services.

www.vincotech.com

Chief Operating Officer started in Office

Markus Fischer, the former Executive
Vice President Operations, has been
appointed to the Rohde & Schwarz
Executive Board. As Chief Operating
Officer (COO0), he will collaborate with
Christian Leicher (CEO) and Andreas
Pauly (CTO) to continue to keep the
company on course for growth in
these challenging times. As Chief Op-
erating Officer, Markus Fischer will be
responsible for most of the operative
business of Rohde & Schwarz. An-
dreas Pauly, who joined the Executive Board as Chief Technology
Officer in October 2023, will retain his primary responsibility for
innovation, research and development. Managing Partner Chris-
tian Leicher will continue to head the Executive Board as President

and CEO. Markus Fischer (44) joined the technology group in 2011
as Head of Corporate Material Sourcing at Munich headquarters.
After another management role at Rohde & Schwarz Messgerate-
bau GmbH in Memmingen, he assumed overall responsibility for
the group's supply chain in 2017. In July 2020, he was appointed
Executive Vice President Operations, becoming a member of Cor-
porate Management. In that role, Fischer was responsible for all
Rohde & Schwarz production activities as well as the supply chain
and procurement. The technology group's five production plants
have a high degree of vertical integration. As Executive Vice Presi-
dent Operations, Fischer focused above all on improving such key
aspects as efficiency, flexibility and scalability. Consequently, his
division not only ensured delivery capability in times of uncertain
supply chains, but also contributed substantially to the stability of
Rohde & Schwarz.

www.rohde-schwarz.com

Acquisition in Current Sensor

Isabellenhitte Heusler has acquired Rathgeber. Both companies
have a long-standing business relationship: As an external manu-
facturing service provider, Rathgeber was entrusted by Isabellen-
hitte with the punching of resistance bands, from which the ISA-
WELD resistor series for current measurement is manufactured.
Isabellenhitte expects to gain a strategic advantage from the ac-
quisition. Rathgeber specializes in the production of temperature
regulators for various markets. Isabellenhitte can thus supple-
ment its product portfolio in measurement technology, expand its
manufacturing expertise and strengthen its competitiveness.

www.isabellenhuette.com

Business

Three Companies partner for Solar Inverter Designs

Mouser  Electronics  has
partnered with onsemi and
Waurth Elektronik to address
the growing solar inverter
market. onsemi's Silicon Car-
bide (SiC) solutions address
the needs for the highest
levels of efficiency, reliabil-
ity, and safety while their
boost and inverter power
integrated modules (PIMs)

anchor the grid-interface electronics. Wirth Elektronik's gate driv-
ers, sensing control, and peripheral power products complete the
system. E. g. the onsemi NXH40B120MNQ1 is an EliteSiC PIM con-
taining a dual full SiC boost stage. The Wurth Elektronik WE-AGDT
high-power auxiliary gate drive transformers feature unipolar and
bipolar outputs, making them suitable for powering state-of-the-
art SiC MOSFET gate drivers up to 6W of power as well as IGBT and
power MOSFETSs.

www.mouser.com
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Japanese precision since 1935

It‘s a match!

Your application — our Sensors

High-accuracy current sensors since 1971

With HIOKI’s zero-flux current sensors, you achieve unmatched precision
and high temperature stability — built on 50 years of experience. \Whatever your
application needs, you'll find the perfect solution in our extensive portfolio.

Current Transducers Current Clamps

e DC to 10 MHz bandwidth e DC to 2 MHz bandwidth
T e 50Ato2000A e 2 Ato 1000 A

e +0.025 % rdg basic accuracy e +0.2 % rdg basic accuracy

M
1

>
shop.hioki.eu Ol A,
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14 Cover Story

January 2025

bodospower.com

Bodo”s Power Systems®

More Power by
RC-IGBT Technology

Fuji Electric introduces a new rating in a well-known package to increase the output power of IGBT
modules by applying “RC-IBGT” (RC for Reverse Conducting) technology for high-power applications

By Oleksii Khruniak, Field Application Engineer, Fuji Electric Europe

Introduction

In previous years, Fuji Electric has introduced RC-IGBT in well-
known packages with the objective of enhancing the output power
of existing systems using IGBT modules. This well-known “RC-IBGT"
(RC stands for reverse conducting) technology for high-power ap-
plications has already found its way into the market several years
ago. The addition of RC-IGBT technology to already existing pack-
ages of PrimePACK™3+, DualXT, PC2/3 and Small PIM2 brings the
system design flexibility so needed to follow shifting market trends
(Figure 1).

Figure 1: DualXT and PrimePACK™3+

The market demand for power semiconductors has been increas-
ing for several years, driven by the need for miniaturisation of
power conversion systems, reduction of costs and performance
improvement. Such an enhancement in performance is attained
by expanding the output power within a fixed package size, which
concurrently leads to rising operation temperatures within the
system. Higher operating temperatures lead to an increased risk
of a shorter product lifetime, due to a reduction in the number of
power cycles that can be performed at higher temperatures.

Figure 2: Schematic diagrams of the X series RC-IGBT and equivalent

Fuji Electric accepted the challenge of developing chips and pack-
ages capable of withstanding these higher performance levels
without compromising the module lifetime, and presented the 7th
generation of IGBT module technology, the “X-series”, some years
ago. The combination of high-power density and high reliability is
achieved by reducing power dissipation.

Moreover, Fuji Electric developed the RC-IGBT technology, which
integrates IGBT and FWD in a single chip. This allows for a reduction
in the number of chips and the chip area required, while maintain-
ing the same level of rated current. Furthermore, it is possible to
achieve higher currents.

This results in an increase of the rated current in the same package
size and a reduction in power dissipation by combining the X series
technology with the RC-IGBT technology. The reliability of the port-
folio exceeds that of conventional IGBT modules.

RC-IGBT technology

The RC-IGBT technology involves the integration of IGBT and FWD
patterns on a single chip (Figure 2). The proportion of active area to
the total chip area is increased as a consequence of the reduction
in the chip’s edge termination, which generates additional space
within the module housing for larger chips, thereby enabling an
enhanced output current. Furthermore, the extended chip area has
the effect of reducing the thermal resistance between the junction
and the case, Rth(j-c), to a considerable extent. The larger chip area
functions as a thermal buffer zone, facilitating the transfer of gen-
erated heat from the IGBT region to the FWD region and vice versa.
Consequently, the 12t capability of the RC-IGBT is almost 4 times
greater than that of the predecessor V series generation.

In the figure 3 a trade-off in junction temperature swing from Fuji
Electric PrimePACK™3+ 2400A/1200V RC-IGBT X-series module and
PrimePACK™3+ 1800A IGBT X-series module is shown.

Figure 3: Calculation conditions: lo=Vari., fc=3 kHz, fo=1 Hz,
Vee=600 V, pf=0.9, m=0.01, nominal RG, Rth(s-a)=6 K/kW,
Rth(c-s)=1.4 K/kW(with 3 W thermal grease), Ta=50 °C
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In a large-scale grid-connected photovoltaic system, IGBT mod-
ules are typically connected in parallel to increase the output cur-
rent. This topology typically necessitates a considerable amount of
system space and a meticulously devised electrical configuration
with minimal current imbalances. Photovoltaic (PV) systems oper-
ate normally at relatively constant power. In instances where two
1400A V-series PrimePACK™ units were previously employed or
one 1800A X-series IGBT, they can now be substituted with a single
2400A RC-IGBT module, thereby reducing the footprint by half or
expanding power output.

Figure 4: 1200V PrimePACK™3+ ATvj Power cycle lifetime comparison
lo=1800Arms

High-power drive system have a low output frequency during the
initial motor start-up. This is the most critical phase, given that the
load is sustained on a single chip for a relatively long time. The re-
sulting high temperature swings induce thermal stress on the die
attach and bonding wire connections, which ultimately results in a
reduction in the power cycling lifetime.

The application of RC-IGBT technology and its larger relative chip
area results in a significant reduction in temperature swings, there-
by extending the device's operational lifetime. The expected life
time of the 2400A RC-IGBT module will be much higher in this case
(Figure 4).

Figure 5 shows the reduction of the temperature swing of a X Se-
ries 2400A/1700V PrimePACK™3+ RC-IGBT compared to a X Series
1800A/1700V.

Figure 5: Calculation conditions: lo=Vari., fc=3kHz, fo=5Hz, Vcc=1200V,
pf=-0.9, m=1, Standard RG, Rth(s-a)=4.7°C/kW, Rth(c-s)=1.4°C/kW (with
3W thermal grease), Ta=35°C

First, on the generator side, an inverter converts the rotational
movement of the wind turbine, which provides alternating current
(AC) electric power, into direct current (DC) electric power. The tur-
bine rotates slowly, resulting in significant stress on the IGBT and
FWD due to the high load. RC-IGBT chips are capable of preventing
significant temperature fluctuations.

Second, on the grid side, the electrical power is converted back to
alternating current (AC) and fed into the grid network.

The two sides have distinct roles to fulfil, given the different func-
tions they perform. Nevertheless, the necessity for enhanced per-
formance unites those AC/DC and DC/AC converters. The RC-IGBT
technology facilitates an increase in the system’s output current
when compared with previous V-series technology or current X-
series based solutions.

Figure 6: 1700V PrimePACK™3+ ATvj Power cycle life

A comparison of the operational characteristics of an 1800A and a
2400A RC-IGBT module demonstrates that the latter exhibits a lon-
ger operational lifetime. The enhanced thermal stability at identical
output currents results in a strongly extended operational lifetime
(Figure 6).

An additional example of the utilisation of the RC-IGBT technology,
now in DualXT package, is the reduction of the system’s footprint
through the replacement of 2 modules of 450A Dual XT with one
1000A RC-IGBT DualXT. In addition to the reduction in the number
of driver units, which facilitates control of the system, the footprint
is also reduced to 40% of the initial system size. Or in case of ex-
panding 800A based system, to deliver a power extension option, a
1000A RC-IGBT can be used (Figure 7).

Figure 7: Calculation conditions: lo=Vari., fc=3kHz, fo=5Hz, Vcc=1200V,
pf=-0.9, m=1, Standard RG, Rth(s-a)=4.7°C/kW, Rth(c-s)=1.4°C/kW(with
3W thermal grease), Ta=35°C
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It is anticipated that this trend towards downsizing will become
more prevalent in the future, as a result of the increased availability
of a diverse range of RC-IGBT packages.

Fuji Electric's RC-IGBT product range has been designed for indus-
trial applications and offers a maximum current rating of 2400A for
modules in both the 1700V and 1200V classes for PrimePACK™3+
as well as DualXT package in 800A/1700V and 1000A/1200V variant.
This represents an increase in nominal output power in compari-
son to the conventional X-series technology.

A comparison of the operational characteristics of two in parallel
450A or one 800A IGBT and a 1000A RC-IGBT DualXT X-series mod-
ule demonstrates that the latter similar to PrimePACK™3+ RC-IGBT
exhibits a longer lifetime under same operational condition. The
enhanced thermal stability at identical output currents results in a
markedly extended operational lifetime (Figure 8).

Figure 8:1200V DualXT ATvj Power cycle life comparison

Given the inherent challenges
associated with handling cur-
rents of 2400 A, particularly in
view of the generated heat in
the output terminal, the Prime-
PACK™3+ package with two
output terminals was selected
as the optimal solution. The
enhanced output power of RC-
IGBT technology facilitates the
optimisation of power conver-
sion systems. The realisation of
higher currents within the same
footprint enables the ongoing
miniaturisation of systems. Fuiji
Electric offers this technology in
the PrimePACK™3+ and DualXT
to meet market demands and
strives to realise a safe, secure
and sustainable society.
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Al server hot-plugging with
robust hot-swap controllers

Strategies for reliable and continuous operation in Al server data centers using hot-swap controllers
and the role of eFuses in the future

By Nitish Agarwal, Senior Application Engineer, Infineon Technologies Americas

Al servers and hot-plugging

This is the age of 24/7 Al usage where Al servers need to be always
online. Their ever-growing power demand forced server architec-
tures to transition from 12V to 48 V, which reduced power losses by
16x, allowing greater power extraction with reduced cooling costs.
An Al server rack computes the required data in an interruption-
free operation and comprises multiple Al server blades operated in
parallel. Server blades, in turn, are composed of a power converter,
the Al processor, network switches, and a

memory.

Visualize parallel Al server blades as drawers
of afiling cabinet: the back of the cabinet into
which these drawers (server blades) wheel
in, is a 48 V live backplane, and the cabinet is
the server rack. The blades are plugged into
this backplane powered by the same source
as the processors. If one blade fails, the load
is shared by the others to keep the system
running. Meanwhile, the faulty blades are re-
placed by plugging new blades into the live
backplane without taking the entire system
offline. This process is called “hot-plugging”
or "hot-swapping”.

To avoid costly server downtimes or high
replacement costs that can run into even
$9000/minute per Forbes [1], server blades
must be protected against system level fail-
ures due to voltage fluctuations or thermal
variations, among others. This is where hot-

Hot-swap controller mechanism

Clearly, a solution is needed where the input current to the capaci-
tor can be controlled during hot-plugging without causing voltage
drops or power losses during normal operations.

Imagine the backplane as an infinite water reservoir and the input
capacitor as an empty water tank. To control the water flowing from
the reservoir to the tank, a control valve is added, without which

swap controllers come into play as reliable Figure 1: Capacitor inrush current analogy with a water reservoir example

protection solutions for Al servers.

Hot-plugging events

Every hot-plugged server blade contains a capacitor for energy stor-
age purposes and to filter out voltage ripple and high-frequency
noise. At insertion of the server blade, the capacitor is discharged,
acting as a short or low-impedance path from V, to ground. Hot-
plugging a server blade in this moment creates a huge amount of
inrush current for a short time. But it is strong enough to blow up
the fuse or cause voltage dips in adjacent blades triggering a sys-
tem shutdown. The increasing power density originating from the
growing power demands of Al servers also requires additional ca-
pacitance, making it critical to reduce this inrush current.

One technique to reduce inrush current is to increase the current-
path resistance by adding a series resistance between V,y and
Cin- Increasing resistance to the power-path would cause a volt-
age drop, adding to I2R losses. Another technique utilizes negative
temperature coefficient (NTC) thermistors, offering a high resis-
tance before hot-plugging. Inrush current passing through NTCs of
a room-temperature server blade generates heat from I2R losses,
reducing the resistance. Thus, NTCs reduce steady-state system
losses, which are significant. The resistances could be shunted us-
ing a switch/relay, which increases size, cost, and complexity. They
are also unreliable when faulty blades need to be isolated.

the water flows into the tank at the maximum flow rate, just like
the inrush current. In this analogy, the valve is a MOSFET, whose
gate voltage determines the current flowing through it. When the
MOSFET gate voltage is below Vy, (turn-on threshold), it operates in
the cut-off region without allowing current to flow through, block-
ing the current flow (inrush current) while inserting the blade into
the backplane.

As Vg > V. a controlled current flows through the FET. Initially,
the current depends on Vg while Vs is high, placing the MOSFET
in the saturation region, where the current is constant as long as
Vs is stable. As Vg increases, more current flows, charging the
input capacitor and lowering Vi, transitioning the MOSFET into the
ohmic region where the current depends on Rpg(gp)-

For hot-swap applications, 100 V MOSFETs are common with typical
Rps(on) values between 1.5 mQ and 3.5 mQ. Identical MOSFETSs are
paralleled to share current, reducing thermal stress by effectively
lowering Rpg(on) Per FET.

A hot-swap controller controls the MOSFET gate voltage to regulate
the capacitor current at startup. It also ensures that the MOSFET
is not damaged, staying within its design limits defined by the safe
operating area (SOA) curves found in the MOSFET's datasheet [2].
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Digital hot-swap controllers

To keep up with the growing power demand, digital hot-swap con-

trollers allow for programming of the FET's SOA profiles to ensure

that the FET always stays within its safe operating region, and im-

prove overall system reliability and lifetime. Its algorithm works as

follows:

1. MOSFET SOA current profile from Vpg = 80 V down to
Vps =1 Vis programmed at the desired temperature.

2. When hot-plugging, the FET's Vpg = V|y. Controller refers to an
internal lookup table; sets the corresponding drain current as
the target FET drain current.

3. Controller ramps up Vgg slowly and measures current flowing
through the FET, regulating it to maintain the programmed
current level.

4. As current flows, the capacitor Cjy charges, increasing the
VOUT and reducing Vps.

5. Controller adjusts target regulation current as Vpg decreases.

6. Once Cy is fully charged, the inrush event ends; controller
signals power converter “Power Good”.

7. Power converter powers up the processor, bringing the server
blade online.

4 kW hot-swap

A 4 kW hot-swap solution with four OptiMOS™ 5 Linear FET 2
IPTO17N10ONMS5LF2 FETs [3] and a XDP™ XDP710-002 hot-swap con-
troller [4] is available with Infineon. The board operates from 40 V
to 60 V and the nominal load current for 4000 W = 100 A; thus, four
FETs are operated in parallel after thermal calculations. The SOA
profile of the FET at 95°C is programmed into the controller.

Figure 2: 4 kW hot-swap controller design

Figure 3: Typical turn-on waveforms of XDP™ XDP710-002 charging a
5000 pF capacitance

Burst mode for FET turn-on instead of continuous mode

While operating on the DC SOA line, continuous power dissipation
across the FET (Vpg X Ip) reduces reliability, especially with a larger
capacitance extending the MOSFET's time in the linear region. So,
the 1 ms SOA line is used, turning the FET on for 1 ms to charge the
capacitor, then off to cool down, and repeating.

During turn-on, the FET charges the input capacitor without feeding
the load current, and thereby stores energy. During turn-off, the
controller slowly charges the capacitor while allowing the MOSFET
to cool. In burst mode, the FETs operate at the 1 ms SOA line during
high Vs and switch to continuous mode at lower Vp, providing ~9
ms (adjustable) cooling time, thus enhancing reliability.

Eliminating contact bounce during hot-plugging

The mechanical connection of hot-plugging a server blade into the
backplane often causes bouncing. To prevent bouncing, the gate
pulse to the inrush FET is provided only after the blade is securely
plugged-in. Therefore, a voltage-sense pin can be used, which is
the last to connect with the backplane and is linked to the “Enable”
pin of the hot-swap controller. The controller turns on the inrush
FETs only when the voltage on the “Enable” pin is above a threshold
for a set duration; otherwise Cjy remains disconnected from the
backplane.

Protecting blades and backplane during faults

The backplane must be protected against faulty blades to shield
other parallel servers. Detecting faults and isolating affected server
blades quickly and safely by opening the inrush FETs is of utmost
importance. Additionally, external events like voltage variations/
surges require protection to maintain system reliability and avoid
server downtimes.

Hot-swap controllers offer protection against short-circuits, over-
current, overvoltage, undervoltage, overtemperature, and FET
faults. They isolate faulty modules without damaging the backplane
and alert the system via fault pins. FETs can be latched-off, they can
turn back on after self-clearing faults, or the controller can auto-
retry based on settings.

Short-circuit detection is critical due to its potential catastrophicim-
pact. Modern controllers isolate faults in <1 ps using fast compara-
tors and strong gate pull-downs but cause high voltage spikes. TVS
diodes are used to clamp these spikes, ensuring the 100 V-rated
FETs handle the surge safely. Additionally, warning alerts help pre-
vent faults with preemptive adjustments, ensuring uninterrupted
supply.

Active monitoring and health reporting

The hot-swap controller’s active monitoring module accessible via
PMBus provides real-time accurate telemetry of voltage, current,
power, temperature, and energy, with fault and warning statuses
reporting. The capability to capture peaks and valleys helps identify
potential fault events.

To enhance reliability and fault analysis, a black-box feature re-
cords telemetry data before, during, and after faults, allowing de-
tailed analysis and troubleshooting.

Future trends

Rising demands seek integrated solutions like eFuses, combining
linear MOSFETs, hot-swap controllers, current and temperature
sensors into one package and thereby significantly reducing the
size of hot-swap solutions.

eFuses offer an enhanced reliability with integrated temperature
sensors providing real-time die temperature readings, shutting
down the MOSFET at unsafe temperatures. Moreover, when paral-
leled, multiple eFuses together ensure current sharing at startup.
Al server power consumption is expected to increase to 8/12 kW,
necessitating backplane voltages up to 400 V. This requires new,
more robust, and reliable hot-swap controllers and MOSFETSs, as
failures at such high voltages could be catastrophic.

For an extensive explanation of how the hot-plugging is man-
aged securely, read our whitepaper in the Documents section at
https://www.infineon.com/xdp710-002.
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In Pursuit of Cool:
Building Better Thermal Models
with Cauer and Foster Chains

When designing and analyzing power electronic circuits in simulation tools, ensuring that such
systems are kept sufficiently cool requires accurate thermal models.

Engineers widely use lumped-element thermal models such as Foster and Cauer chains to predict
device temperatures and heat flow. While these chains look simple, they have subtle complexities
that can undermine model accuracy and thermal behavior. Here, we dive into how to get the most
out of these models - from measuring impedance curves to best practices for building better, more
reliable thermal models.

By Alexander Weyman, Plexim

With the demand for ever-greater efficiency and reliability in power
electronics, the need for accurate thermal models in simulation
software is of critical importance to improve thermal management.
With growing computing power, high-resolution thermal FEM mod-
els of single devices are becoming increasingly feasible, enabling
engineers to capture detailed thermal behavior and optimize cool-
ing. However, such model complexity can hinder simulations at
the system level, making efficient, performance-optimized models
the preferred choice. In this field, thermal circuit models, especial-
ly chain-like networks of the Cauer and Foster type, have estab-
lished themselves as a standard and powerful tool for modeling
heat transfer dynamics and semiconductor junction temperatures.
Despite their simple structure, these models are prone to typical
pitfalls, often rooted in a misunderstanding of the basic principles
behind Cauer and Foster chains.

Understanding Cauer and Foster Thermal Chain Models

A chain-like circuit of the Cauer type is closely related to a physical
representation of a thermal system. Derived from discretizing the
one-dimensional heat equation, Cauer chains model the thermal
path as a network of thermal resistances (Ry,) and thermal capaci-
tances (Cy,). From this perspective, it becomes clear why each R-C
pair in a Cauer chain can be thought of as representing a physical
layer within the device. This direct correlation allows intuitive ad-
justment of the model based on material properties and geometric
dimensions. For example, in a power semiconductor device, the
heat generated at the junction must pass through several layers
before dissipating into the ambient environment. By representing
each layer with an R-C pair, the Cauer thermal chain captures the
heat flow dynamics accordingly. Choosing more or fewer R-C pairs
adjusts the resolution at which the one-dimensional heat path is
discretized, allowing a balance between model complexity and the
desired level of detail.

In contrast, Foster type thermal chains offer an abstract approach
to modeling temperature response, where individual R-C pairs are
not related to the physical layers. Instead, the entire set of R-C pairs
collectively represents the full thermal path, terminating at a con-
stant temperature. There is a clear mathematical procedure for
transforming a set of Foster Ry, and Cy;, values into a correspond-
ing set of Cauer Ry, and Cy, values, and vice versa, with flexibility in
the arrangement of the Foster R-C pairs. As visualized in Figure 1,
Foster chains lack a direct connection to the physical heat equation
but, despite their abstract nature, they are widely used in practice
because of their mathematical simplicity in describing thermal re-
sponse to a step change in power input. This simplicity allows Fos-

ter Ry, and Cy, values to be extracted through curve fitting of the
measured transient thermal impedance Zy, curve. Yet, common
pitfalls in measuring the Z,, curve and obtaining suitable Foster Ry,
and Cy, values from it are not always easy to spot. Here, we high-
light a few key challenges and present solutions.

Figure 1: Relationships between the Cauer model, the Foster model,
and the physical perspective on describing thermal paths.

Common Pitfalls in Measurement and Application

Analogous to electrical resistance, defined by Ohm's law as the ratio
of voltage across a resistor to the current flowing through it, R=U/I,
thermal resistance can be characterized by the temperature dif-
ference across a thermal resistor relative to the heat flow passing
through it, Ry, =AT/P. For the transient case, it may then seem intui-
tive to treat individual parts of a thermal path as single resistor-like
entities, that is, as one-port networks. This would imply, however,

Figure 2: A simple PLECS model demonstrating how identical thermal
paths, represented as Cauer chains, show different thermal behavior
depending on how the path is continued.
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that the division Z,(t)=AT(t)/P results in a unique transient ther-
mal impedance curve for the thermal path in question. Unfortu-
nately, this is not the case. In fact, the shape of the Zy,(t) curve can
vary significantly depending on how the reference temperature
at the end of the thermal path changes during the measurement.
Figure 2 illustrates how AT(t) differs for two identical physical
thermal paths represented as Cauer chains, depending on how the
path is continued. Since Cauer chains are internally connected to a
thermal ground, they go beyond the concept of a simple one-port
network.

Foster chains, in turn, are one-port networks that produce two
identical temperature profiles when used in place of the Cauer
chains shown in Figure 2. Foster chains should not be connected in
series, as this fails to accurately capture the physics of thermal heat
flow along the path, resulting in a flawed model for representing
thermal behavior. Recognizing that Foster chains must represent
the entire thermal path, rather than individual segments, highlights
the importance of maintaining a constant temperature at the end
of the path when measuring Z,(t) curves. While this may seem
less intuitive, the ‘entire path’ can also refer, for instance, to a junc-
tion-to-case path - as long as the temperature at the case is kept
constant during measurement. Such a measured curve between
junction and case can then serve as the basis for deriving Cauer
R-C parameters through a well-fitted Foster model. This resulting
Cauer chain, with its close relation to the physical heat equation,
can then be incorporated into a larger Cauer model that extends,
for example, from the junction to the ambient environment. This
avoids the series connection of Foster chains which is incorrect as
described previously. Next, we dive into what it means to obtain a
‘well-fitted’ Foster model.

Subtleties in the Curve Fitting Process

The simplicity with which the Foster model describes Z(t) also
brings with it certain common pitfalls in the curve-fitting process.
Given the mathematical function used to fit the Foster model to
an impedance curve, Z,(1)=%; R; (1 - V™), with time constants
1;=RC;, it becomes evident that a single term in the sum can be
split into two separate contributions with the same t value without
changing the shape of the curve. This subtlety can cause the curve-
fitting algorithm to return multiple t values that are very close to
each other. In practice, this can become problematic when Foster
parameters are provided for a thermal path intended for inclusion
in an extended thermal network, such as junction-to-case Foster
parameters. When these parameters are converted to a Cauer
model for integration into a larger path, unrealistically large thermal
capacitances can result, significantly impacting the modeled heat
flow and, consequently, the predicted junction temperature. One
example is shown in Table 1, taken from an official datasheet of an
IGBT device. Due to closeness of the t3 and 14 values, the derived
Cauer parameters result in a total thermal capacitance of 25 MJ/K
- equivalent to around 65 tonnes of copper - thereby significantly
delaying heat flow from junction to case.

[K/W]

00039 | 004368 | 003203  0.00789
e [s] 856E-4 00279 [00913 [0.0914 |

Table 1: Example Foster parameters for Zy, ;- with close t3 and T,
values, provided in an IGBT device datasheet.

Another subtlety that arises from the Z,(t) fit function from the
Foster model is that an additional R-C layer with a large T and a
small R can be added to the Foster chain without noticeably chang-
ing the shape of the Z,(t) curve. However, if the curve-fitting algo-
rithm introduces an additional Foster layer in this way, it can lead
to unrealistically large thermal capacitances when converted to a
Cauer model, potentially causing a substantial delay in heat flow.

PLECS has a solution to avoid these subtle pitfalls when fitting a
Foster model. With the release of PLECS version 4.9, we have in-
troduced an algorithm that automatically detects these issues and
offers users the option to fix them with the click of a button. Fig-
ures 3a and 3b demonstrate how PLECS detects both issues in the
shown example Foster parameters from an official datasheet and
provides a fix.

Figure 3a: The new ‘Fix Coefficients’ feature in PLECS 4.9 automatically
detects issues in Foster model parameters, highlighted in red.

Figure 3b: Preview of the fixed values displayed in a separate window.

The Next Level: Modeling Thermal Crosstalk

Building on the foundation of thermal chains, engineers have de-
veloped sophisticated networks to model more complex behavior
such as thermal crosstalk, where the heating of one chip affects the
temperatures of neighboring chips. It is important to remember
that this approach, which uses arbitrarily branched thermal chain
networks, is valid only when assuming effective one-dimensional
heat flow along the physical paths. Additionally, isolated measure-
ment of these paths, with reference temperatures needing to be
kept constant, is necessary to determine accurate R-C values for
the chains. Given the practical challenges in achieving these condi-
tions, we present a more accessible approach to modeling thermal
cross-coupling using thermal chains.

Following a similar approach as with the choice between the phys-
ically-based Cauer model and the more abstract but useful Foster
model, we aim for a black-box approach to thermal crosstalk, cap-
turing thermal interactions without detailing the physical mecha-
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nisms by which nearby heat sources influence each other. Assum-
ing that contributions from heat sources can be separated, we can
ask how a unit step change in power applied at one chip affects
the transient temperature increase at another. This approach natu-
rally leads to the mathematical description of a thermal impedance
matrix, where each matrix element provides the exact answer to
this question. Moreover, this convenient matrix description allows

Figure 4: Since PLECS 4.8, the Thermal Package Description option al-
lows users to define a thermal impedance matrix, enabling the model-
ing of thermal crosstalk through the off-diagonal matrix elements.
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for the direct and straightforward measurement of each transient
thermal impedance matrix element.

While the concept of using thermal impedance matrices is not new
in thermal modeling, a key challenge is to accurately account not
only for the correct temperature behavior but also for the correct
heat flow leaving a thermally coupled system, so the thermal path
can be extended in a physically meaningful way. In PLECS, we ad-
dress this challenge by embedding Cauer chains within a state-
space representation derived from a user-defined impedance ma-
trix. The way in which the state-space representation is constructed
ensures that the heat flows measured individually from each de-
vice are accurately recovered. Figure 4 shows how the thermal im-
pedance matrix is integrated into PLECS within the Thermal Pack-
age Description window. By clicking on individual matrix elements,
users can provide Foster or Cauer parameters to define each Zi'j(t)
element.

Conclusion

Despite - or precisely because of - their simplicity, thermal Foster
and Cauer models are widely used as highly efficient tools for ana-
lyzing the thermal behavior of power electronic systems. Under-
standing the physical basis of the Cauer model and the abstract na-
ture of the Foster model is invaluable for avoiding common pitfalls
in measurement, curve fitting, and integration of thermal models.
Recent advancements in PLECS include inbuilt mechanisms to de-
tect common issues in modeling thermal circuits, support the de-
velopment of more reliable models, and greatly simplify the model-
ing of thermal crosstalk. The pursuit of cool, after all, is about more
than just managing heat - it is about using these models to improve
reliability and performance, setting new standards for innovation
in power electronics.
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The Power Module that
Stabilizes the Grid

In modern power grid systems, maintaining a stable grid frequency is more important than ever due
to new challenges, such as the transition to renewable energies.
This is largely due to the significant amount of energy consumed in today’s world and governmental
goals to reduce carbon emissions. Consequently, the demand for energy storage devices is growing.
A crucial element of an effective Energy Storage System (ESS) is the Power Conversion System (PCS).
The PCS acts as an interface between the direct current (DC) batteries and the electrical grid.

By Patrick Baginski, Sr. Field Application Engineer, Vincotech

A power Conversion System (see Figure 1) is equipped with a power
semiconductor module as its main component, which connects the
energy storage battery system to the power grid to enable bidirec-
tional conversion of electrical energy. When there is excessive pow-
er generation, the PCS charges the batteries. If the grid requires
additional energy, the PCS supplies the stored energy. Additionally,
it provides inertia energy to maintain the grid frequency close to
50/60 Hz. This can be achieved with a mechanical solution like a
flywheel, which stores energy by spinning a mass with a moment of
inertia. These energy storage systems are typically large and heavy
but can release a high amount of energy in a short time. Such sys-
tems can reach up to 100+ kW, and more units can be connected in
parallel if more power is needed.

A more modern solution is battery storage systems, also known
as Energy Storage Systems (ESS), with the PCS as the main com-
ponent for energy conversion. Any type of battery can be used,
but Lithium-lon batteries are preferred due to their higher power
density and longer lifespan compared to lead-acid batteries. Since
megawatts of power are required, these systems can be built from
several smaller units or a single large one. This article discusses a
specially designed product intended for use in high-power systems.

Figure 1: Power conversion system

A stable grid frequency around 50/60 Hz is necessary for the cor-
rect operation of many devices. This is especially true for older de-
vices that generate their internal operating frequencies and tim-
ings from the grid frequency. However, modern devices use DC/DC
power supplies and generate frequencies from internal oscillators
or receive synchronization signals from servers.

VINcoX - 3-level high power module

VINcoX modules are specifically designed for UPS and ESS applica-
tions ranging from 160 kW to 1.4 MW, depending on operating con-
ditions. These modules are optimized for bidirectional operation.
Essentially, it is a platform consisting of up to three power modules
connected by a high-power PCB. All main potentials are shared on
the PCB, resulting in decreased stray inductance.

Figure 2: VINcoX12 power module

Currently, two different topologies are available: a 3-level T-type
topology with 1200 V and 650 V components for 1000 V systems,
which can be provided with snubber capacitors as an option, and
an I-type topology with 1200 V components for DC-links exceed-
ing 1500 V. Switching frequencies are relatively low in this power
range, so semiconductors with low conduction loss are used —in
this case, the Mitsubishi M7 technology. Alongside a low VCEsat, it
also offers superior H3TRB capability compared to other vendors.

A symmetrical layout is the key

A challenge with larger power modules is that many semiconduc-
tors need to be switched in parallel. All devices should switch simul-
taneously to achieve good current sharing. Long connections inside
the power module could result in turn-on and turn-off delays, caus-
ing uneven loads on chips. Therefore, each of the three segments
has its own gate-emitter connections. Furthermore, each commu-
tation loop on the DCB has its own connections. The driver PCB,
which can be pressed or soldered to the press-fit pins, needs to
manage these signals. Design hints and layout recommendations
are provided in the evaluation driver board documentation.

Figure 3: Turn-off waveform of an 1800 A module @ IC = 3200 A at
ambient temperature
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The turn-off waveform in Figure 3 is measured with the largest
available VINcoX12 module, featuring a nominal chip current of
1800 A (model 70-W624NIATK8M701-LDOOFP70). This module has
100% rated components in all positions, making it an ideal choice
for 4Q operation. As shown, the module has very low stray induc-
tance and can be switched quite aggressively with a 0.5 Q gate re-
sistor, resulting in an overvoltage spike of only 41%, which is ap-
proximately 990 V for a 1200 V semiconductor.

Figure 4: PCs capability and VINcoX12 backside

Reliability has high priority

Reliability is critical for many applications, so this module does not
use a single large copper baseplate but instead has two baseplates
per segment (see Figure 4). This design means a VINcoX12 module
consists of six baseplates. These are decoupled from each other,
resulting in less absolute thermal expansion compared to a single
baseplate, which reduces mechanical stress on the thermal inter-
face material.

For many applications, thermal reliability is of particular interest.
Heavy load changes stress the chip/bond wire connections and the
solder material between the chip and DCB. Additionally, operating
at high loads and high chip temperatures may degrade the chip
solder material if it becomes too hot. The new advanced solder ma-
terial contributes to both, resulting in a significantly longer lifetime.
It enhances the power cycling capability by nearly two times and
the high-temperature forward bias capability by up to nine times.

High reliability and high efficiency with VINcoX modules

VINcoX modules are specifically designed for 3-level high-power ap-
plications, primarily for energy storage systems to provide inertia
energy. With 100% rated components in all positions, they are ideal
for applications requiring bidirectional operation. The flexibility to
add up to three segments allows for coverage of chip current ratings
between 400 A and 2400 A. T-type and I-type topologies are available
for both 1000 V and 1500 V systems. The blocking voltage capability
of the I-type topology with 1200 V components allows for even high-
er DC-link voltages. High reliability and long lifespan are achieved
by using two separate baseplates per segment and advanced solder
material for superior power cycling and high-voltage forward bias
capability. As an option, modules can be delivered with pre-applied
phase-change material to eliminate the thermal pasting process in
the customer’s production area. Overall, the VINcoX platform is suit-
able for all 3-level applications ranging from 200 kW to 1.5 MW.
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Kilowatt DC/DC Converters

for Fuel Cell Solutions

Fuel cells are electrochemical devices that convert the chemical energy from a gaseous fuel,
often hydrogen, directly into electrical energy. This process occurs in a reaction chamber, or “cell”
(Figure 1). When hydrogen serves as the fuel, the process resembles electrolysis in reverse.

By Steve Roberts, Innovation Manager, RECOM Power

In electrolysis, electricity splits water into
hydrogen and oxygen, producing hydrogen
at the cathode and oxygen at the anode
in a 2:1 ratio (H,0). Conversely, hydrogen
combines with oxygen (from air or pure
sources) in a hydrogen fuel cell to produce
an electrical current, with water and heat as
the only by-products.

While fuel cell technology is often viewed
as being modern, it dates back to the
first prototypes built by the scientists Sir
Humphrey Davy and Sir William Grove
in the early 19th century. In the 1960s,
practical hydrogen fuel cell technologies
were developed to power welding
equipment, agricultural tractors, and even
space missions. A significant hurdle to their
further developmentwas designing durable
interface technology to separate the gases
from the liquid electrolyte in the cell. The
interface needed to be gas-permeable,
electrically conductive, and resistant to
both electrolyte corrosion and the heat
generated. Today, constructions using
proton exchange membranes (PEM) have
largely addressed these issues, making
stacked fuel cells a viable option for clean,
efficient power across multiple sectors like
transportation and residential energy.

Fuel cells are an increasingly attractive
option in transportation, offering an
alternative to fossil fuels and helping
reduce greenhouse gas emissions. Fuel
Cell Electric Vehicles (FCEVs) powered by
hydrogen are now being produced by many
major automakers, such as BMW, Toyota,
Honda, and Hyundai. FCEVs offer certain
advantages over Battery Electric Vehicles
(BEVSs), particularly for long-distance travel,
due to quicker refueling and greater range
potential.

High-pressure hydrogen refueling stations
operate similarly to traditional fuel pumps,
whereas BEVs often require lengthy
charging stops or larger, heavier batteries.
This makes fuel cells ideal for applications
in long-haul trucking, buses, and other
heavy-duty  transport, where rapid
refueling, lighter weight, and extended
range are key factors. As a result, FCEVs
are increasingly focused on trucking and
railway applications, while clean fuel cell-

Figure 1: Electrolysis Cell vs Fuel Cell Schematic

Figure 2: Fuel cell stack construction
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powered buses and trams can already be
found in many urban areas. Additionally,
small scale FC units can be easily retrofitted
to refrigerated containers and trailers,
avoiding the need to have a continuously
running diesel engines to keep perishable
goods cold.

Hydrogen fuel cells are also being applied
in stationary power systems, powering
buildings, industrial sites, and even entire
communities. Fuel cells are inherently
scalable: adding more cells increases
voltage, expanding cell surface area
increases current, and connecting multiple
stacks in parallel boosts power. However,
as individual cells generate relatively low
voltages (0.5-0.8V), fuel cells are typically
stacked together to deliver useful output
voltages of 200V-300V with high current
(hundreds of amps) to simplify the
construction (figure 2).

Portable power applications are another
promising use for fuel cells, particularly
in the military, medical, and consumer
electronics fields. Fuel cells provide
longer operational times than traditional
batteries, an advantage in remote, off-grid,
or emergency situations. The U.S. military,
for example, is exploring small-scale fuel
cells to power field equipment, reducing
soldiers> dependence on heavy battery
packs.

Despite recent advances, fuel cell energy
still faces inherent technical challenges that
hinder widespread adoption. Addressing
these challenges is essential for hydrogen
fuel cells to play a significant role in our
energy transition.

The Reaction Time Problem

Since fuel cells generate power through
a chemical reaction involving two gases,
there's a delay between gas supply and
power output as the fuel permeates
through the stack (Figure 3). For fixed sta-
tionary applications, this delay is man-
ageable. However, for hydrogen fuel cell
vehicles, even a brief reaction delay is unac-
ceptable, so fuel cell-powered vehicles also
use high-voltage (HV) batteries for immedi-
ate power and acceleration. These HV bat-
teries can, however, be relatively small as
they are continually recharged by the fuel
cell stack.

Another challenge is an emergency stop.
Unlike fuel-burning engines that can be
quickly turned off, fuel cells need to be
flushed out to remove the reaction gases
to stop producing power. This makes shut-
down a relatively slow process.

Figure 3: Fuel Cell Stack Reaction Time (Source: LEMTA - University of Lorraine)

Figure 4: RECOM's Modular 5x15kW (75kW) Fuel Cell DC-DC Converter

The Role of DC/DC Converters in Fuel Cell
Systems

DC/DC converters address both the reac-
tion delay and shutdown issues while man-
aging the interface between the fuel cell
and battery pack.

They:

+ Act as boost converters, converting the
fuel cell's low-voltage, high-current out-
put to a higher-voltage, lower-current
battery charging output.

+ Stabilize the startup and shutdown
ramps and mitigate any load transients,
providing the stable charging voltage re-
quired by the battery pack.

« Track the fuel cell's maximum power
point (MPP), adjusting it based on load,
time, and temperature to maintain opti-
mal efficiency.

+ Disconnect the fuel cell stack abruptly in
emergencies.

+ Monitor battery voltage and current, pre-
venting overcharging or deep discharge,
and safely handling any battery faults.

* Integrate with the vehicle’s CAN-bus com-
munication system for centralized moni-
toring and control.

The modular 15kW DC/DC solution from RE-
COM offers up to 75kW by connecting five
modules in parallel, making it suitable for
heavy-duty applications like trucks, marine
vessels, railway rolling stock, and high-po-
wer off-grid EV charging stations. This con-
verter has a nominal 150VDC input, but it
operates across a 46 to 275VDC range with
peak efficiency of around 94%. The output
voltage can be set between 200V and 800V
to match the traction battery, with a maxi-
mum input current of 500A and a maximum
output current from 85A to 220A. An on-
board microcontroller manages input and
output voltage monitoring to within +2% of
the set voltage and +5% of the set current.
The solution is also shock and vibration
ECER100 conform, while integrated ECER10
EMC filters allow for drop-in installation in
automotive applications.

L iquid cooling enables a compact design
and wide operating temperatures, with
the 75kW unit measuring just 750 x 400 x
200mm. The DC/DC converter operates at
full power between -40°C and +50°C ambi-
ent temperatures, with built-in short circuit,
output overcurrent, output overvoltage
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Figure 5: Modular 75kW DC/DC Converter

protection, and automatic
shutdown if the cooling sys-
tem fails.

Each 15kW module employs
a two-stage, four-phase in-
terleaved boost converter,
allowing efficient operation
across a wide range of input
and output voltages. Digital
control ensures accurate
monitoring of all currents
and voltages, maintaining
peak performance under all
load conditions and ensur-
ing a rapid response to any
faults.

The architecture is modu-
lar and versatile, allowing
for optimization for dif-
ferent output voltages or
power requirements from
15kW up to 75kW. Parallel
connections between units
also allows scaling, enabling
configurations up to 225kW,
ideal for high-power off-grid
BEV chargers.

The J1939 CAN-Bus inter-
face connector provides a
wired emergency shutdown
and alarm signal as well as
the digital interface.

Conclusion

Fuel cells offer a versatile
and promising pathway to-
ward a cleaner, more sus-
tainable energy landscape
representing a crucial step
toward the decarboniza-
tion goals required to ad-
dress climate change. When
paired with programmable
kilowatt DC/DC converters,
fuel cells offer practical so-
lutions to sectors that are
hard to electrify, and hy-
drogen fuel cell vehicles can
help reduce our over-reli-
ance on BEVs and excessive
stress on the electrical grid.
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High-Efficiency Class E RF
Generators using GaN FETs

A novel circuit topology has been developed for applications requiring high-voltage RF energy.
It uses an unusual combination of an RC-based oscillator, a GaN FET and driver to deliver RF power
at efficiencies over 95%.

By Tolga Aydemir, principal electronics consultant at 42 Technology

Advances in radio frequency (RF) generation have led to innovative
designs transforming applications within the sub-100 MHz region.
Among these, high-efficiency self-oscillating Class E RF generators
stand out for their simplicity, robustness, and remarkable perfor-
mance by leveraging Gallium Nitride (GaN) transistors. These gen-
erators can achieve efficiencies over 95% with output voltages of
several kV from a few watts up to 1 kW depending on the applica-
tion.

Self-oscillating Class E generators are ideal for generating high-volt-
age RF signals efficiently in applications where precise oscillation
frequency is less critical, as they eliminate the need for external
signal sources or strict frequency controls. Self-oscillating designs
also benefit from automatically tuning to minor variations in reso-
nant tank circuit parameters, making them resilient to component
tolerances and environmental variations. By implementing self-
oscillation in a GaN-enabled Class E driver stage, along with GaN
drivers, this design further enhances efficiency due to the superior
switching characteristics of GaN devices. Additionally, a kick-start
circuit increases reliability by ensuring the oscillation initiates cor-
rectly upon power-up.

Figure 1: Self-oscillating Class E generator operating at 13.56 MHz.

Design and operation

Figure 1 shows a self-oscillating Class E generator operating at
13.56 MHz. This design leverages GaN FETs to achieve over 95%
efficiency while generating output voltages of several kV, making it
suitable for use in applications such as dielectric heating, ion traps,
and RF lasers used within industrial, scientific research and medical
sectors.

Initial start-up and oscillation

When the circuit is first powered on, Vstart provides the initial sig-
nal to kick-start the oscillation process. Vstart is an oscillator run-
ning at a frequency close to the intended operating frequency of
the Class E stage (13.56 MHz). Its output is coupled through resistor
R9 into the input of the gate driver U1 (LMG1025).

The gate driver drives the gate of Q1 (EPC2307 GaN FET), causing
it to start switching at the Vstart frequency. As Q1 switches on and
off, it drives the resonant tank circuit formed by L2 and C6. C11 acts
as the shunt capacitor typical in a Class E configuration, shaping
the voltage waveform. The tank circuit builds up energy, and the
AC voltage amplitude at the node connecting L2, C6, RL, and C3
increases, producing an almost sinusoidal waveform.

Feedback and self-oscillation mechanism

The AC signal from the tank circuit is picked up by capacitor C3 and
fed into the positive input of the comparator U2 (TLV3601). Resistor
R4 and capacitor C2 form a voltage divider and provide a DC bias.
The negative input of the comparator is connected to a DC refer-
ence voltage (VCC3).

When the AC amplitude is sufficient, U2 toggles its output in phase
with the AC signal, following the initial Vstart frequency. The com-
parator's output charges the peak detector circuit composed of
C4, R7, D1, D2, R6, and C5. Once the voltage across C5 reaches a
threshold (e.g., 1V), it triggers SW1 to stop the Vstart signal, allow-
ing the circuit to enter self-oscillation mode.

Self-oscillation and steady-state operation

In self-oscillation mode, U2 continues to drive U1 using feedback
from the resonant tank circuit. The self-oscillation frequency is
determined primarily by L2 and C6, settling at approximately
13.56 MHz in this particular design. The circuit is carefully tuned to
stay within the Class E operating region, ensuring high efficiency by
minimising the overlap between voltage and current during Q1's
switching.

Figure 2: Drain and gate voltage waveforms confirm Class E operation.

Performance insights

Figures 2 and 3 provide further insights. Figure 2 shows the drain
and gate voltage waveforms of the GaN FET, confirming Class E op-
eration as the FET switches on when the drain voltage reaches zero,
minimising power dissipation during transitions. Figure 3 illustrates
the amplitude build-up on the load after powering the circuit, dem-
onstrating efficient energy transfer and rapid attainment of steady-
state oscillations.

Output voltage and efficiency

At the optimal operating point, the output voltage across RL is
approximately 2.75 kV RMS, with a power dissipation of 75.5 W on
RL. The simulated efficiency is over 95%. However, the measured
efficiency in practical implementations tends to be slightly lower
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because of factors such as component imperfections, parasitic
elements and additional circuit losses not accounted for in the
simulation. With further tuning and optimisation, this circuit can
be adapted for dielectric heating, ion traps or RF laser applications.

Managing component drift and load variations

The high-Q resonant tank circuit is sensitive to minor variations in
components L2 and C6, affecting output amplitude and efficiency;
and load deviations from the target (e.g., 100 kQ) can also lead to
reduced efficiency and potential overheating of the GaN FET.

Auto-tuning techniques, such as using voltage-controlled tunable
capacitance in the shunt and tank capacitors via MOSFETSs, are able
to address these issues. Adaptive control mechanisms can adjust
circuit parameters in real-time to help maintain optimal perfor-
mance despite component drift or load changes.

ops 2 aps 6us.
Figure 3: Amplitude build up on the load after powering the circuit.
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Transforming industries with RF power

Innovations in self-oscillating Class E RF generators are part of a
broader trend impacting various fields within the sub-100 MHz re-
gion. For example, RF energy powers dielectric heating for drying
and curing plastics and for cooking food, and to power RF lasers
(e.g, CO,) for precision cutting, welding and engraving. Semicon-
ductor fabrication uses RF-powered plasma to etch and deposit
materials at micro and nano scales. RF systems are also indispens-
able in particle accelerators, mass spectrometry ion traps, and in
medical treatments such as RF ablation to destroy cancerous cells
or to correct heart arrhythmias through minimally-invasive proce-
dures.

Solid-state RF and non-linear efficiency

The transition from vacuum tube-based systems to solid-state tech-
nology has revolutionised RF generation. GaN FETs offer increased
efficiency, reduced heat, and smaller, more reliable designs. Solid-
state systems also extend lifespans and lower operational costs,
and with recent advances now enabling them to handle power lev-
els previously managed only by tube-based systems. Operating ac-
tive devices as switches leads to higher efficiency but lower linear-
ity, which is an acceptable trade-off in many RF applications where
precise linear amplification is not required.

Class E generators can achieve efficiencies of between 85% and
95% and offer simple designs, making them well-suited for RF heat-
ing and plasma generation. Class F generators can theoretically ex-
ceed 90% efficiency and are suitable for high-power output at RF
frequencies where linearity is less critical. Class D half-bridge gen-
erators are frequently used at frequencies like 13.56 MHz in indus-
trial RF heating and plasma generation but become less efficient at
higher frequencies due to increased switching losses.

Conclusion

The development of high-efficiency self-oscillating Class E RF gener-
ators is transforming applications within the sub-100 MHz region.
By harnessing the advantages of GaN technology and innovative
design approaches, these generators can deliver exceptional per-
formance. Their ability to generate high-voltage RF energy efficient-
ly and reliably will help to open up significant new possibilities, as
well as boosting existing technologies across multiple sectors.

Before implementing these systems, readers are advised to consult
detailed engineering texts and technical resources to address any
specific design challenges and safety considerations.
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How Electronics Components
support Hydrogen Solutions

Which active components fit well into applications for green hydrogen systems - in electrolyzers and
fuel cells? Thyristors, IGBTs or MOSFETs? Wide Bandgap Semiconductors or Silicon?
And which factors are important to know as well? This story will provide a short glimpse and give
some first insights.

By Steve Albuguerque, Asia Region Business Development Manager for Energy Innovation,
Future Electronics

The basic process of hydrolysis is the same,
whether it is implemented in a small-scale
local production facility, such as a roadside
hydrogen refueling station consuming less
than 500 kW, or a bulk hydrogen manufac-
turing plant potentially consuming 20 MW
or more. A single electrolysis cell, which
separates water into hydrogen and oxygen,
operates at a forward voltage of around 1.8
V - 1.9 V, depending on the temperature
and the chemical additives used to enhance
the electrolyte. Current densities in the
electrolyte range up to 0.5 A/cm?. A direct
current of 1,000 A can drive a cell with an
area of 2,000 cm?, generating roughly 1 kg
of gaseous hydrogen per day [1].

Given that this basic chemical process has
been well understood for many years,
where is the scope to achieve future cost
reductions and efficiency improvements?
Currently, the cost of hydrogen produced
via electrolysis ranges from $4 to $7 per
kilogram, depending on the electricity price
and electrolyzer efficiency. The US Depart-
ment of Energy (DoE) has set a goal for this
cost to fall to $2 per kilogram by 2025, and
$1 per kilogram by 2030.

Achieving these cost reduction targets
will require substantial improvements in
electrolyzer efficiency as well as improved
economies of scale resulting from the large-
scale deployment of electrolysis plants.

Some of the efficiency gains for electrolysis
plants will have to come from more effi-
cient power conversion systems. And this is

Electrolysis is a chemical operation, but it requires large amounts
of electric power, either drawn from the grid or directly from
wind turbines in so called ‘AC/DC-coupled’ power systems, or
directly from solar farms and battery storage in DC/DC-coupled
systems. The high-voltage power conversion equipment required
to deliver the correct input to large electrolysis plants consuming
megawatts of power has traditionally been the domain of a few
global giant manufacturers such as ABB, Siemens and Schneider
Electric. The growth in demand for electrolysis plants is open-
ing up opportunities not only for these incumbents but also for
smaller companies which have expertise in high-voltage power
equipment manufacturing.

Figure 1: Typical hydrolyser plant configurations in AC/DC-coupled settings.
(Image credit: Infineon)

Figure 2: A thyristor-controlled B12C rectifier driven by a dedicated transformer.
(Image credit: Littelfuse)

In the high-voltage equipment market, established and new sup-
pliers will be judged by their customers - the hydrolysis plant op-
erators - on four crucial criteria:

+ Power quality

+ Efficiency

+ Reliability

+ Cost

This creates an opening for electronics component manufactur-
ers to advance their position by providing products which help
equipment manufacturers to improve their products on any one
or more of these criteria. This is leading to a new wave of innova-
tion at component level.
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sharpening the industry's focus on the improved component offer-
ings from the main suppliers to high-voltage equipment manufac-
turers, such as Infineon and Littelfuse.

AC/DC-coupled Systems: Battle between Thyristors and IGBT
Switches

For instance, in ac-dc coupled power systems, electrolysis plants
adopt a range of configurations of the power conversion system
(see Figure 1), typically based on either a diode/thyristor rectifier
topology, or an IGBT based active front end (AFE) topology. AFE
rectifiers can be operated at unity power factor, and produce total
harmonic distortion (THD) of less than 5%.

For decades, the dominant topology in AC/DC-coupled electrolysis
has been the thyristor-based 12- or 24-pulse system (see Figure
2). The main benefits of these architectures are robustness, high
efficiency levels, and high current density. Thyristor rectifiers are
particularly useful in high-power applications consuming more
than 1 MW. Even high system power configurations operating at
more than 50 MW can be efficiently implemented with an array
of high-power thyristors and diode discs. Thyristor-based designs
have been in operation in the field for decades, and the press-pack
devices used in them offer superior power and thermal attributes.

In some industrial electrolyzers the current flowing through the
rectifier can be in a range between 1.5 kA and 2.0 kA. For such high-
power systems, both Littelfuse and Infineon offer integrated power
solutions called power stacks, power blocks and power discs. Lit-
telfuse offers the N1718NC200 phase-controlled thyristor capsule
for up to 2.0 kA applications.

For high-voltage electrolyzers, Infineon supplies a component
choice for any choice of topology. This includes AFE rectifiers, which
can use its TRENCHSTOP 7 IGBT technology and/or CoolSiC silicon
carbide (SiC) MOSFETSs at lower power levels up to 100 kW, and IG-
BT-based PrimePACK products at up to 5 MW.

Thyristor versus IGBT: the pros and cons

Efficiency: IGBT systems offer higher energy efficiency than thyris-
tor rectifiers. In green hydrogen electrolysis, in which it is impor-
tant to maximize efficiency, IGBTs can minimize energy loss during
power conversion.

Current and voltage handling: Thyristor rectifiers are more suit-
able for large-scale hydrogen electrolysis plants as they can handle
higher currents and voltages. Although IGBTs are efficient, thyris-
tors excel at managing high power levels, making them ideal for
extensive hydrogen production systems.

Control and precision: IGBTs provide more power control and pre-
cision than thyristors. IGBT systems also provide greater flexibility
in the control of voltage and current, ensuring the smooth and ef-
ficient operation of hydrogen electrolysis equipment.

As many countries work towards the achievement of ambitious
net zero emissions targets for 2050, the development of green
hydrogen power systems and hydrogen fuel supplies is also
gathering momentum. This reflects the lack of constraint on the
use of hydrogen, the most abundant element available for hu-
man use.

The majority of hydrogen produced today is made by splitting
carbon from methane, but that produces carbon emissions.
Zero-emission ‘green hydrogen’ comes from electrolysis, using
clean electricity (from wind, solar or hydro sources) to split wa-
ter into hydrogen and oxygen. Unlike batteries, which are un-
able to store large quantities of electricity for an extended pe-
riod, hydrogen can be stored in large amounts for a long time.
This makes it an ideal green storage solution for excess renew-
able energy.

Hydrogen has flexible uses: it can catalyze with oxygen to pro-
duce heat, or be fed into a fuel cell to make electricity. In a fuel
cell, hydrogen has the potential to provide clean power for do-
mestic use, as well as manufacturing, transportation, and more.
Hydrogen fuel can also complement wind and solar energy gen-
eration, providing a green energy storage solution to balance
the intermittency of the renewable sources.

Industry watchers are now forecasting strong growth in the hy-
drogen industry. The Hydrogen Insights 2024 report, published
by the Hydrogen Council, shows that the global hydrogen proj-
ect pipeline grew by a factor of seven between 2020 and May
2024, from 228 projects to 1,572 projects [2]. Investment com-
mitted to projects at the final investment decision stage also
grew from around $10bn across 102 projects in 2020 to $75bn
across 434 projects in 2024.

China has stated the aim of having 50,000 hydrogen-powered
vehicles on the road by 2025, while the European Union aims to
produce 10 million tons of green hydrogen - powered by renew-
able energy sources - by 2030.

Installation and maintenance: IGBT systems are typically smaller
and easier to install than thyristor rectifiers. However, thyristors of-
fer excellent durability and require less maintenance, making them
a cost-effective option for large-scale industrial hydrogen produc-
tion plants.

Both IGBT- and thyristor rectifier-based topologies play a role in
optimizing the efficiency and performance of green hydrogen elec-
trolysis systems. Understanding the advantages of each technology
can help the manufacturer to choose the correct option for hydro-
gen production requirements.

Figure 3: Topologies for conversion in hydrolysers’ DC/DC-coupled conversion systems. (Image credit: Infineon)
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DC/DC-coupled Systems: Wide Bandgap Innovation

In DC/DC-coupled systems powered by solar energy and/or batter-
ies, typical topologies used for power conversion in hydrolysers are
Interleaved buck and Dual active bridge (see Figure 3). Here too,
component innovation is helping power equipment manufactur-
ers to meet the market need for higher efficiency and reliability at
lower system cost. For instance, Infineon is enabling manufacturers
to take advantage of the superior electrical and thermal attributes
of SiC MOSFETs with a new CoolSiC FET series which offers a break-
down voltage rating of up to 2,000 V.

Supplied in an HCC package with 14 mm/5.5 mm creepage/clear-
ance distances, the IMYH200RxxxM1H MOSFETSs are available with
on-resistance as low as 12 mQ. Use of these devices in electrolysis
gives benefits including:

+ Low conduction and switching losses

+ Low reverse-recovery loss

+ Excellent thermal performance

+ Robust body diode for hard commutation

While these discrete devices are suitable for electrolyzers operat-
ing at 10 kW - 100 kW, integrated modules are available for use in
higher-power applications of 1 MW and more. Infineon has extend-
ed the capability of its PrimePACK 3+ modules with its latest IGBT7
family, which has devices with a high 2,300 V breakdown voltage
rating.

The IGBT7 devices are rated for over-temperature operation, and
provide very high current density in their 247 mm x 89 mm x 38
mm form factor. For instance, the FF2400R12IP7 PrimePACK mod-
ule supports currents up to 2.4 kA and voltages up to 1,200V in an
interleaved buck converter.

In the dual active bridge topology, Infineon solutions include the
FF2000XTR33T2M1 SiC MOSFET module in an XHP package, sup-
porting 3.3 kV operation and featuring on-resistance of just 2 mQ,
while the FF1800R23IE7 IGBT7 module provides 2.3 kV/1.8 kA rat-
ings.

Innovation in Power Components contributes to Growth in the
Hydrogen Market

The aggressive hydrogen cost-reduction targets set by the US DoE
reflect the role of hydrogen production as a key enabling technol-
ogy for the adoption of hydrogen and fuel cell technologies in ap-
plications including stationary power, portable power, and trans-
portation.

Advert
The achievement of the 1:1:1

target - $1 for 1kg of hydrogen
in one decade - will depend on
advances in technology through-
out the hydrolyser process, as
well as expanding deployments
to produce economies of scale.

Continual improvements in
power component efficiency
and the widening range of prod-
uct and package options will
give the manufacturers of pow-
er equipment for electrolysis
plants greater scope to create
value and enable the growth in
this new fuel type to accelerate.

References:

[11 Hydrolysis process de-
scription from a Littelfuse
white paper, ‘Fast-Charging
Commercial Vehicles - A
Megawatt Application Simi-
lar to Electrolysis’, by Martin
Schulz.

[2] Hydrogen Insights, at
https://hydrogencouncil.
com/wp-content/up-
loads/2024/09/Hydrogen-
Insights-2024.pdf
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Driving a High-Side MOSFET
Input Switch Using Active Low
Output for System Power Cycling

Applications such as wireless transceivers where systems are placed in remote areas and usually
powered with a battery require continuous operation since they are rarely visited and intervened.
A system reset is required after persistent inactivity or a system hang-up to restore operation.
This can be achieved by cutting off the supply voltage, disconnecting it from the system, and
connecting it again to initiate a restart. This article discusses methods and techniques for using
the active low output of a supervisory circuit to drive a high-side input switch to execute
a system power cycle.

By Nifio Angelo Pesigan, Product Applications Engineer, Ron Rogelio Peralta, Product Applications
Engineer, and Noel Tenorio, Product Applications Engineer, all Analog Devices

One way to improve the reliability and robustness of electronic sys-
tems is to implement protection mechanisms that can detect faults
and respond promptly. These mechanisms function as safeguards,
mitigating potential damage and ensuring the proper function of a
system. Power cycling is a method to ensure proper operation and
protect systems and is generally conducted on unresponsive and
inactive systems to allow them to work continuously. Power cycling
uses a power switch that opens the path between the power sup-
ply input and the downstream electronic system, and then closes
the path to initiate a system restart. Once the microcontroller unit
(MCU) of the system becomes unresponsive, the system will enter
reset mode and begin power cycling if inactivity persists.

The most common way of implementing a high-side power path or
input switch is by using a MOSFET. Either an N-channel or P-chan-
nel MOSFET can be used as an input switch, each with a different
driving requirement. Driving an N-channel MOSFET as a high-side
switch is a little complicated - thus, a P-channel MOSFET is com-
monly preferred.

Supervisory circuits can easily sense system inactivity by monitor-
ing the voltage supply and/or using a watchdog timer to detect
the absence of pulses. The watchdog timer function enhances the
capabilities of supervisory circuits as comprehensive protection
solutions. Once inactivity is detected, the watchdog timer asserts
a reset output, which is typically an active low signal. This signal
can be used to put the microcontroller into reset mode or trigger
a nonmaskable interrupt to take corrective action. While an active
low output is primarily used to reset the microcontroller, in some
cases, such as when the system is unresponsive for too long, it is
desirable to power cycle. This can be achieved using various tech-
niques to drive a high-side P-channel MOSFET input switch from a
supervisory circuit active low output for optimal system reliability.

Figure 1: An example of a high-side input switch implementation to pro-
tect the system from malfunction during a brownout condition.

Using a MOSFET as a High-Side Input Switch

Figure 1 shows an application circuit using a high-side input switch
to protect the downstream electronic system from errors during
brownout conditions. A MOSFET is a considerable choice to be used
as a system high-side switch. The appropriate voltage and current
rating can easily be selected for the application.

A high-side input switch can be an N-channel or a P-channel MOS-
FET. The N-channel MOSFET switch opens and disconnects the
supply voltage when its gate voltage is low. To completely close
an N-channel MOSFET and connect the supply to the downstream
electronic system, the gate voltage must be higher than the supply
by at least the MOSFET threshold voltage. This requires additional
circuitry such as a charge pump when using an N-channel MOS-
FET as a high-side input switch. Some protection circuits integrate
a comparator and a charge pump to drive a high-side N-channel
MOSFET while keeping the solution simple. Using a P-channel MOS-
FET as a high-side input switch does not require a charge pump,
but the polarity is reversed. This is a common approach for many
applications due to its simplicity.

Supervisory Circuit Output to Drive the Input Switch

When utilizing a P-channel MOSFET in a circuit, it is important to first
establish the appropriate biasing conditions for the gate, source,
and drain terminals. The gate-source voltage (V) plays a key role
in controlling the conduction of the MOSFET. In the case of a P-
channel MOSFET, the gate voltage must be lower than the source
voltage by at least the threshold voltage. This negative bias ensures
that the P-channel MOSFET is biased into its active region, allowing
the current to flow from the source to drain. Additionally, the gate-
source threshold voltage (Vgs(i)) determines the minimum voltage
between the gate and source terminals required to create a con-
ducting channel. For a P-channel MOSFET, Vg, is typically speci-
fied as a negative value, indicating that the gate voltage needs to be
sufficiently negative with respect to the source to allow conduction.
Another important consideration is the drain-source voltage (Vps),
which is the voltage applied across the drain and source terminals.
It is essential to operate the MOSFET within the specified Vpg limits
to prevent damage to the device.

Voltage monitors or supervisory circuits can provide two options
for their logic level output: an active low and an active high output
signal. On one hand, active low means the output asserts low when
the input condition is true and satisfied, and deasserts high when
the input condition is false. On the other hand, active high asserts
high when the input condition is true and deasserts low when the
input condition is false and not satisfied. Since the most common



The future remains clear with QSPICE, and the soothsaying remains free.

iz Edit Yew Haip

g F - I

// This is the logic for a constant on time but also constant
// frecuency(500kHz) switcher when operating in continuous inductor
// curraent mode. A 15A top switch current starts a 10ms hiccup.

#include «—-4loc.h>

union uData

i

bool b;

char ¢;

unsigned char uc;
short s;

unsigned short 1us;
gne L,

unsigned int 1ui;
float £;

double d;

long long int 164;
unsigned long long int uiec4;
char *str:

unsigned char *bytes;

>

© 09-2024 Qorvo US, Inc. | QORVO and QSPICE
are trademarks of Qorvo US, Inc.



http://www.qspice.comWR57
https://www.qspice.com?utm_source=bodos-print&utm_medium=full-page&utm_id=crystal-ball&utm_content=mike-e

42 MOSFETSs

January 2025

bodospower.com

Bodo’s Power Systems®

use of supervisory circuits is for microcontroller reset, active low
output is used to pull the reset pin of the microcontroller low dur-
ing faults. Driving a P-channel MOSFET using an active high output
is straightforward, especially for open-drain topology.

The active high output of the supervisory circuit is connected to
the gate of the P-channel MOSFET. When the monitored voltage is
below the specified threshold, the OUT pin pulls the gate low, turn-
ing on the P-channel MOSFET. This connects the load to the supply
voltage. When the monitored voltage exceeds the threshold, the
OUT pin goes high, turning off the P-channel MOSFET and discon-
necting the load from the supply voltage.

In Figure 2, the MAX16052, a high voltage adjustable sequencing
and supervisory circuit is used as an overvoltage protection circuit.
The OUT pin of the device is directly connected to the gate of the
P-channel MOSFET. The source of the P-channel MOSFET is con-
nected to the input voltage, and the drain is connected to the load.
An external pull-up resistor is connected between V. and the gate
of the P-channel MOSFET to keep the gate high when the OUT pin
is low.

When the monitored voltage is below the MAX16052's specified
fixed threshold, the OUT pin pulls the gate pin low, causing the P-
channel MOSFET switch to be in a short-cir-

cuited state or on state. When the monitored

voltage exceeds the threshold, the OUT pin

goes high, turning off the P-channel MOSFET

and disconnecting the load from the supply

voltage.

In some applications, the desired supervisory
specification may only be available with an
active low output. This means that the output
signal is low when the monitored condition
is met. In these cases, it is necessary to use
techniques to control the input switch with
an active low output. For example, in a sys-
tem where the microcontroller needs to be
reset after 32 s of inactivity and the system
needs to be power cycled after 128 s of in-
activity persistence, a watchdog timer can
be used to detect the inactivity through its
watchdog input (WDI) pin. The watchdog out-
put (WDO) goes low when there is no pulse
or transition detected for a certain period of
time (watchdog timeout, tyyp). The MAX16155
nanopower supervisor with watchdog tim-
er has variants with the desired watchdog
timeout of 32 s and 128 s, respectively. Two
watchdog timers are required to achieve the
desired functionality - one to reset the micro-
controller and one to initiate the power cy-
cling routine shown in Figure 3. The primary
challenge is determining how to use the low
output of the watchdog timer variants to
open the input switch during inactivity or sys-
tem unresponsive state for power cycling.

NPN Bipolar Junction Transistor as a Driv-
ing Circuit

One approach to drive the P-channel high-
side switch is to use an NPN bipolar junction
transistor (BJT) as shown in Figure 4. This
circuit forms an inverter that converts the
active low signal coming from the watchdog
output into a high logic signal required by the
P-channel MOSFET switch.

Figure 2: A P-channel MOSFET used as a high-side input switch for
overvoltage protection.

Figure 3: Two MAX16155 watchdog timers with different watchdog timeout are utilized - one to
do a soft reset and another one to do power cycling

Figure 4: Using an NPN bipolar junction transistor (Q1) in driving a P-channel MOSFET (Q2)
from an active low output.

Figure 5: Current flow at normal operation - the system is active.
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When the system is active, the watchdog out-
put of the MAX16155 WDO pin is in its idle
state, which is normally high. It is then con-
nected with a current limiting resistor net-
work to the base pin of the driving transistor.
The normally high output of the WDO pin
supplies the necessary base-emitter voltage
as the control input for the NPN bipolar junc-
tion transistor. It establishes enough voltage
across the base-emitter junction, causing the
transistor to enter its conducting state.

A resistor divider is connected to the gate Figure 6: Current flow during system inactivity—power cycle occurs.

pin and source pin of the high-side MOS-
FET switch to control its gate-source voltage
(Vgs). This gate-source voltage determines
whether the MOSFET remains in its on or off
state. When the NPN bipolar junction tran-
sistor is activated by the WDO pin, current
flows through the transistor. This pulls the
resistor divider low to GND, which changes
the voltage at the junction point in the resis-
tor divider. This voltage is then applied to the
gate pin of the high-side MOSFET. This pro-
duces a potential difference where the gate
pin is at a lower potential than the source pin,
which effectively turns on the MOSFET. With
the MOSFET in its on state, the power sup-
ply is provided to the system microprocessor
or the load. Figure 5 shows the current flow
when the system is active and the power sup-
ply is provided through the switch, Q2.

However, when the microprocessor becomes
unresponsive or fails to provide input pulses
within the predefined timeout period of the
MAX16155 watchdog timer, a watchdog time-
out event occurs and WDO asserts low. This
consequently pulls the base of the NPN BJT
Q1 to the ground, turning it off. When Q1

opens, the voltage on the gate aAnd the SOUrCe Figure 7: Signals using an NPN bipolar junction transistor in the driving circuit (CH1—WDI signal;
of the P-channel MOSFET Q2 will be approxi- x> - wpo signal; CH3 - MCU supply; CH4 - Ioy7).

mately equal, which is enough to turn it off.

As shown in Figure 5, the collector pin of the
NPN bipolar junction transistor is connected
to the resistor divider across the high-side
MOSFET. Due to the off state of the NPN bi-
polar junction transistor, the voltage on the
junction point of the resistor divider and
the gate will be approximately equal to the
voltage in the source pin. This will result in
a zero potential difference between the gate
and the source of the MOSFET, which fails
to meet the Vg threshold value required to

keep the MOSFET Q2 in its conducting state. Figure 8: Using an N-channel MOSFET (Q1) in driving a P-channel MOSFET (Q2) from an active

Consequently, with the MOSFET now turned jow output.

off, the 3.3 V supply to the microprocessor is

disconnected, effectively cutting off power to the microprocessor
or the load. The equivalent circuit and current flow during system
inactivity and power cycling are shown in Figure 6.

After the WDO output pulse width is completed and returns to a
high voltage level, the system reverts to its normal operation. Dur-
ing this phase, the microprocessor resumes sending regular in-
put pulses to the WDI pin, preventing further watchdog timeout
events. The NPN bipolar junction transistor returns to its active
state, allowing the high-side MOSFET to remain ON, ensuring an

uninterrupted power supply to the microprocessor or load. Figure
7 shows the waveforms during the power cycling event using the
NPN bipolar transistor. As shown in CH1, there are no transitions
detected in the WDI signal which implies system inactivity. After the
timeout period, the WDO signal in CH2 asserts low, and during this
time, the high-side input switch Q1 opens. Thus, there is no voltage
measured in CH3 and the MCU supply voltage and system restart
is initiated. CH4 is the output current that is drawn by the load that
turned to zero amperes showing that the load was disconnected to
the supply voltage.
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One of the major advantages of using an
NPN bipolar junction transistor as the driver
of the high-side switch is the lower cost of bi-
polar junction transistors. However, biasing
the NPN bipolar junction transistor requires
proper tuning with the help of additional ex-
ternal components such as resistors.

Using an N-Channel MOSFET as a Driving
Circuit

An alternative driving circuit using an N-chan-
nel MOSFET can be implemented for control-
ling the high-side P-channel MOSFET. This ap-
proach has several advantages over using a
bipolar transistor.

The N-channel MOSFET's low on-resistance
ensures minimal voltage drop across the
device, leading to reduced power dissipa-
tion and increased energy efficiency. The
MOSFET's fast switching capabilities enable
quicker response times, enhancing the su-
pervisory system'’s real-time performance.
Another advantage that the MOSFET can of-
fer is that it exhibits reduced switching losses
and higher operating frequencies. This allows
smooth and efficient operation, resulting in
preserving energy such as in battery-pow-
ered applications.

Moreover, the gate-drive requirements are

less demanding than those of a bipolar junc-

tion transistor, simplifying the driving circuitry and reducing the
number of components needed. The watchdog output can directly
drive the gate of the N-channel MOSFET shown in Figure 8. The
pull-up voltage of the WDO should meet the gate threshold volt-
age Vgg(th) Of the N-channel MOSFET to work properly. A logic high
output voltage of the WDO when the system is active will turn on
Q1, which will consequently turn on Q2, delivering power to the
system. Like in the case of the bipolar transistor, a logic low output
level from the WDO pin during system inactivity will turn off Q1 and
open Q2, cutting off the supply voltage to the system. The behavior
of the signals during power cycling using the N-channel MOSFET
as a driving circuit is shown in the captured waveform in Figure 9.

The discussed approach in driving high-side switches is beneficial
not only on wireless transceivers, but also on other applications
that require a power cycling routine in system protection during
faults, such as overvoltage and overcurrent in functional and intrin-
sic safety systems. The sensing stage depends on what condition

Figure 9: Signals using an N-channel MOSFET in the driving circuit (CHT - WDI signal; CH2 -
WDO signal; CH3 - MCU supply; CH4 - 157).

is required for the power cycle to take place. It can be a voltage
supervisor in detecting voltage faults, or current sensor in prevent-
ing overcurrent, and other techniques. This article discusses how
sensory and supervisory devices with active low output can be used
in protecting downstream systems with power cycling.

Conclusion

There are several techniques for using the active-low signal from a
supervisory circuit to drive a high-side switch for power cycling. Us-
ing an NPN bipolar transistor with additional components is a lower
cost option that meets the requirements for driving the P-channel
MOSFET input switch. On the other hand, using an N-channel MOS-
FET requires fewer components and is easier to implement, but it is
more expensive overall. N-channel MOSFETSs also have advantages
when used as switches at high frequencies. Both approaches are
well-proven and provide design advantages for system power cy-
cling.
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Automotive grade residual Current Monitoring Sensor

LEM has designed an automotive grade
residual current monitoring (RCM) type
B sensor for bi-directional OBCs with
ASIL B capabilities according to 1SO026262
for transformer-less on-board chargers
(OBCs). This sensor, called CDT, complies
with all the relevant safety standards. The
RCM type B sensor enables designers to re-
act to the new 1SO5474 Part 2 standard for
AC power transfer. The standard focuses
on electrically propelled road vehicles and
outlines the functional and safety require-
ments for power transfer between the vehi-
cle and an external electric circuit using AC.
Part of a series that operates in conjunction
with 1SO5474 Part 1, the new standard cov-

modes 2 and 3 according to IEC 61851-1,
reverse power transfer through on-board
standard socket-outlets or EV plugs, and
voltages up to 1000V AC. The CDT detects
differences in current between two points,
identifying such faults as short circuits and

enabling rapid isolation of faulty sections to
prevent damage. LEM's CDT sensor is suit-
ed for RCM type B for bi-directional OBCs,
where residual currents are detected and
monitored, including AC and DC leakage
currents. Using LEM's patented fluxgate
technology the CDT sensor offers a level of
accuracy of £ 0.5 mA @ 5 mA. The device
also provides functions on the secured Se-
rial Peripheral Interface (SPI) bus including
dynamic fault selection, monitoring of T°C,
leakage value and supply monitoring, but it
also provides diagnostic functions, and it is
able to work equally effectively with single-
phase and 3-phase AC.

www.lem.com
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800 V GaN Inverter with 30 kW/l Power Density

Cambridge GaN Devices (CGD) and IFP Energies nouvelles (IFPEN),
a French public research and training organization in the fields of
energy, transport and the environment, have developed a demo
which confirms the suitability of CGD's ICeGaN®650 V GaN ICs in
a multi-level, 800 VDC inverter. The demo delivers a power den-
sity of 30 kW/I, which is greater than can be achieved by more ex-
pensive, state-of-the-art SiC-based devices. The inverter realization
also demonstrates the ease of paralleling that ICeGaN technology
enables; each inverter node has three 25 mQ / 650 V ICeGaN ICs
- 36 devices in total - in parallel. This multi-level GaN Inverters
can power electric motors to over 100 kW peak, 75 kW continuous
power. The CGD/IFPEN demo features: a high voltage input of up to
800 Vp, 3-phase output, a peak current of 125 Agys for 10 s or 180
Apeak and a continuous current of 85 ARMS continuous (120 Apgzy)-
The improvement in the efficiency of the traction inverter leads to
an increase in battery range and a reduction in charging cycles. As
GaN transistors can operate at much higher frequencies than sili-
con transistors, the iron losses in the motor, particularly in the case
of machines with low inductances are reduced. The 3-level topolo-
gy reduces EMI and enhances the reliability of the system. In terms

of thermal management insulated metallized substrate boards
featuring an aluminium core facilitate thermal dissipation for ade-
quate operating temperatures, and this extends the lifespan of the
system and associated GaN devices. The modular design facilitates
scalability and adaptability for varying system requirements.

www.camgandevices.com

600 W Open Frame Power Supply
for Medical and Industrial Applications

Murata Manufacturing has introduced the PQC600 open-frame
AC to DC power supply, which caters to the needs of the latest
medical and industrial applications, such as hospital beds, dentist
chairs, medical equipment, and industrial process machinery. It of-
fers 600 W of power within a package that is less than 1U in height
and is certified to the IEC 60601-1 Edition 3 medical safety stan-
dard, which includes 2 Means of Patient Protection (MOPP) from
primary to secondary, 1 MOPP from the chassis to ground and 1
MOPP from output to chassis. Additionally, the PQC600 complies
with the IEC 60601-1-2 4th Edition for EMC standards, ensuring
robust electromagnetic compatibility, and is suitable for use with
medical devices that have Type B or Type BF applied parts. With a
600W forced-air cooling design, it achieves an efficiency of 95 % at
full load. The power supply features an interleaved Power Factor
Correction (PFC) and back-end synchronous rectification. Further-
more, the power supply includes a droop current sharing feature,
enabling multiple units to be configured in parallel for greater pow-
er scalability.

www.murata.com
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SiC Schottky Barrier Diodes for High-Voltage xXEV Systems

ROHM Semiconductor announced surface mount SiC Schottky bar-
rier diodes (SBDs) that improve insulation resistance by increasing

the creepage distance between terminals. The initial lineup in-
cludes eight models (SCS2xxxNHR; AEC-Q101 qualified) for auto-
motive applications such as onboard chargers (OBCs), which will
soon be supplemented by eight additional models (SCS2xxxN) for
industrial equipment such as FA devices and PV inverters. Adopting
a specific package shape, it achieves a minimum creepage distance
of 5.1 mm. These products utilize an original design that removes
the center pin previously located at the bottom of the package, ex-
tending the creepage distance to a minimum of 5.1 mm, approxi-
mately 1.3 times greater than standard products. This minimizes
the possibility of tracking (creepage discharge) between terminals,
eliminating the need for insulation treatment through resin potting
when surface mounting the device on circuit boards in high-volt-
age applications. Additionally, the devices can be mounted on the
same land pattern as standard and conventional TO-263 package
products, allowing the replacement on existing circuit boards. Two
voltage ratings are offered - 650 V and 1200 V - supporting 400 V
systems commonly used in xEVs, as well as higher voltage systems
expected to gain wider adoption in the future.

www.rohm.com

Facilitating SiC and GaN Power Testing

The Italian company CREA (Collaudi Elettronici Automatizzati) - a
subsidiary of Advantest Europe - presented its solution for a vari-

ety of power devices, including SiC and GaN power testing on wafer,
single-die, substrate, PKG, and module, typically used in industrial
and automotive applications. PCI (Probe Card Interface) technolo-
gy, patented by CREA, is a high-volume manufacturing test solution
designed to work seamlessly with the CREA MT tester family. This
combination enables high-power static, dynamic, and short circuit
testing for Si, SiC, and GaN bare dies, particularly in Known Good
Die (KGD) applications. PCI hardware allows monitoring the power
levels maintained by each probe card needle in real-time, allowing
test engineers to predict potential Device Under Test (DUT) failures
during the test phase. Whenever a device failure is predicted, the
PCl can react immediately (within 300 ns) by shutting off the probe
card's power supply, safeguarding the equipment hardware (probe
card, instruments) and the DUT. The system supports voltages up
to 10 kV with a current capability up to 15 kA.

www.crea-test.com

Automotive-Grade SiC MOSFETs in TC3PAK Package

Inventchip Technology released four automotive-grade SiC MOS-
FETs in the TC3PAK package: 1V2Q12080K1Z, 1V2Q12040K1Z,
IV3Q12035K1Z and IV3Q12021K1Z. They are rated at 1200 V with
resistance values of 80 mQ, 40 mQ, 35 mQ and 21 mQ respectively.
The TC3PAK package, designed for topside cooling, boasts a 125
mm?2 metal tab surface, significantly enhancing heat dissipation ca-
pabilities. Compared to the traditional TO-263/D2PAK package, the
TC3PAK's heat dissipation area is over 200 % larger, effectively halv-
ing the thermal resistance between the case and the heatsink. This
design not only improves thermal management but also facilitates
a more efficient heat dissipation process. Unlike TO-263/D2PAK
packages that depend on PCB for heat dissipation and conduction,
TC3PAK allows direct heat conduction to a heatsink via its topside
metal tab. Furthermore, the TC3PAK package is 23 % thinner, mea-
suring under 3.6 mm in height, compared to the TO-263/D2PAK,
which makes it more suitable for low profile designs. Its large lead
frame can support a large die, such as a 5 mm x 6 mm die, or mul-

tiple dies, providing ample space for future power upgrades with-
out the necessity for a new package format. The TC3PAK package
is engineered for surface mounting with a top-side connection to
an external heatsink and facilitates the automatic assembly of the
PCB-power devices-heatsink stack.

www.inventchip.com.cn
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Linear FET 2 MOSFET for Hot-Swap and Battery Protection

The safe hot-swap operation in Al servers and telecom requires
MOSFETs with a robust linear operating mode as well as a low
Rps(ony- Infineon Technologies addresses this challenge with its
OptiMOS™ 5 Linear FET 2 - a “MOSFET designed to provide the ide-
al trade-off between the Rpg(on) Of @ trench MOSFET and the wide

safe operating area (SOA) of a classic planar MOSFET". The device
prevents damage to the load by limiting the high inrush current
and ensures low losses during operation. Compared to the previ-
ous generation (the OptiMOS Linear FET), the OptiMOS Linear FET
2 offers improved SOA at elevated temperatures and reduced gate
leakage current, as well as a wider range of packages. This allows
for more MOSFETSs to be connected in parallel per controller, reduc-
ing bill-of-material (BOM) costs and offering more design flexibility
due to the extended product portfolio. The 100 V OptiMOS 5 Linear
FET 2 is available in a TO-leadless package (TOLL) and offers a 12
times higher SOA at 54V at 10 ms and 3.5 times higher SOA at 100
ps compared to a standard OptiMOS 5 with similar Rpggn). The lat-
ter improvement is particularly important for the battery protection
performed inside the battery management system (BMS) in case of
a short circuit event. This enables high power density, efficiency,
and reliability for battery protection which are used in a wide range
of applications including power tools, e-bikes, e-scooters, forklifts,
battery back-up units and battery-powered vehicles.

www.infineon.com

Hot-Swap/E-Fuse

HMI released the HL8520E, a hot-swap/E-Fuse device designed
to offer protection and power control for sensitive load circuitry.
The HL8520E is designed to protect systems from input transients,

shorts, and voltage spikes that could damage load circuitry, while
managing power delivery to enhance reliability. With an input volt-
age range of 2.7 V to 16V, it supports both low- and high-voltage
systems, making it suitable for diverse applications. The device can
also handle up to 20 A of output current. Featuring an integrated
MOSFET with an Rpg(on) Of 2.8 mQ, the HL8520E reduces conduc-
tion losses while improving power efficiency, and thermal perfor-
mance. Itincludes several protection features, such as over-current
protection (OCP), short-circuit protection (SCP), thermal shutdown
(TSD), damaged MOSFET detection, over-voltage protection (OVP),
and under-voltage lockout (UVLO), safeguarding both the device
and the load from electrical faults. For smoother system operation,
the HL8520E allows for an external adjustable soft start, enabling
controlled inrush current during startup. Additionally, the device
provides configurable current limits. The response time of less than
200 ns for short-circuit protection helps detecting and mitigating
fault conditions. The device comes in an LGA-26 package measur-
ing4 mm x4 mm.

www.hmisemi.com

DC/DC Converters for Industrial and Railway Environments

CUI announces two high-performance isolated DC/DC converters,
the PRC300 and 600 series, both designed with 4.2 kV isolation to
support engineers in e-mobility, railway, and industrial industries.
The PRC300 series, which is UL/EN/IEC 62368-1 certified, has sev-
eral special features reinforced insulation and baseplate cooling.
The PRC600 series offers 600 W of power in a compact brick pack-
age and positive and negative logic options, which is well-suited for
a variety of industrial and high-voltage applications. Additional fea-
tures include remote ON/OFF control and output voltage trimming.
The industry standard half and full brick packages both offer a high
input voltage range of 180 to 400 Vp and an operating tempera-
ture ranging between -40 and +100 °C. The converters provide sev-
eral protection features, including over-current, over-temperature,
over-voltage, short circuit, and input under-voltage protections. In
addition, they meet EN 61373 and EN 45545-2.

WWwWWw.cui.com
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1200 V SiC MOSFETs in Bare Die Format

Toshiba has developed the X5MO007E120, a 1200 V SiC MOSFETs
with an low on-resistance of 7.2 mQ, which is particularly suited to
applications within automotive traction inverters. The device has a
Vpss of 1200 V and is rated for a drain current (Ip) of 229 A continu-
ously, with 458 A for pulsed operation (I pyse)- These AEC-Q100
qualified devices can operate with channel temperatures (T ) up to
175 °C. Engineering samples are expected to ship during 2025, with
mass production samples scheduled to start in 2026.

www.toshiba.semicon-storage.com

IGBTSs in several different Packages for up to 1700 V

Microchip Technology now offers its IGBT 7 devices in differ-
ent packages, multiple topologies, as well as current and voltage
ranges. The components are available in standard D3 and D4 62
mm packages, as well as SP6C, SP1F and SP6LI packages; they are
intended for power applications in solar inverters, hydrogen eco-
systems, commercial and agricultural vehicles and More Electric
Aircraft (MEA). Many configurations are available in the following
topologies: three-level Neutral-Point Clamped (NPC), three-phase
bridge, boost chopper, buck chopper, dual-common source, full-
bridge, phase leg, single switch and T-type. Devices can be provided
with voltages ranging from 1200 V to 1700 V while currents range
from 50 A to 900 A. Claimed to operate with a “lower on-state IGBT
voltage (V o), improved antiparallel diode (lower V) and increased
current capability” these components can enable lower power loss-
es.

www.microchip.com

High Speed & High Power DC Electronic Load

One of the features of the IT8900G/L series high power DC elec-
tronic load from ITECH is its fast current dynamic response.
Compared with its predecessor, the current rise/fall speed of this

device has been increased by 3-4 times, ensuring that users are
able to capture even smaller fluctuations in real time when deal-
ing with complex load changes. Especially in scenarios that require
high-speed response, such as testing server power supplies, DC/
DC modules, and on-board chargers (OBCs), thelT8900G/L demon-
strates its processing capabilities. The IT8906G-150-600 model can
provide 0...600 A under 30 kHz dynamic band load conditions. To
further optimize stability in high-frequency testing, ITECH has also
introduced a low-inductance test line, which significantly reduces
electromagnetic interference during rapid current changes for ef-
ficient and accurate signal transmission. The device supports load
testing down to 0.075V /60 A and 0.75 V / 600 A with an internal
resistance of 0.7 mQ, making the IT8900G/L a test tool for fuel cells,
supercapacitors, and solar cells.

www.itechate.com
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