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Trends in XEV power conversion
Webinar series | Watch now

Discover how our innovative silicon, SiC, and GaN power switches revolutionize
the OBC market by addressing challenges in automotive charging.

Key takeaways:

- Overview of disruptive changes in xEV power conversion

— Introduction of CoolSiC™ Automotive MOSFETs 750 V

- How to select the right technology and package

- Demonstrators exemplifying key trends such as top-side cooling
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Your partner for reliable EMC-compliant application design Highlights
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Freedom and Democracy

As an engineer | have lived in freedom.
Looking back, | have been involved in power
electronics for 65 years. My first years were
as a little boy when | spent many hours
working to get my Marklin model train run-
ning. Later as an engineer, | helped Mr.
Lenz and Marklin with high-density MOS-
FETs, from Harris, for the digital drive of the
locomotives. So, my memories show that |
grew up in peace and had a good life.

For nearly four decades | have supported
PCIM Europe. | remember Gerd and Chris-
tine working hard to get conference contri-
butions and new companies to exhibit. It
was fun for me, and | was pleased to offer
my contribution as a board member. | am
still here and enjoy travelling to PCIM. The
asparagus season is always a motivation to
travel to Nuremberg and hopefully June is
not too late.

As is traditional, | will run my PCIM Podi-
um focused on wide bandgap devices on
Wednesday the 13th of June. The Podium
will take place in Hall 7 on the Technol-
ogy Stage with SiC from 11:20 to 12:15 and
13:15 to 14:15. The GaN podium will take
place from 14:20 to 15:20. | am looking for-
ward to seeing you there.

Working in power electronics is our job, but
we are also human beings living on planet
earth, and we should live in peace. There-
fore, we must work hard to ban the aggres-
sors and isolate them. War cannot be the
way to manage our life on earth. Nature
has enough big challenges to solve. Global
warming can be limited by using semicon-
ductors that reduce unwanted losses in
systems.

At this point, | can only repeat what | said
last year. All these memories and past sto-
ries about war, which were told by my par-
ents, return while watching the news on TV.
There are never winners after wars. | have
grown up in peace but have missed Grand-
pas and Uncles because they served in
the military and did not return home from
World War one and two. War definitely de-

Events

Sensor + Test 2024
Nuremberg, Germany
June 11 -13
www.sensor-test.de

Speedam 2024
Ischia, Italy  June 19 - 21
www.speedam.org

The smarter E Europe 2024
Munich, Germany June 19 - 21
www.thesmartere.de

stroys the resources
needed to save our
environment so that
our children can have
a safer world. We are
all losers in the end,
but mainly it will be the
wider population who
will suffer the most. It
has an impact on all of us. My hope is that all
of our children and grandchildren will grow
up in peace and that war will not escalate to
all areas of the world. Working to stop the
war must be our most important task.

Politicians travel into war zones like tourists,
and all is broadcasted on TV. The soldiers
have families too, who also suffer. My wish
is that the younger generation can grow
up in peace. | am tired of seeing, on a daily
basis, more destruction; | want to make the
world a better world, and power semicon-
ductors can at least contribute to reducing
global warming, and wide bandgap devices
are particularly promising in this respect.

At the end of the year, we will meet again
in Munich for my WBG conference at the
Munich Airport Hilton Dec. 37 and 4th, Af-
ter last year's great success, our program
has experts from all around the world.

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 my magazine with every sin-
gle issue is available for free at my website
bodospower.com.

My Green Power Tip for the Month:
Plan your travel wise and use
the most efficient way of
travel, visiting as many .~ 7
contacts as possible |
during your trip. )
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Need a fast current
sensor for powerful
SiC MOSFETs?

HOB series

To meet the high bandwidth requirements of fast-switching silicon carbide (SiC)
MOSFETSs in high-voltage pulsed-power circuits, you’ll need an equally fast current
sSensor.

* Measures DC, AC or pulsed current up to 250A

 Less than 200ns response time

With the new HOB P open-loop current sensor, you get the LEM advantage - our + 1MHz bandwidth

leading current measurement technology delivers a market-leading response time of i
<200 ns and a bandwidth of IMHz. * ldeal for harsh environments

wwv.lem.com

Life Energy Motion
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New strategic Partnership

Finepower and Sanan Semiconductor signed a distribution con-
tract in May 2024. "We are very pleased that with Finepower we
have been able to gain a trustworthy partner with an extremely
high level of technical understanding," said Michael Sleven, Vice
President of Sanan Europe GmbH. And Reiko Winkler, General
Manager of Finepower GmbH, commented “With Sanan we gained
a perfect addition to our already strong power components portfo-
lio. Silicon Carbide is the semiconductor material of the future for
high voltage applications and Sanan offers the worldwide biggest

production capacity on an outstanding quality level, so we are very
proud to work with them in this growing market.”

Finepower is a technical design-in distributor and engineering com-
pany, and Sanan is one of the very few companies in the world
which offers the complete SiC production chain within their facto-
ries, including crystal growth, epitaxy, chip production. Even pack-
aging of both discrete devices and modules is handled by Sanan.
Michael Sleven describes Sanan as follows: “We have one of the
biggest vertical inline factories for SiC in the world. Also, our GaN
products are made on our own SiC substrates. So, we have every
process step in our own hands.”. In China Sanan has been very ac-
tive for quite a while, and now the company is expanding to Eu-
rope. Further details can be found in the VIP interview published in
Bodo's Power Systems in April 2024.

Finepower is an internationally active company with focus on mod-
ern power electronics applications. While its engineering team cre-
ates complete designs of high-end power electronic systems like
onboard-chargers and DC/DC converters, the “distribution” busi-
ness unit works with international partners to support customers
with the best matching standard and customized components,
such as power semiconductors, magnetic components, fans and
heat sinks.

www.finepower.com
www.sanan-semiconductor.com

Innauguration of Plant in Malaysia

LEM chose to make such a substantial investment in the state of
Penang/Malaysia by opening a new plant in this region. From em-
ploying around 70 people in April 2024, LEM expects to increase the
headcount to more than 200 people by March 2025 and eventually
more than 500, with sales from the factory expected to reach over
€ 200 millions. With plans in place already for an extension on the
additional 5,000 m2 of land, the new 11,800 m2 factory features a
state-of-the-art logistic system including automatic guided vehicles
(AGVs) on the shopfloor which transport components from the
warehouse to the high-tech production lines. LEM Malaysia is also
the pilot for the roll-out of the company’s ERP system and will pro-
duce a substantial part of its energy through solar panels.

www.lem.com

Acquisition of Vertical GaN Developer

Power Integrations announced an agreement to acquire the assets
of Odyssey Semiconductor Technologies, a developer of vertical
gallium-nitride (GaN) transistor technology. The transaction is ex-
pected to close in July 2024, after which all key Odyssey employees
are expected to join Power Integrations’ technology organization.
The acquisition supports the company's ongoing development
roadmap for its proprietary PowiGaN technology, which is fea-
tured in many of the company's product families including Inno-
Switch ICs, HiperPFS-5 power-factor-correction ICs and the recently
launched InnoMux-2 family of single-stage, multiple-output ICs.
The company introduced 900- and 1250-V versions of PowiGaN
technology and products in 2023. Commented Dr. Radu Barsan,
Power Integrations’ vice president of technology: “We are executing
on an ambitious roadmap that includes driving toward cost parity
with silicon MOSFETs and expanding the voltage and power capa-
bilities of PowiGaN. Our goal is to commercialize a cost-effective

high-current and high-voltage GaN technology to support higher-
power applications currently served by silicon carbide (SiC), at a
much lower cost and higher performance enabled by the funda-
mental material advantages of GaN over SiC. The experience of the
Odyssey team in high-current vertical GaN will augment and accel-
erate these efforts.”

WwWw.power.com
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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

VISIT US:
HALL 9
BOOTH 304

www.rohm.com
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Silicon Carbide Wafer Supply Agreement

ROHM and STMicroelectronics announced the expansion of the ex-
isting multi-year, long-term 150 mm silicon carbide (SiC) substrate
wafers supply agreement with SiCrystal, which is a ROHM group
company. The multi-year agreement governs the supply of larger
volumes of SiC substrate wafers manufactured in Nuremberg, Ger-
many, for a minimum expected value of $230 million.

Geoff West, EVP and Chief Procurement Officer, STMicroelectron-
ics, commented “This expanded agreement with SiCrystal will bring
additional volumes of 150mm SiC substrate wafers to support our
devices manufacturing capacity ramp-up for automotive and in-
dustrial customers worldwide. It helps strengthen our supply chain
resilience for future growth, with a balanced mix of in-house and
commercial supply across regions”. “SiCrystal is a group company
of ROHM, a leading company of SiC, and has been manufacturing
SiC substrate wafers for many years. We are very pleased to extend
this supply agreement with our longstanding customer ST. We will
continue to support our partner to expand SiC business by ramp-

ing up 150mm SiC substrate wafer quantities continuously and by
always providing reliable quality”. said Dr. Robert Eckstein, Presi-
dent and CEO of SiCrystal, a ROHM group company.

www.rohm.com

Strategic Partnership to drive Zero-Emission

Bus Transport in Europe

Daimler Buses and BMZ have entered into a strategic partnership
for the development and supply of the next generation of e-bus
batteries. Together with Daimler Buses, BMZ will further develop
the existing battery technology specifically for the requirements
of electrically powered buses. The new battery generation NMC4
- succeeding the current NMC3 technology - will combine high
energy density, resulting in a longer range for e-buses, with an
ultra-long cycle life. Customers of Daimler Buses will be able to use
NMC4 batteries from the middle of the decade.

Daimler Buses is pursuing an e-roadmap across all segments: Elec-
trically powered city buses have already been in series production
since 2018; intercity e buses are to follow as of the middle of the de-
cade and electrified coaches by 2030. With this, Daimler Buses aims
to offer locally CO,-neutral models based on batteries or hydrogen
in every segment by 2030.

www.bmz-group.com

300 mm Wafer Fab dedicated for Power Semiconductors

Renesas has started operations at its Kofu Factory, located in Kai
City, Yamanashi Prefecture, Japan. Renesas aims to boost its pro-
duction capacity of power semiconductors in anticipation of the
growing demand in electric vehicles (EVs). The Kofu Factory previ-
ously operated both 150 mm and 200 mm wafer fabrication lines
until October 2014. Renesas made the decision to re-open the fac-
tory as a 300 mm wafer fab to support the growing demand for
power semiconductors. The factory will start mass production of
IGBTs and other products in 2025, doubling Renesas’ current pro-
duction capacity for power semiconductors.

www.renesas.com

Measurement Facility in Bengaluru/India

Rohde & Schwarz has inaugurated a fa-
cility center in Bengaluru's Manyata Tech
Park, housing R&D, system integration
as well as calibration and repair services.
For Rohde & Schwarz, India is not merely
a growth market but a vital component
of its global strategy. The R&D team in
Bengaluru is involved in developing next

generation. The facility houses an ISO 9001 and ISO17025 (NABL)
accredited calibration and repair service center, offering precision
services to meet the rigorous quality standards of the industry. Fur-
thermore, the facility will also encompass sales, applications, sys-
tems integration and a dedicated demo display area showcasing
various test and measurement equipment and test solutions.

www.rohde-schwarz.com
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Expanded Power Portfolio

Tektronix has acquired EA Elektro-Automatik (EA), a principal sup-
plier of high-power electronic test solutions for energy storage,
mobility, hydrogen, and renewable energy applications. The intro-
duction of EA to the Tektronix team provides the company with ex-
panded solutions, leveraging Tektronix's oscilloscopes and isolated
probes, EA's power supplies and electronic loads, and Keithley's
source meters and instrumentation. Combined, the Tektronix port-
folio offers a set of capabilities for energy storage and power elec-
tronics design needs, from ultra-low to ultra-high power. With the
addition of EA, Tektronix is well equipped to serve engineers who
are electrifying our world. With emphasis on creating solutions for
power electronics in the semiconductor, aerospace, and automo-
tive industries, the Tektronix and EA product portfolio addresses
issues in energy storage, mobility, and hydrogen fuel.

www.tek.com

Technology highlights missing Piece in the XEV Driving Equation

Allegro MicroSystems is pleased to an-
nounce, that GHSP, a global provider of
mechanical and electromechanical sys-
tems and portfolio company of JS) Corpora-
tion, is closely collaborating with and has
adopted Allegro's gate driver and vehicle
sensor technology for its eVibe vibration
enhancement system.

In the rapidly evolving world of xEV technol-
ogy, there is a new class of xEV enthusiasts
who crave a more immersive motoring ex-

tomotive expertise and look forward to our
continued partnership as we develop solu-
tions that drive innovation.”

The impact of eVibe extends beyond just
the driving experience. It represents a
shift towards the future of xEV technol-
ogy and the way owners engage with their
vehicles. From mimicking an idle feel to
simulated engine throttle and high-speed
gear shifts via premium vibration indica-
tors, GHSP's technology is providing driv-
ers with a more immersive and connected

perience. GHSP's eVibe system transforms
XEV driving by providing drivers with the
noise and vibrations that mimic the famil-
iar feel and sounds of a traditional internal
combustion engine. “For more than a de-
cade, Allegro has worked closely with mar-
ket-leading automotive partners to develop

innovative solutions that help shift the
future of driving, power and performance
in electric vehicles,” said Suman Narayan,
Allegro’'s Senior Vice President, Products.
“Our latest collaboration highlights a new,
growing market segment and demand for
Allegro’s technology. We value GHSP's au-

drive. This innovation has the potential to
reshape the xEV market, catering to a wider
range of custom options and individual cus-
tomer preferences, while also helping to
further the adoption of electric vehicles.

www.allegromicro.com

SiC and more for Chinese EV Manufacturer

Infineon Technologies will provide silicon carbide (SiC) power
modules HybridPACK™ Drive G2 CoolSiC™ and bare die products
to Xiaomi EV for its recently announced SU7 until 2027. Infineon's
CoolSiC-based power modules allow for higher operating tempera-
tures, “resulting in best-in-class performance, driving dynamics
and lifetime”. Traction inverters based on the technology can, for
example, further increase electric vehicle range. The HybridPACK
Drive is Infineon’s market-leading power module family for electric
vehicles, with almost 8.5 million units sold since 2017.

Infineon provides two HybridPACK Drive G2 CoolSiC 1200 V mod-
ules for the Xiaomi SU7 Max. In addition, Infineon supplies Xiaomi
EV with a broad range of products per car, including, for example,
EiceDRIVER gate drivers and more than ten microcontrollers in vari-
ous applications. The two companies also agreed to further coop-
erate on SiC automotive applications.

www.infineon.com
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High Power next Core (HPnC) \/..

with Fuji Electric’s X series 7G IGBT and SiC 7

MAIN FEATURES
for traction & industrial applications

) Latest chip technology
- Fuji Electric’s X series IGBT and FWD with low losses
- SiC — MOSFET: Super low switching loss energies

) Available blocking voltages: 1700 V, 2300 V and 3300 V

) High reliability
- CTI>600 for higher anti-tracking
- High thermal cycling capability with ultrasonic
welded terminals
- MgSiC base plate for traction version
- Improvement of delta T; power cycling capability
by using 7G packaging technology

www.fujielectric-europe.com

» RoHS compliance
- Ultrasonic welded terminals
- RoHS compliant solder material

) Temperature detection
- Thermal sensor installed

) Easy paralleling
- Minimized current imbalance

- Easy scalability

JF= Fuiji Electric

Innovating Energy Technology
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Semiconductor Processing to Packaging Center to be built
in New York State University

Semikron Danfoss now collaborates with
SUNY Polytechnic Institute and other in-
dustry partners to build a Semiconductor
Processing to Packaging Center that will
focus on research, education and training.
The facility will be established at the Semi-
kron Danfoss office in Utica, located in the
Quad C building on the SUNY Poly campus
and will train 100-150 students per year in
semiconductor processing, packaging and
testing capabilities.

The center will be funded in part with the
$4 million Empire State Development grant
as well as a larger economic development
package announced last fall. In addition to
supplying space for two classrooms and a
5,000 square-foot clean room, Danfoss will
provide multiple pieces of equipment used
in the semiconductor manufacturing pro-

cess. The Center will allow for both silicon
device processing as well as SiC, GaN, AIN
and their alloys, and Ga203 device process-
ing for power electronics, optoelectronics
and clean energy applications as well as
their unique packaging needs.

It is anticipated that the students will be
both traditional and non-traditional stu-
dents, seeking either degrees or certificates.
The goal of the Center is to increase gradu-
ates across advanced manufacturing disci-
plines by 10 percent in the next four years.
The Center's curriculum will offer several
workforce development training and up-
skilling pathways for industry partners and
their employees as well as those seeking to
gain entrance into the workforce.

www.semikron-danfoss.com

R&D Manager returns to the Team

Danisense welcomes back Petar Ljushev as R&D Manager. Petar
Ljushev had already worked for Danisense for nearly four years
previously between 2019 and 2022. He holds a PhD in the field of
power electronics from the Technical University of Denmark (DTU),
and has many years experience in industrial companies design-
ing power electronics, large power resistors and resistor systems
for demanding applications. In his new role at Danisense, he will
be focusing on developing and launching new innovative current
sense transducer products based on the company’s successful and
proven closed loop Flux Gate technology.

www.danisense.com

XGL3014 Series

A6 Ultra-low Loss Power Inductors

¢ The industry’s lowest DCR for greatest efficiency
o Current ratings up to 16.1 A with soft saturation
* Wide inductance range from 0.082 to 1.8 uH

¢ Industry-leading 80 V voltage rating — suitable for
wide Viy DC-DC converters

Request Free Samples @ coilcraft.com/XGL
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European and Korean Semiconductor Manufacturer
cooperate on GaN and SiC

SweGaN, a European semiconductor manu-
facturer that develops and produces engi-
neered high-performance Gallium Nitride
on Silicon Carbide (GaN-on-SiC) epitaxial
wafers, announces it has entered strategic
partnership with South Korea based RFHIC
Corporation. RFHIC is active in designing
and manufacturing GaN RF & microwave
semiconductors for communications and
defense applications. The new, pivotal
agreement encompasses an undisclosed
equity investment from RFHIC. The two
companies will focus on joint R&D and
product development moving forward.
Over the last decade, SweGaN has been de-

veloping and producing high-performance
GaN-on-SiC epitaxial solutions for RF and
power devices that can be used in various
applications such 5G telecommunications
infrastructure, defense radars, satellite
communications, on-board chargers, and
data centers.

This strategic investment by RFHIC shows
the recognition of SweGaN's QuanFINE epi-
taxial solutions as a differentiator among
GaN-on-SiC materials available on the mar-

ket. In partnership with RFHIC, SweGaN
gains additional resources to expedite mar-
ket penetration and to achieve its business
goals. RFHIC Corporation cites the partner-
ship with SweGaN and investment strategy
target strengthening RFHIC's gallium nitride
semiconductor supply chain and further
fortifying its competitiveness of RF and
microwave products within the compound
semiconductor arena. In the joint collabo-
ration, SweGaN and RFHIC plan to address
the increasing demand for GaN semicon-
ductors and initiate new product develop-
ments for a variety of markets.
www.swegan.se

Call for Papers for Power Electronics Conference in 2025

After the EPE editions Grenoble 1987, Toulouse 2003, Lille
2013 and Lyon 2020, the 26th edition of the European Con-
ference on Power Electronics and Applications will take place
in Paris, France. The Power Electronics community will gather
in Paris, from March 31st to April 4th, 2025, to exchange views
on research progress and technological developments. Sev-
eral tutorials as well as some technical visits will be planned
and organized. In addition, the 40 years of EPE conferences
will be celebrated. Now the organizer has started the call for
papers for “the largest conference in its field, attracting ex-
perts from numerous countries to join in the discussions".
With the objective to exchange and meet fellow profession-
als and academics, the EPE conference brings together re-
searchers, engineers, etc. working at the forefront of power
electronics technologies. The main topics will be electromo-
bility, smart grids and renewable energy, energy storage
systems, digitalization (“the powerful fusion of ai and loT for
sustainability”), sustainable and affordable power electronics
as well as energy transition and societal change.

http://epe2025-paris.com
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High Precision Current Logging.
Ultra Compact

Increase Energy Efficiency for Electrical Systems

Optimizing the energy efficiency of electrical systems is an on-
going challenge. For this task, HIOKI has designed an innovative
multi-channel current measurement solution specifically for de-
velopment teams in the electrical and e-mobility industry. For
the first time, even the smallest currents in an EV or other elec-
trical systems can be measured and logged individually using ul-
tra-compact, high-precision current sensors. Analyzing this data,
engineers can draw conclusions on how to significantly improve
energy efficiency.

Accurate current measurement of numerous consumers in electri-
cal systems requires sensors with utmost precision. HIOKI's new
AC/DC Zero-Flux current sensors offer a measurement range of
100 pA to 2 A for CT7812 and 100 mA to 20 A for CT7822. Both
sensors measure with an impressive accuracy of +0.3 percent. With
this high precision and a minimum resolution of 0.1 mA, develop-
ment engineers retrieve accurate consumption data even of low
currents that enable them to significantly improve the energy con-
sumption of their systems, enabling to extend the operating times
or ranges of EVs.

Ultra-Compact Current Sensors for narrow spaces

HIOKI's new current sensors also impress with their ultra-compact
design. A total length of only 7.65 cm and an innovative sliding
mechanism enables connecting the current sensors to consumers
effortlessly. Measuring even in confined spaces such as in engine
compartments, enclosures, or electrical cabinets can be realized.

Effective Current Mapping with 55 Measurement Channels

For efficient current mapping, the new current modules LR8536
and U8556 provide in combination up to 55 current measurement
channels. This allows for a simultaneous current consumer mea-
surement with one set up even in complex electrical systems such
as in EVs, trucks, construction vehicles, or agricultural machinery.
The Data Logger LR8450-01 alternatively allows to log other sig-
nals such as temperature, strain, vibration, humidity, resistance,
voltage, and CAN signals. With different parameter combinations
the set up can be extended to max 330 channels, which provides
a great solution for the engineer to judge the DUT considering all
parameters at once.

Wireless Connection Now Possible

Another highlight of HIOKI's new multi-channel-current measure-
ment solution is the flexibility of a wireless connection. The LR8450-
01 is the first data logger using wireless modules that allow for a
spatial separation of the current sensors from the data logger. This
provides development teams with more flexibility for their set ups
and a rapid assessment of the energy efficiency of electrical sys-
tems, especially in electromobility.

www.hioki.eu
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Aligning Size, Cost and
Efficiency Requirements

Onsemi is active in silicon, silicon carbide and gallium nitride power semiconductors.
The company is one of the very few semiconductor manufacturers which control the entire
supply chain in SiC from subtrate to the final product.

We talked to Andrej Tomasik, General Manager onsemi Slovakia.

By Alfred Vollmer, Editor-in-Chief, Bodo’s Power Systems

What are your most recent activities in Europe?

We recently established a new System Application Lab for EVs in
Europe. This laboratory in Slovakia is reinforcing onsemi’s commit-
ment to the intelligent power management strategy and propelling
further innovation and efficiency in this sector. The laboratory is
specifically designed to foster the development of cutting-edge in-
novations, with a primary focus on electric vehicles. The capabilities
integrated into this facility will enhance our collaboration with au-
tomotive manufacturers (OEMs), enabling us to deliver transforma-
tive silicon and silicon carbide solutions.

Andrej Tomasik, General Manager onsemi Slovakia

What are the core competences of onsemi - especially in terms
of SiC and GaN?

Onsemi stands at the forefront of silicon carbide development. Our
extensive array of power components provides customers with the
flexibility to select the power topology that best aligns with the size,
cost, and efficiency requirements of their designs. This includes the
Elite SiC MOSFET family, which facilitates faster switching and more
compact end-products, and the 1200 M3 SiC MOSFET, offering up
to a 20% reduction in power loss compared to leading competitors.
Additionally, our Elite SiC & Hybrid Elite SiC Modules exhibit lower
thermal resistance than discrete devices. We offer comprehensive
global applications support and possess the requisite application
knowledge to meet design-in needs.

Why does onsemi manufacture its own substrate?

What are the benefits?

We are progressing towards complete vertical integration, encom-
passing everything from substrate and epitaxy to the actual wafer
fabrication and assembly operations, extending up to module pro-
duction. This integration will facilitate the scaling and commercial-
ization of our capabilities, allowing us to better serve our custom-
ers, exert greater control over the development and manufacturing
processes, and enhance quality assurance.

What are the expected output volumes for the next five years in
terms of Si, GaN and SiC?

The growth of electric vehicles (EVs), heightened safety focus, in-
creasing demand for comfort, and environmental initiatives aimed
at reducing waste and enhancing efficiency are pivotal factors shap-
ing our company'’s strategy. Our emphasis on intelligent power and
intelligent sensing portfolios is poised to create substantial growth
opportunities. For context, in traditional combustion engine vehi-
cles, our content value averages around $50, whereas in electric
vehicles, it rises to an average of $750.

What is the importance of the automotive market for your
company?

The automotive sector is a critical area of focus for onsemi, which
is poised to play a significant role in the evolution of the automo-
tive industry through advancements in vehicle electrification and
safety. Automotive revenues constitute over 50% of onsemi'’s to-
tal revenue. Key domains include the development of EV auxiliary
systems, traction inverters, HV-LV DC-DC converters, and on-board
chargers in the realm of power management. Additionally, onsemi
is committed to delivering high-quality, reliable image sensors that
contribute to enhanced road safety. We have over 15 years of expe-
rience in automotive imaging and more than 500 million automo-
tive sensors deployed in vehicles.

What are your most important power applications?

Our extensive portfolio fits applications across diverse markets, no-
tably in the automotive sector, where SiC technology is leveraged
to deliver scalable solutions for a broad array of OEM vehicle plat-
forms. In the realm of advanced safety, onsemi provides an ADAS
solution scalable to Level 5 autonomy, integrating intelligent power
and sensing solutions to attain ASIL D functional safety. Our image
sensors set the industry benchmark, offering vision capabilities 100
times more acute than the human eye.

Which trends do you see in which applications? Do you see a
shift from SiC to GaN in some applications?

SiC and GaN technologies are increasingly favored for their supe-
rior performance over traditional silicon-based technologies. SiC
is especially suitable for high-voltage applications, while GaN ex-
cels in low-voltage scenarios. Both technologies are anticipated to
continue their upward trajectory in popularity and adoption in the
forthcoming years.

www.onsemi.com
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Small but mighty:
Multi-MW rectifiers

Modular design. High scalability.

Industrial electrolyzers and chargers for larger trucks, mining vehicles, and even ships require high DC currents.
High-power rectifiers have been delivering this kind of power for decades using extremely efficient, cost-effective,
and reliable thyristors and diodes.

Infineon Technologies Bipolar offers a complete portfolio of thyristors and diodes with best-in-class power density,
along with a large range of complete modular stack solutions with different cooling options. We have over 40 years
of experience in the design, simulation, and customization of complete systems for the most demanding projects.

Highlights:

- 5 MW water-cooled modular unit fitting into less than 0.5 m3 design space

- Forced air-cooled units up to 3 MW for low line voltages

- Double-sided cooling, low losses with optimized heatsinks for compact designs

Lowest operational costs over a long lifetime help to generate hydrogen cleanly and efficiently, unlocking
decarbonization opportunities and helping to meet the ever-increasing energy demands of our society.

(infineon
Learn more

www.infineon.com/h-electrolyzer Infineon Technologies Bipolar
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Fixed-ratio Converters
unleash Innovation across
the Battery Lifecycle

The ongoing adoption of electrification across many industries has been a boon for productivity
and the environment, and battery production has been a core technological enabler for this trend.
Driven in part by electric vehicles (EVs) and energy storage systems for renewable energy, the battery
industry is among the fastest growing in the world.

By David Krakauer, VP of Global Marketing, Vicor

According to the International Energy Agency (IEA), global battery
demand has increased tenfold from 43.8GWh/year annually in 2016
to 550.5GWh/year annually in 2022. Given the still-accelerating de-
mand, every stage of the battery lifecycle merits examination. The
battery lifecycle consists of four major stages: cell formation, bat-
tery testing, application use and battery recycling. A shortcoming
in any one of these phases undermines the battery industry and
the growth in electrification. Today, the battery lifecycle is con-
strained by limitations of existing power conversion technologies
that threaten this growth. Vicor power-dense fixed-ratio converter
technology brings a novel approach to achieving greater sustain-
ability and cost-efficiency across all stages of the battery lifecycle.

Unlocking new possibilities with fixed-ratio converter technology
In high-voltage battery systems, DC-DC power conversion is a fun-
damental aspect of the power delivery architecture.

DC-DC conversion is commonly achieved with switched-mode pow-
er converters like a buck or boost topology or low drop-out regula-
tors (LDOs). While these power converters can be effective , they
limit the flexibility and performance of the power delivery network
(PDN) with the rigidity of their outputs and their subpar conversion
efficiencies. This is particularly true when working with high volt-
ages associated with today’s battery systems.

To overcome these shortcomings, Vicor has developed fixed-ratio
converters that provide highly efficient, isolated conversion in a
small package for high-voltage to low-voltage loads commonly re-
ferred to as safety extra-low voltage or SELV.

Analogous to a transformer in an AC-AC solution, a fixed-ratio con-
verter performs DC-DC conversion with the output voltage being a
fixed fraction of the DC input voltage (Figure 1). Similar to a trans-
former's step-down or step-up capabilities that are defined by the
coil's turns ratio, a fixed-ratio converter’s capabilities are defined by
its K factor, which is expressed as a fraction relative to its voltage
step-down capability (Figure 2).

Unlike traditional DC-DC converters that regulate the output volt-
age, a fixed-ratio converter provides no output regulation. These
devices are also autonomous, requiring no feedback loop or exter-
nal control mechanism.

Fixed-ratio converters offer several notable benefits over tradition-
al converters.

Bidirectionality

Given that fixed-ratio converters operate independently of an ex-
ternal host or controller, these devices are inherently bidirectional.
This means that, depending on the direction of the current flow,
the same fixed ratio converter module will step the voltage either
up or down. By achieving voltage boosting and bucking with one
module, fixed-ratio converters unlock unprecedented flexibility
and simplicity for PDN that rely on the bidirectional flow of current.

Flexibility and scalability

Fixed-ratio converters are exceptionally easy to parallel for higher
power demands. Designers can easily add multiple fixed-ratio con-
verter modules in parallel to scale a system to whatever output
power demands are required. Similarly, designers can place multi-
ple fixed-ratio converters in series to achieve unique voltage ratios
based on their cascading K factors. In these cases, the converters
need to be power-matched to ensure safe and reliable operation.

Figure 1: A bidirectional fixed-ratio converter operating as a step-
down converter with K= 1/12 can also serve as a boost converter with
a K of 12/1. This bidirectionality in a single module unlocks a number
of unprecedented use cases for the battery industry.

Figure 2: With support for a large range of different K-factor and
output-power configurations, Vicor BCM fixed-ratio converters can
meet the needs of most applications.
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High efficiency in a small package

Finally, fixed-ratio converters are unmatched in power efficiency
from a very small footprint. Whereas a conventional buck or boost
converter achieves maximum power efficiencies in the low 90%
range, fixed-ratio converters like the Vicor BCM® line demonstrate
conversion efficiencies up to nearly 98%. This leads to more sus-
tainable applications with decreased demand for thermal manage-
ment overhead.

The importance of the power delivery network in cell formation
The first phase in the battery lifecycle is the cell formation stage.

In this phase, newly manufactured batteries must go through the
formation cycling process, which consists of charging and discharg-
ing a cell for the first time. During this process, a cell is cycled re-
peatedly to build up gradually the cell's solid-electrolyte interphase
(SEl) layer. The speed of this process is determined by cell chemis-
try, so cell formation latency is mostly a fixed-rate process.

Formation cycling in the battery requires an underlying power de-
livery network (PDN) that can support the repetitive charge and
discharge cycles.

The standard PDN for such a system takes a three-phase AC input
from the grid, rectifies it to high-voltage DC, and then uses multiple
phases of DC-DC conversion to reach the nominal voltage required
to charge a battery cell (e.g., 4.2V) (Figure 3). This final voltage re-
quired for battery charging will vary from plant to plant depending
on the specific cell chemistry, but the several intermediary voltage
drops from AC to a lower DC bus voltage, such as 12V, is standard
across the industry.

Discrete component solutions are extremely difficult to design, re-
quire significant in-house power expertise, have a large BOM that
presents cost and supply chain challenges, and increase time to
market. Discrete solutions limit flexibility as they offer pre-defined
output voltages. Where different cell chemistries require different
voltages, it is more cost-effective for designers to create a flexible
solution that they can modify based on cell chemistry. Discrete so-
lutions don't allow for flexible cell formation systems that can be
dynamically modified for compatibility with multiple cell types.

Cell formation demands system high throughput and efficiency
There are two major challenges with the existing PDNs in battery
formation: throughput and efficiency.

From a throughput perspective the speed at which manufacturers
can form a battery’s SEl layer is inherently limited by cell chemistry.
Hence, improving the cost-efficiency of the cell-formation process
necessitates scalable systems that can form many batteries in par-
allel. However, with existing PDNs, the lack of a modular intermedi-
ary DC-DC phase limits the ability to easily scale a system without
major design overhauls.

From an efficiency perspective, the constant charge and discharge
of cells is very costly. To optimize efficiency, battery manufacturers
reuse the energy spent during cell charging cycles by either stor-
ing it locally or sending it back to the grid on discharge cycles. This
requires a PDN that supports the bidirectional flow of current and
performs high-efficiency power conversion.

In both instances, fixed-ratio converters are an ideal solution. By
integrating a fixed-ratio converter into the PDN, designers can re-
define the architecture into three distinct phases: AC rectification,
transformation to low voltage and constant-current conversion
(bus converter).

In the constant-current conversion stage, designers can implement
fixed-ratio converters to easily step down the higher DC level to a
safer, lower level without the need for discrete solutions or single-
module solutions. By simply integrating one or multiple fixed-ratio
converters in parallel, designers can create a power delivery net-
work that is modular and easily scales.

In this way, designers can make systems that cycle many batteries
concurrently, enabling higher throughput, greater power density
and improved efficiency. Additionally, this architecture allows de-
signers to easily change the PDN to accommodate the required DC-
DC conversion for a cell's unique nominal voltage. With a more flex-
ible solution that requires no discrete components, designs reach
the market faster and are less susceptible to failure.

For power conservation, the inherently bidirectional nature of a
fixed-ratio converter is ideal in the cell-formation process. With
fixed-ratio converters, cell manufacturers can easily switch be-
tween charge and discharge cycles, knowing that the fixed-ratio
converter will automatically step up to a predefined higher voltage
on discharge and similarly step it down on charging cycles. This
unique feature improves process energy efficiency, enabling en-
ergy reuse during formation cycling.

Additionally, with a fixed-ratio converter efficiency of 97.9%, there
is minimal power loss in the conversion cycle in either direction.
Without fixed-ratio converters, such bidirectionality would neces-
sitate multiple components (one for buck and one for boost). This
would consume more power due to lower efficiencies and increase
component count.

Figure 3: Battery manufacturers can use fixed-ratio converters to inte-
grate bidirectionality and efficiency into cell formation power delivery
networks.

Battery testing needs a flexible and scalable PDN
The next stage in the battery lifecycle is battery testing, where man-
ufacturers combine battery cells into larger battery packs. Battery
pack production is not constrained by the same chemistry-depen-
dent time requirements related to the charging and discharging of
cells, but it still faces similar throughput challenges.

For example, each cell must be properly tested and accurately
measured so that multiple cells can be combined to form a larger
battery pack. Then the larger battery pack also needs to be rigor-
ously tested. This is not a value-add step, so the faster manufactur-
ers complete this process, the lower the overall cost of the battery
pack.

Flexibility and scalability in a PDN are needed to accommodate the
wide variety of battery voltage and power levels, and high through-
put is needed to test more batteries in the same physical space
and in less time. Battery pack testers therefore need power deliv-
ery networks that are modular and scalable to the specific needs of
their testing requirements and volumes. Like in the cell formation
phase, the standard PDN of a battery testing facility entails the con-
version of power from AC three-phase down to the cell's nominal
voltage (Figure 4).

With fixed-ratio converters in the constant-current conversion
stage of the PDN, battery test designers can avoid arduously de-
signing the intermediary conversion stages. Instead, they can trust
that their constant-current conversion is managed by the fixed-
ratio converter. Designers can now focus on the final stage of the
conversion process, where voltages need to match the cell's nomi-
nal voltage for testing. This simplified architecture enables the cre-
ation of modular and flexible systems that designers can readily
modify for varied testing requirements.
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Another important benefit of fixed-ratio converters is power den-
sity. With extremely high power efficiencies and small form factors,
fixed-ratio converters can support kilowatts of power and hun-
dreds of volts in industry-leading form factors. This helps support
greater throughput testers by allowing for more testing equipment
to fit within the same area constraints, hence creating the opportu-
nity for testing more battery cells concurrently.

Figure 4: Fixed ratio converters unlock high levels of power density
for battery-testing power delivery networks, enabling greater tester
throughput by fitting more testing equipment into the same area.

Fixed-ratio converters reduce IR losses in battery applications
When the battery finally makes it out of the factory floor and into a
real-world application, the challenges with PDN do not end.

In many emerging battery-powered applications, such as tethered
robotics or ROVs, energy storage systems for renewables like solar
and wind power and electric vehicles, there is a growing demand
for extremely high-voltage power delivery (Figure 5). For example,
electric vehicles are seeing a shift in architecture from 400V to 800V
power delivery for the sake of greater power and efficiency.
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For the same power, higher voltage levels allow for power delivery
at lower currents. Therefore, one benefit of high-voltage power de-
livery is greater efficiency, as lower currents incur fewer I2R losses.
This enables more efficient applications that also require less over-
head for thermal management.

Additionally, high-voltage power delivery decreases the wire gauge
in vehicle wire harnesses. With lower current delivery require-
ments, designers can use smaller-diameter cables resulting in de-
creased system weight, material requirement and cost.

Naturally, the successful operation of such high-voltage systems
relies on the ability to convert these high-voltages used in delivery
to the lower voltages used at the load. At this point in the battery's
lifecycle, fixed-ratio converters offer value by providing a simple
and efficient means of DC power conversion.

Consider the example of a tethered robot. With a 1/16 K factor
fixed-ratio converter, designers can take advantage of the 97.9%
efficiency to step down voltages from the high voltage for power
distribution (e.g., 800V ) down to a lower voltage, like 48Vp. From
the 48Vp, designers can use a conventional 90% efficient buck
converter to reach the final 3.3V used for a microcontroller unit
(MCU). Without a fixed-ratio converter, the entire conversion from
800V to 3.3V would occur at 90% efficiency, incurring significantly
greater losses than the fixed-ratio converter architecture.

Thermal challenges in battery recycling
Once a battery has served its useful lifespan, the final stage in its
lifecycle is recycling.

Battery recycling entails a high-power electrochemical process in
which the raw materials and elements from the battery are chemi-
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cally separated from the cell to be reclaimed and reused in the fu-
ture. Like other industrial stages of the battery lifecycle, the PDN
consists of converting three-phase AC input voltages to high-power
DC, and then ultimately down to lower voltages to operate the re-
cycling equipment (Figure 6).

Figure 5: Applications like tethered robotics can use fixed-ratio
converters to enable high-voltage power delivery without incurring
significant power losses during conversion to lower voltages.

One challenge from the perspective of the PDN is that the battery
recycling process creates a significant amount of heat. Therefore,
the components within the PDN must be able to operate reliably at
elevated temperatures. Similarly, power density becomes increas-
ingly important in the design of the PDN, necessitating small form
factors and high-efficiency power conversion.

Fixed-ratio converters offer an extremely power-dense solution
to DC-DC conversion, capable of supporting kilowatts of power at
hundreds of volts in extremely small form factors.

For example, the Vicor BCM6123 fixed-ratio bus converter boasts a
power density of 2352W/in3 (Figure 7). With this level of power den-
sity, designers can easily meet the temperature and performance
requirements of battery recycling plants. And, as power require-
ments and demand continue to grow, the modular power architec-
ture enabled through fixed-ratio converters allows for the system
to scale up accordingly with minimal overhead needed.

Figure 6: BCM fixed-ratio bus converters allow for reliable high power
voltage conversion within the elevated temperature constraints of a
battery recycling plant.

Advert

Bolstering the battery ecosystem with fixed-ratio converters

At each stage in the battery's lifecycle, there is a growing need for
high-voltage power delivery networks that are efficient, power-
dense and scalable. Success for the battery lifecycle necessitates
success at each individual stage. Whether it's battery cell formation,
testing, in-application use or recycling, the entire battery lifecycle
benefits from fixed-ratio converters. As compared to traditional
power conversion solutions, fixed-ratio voltage converters offer un-
precedented levels of efficiency and small form factors, while also
presenting unique features like bidirectional operation.

Figure 7: The Vicor BCM6123 fixed-ratio bus converter module offers a
24V output voltage and 62.5A output current while in a 61.0 x 25.14 x
7.26mm ChiP™ package.

Vicor is the only company to offer high-density fixed-ratio convert-
ers. The Vicor BCM® products employ a Sine Amplitude Converter™
topology which allows for higher-frequency operation than PWM-
based solutions. The BCM family of fixed-ratio converters also
comes in a variety of form factors and power ratings to support
the needs of a wide variety of high voltage applications. Beyond the
BCM family, Vicor offers fixed-ratio converters to meet the needs of
many other applications.

The BCM fixed-ratio converter is poised to play a significant role
in the growth of battery manufacturing, one of today's fast-grow-
ing markets. It supports greater throughput, enhances efficiency
and can scale with any application. Regardless of the application
or lifecycle phase, fixed-ratio power converters are an exceptional
solution for the burgeoning modern battery industry with today is
limited by traditional power-conversion approaches.

Vicor and BCM® are registered trademarks of Vicor Corporation;
ChiP™ and Sine Amplitude Converter™ are trademarks of Vicor Cor-
poration.

www.vicorpower.com
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Sustainable Power Conversion
in EVs with Wide-Bandgap
Materials and Top-Side Cooling

Infineon develops cutting-edge SiC and GaN technology with

innovative, thermally efficient packaging

The world of global mobility is on the cusp of a remarkable shift. In 2024, global EV sales are expected
to soar by about 20 percent as governments and consumers try to mitigate the effects of climate
change [1]. By 2030, EVs are forecasted to account for at least two-thirds of global car sales [2].

By Daniel Makus, Application Director xEV Power Conversion (OBC, HV DC-DC), and Rafael Garcia,
System Architect for OBC and DC-DC Applications, both at Infineon Technologies

With automakers striving to slash EV costs, efficient and sustainable
power conversion systems are vital to meet the rising demands
and power requirements. To that end, the adoption of wide-band-
gap (WBG) semiconductors, such as silicon carbide (SiC) and gal-
lium nitride (GaN), enables efficient, powerful, and long-term cost-
effective power solutions. To build on that, innovative technologies
like top-side cooling can help designers achieve optimal thermal
performance and reduce assembly expenses.

Figure 1: OBC and DC-DC power conversion systems in EVs

Power conversion systems

- Importance and emerging challenges

The power conversion systems in EVs, particularly the onboard
charger and DC-DC converters, are essential to managing the flow
of electricity within the vehicle, optimizing the charging process,
and facilitating the integration of various power sources. These
power conversion systems are pivotal for the overall performance,
efficiency, and user experience of EVs. Their proper functioning
is essential to maximize the range, reliability, and functionality of
electric cars, making them indispensable in the transition towards
sustainable transportation.

Figure 2: Current EV requirements

Increasing power levels, bidirectional operation support (V2X), and
faster adoption of 800 V battery systems have introduced new
levels of complexity to OBC and DC-DC power systems - complex-
ity that is heightened due to higher power density, efficiency, and
overall cost requirements.

Leveraging WBG semiconductors

SiC and GaN semiconductors have revolutionized power conver-
sion in automotive systems by enabling unprecedented levels of
efficiency and performance while coexisting with cost-effective sili-
con (Si) technologies. SiC-based designs offer high robustness and
efficiency in a wide range of temperatures while significantly lower-
ing switching and conduction losses compared to Si-based designs,
leading to optimal performance and thermal efficiency. GaN, on
the other hand, offers unparalleled efficiency at higher switching
frequencies and nearly lossless switching, enabling smaller, more
compact devices.

Figure 3: Key benefits of SiC and GaN semiconductors

While both GaN and SiC offer a lot of benefits on their own, they
really shine when used together, offering a compelling blend of effi-
ciency, compactness, and affordability in automotive power conver-
sion systems. Designers can leverage this combination to achieve
optimal power density and thermal efficiency while enabling new
topologies, leading to enhanced vehicle performance and range.

Figure 4 shows some typical implementations of such systems.

Figure 4: Schematics of 1200 V and 750 V SiC MOSFETs

More and more tier-1 manufacturers are adopting these topologies
due to their simplicity compared to the previous generations. For
example, in the PFC stage of an 11 kW design, compared to 18 tran-
sistors (3x single-phase interleaved) used in Gen 1 topologies, Gen
2 topologies use only eight transistors (three-phase B6 or VSC). Just
reducing the number of transistors makes the design way simpler.
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Overcoming challenges and complexities
in EV power systems

The new topologies use fewer gate drivers
as well, and enable a single microcontroller
to take over the control loops of both stag-
es of the power supply, i.e., PFC and HV-HV
DC-DC. To simplify the design further, some
tier-1 manufacturers have decided to elimi-
nate discrete devices and utilize modules
with three to four integrated half-bridges.

Despite considerably simplifying the design
and reducing the cooling and development
costs of the OBC, this approach does not
optimize power density and efficiency. This
is due to the huge effort required for the
EMI filter design and the PFC choke, as they
need to filter and switch at voltages higher
than those designed for Gen 1 topologies.
Certainly, at higher voltages, the switching
frequencies cannot be very high (e.g., PFC
<50 kHz and HV-HV DC-DC <120 kHz) if a
certain efficiency requirement needs to be
met (e.g., >95.5 percent). Some publications
have demonstrated that adding a ZVS cell
to the B6/B8 topology can further increase
efficiency and enable higher switching fre-
quencies at the expense of a higher com-
ponent count.

Additionally, no 900 V-1000 V aluminum
capacitors are available for the output of
the PFC converter. Hence, designers need
to use a series-parallel arrangement of

450 V-500 V aluminum caps to achieve
the capacitance necessary to store energy
when the B6 topology is configured to work
with single-phase grids, e.g., B8, and com-
pensate the 100 Hz/120 Hz ripple.

To further increase power density and ef-
ficiency at a lower system cost, topologies
with 650 V-750 V transistors can be used.
Such topologies will still be compatible with
three-phase grids and the 800 V battery ar-
chitecture. To achieve this, it is necessary
to use multi-level converters, as shown in
Figure 5.

In Figure 5, the two topologies on the left
are hard-switching PFCs, where the top im-
age shows the flying capacitor topology and
the bottom image shows an active neutral-
point clamp topology. The topologies on
the right are resonant HV-HV DC-DC con-
verters, where the top image shows a multi-
level CLLC and the bottom image shows a
multi-level DAB.

As the automotive industry continues to
evolve, a sustainable design is crucial to
mitigate the environmental impact of ve-
hicles. By prioritizing eco-friendly materials,
energy-efficient powertrains, and recycla-
ble components, automotive solutions can
contribute to reducing carbon emissions
and conserving natural resources. In power
conversion systems, this will play a crucial
role in the optimization process, not only

Figure 5: Multi-level converter topologies using WBG devices

Figure 6: Weight contribution of different components in a power conversion system

Customized
DC-Link Capacitors

WIMA DC-LINK capacitors are designed for
the high power converter technology. At high
frequencies they show a higher current carry-
ing capability compared to electrolytic capac-

itors. Further outstanding features are e.g.:

m Very high capacitance/volume ratio

m High voltage rating per component

B Very low dissipation factor (ESR)

B Very high insulation resistance

m Excellent self-healing properties

B Long life expectancy

® Dry construction without electrolyte or oil
B Particularly reliable contact configurations
B Outstanding mechanical stability

] Customer—specific contacts, capacitances

or voltages.

Capacitors Made in Germany !
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for the material selection and their recyclability, but also to reduce
the weight and cost of future power systems.

Practical implementation of GaN and SiC in automotive power
systems

GaN's superior switching capabilities and high-frequency operation
enables novel power electronic topologies to achieve a higher ef-
ficiency and power density. GaN also reduces the overall weight
of the system by reducing not only the amount of housing, but
also the size and number of electrotechnical components, includ-
ing tons of rare materials, contributing significantly towards higher
sustainability.

With the introduction of the lateral structure during the manufac-
ture of GaN power transistors, it is possible to design a bidirectional
switch (BDS). Such a BDS will have bidirectional blocking voltage ca-
pability without doubling the Rpgon), €nabling disruptive topologies
that could bring tremendous benefits in terms of power density,
reliability, cost, and external component requirements.

SMD packages dissipate heat either by bottom-side cooling (BSC) or
top-side cooling (TSC). While both BSC and TSC packages can be as-
sembled using automated pick-and-place machinery, TSC provides
several advantages over BSC packages like D2PAK and DPAK, which
conduct heat generated by the die downwards towards the bottom
of the board-mounted device. This direction of heat-conduction is
a disadvantage because PCBs are not optimized for very high heat
conduction and create a substantial thermal barrier for BSC de-
vices, requiring additional thermal vias to allow the excess heat to
dissipate safely.

A negative consequence of this approach is that it makes PCB
trace-routing more challenging because large areas of the board
are allocated to thermal dissipation elements. An insulated metal
substrate (IMS) board can improve the thermal performance of BSC
devices but these are more expensive than traditional FR4 PCBs.

The adoption of TSC technology is particularly remarkable and will

shape future power-conversion system designs. In TSC devices,
the semiconductor die-generated heat is ex-
tracted from the top of the package. In TSC
devices, the heat generated by the semicon-
ductor die is extracted to the top of the pack-
age which has an exposed pad onto which a
cold plate (heatsink) is attached as shown in
Figure 8.

This approach reduces thermal resistance by
up to 35 percent and decouples the thermal
pathway from the electrical connections on
the PCB. This is significant as it makes PCB

Figure 7: Modular Gen 2 approach using magnetic integration of 650 V GaN and 1200 V SiC design simpler and more flexible, and brings

transistors (left) and a cycloconverter

Figure 7 (left) shows a very modular approach which includes mag-
netic integration. Similar to the Gen 1 approach, each module is
powering each phase in the three-phase grid, enabling a 650 V de-
vice. Depending on the battery voltage, designers can select 650 V
GaN or 1200 V SiC transistors.

Figure 7 (right) shows a matrix or cyclo converter - a potential can-
didate for innovative designs. This topology can easily be imple-
mented with two 1200 V discrete devices connected back-to-back
on the primary side and normal devices on the secondary side. The
challenge here is to select low-ohmic devices to get the right total
Rps(on) (the bidirectional switch has double the Rpgon of a single
device) per position, according to the proper power class and ex-
pected power dissipation.

It should be mentioned that the topology is fully resonant, can
either be an LLC or DAB, and the switching frequency range will
depend on both the output load and input power-fed conditions.
As this is a true three-phase topology, considering the maximum
input voltage and voltage swells that may happen, the authentic bi-
directional GaN switch should have a minimum breakdown voltage
of 900 V. Infineon is actively working on designing an automotive
BDS GaN switch such that tier-1 manufacturers are ready for mass
production of these Gen 3 topologies.

Top-side cooling

In addition to using wide-bandgap technology to improve efficien-
cy, device packaging and cooling become a vital part of the equa-
tion and play key roles in enabling more power-dense OBC designs.
While through-hole device (THD) packages like TO-247 and TO-
220 are still widely used in many applications, they have the dis-
advantages of high manufacturing costs and of being manually
inserted into the PCB before being soldered onto the underside of
the board. For these reasons, THD is increasingly being replaced
by surface-mount devices (SMD), the placement of which can be
automated and results in higher throughput and better reliability.

the added benefits of a smaller board area,

higher power density, and reduced electro-
magnetic interference (EMI). Furthermore, the increased thermal
performance also removes the need for board stacking. So instead
of combining both FR4 and IMS boards, this design makes a single
FR4 sufficient for all components and requires fewer connectors.

Figure 8: A semiconductor device employing top-side cooling (TSC

These features of TSC reduce the overall bill of materials (BOM),
reducing the overall system cost. TSC also helps optimize the pow-
er-loop design for increased reliability. This is made possible since
the drivers can be placed very close to the power switches. The
low stray inductance of the driver switch reduces the loop parasitic,
leading to less ringing on the gate, higher performance, and a lower
risk of failure. Furthermore, the package concept is JEDEC-compli-
ant and free of royalties, which makes second-source manufactur-
ing easy and available for many suppliers, while other concepts
available on the market are proprietary and not easy to reproduce.

Figure 9 summarizes the key benefits of TSC technology in a nut-
shell.

Infineon has developed double (DDPAK) and quadruple (QDPAK)
SMD packaging with TSC for many of its power devices, including
its range of CoolSiC™ G6 Schottky diodes, the new SiC MOSFET
fam-ily of 750 V and 1200 V devices paired with 650 V Si S)
CoolMOS™, and future GaN-based CoolGaN™ products. Also, the
low-voltage power MOSFETs are already available in TSC TOLT
packages, which
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enables the complete system of OBC along with the DC-DC convert-
ers to be ready for TSC manufacturing. These devices offer thermal
capabilities on par with THD devices and even better electrical per-
formance.

Having a standard height of 2.3 mm for QDPAK and DDPAK SMD
TSC packages, with both high- and low-voltage alternatives, helps
design complete applications like OBC and DC-DC converters using
components having the same height. This reduces cooling expens-
es compared to existing solutions based on a 3D cooling system.

Figure 9: Infineon’s top-side-cooled QDPAK platform for future power-
conversion systems

Conclusion

While SiC and GaN technologies occupy the headlines in the battle
to achieve greater efficiency and power density from power solu-
tions, and they are vital to minimizing energy losses, extending
driving range, and enabling faster charging of EVs, effective ther-
mal management also has a significant role in achieving electrical
performance as well as reducing size, weight, and cost of power
solutions.

Innovative design of packages, such as Infineon’s QDPAK, enables
top-side cooling, leading to better thermal performance than the
equivalent IMS-based solution. Its simpler construction eliminates
multi-board assemblies, reducing component count and cost, es-
pecially for connectors. This significantly improves performance
and reduces assembly time and expenses.

There is more to explore, with several ideas for more compact, ro-
bust, and future-oriented packages in the innovation phase, with
the potential to provide numerous advantages for power-conver-
sion designers to improve power density, manufacturability, effi-
ciency, and system cost.
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The ability to use both sides of the board significantly improves
power density while reducing parasitic elements in the system.
While TSC may seem ‘new’ and in many ways it is, the USP of this
solution is that it uses tried-and-tested techniques such as gap fill-
ers, with or without using thermal interface materials, to produce a
solution that is elegant and, above all, reliable.

As a leading global semiconductor manufacturer, Infineon has stra-
tegically positioned itself in the EV innovation landscape, develop-
ing cutting-edge WBG and novel top-side cooling technologies to
enable a smooth transition to a sustainable and reliable future of
e-mobility.

Watch our on-demand webinar “Solving the challenges in XEV
power conversion” - click here.

The presented slides and Q&A document are available for
downloading - click here.
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A Versatile High-Performance
e-Mobility Platform

High-performance, scalable e-mobility modules like Hitachi Energy's RoadPak™ and other silicon
carbide (SiC) semiconductors offer significant efficiency gains in the electric vehicle (EV) powertrain.
They drive e-mobility applications like e-vehicles and e-buses, which are more in demand than
ever following governmental and global initiatives for renewable and sustainable mobility.

By Tobias Keller, Vice President, Head of Global Product Management & Marketing, Hitachi Energy

To meet these demands, Hitachi Energy developed the RoadPak, a
versatile e-mobility platform that is optimised to deliver the highest
performance and reliability. It achieves this by using up to 10 SiC
chips in parallel, supporting for various chipsets of different gen-
erations from various suppliers.

Whether electric or combustion powered, drivers expect a vehicle
to function when they want and be able to travel the distance to
their destination. This expectation has built up over decades and
was achieved in the field of combustion-engine vehicles due to con-
tinuous progress and improvement. Today it is rare, provided that
all necessary maintenance has been carried out, that a combus-
tion-engine vehicle does not work as expected.

Figure 1: Hitachi Energy's RoadPak™

Figure 2: Analysis of 2 typical mission profiles of electric vehicles.

When we consider the complexity and quantity of components that
must all function flawlessly for that engine to run as expected, the
result is very impressive and is evidence of outstanding engineer-
ing work over many years. This is typically based on a very detailed
analysis of possible errors and many of these failure scenarios are
tested in detail before market launch, therefore their probability of
occurrence is massively reduced.

With the introduction of electrically powered vehicles, the compo-
nents that form the combustion engine, have been replaced by
electronic ones. The requirements for reliability and availability,
however, remain the same. It is therefore important to urgently
address reliability, availability and safety and present appropriate
solutions that maintain performance in these areas.

The switch to electric motors benefits from the fact that electric
locomotives have proved to be extremely reliable. An electric lo-
comotive can cover several million kilometres over its lifetime and
it's possible that one day, electric vehicles may be able to achieve
something similar.

Although the knowledge gained in other applications of electric
drive systems, such as electric locomotives, can be useful, the ap-
plications are different. For example, locomotives demonstrate rel-
atively constant power with some peak power requirements after
stops, but - on balance - maintains a relatively stable load. Electric
vehicles have many stops (e.g., at traffic lights or intersections) and
must deal with varying speed limits, meaning power requirement
changes frequently stops.

The differences in application are reflected in mission profiles,
which represent the power required by a vehicle over time in a
specific use case. The profiles are slightly adjusted depending on
the target audience and can also include very specific requirements
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Test type ton/ tosf/ S AT /K Tjmax ! °C Avg. kcyc End-of-Life (EoL) criteria
PCec 14/71.4 90 160 >4,000 N/A

PCoec 1.4/1.4 105 175 848 Vgp increase

PCinin 30/30 115 160 145 Vgp increase

PCrin 30/30 130 160 62 Vgp increase

Figure 3: Test results of Hitachi Energy's RoadPak™.

such as uphill starts with a trailer or high-speed acceleration for
tests on racetracks. Individual use cases are based on frequency or
mileage, and several such mission profiles result in a consolidated
mission profile that takes multiple use cases into account. A typical
time frame to achieve this is, for example, eight years and 400,000
kilometres.

Although an attempt is made to cover all critical operating points,
designers must remain realistic as overloading the requirements
will lead to an over-dimensioning of individual components. This in
turn can result in unacceptable costs.

From the consolidated mission profile, important parameters for
power semiconductors, such as maximum junction temperature
or the number of thermal cycles, can be deduced. Based on the
mission profile, the power semiconductor module can also be de-
signed, and the number of required SiC chips necessary to achieve
the required performance can be determined. Ambient tempera-
ture (e.g., coolant temperature) is also considered. Furthermore,
cycles have a profound influence on the power semiconductor
module design and the use of connection and bonding technolo-
gies. It quickly becomes apparent whether a conventional solder
connection between certain components is sufficient or whether
other connection technologies, such as silver sinter connections, a
stronger bond that does not melt, are necessary.

The two illustrations provided each indicate the probability of oc-
currence (counts). The more orange that is visible in the diagrams,
the more likely the case is to occur. On the left, the probability of
thermal changes in relation to junction temperature is plotted.
Thermal changes in the high junction temperature range are much
more critical and have an impact on component lifespan. On the
right, we see the dependence of thermal load cycles on thermal
changes. Here, a high number of cycles with large thermal load
cycles is the challenge. In comparison to the same analysis with lo-
comotive mission profiles, the diversity is striking. The distribution
of frequently occurring cases is spread across the entire spectrum
and not consolidated into a few points.

A more concrete statement regarding mission profiles is made in
AQG 324 [1], which introduces load cycle tests, which are divided
into two different time ranges: PCsec with switch-on times of less
than 5s and PCmin with switch-on times longer than 15s. It is as-
sumed that, especially for power semiconductors, a thermally sta-
ble state is already reached after 15s, so longer switch-on cycles do
not result in additional heating. The test is defined as a failure test,
and various parameters must be continuously monitored.

AQC 324 requires that the thermal resistance (Rth) should show
an increase of less than 20%, while the increase in drain-source

voltage (VDS) - or the reverse source-drain voltage (VSD) should
be below 5%. Particularly in the PCmin test, the dependence of the
change in thermal resistance, even to a small extent, on a change
in source-drain voltage in MOSFETSs presents a challenge. For exam-
ple, anincrease in Rth of <10% can lead to a 5% change in VSD. This
is due to the strong relationship between the on-state resistance
(RDSon) and temperature.

In these tests it is important for a module with more than one logi-
cal switch (e.g., a half-bridge module or a module with six logical
switches) that all logical switches are appropriately loaded and in-
cluded in the assessment.

The junction temperature is an important parameter and is typi-
cally measured indirectly through the voltage drop across the body
diode. Of course, this measurement is performed on both half-
bridges, i.e., all logical switches.

Testing is time-consuming, as many -(in the range of 100,000)
cycles are expected. In the case of PCsec with 5s on-time and 5s
off-time, this corresponds to 1,000,000s, which is equivalent to
12 days. For 1,000,000 cycles, it would be 116 days. It can also be
expected that as the junction temperature increases, i.e., a higher
temperature difference between the junction and cooling tempera-
ture, the number of cycles decreases.

The behaviour of Hitachi Energy's RoadPak™ can be seen in the fol-
lowing table:

In addition to the on/off time behaviour (ton/toff), the previously
mentioned temperature difference between junction and cooling
medium (ATj) and the maximum junction temperature reached
(Tj,max) are shown in the table. To achieve meaningful results,
the test must be conducted with multiple samples. In this case, six
modules are used in parallel.

Understanding the significance of the results is very important. The
larger the difference between the cooling medium temperature
and junction temperature, the smaller the values, which shortens
to time required for the power semiconductor to successfully com-
plete the specified cycles. This is well-known and understood in the
field of silicon semiconductors. The dependence on ton/toff is also
clear - the lower these times, the more cycles that can be switched.

For electric vehicles designed for private use, PCsec cycles in the
range of 100,000-400,000 are required. For trucks, buses, and taxis,
the value should be over 1,000,000 cycles. These values result from
the different lifespans of the vehicles. The results from the table
confirm that RoadPak from Hitachi Energy meets the expected re-
quirements for both private and public/commercial/industrial use.

www.hitachienergy.com
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The Many Interfaces of PCle” Connectivity
Flexible PCle Fanout Switch for Industrial Applications

Introducing our groundbreaking single-chip PCle fanout switch, featuring highly integrated peripherals for
seamless connectivity. This compact, yet powerful, chip boasts an embedded USB 3.2 Gen 2 (10G) host
controller, 2.5G Ethernet MAC and programmable 1/0, making it a versatile solution for diverse applications.

With integrated PCle physical interfaces offering a 4-lane upstream port and a 1-lane downstream port, the
PCIT1xxx/PCl12xxx addresses the growing demand for higher bandwidth PCle sub-systems in embedded
applications. Delivering PCle upstream across a single or multiple lanes accommodates varying system
bandwidths.

Designed to fit on various SOM boards, including application-specific carrier boards, the PCIT1xxx/PCI12xxx
family is the ideal match for automotive telematics. In applications like 4G/5G connections, the down-facing
PCle port connects seamlessly to LTE modem modules, facilitating simple fanout operation and expanding
connectivity for port-limited V2X processors.

This family of products is also well-suited for server systems requiring PCle to USB3 Hub connectivity.

In addition, for Edge computing and IoT devices needing PCle to Superset Combo IO connectivity and
automotive infotainment systems demanding USB host functionality, the PCIT1xxx/PCl12xxx delivers Gen3
USB host capability without sacrificing a PCle port.

Versatile and industrial grade, the PCI11xxx/PCl12xxx family provides multiple
interfaces, making it an ideal solution for a wide range of applications.
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GaN ICs simplify Motor Joint Inverter
Design for Humanoid Robots

Battery-powered applications such as new-generation robots, drones, and power tools require a
reduction in space and a simplification of the design to control electric motors. Optimizing size and
components results in innovative solutions that include more functions in a small space without
losing efficiency and performance. EPC ePower™ Stage ICs technology helps to simplify and improve
the inverter design in advanced motor control applications.

By Francesco Musumeci, Application Engineer, Italy Application Center, Efficient Power Conversion

In inverters for low voltage motor drive applications [1], GaN tech-
nology brings crucial improvements such as the switching frequen-
cy increase, the reduction of the passive component in the con-
verter input filter (capacitors and inductors), the strong dead-time
decrease with the improvement of the output current waveform
quality, and the high-power density which contributes to the overall
reduction of the converter size. The introduction of monolithic inte-
grated circuits (ICs) in full GaN technology, composed of a switching
leg power stage, a half-bridge gate driver with bootstrap supply,
and several protection circuits, simplifies the converter's design
and allows a noticeable volume reduction. Innovative applications
such as motor joints for humanoid robots are significantly im-
proved by motor drive inverters using EPC's monolithic integrated
devices because they result in more compact and lighter converter;
moreover, the inverter runs cool thanks to their superior efficiency
performance and low switching losses of the GaN devices as well
as reduction in motor losses by the higher quality of the driving
waveforms.

This article introduces the latest generation of GaN integrated
circuits (EPC23102/3/4) [3, 4, 5] for inverter applications. Several
evaluation boards with new features, discussed in the following
sections, have been developed to demonstrate the effectiveness
of implementing ICs in inverter performance. In particular, the ICs'
temperature versus the motor phase current will be reported and
discussed.

GaN advantage

The critical field in a semiconductor material determines the break-
down voltage of a device. For a given breakdown voltage, the high-
er the electric field, the shorter the width of the drift region. In a
GaN transistor, the critical field is an order of magnitude higher
than silicon, and the electron mobility due to the two-dimensional
electron gas (2DEG) makes the ON resistance low while keeping its
dimensions small [2].

GaN technology is based on a planar layout. In reverse conduction,
a GaN transistor features an equivalent body diode with no reverse
recovery charge (Qgg = 0). Furthermore, GaN devices have para-
sitic capacitances approximately an order of magnitude lower than
their silicon counterparts for a given ON resistance. Smaller para-
sitic capacitances lead to higher switching capability, higher PWM
frequency, and minimum dead time for improved motor efficiency.

EPC2310x: ePower™ Stage IC Features

The ePower™ Stage IC product family integrates input logic inter-
face, high-side level shifting gate driver, and synchronous boot-
strap supply, together with eGaN output FETs into one monolithic
integrated circuit using EPC's proprietary GaN IC technology; these
devices are packaged in a 3.5 x 5 mm FCQFN package. The new
generation of Efficient Power Conversion monolithic integrated
circuits is composed of three 100 V-rated products. The three ICs
(EPC23102/3/4) differ in the ON-resistance (Rps,on) of the power

FETs, allowing the devices to be used in different applications.
EPC23102 is the lower Rpg oy device with 6.6 mQ max for high and
low side FETs [3], followed by the EPC23103 with 7.7 mQ max. and
the EPC23104 with 11 mQ max. [4][5]. The devices’ structure is de-
scribed in the block diagram circuit of Figure 1.

Figure 1: EPC23102/3/4 functional block diagram

Reference designs

EPC has released several reference design boards for motor drive
inverters using GaN FETs discrete and GaN integrated circuits. All
reference design boards share a similar block diagram and control-
ler connector to help the designer scale the current and voltage
during the inverter's platform design phase.

Integrated circuit-based motor drive applications allow for smaller
boards and easier design. The new version of the EPC9176 [6] and
the new EPC91103 [7] and EPC91104 [8] boards show an example
of the simplification and space reduction of a motor drive invert-
er. The evaluation boards have the same layout but differ in the
power stage and the type of phase current sensor. The EPC9176 is
equipped with the EPC23102, the EPC91103 mounts the EPC23103,
and the EPC91104 mounts EPC23104 devices.

The new reference design boards measure 7.5 x 7.2 cm. The in-
verter input voltage ranges from 14 V to 85 V. The PCB stackup
structure comprises an 8-layer FR4 PCB with 2 oz on the top, bot-
tom, and 4 oz inner layers to reduce the PCB conduction resistance
and to have a better heat spreading thanks to the thicker copper.
The boards comprise auxiliary power supplies to generate 5V and
3.3 V from the DC Bus, phase voltage sense, phase current hall-
effect sensors, hall/encoder interface for sensored control, and
over-current protection circuit as shown in Figure 2.
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The most important feature of the reference boards is the sim-
plification of the inverter design, particularly on their top side. As
shown in the layout in Figure 2, only the power devices and their
respective hall-effect phase current sensors are mounted on the
PCB top surface. This facilitates heat spread from the power de-
vices and a better interface with the heat sink mounted on the top.
All other components related to analog sensing signals, power sup-
ply, and over-current have been placed on the bottom side of the
board. The DC-link is composed of ceramic capacitors placed on
the top and bottom side of the board, connected to the DC-Bus
connector and power devices with alternate tracks of the input volt-
age VIN and GND also repeated in the internal layers for a better
distribution of the DC-Bus current in the layers.

The hall effect current sensors mounted in the new reference
boards permit reducing the complexity of the current sensing cir-
cuit. The Hall-based phase current sensing solution does not need
external conditioning circuits and compared to conventional solu-
tions with shunt resistors, further simplifies the motor drive invert-
er board design.

Figure 3: a) EPC3102 and b) EPC23104 temperature rise as function of
motor phase current and PWM frequency

Figure 2: EPC9176 Rev3.0 top and bottom views with system block diagram

Experimental results

Steady-state operation tests with and without heat sink with no
forced air cooling are shown in Figure 3 and describe the thermal
behavior of the EPC9176 and EPC91104 boards. With a 48 V- DC
Bus, The EPC23102 mounted on EPC9176 can continuously carry
15 Agps motor phase current without a heatsink, showing a tem-
perature increase of device die with respect to the ambient tem-
perature less than 75 °C for switching frequencies up to 100 kHz
and 50 ns dead time. The EPC9176, with a heatsink under passive
air cooling (no forced convection), can sustain 20 Agys With a tem-
perature increase of 65°C for switching frequency up to 100 kHz
and 50 ns dead time.

The EPC23104 mounted on EPC91104 presents a different ther-
mal behavior due to the different devices Ry on. The EPC23104
can reach 10 Agys without a heatsink and 15 Agys with a heatsink
and passive air cooling, with die temperature increase below 60°C,
switching frequency up to 100 kHz, and 50 ns dead time.

Conclusion

Gallium nitride-based Integrated circuits from EPC innovate motor
drive inverters. The use of logic-in power-out integrated circuits
makes design easier and reduces the dimension of the inverter
ensuring greater compactness and weight reduction. Thanks to

higher switching frequency, ohmic losses in the motor are reduced,
the input filter size is reduced, and the overall system efficiency is
increased with a decrease of system-generated heat; shorter dead
time allows for silent operation and improves motor performance.
Smaller size, less heat generation, and more compactness allow for
the realization of inverters integrated into the motors, which are
perfect for applications such as humanoid robot joints.
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Advantages of Semiconductor-
Based Power Modules Over
Discrete Components

In the ever-evolving landscape of power electronics, the choice between semiconductor-based power
modules and discrete components has a significant impact on the efficiency, reliability, and overall
performance of electronic systems. In recent years, semiconductor-based power modules have
gained prominence due to their numerous advantages over traditional discrete components. In this
article, we explore the key advantages of semiconductor-based power modules before diving into the
specific offerings that Vincotech brings to the table.

By Patrick Baginski, Sr. Field Application Engineer EMEA, Vincotech

Advantages of Semiconductor-Based Power Modules
Semiconductor-based power modules integrate multiple compo-
nents into a single package, resulting in a more compact design
compared to discrete components. Modules can easily integrate
anything from capacitors to improve switching behavior and stray
inductance to shunts for current measurement. Their space effi-
ciency is crucial in size-constrained and space-limited electronic
systems such as book-size frequency inverters, renewable energy
systems, and uninterruptible power supplies. Semiconductors are
placed to ensure small commutation loops that utilizes the efficien-
cy to its maximum and enables some features that are hardly to
realize with discrete components.

Figure 1: flow 1 IGBT module with integrated capacitors

Another aspect is enhanced reliability. In many applications, reli-
ability is weighted higher than price. Traditional discrete compo-
nents are prone to reliability issues such as solder joint failures and
thermal stress. Semiconductor-based power modules, on the oth-
er hand, are designed with advanced packaging technologies that
improve thermal performance and reduce the risk of component
failures. Their enhanced reliability is essential in mission-critical ap-
plications where system downtime is not an option.

Reliability includes thermal performance. Power modules often
feature advanced thermal management solutions, such as direct
bonding technology, to dissipate heat more efficiently. This lowers
their operating temperature, extending the lifespan of the compo-
nents and ensuring stable performance over time. Different DCB
materials come with different thermal properties. While Al,O5 is
a widely used material, AIN, for example, offers very high thermal
conductivity. Because it is more fragile, SisN, is a good compromise
of both materials.

Avery important topic is the simplified integration and reduction of
assembly costs. Integrating discrete components requires careful
consideration of component placement, routing, and thermal man-

agement. Semiconductor-based power modules simplify the inte-
gration process by consolidating multiple components into a single
package. This reduces assembly costs and streamlines manufactur-
ing, resulting in faster time-to-market for electronic systems. Sev-
eral steps can be spared as modules come with an electrical insula-
tion to the heatsink, can come with a layer of pre-applied thermal
interface material, and only need a limited number of screws to be
mounted.

Finally, power modules achieve much higher power density com-
pared to discrete components. By tightly packing components in
a compact form factor, semiconductor-based modules can deliver
more power in a smaller space. This is particularly advantageous in
applications with critical power efficiency and size constraints, such
as solar inverters and portable electronics like welding machines,
and even more critical in embedded drive applications.

Figure 2: Comparing the power cycling capability of standard versus
advanced solder material

Vastly simplified handling and assembly

A deeper comparison between the mechanics of discrete compo-
nents and power modules reveals vast differences in their handling
and assembly. Modules are essentially pre-tested sub-systems.
Their manufacturers guarantee that all parts shipped have passed
rigorous mechanical and electrical testing. Discrete components,
on the other hand, require many additional, largely manual, pro-
cesses that influence their reliability: Pins need to be bent, thermal
interface materials applied, and, in some cases, additional electri-
cal isolation added to the heatsink. Components to be handled in-
clude through-hole components such as the TO-220, TO-264, etc.
that need to be assembled, fixed, and soldered to the PCB before
being mounted to a heatsink. They are connected to form an in-
verter stage, a PFC circuit, or a brake chopper. Drive applications
commonly use bridge rectifiers. The challenge is always to make as-
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Figure 3: Applica-
tion with discrete
components and
with a power
module

sembly as stress-free as possible, which can
be tough, as discrete components come in
different heights.

A comparison of their electrical behavior
reveals further drawbacks of discrete com-
ponents. For one, discrete components
cannot be positioned to perform optimally
in the case of commutation paths. And,
secondly, due to their physical size, dis-
crete components require more space on
the PCB and cannot be placed as close to
each other as the IGBTs and diodes used
in a power module. Consequently, discrete
components have a lower power density
than power modules.

The figure below highlights differences be-
tween using discrete components and a
power module in a small power application.

Moreover, parallelizing discrete compo-
nents requires considering even more com-
ponents, while power modules can simply
be replaced with the next larger housing
size. To further facilitate handling, modules
can be delivered with solder pins, press-
fit pins, and, on request, with pre-applied
phase-change material.

Semiconductor-based power modules offer
a host of advantages over traditional dis-
crete components, from their compact de-
sign and enhanced reliability to improved
thermal performance and simplified inte-
gration. As a leading player in the industry,
Vincotech has contributed significantly to
the evolution of power module technology.
With its commitment to innovation, cus-
tomization, and sustainability, Vincotech's
offerings empower electronic system de-
signers to meet the demands of today's dy-
namic and competitive market.

www.vincotech.com
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Power Designs Benefit from
Material Science Advances - Carbon

In the future of electronics, carbon will play an increasingly important role.
This article will explore a few advances in material science in which carbon is expected
to revolutionize electronics in the next few years.

By Steve Roberts, Innovation Manager, RECOM Power

Carbon [C] is an essential element. We are carbon-based lifeforms.
In combination with oxygen, gaseous CO2 concentration is the ba-
rometer we use to measure our contribution to global warming.
In solid form, pure carbon can be as soft as graphite or as hard
as diamond. Carbon fibers reinforce countless products from air-
planes to fishing rods. Radiocarbon 14C dating is an essential tool
in archaeology. A more influential element is hard to imagine.

UWBG

Wide Bandgap (WBG) transistors based on Silicon Carbide (SiC) and
Gallium Nitride (GaN) have already led to rapid advances in power
switching performance. Wider Bandgap materials have a signifi-
cantly higher intrinsic thermal conductivity and a higher dielectric
breakdown voltage than traditional Silicon (Si) based MOSFET pow-
er transistors, meaning that the transistor substrates can be made
smaller and thinner for the same performance ratings. The smaller
size also means that gate and terminal capacitances and resistanc-
es are reduced, leading to faster and more efficient switching with
lower power dissipation. SiC transistors can handle higher voltages
and switch faster and more efficiently than Si-MOSFETSs, while High
Electron Mobility Transistors (HEMT) based on GaN substrates can
switch even faster than SiC-MOSFETS, making them useful for high
frequency electronics. The fast switching reduces the required size
of the other inductive and capacitive components allowing very
compact, efficient and high power density products to be manu-
factured.

These WBG advantages mean that SiC and GaN transistors are al-
ready extensively used in green technologies such as electric vehi-
cles, photovoltaic converters, loT Networks and eco-design power
supplies.

Carbon offers the next generation in this process - Ultra-Wide
Bandgap (UWBG) transistors. Instead of SiC or GaN substrates,
pure diamond is used, which has an even higher thermal conduc-
tivity (4x better than SiC), greater breakdown voltage (6x better
than GaN) and a much wider bandgap value than both SiC and GaN
(Table 1):

Property Si SiC GaN Dia-
mond

Bandgap (eV) 1.1 3.0 3.5 5.5

Thermal conductivity 1.5 4.9 1.3 22

(W/cm K)

Breakdown voltage 0.3 2.5 3.3 20

(kV/mm)

Electron Mobility 1500 400 2000 1060

(cm?/V s)

Table 1: Comparison of basic properties of silicon, WBG and UWBG
transistors

The performance of different transistor technologies can be nu-
merated as the Baliga Figure of Merit (BFOM) - the higher the
BFOM value, the better. The scale is non-linear because critical per-
formance indicators such as breakdown voltage and conductivity
both depend on the critical electric field value, which in turn scales

up as a sixth power of the semiconductor bandgap electron volt-
age. Thus, based on BFOM, WBG transistors are about 730 times
better than Si-MOSFETS and a carbon-based UWBG transistor is
about 15 625 times better - a massive leap in performance which
will be essential for transforming our global energy consumption
from polluting fossil fuels to efficient green electrical energy.

Graphene Semiconductors

Graphene is a 2-dimensional form (allotrope) of carbon that is
formed from nanolayers that are only one atom thick, with the
atoms arranged in a honeycomb-shaped planar lattice. It behaves
like a semi-metal, allowing heat and electricity to flow easily along
its plane, but not transversely. As a bulk material, it absorbs light
strongly across all visible wavelengths, yet it is nearly transparent in
single sheets. Microscopically, it is the strongest material on earth
as each atom is double-bonded to each of its three neighbors. This
rigidity creates an exceptionally high electron mobility, measured
at 15 000 cm?/Vs (compare this value to those in Table 1), so it con-
ducts electricity better than silver.

Figure 1: Crystalline structure of graphene (Source: Wikipedia)

Graphene additionally exhibits several unusual electrical proper-
ties: it is strongly affected by an external magnetic field, allowing
sensitive hall-effect sensors to be built that can operate well at
both room temperature and at cryogenic temperatures (down to
less than 1°K above absolute zero) and it can be used to make gra-
phene-based FETs (gFETs) that can be used as biosensors. A gFET
uses a liquid gate where charged biomolecules affect the channel
current, allowing measurements based on ions rather than charge
injection. This permits real-time measurements to be made of pro-
teins, biomolecules and nucleic acids, enabling such cutting-edge
technologies such as CRISPR gene editing, RNA drug research, de-
tecting the presence of infectious diseases in humans, plants and
animals, and cancer research.

Research is continuing into the unique electrical properties of gra-
phene that may open up development of new kinds of electronic
devices. One area of development is spintronics, where informa-
tion can be stored in the angular momentum of electrons (spin-up
or spin-down). The regular and rigid array structure of graphene
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may be an ideal carrier material for a room temperature, atomic
level, spintronic non-volatile memory (NVM) which would be faster
than conventional RAM and yet retain all the data when switched
off.

Carbon Nanotubes

If a graphene sheet were to be rolled into a cylinder, it would be-
come a nanostructure with exceptional tensile strength and ther-
mal conductivity properties. Thermal interface materials made of
vertically aligned carbon nanotubes (CNTs) exhibit highly direc-
tional thermal conductivity, so heat generated by power electronic
devices can be efficiently transferred to a suitable heatsink without
excessively warming adjacent components. In tests, thermal con-
ductivities of nearly 15W/°K have been reached - about 3x higher
than thermal grease.

In addition, carbon nanotubes can be formulated to act like a semi-
conductor or a semi-metal, depending on the physical dimensions
and/or additional chemical doping. In theory, a carbon nanotube
could carry 1000x more current than a similar sized copper con-
ductor and, because of its cylindrical structure, this current could
be steered to flow only along the axis of the tube and not laterally,
enabling many new kinds of electronic devices.

Other uses of carbon nanotubes are in photovoltaics, sensors, dis-
plays, smart textiles and energy harvesters, but the most promising
development is new types of Li-lon batteries that use CNT cathodes
(Figure 2). Existing Li-lon batteries suffer from thermal expansion
problems when fast charging or during high discharge rate condi-
tions, which damages the internal structure. The higher mechani-
cal strength of carbon nanotubes can withstand these thermal
stresses without degradation. These new CNT cathode batteries
can charge from 10% to 90% within 15 minutes and are lightweight,
with double the WH/Kg energy density compared with convention-
al batteries. Furthermore, they will still have 90% of their original
capacity after 800 charge/discharge cycles, promising a revolution
in electric vehicle driving where a 1000 km range becomes com-
monplace.

Figure 2: Comparison of a conventional lithium powder cathode (left)
with a CNT cathode (right). Source: NAWA Technologies.
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Use silicon carbide to rethink
soft-switching efficiency

On paper, silicon carbide (SiC) technology has built-in advantages over silicon (Si) in power
electronics that make it seem like all that is needed is to use drop-in replacements for existing
MOSFETs. That is true to some extent. But it is possible to obtain much more from SiC by paying
attention to the ways in which the technology differs from silicon, and how circuit techniques such
as soft switching can be optimized beyond what is practical with silicon.

By Mike Zhu, Applications Engineer, Qorvo

SiC's wider bandgap compared to silicon results in higher break-
down voltage and electron mobility, which together reduce on-
state resistance. It also enables faster switching speeds compared
to silicon, resulting in improved efficiency and the ability to design
power electronics systems with smaller form factors. SiC also has
a thermal conductivity significantly higher than silicon, allowing for
the design of power electronics devices that can operate at higher
temperatures without sacrificing performance or reliability.

Whereas circuits based on conventional silicon superjunction MOS-
FETs need only take account of simple soft-switching techniques,
the higher typical frequency of operation means SiC benefits from
a careful analysis of when and where losses occur. In turn, that
analysis can lead to novel solutions that avoid losses that are inher-
ent to conventional MOSFET-based circuit designs.

For example, a key advantage of a wide-bandgap technology like
SiC is the ability to guarantee a higher breakdown voltage for
a given on-state resistance. This allows the use of a thinner drift
layer that presents less resistance compared to the thicker layers
needed for bulk-silicon devices. At the same time, the composition
of the crystal lattice delivers higher carrier mobility. The net result
is considerably higher conductivity.

The junction field-effect transistor (JFET) is the best option to mini-
mize drain-source resistance. In a MOSFET, the carriers must pass
across the surface of the p-base (p-well) region through a resistive
inversion channel at the MOS-interface before entering the n-type
drift region. However, in a JFET, there is no such inversion channel.
By using a high bulk majority carrier mobility, the JFET approaches
the theoretical limit of on-state resistance compared to breakdown
voltage. Qorvo's SiC JFET-based devices allow a transistor design
with a greater safety margin on breakdown voltage compared to
MOSFET designs, and an on-state resistance nearly half that of
competing parts.

Figure 1: Qorvo’s Gen4 SiC FETs exhibit roughly half the RdsA of tradi-
tional SiC MOSFETs

Conventionally, using a depletion mode JFET on its own introduces
circuit design challenges. As a normally-on device, it needs a nega-
tive voltage to turn off completely. However, SiC MOSFETs have low
threshold voltages, so negative gate voltages are not uncommon
in real-world circuits. Applying negative voltages prevents the ac-
cidental turn-on of the transistors at temperature extremes where
the threshold voltage may drop below nominal levels.

Qorvo's solution combines an SiC JFET with a low-voltage silicon
MOSFET in a cascode structure where the SiC JFET gate-to-source
voltage is the inverse of the Si MOSFET drain-to-source voltage.
This cascode structure is illustrated in Figure 2. In the cascode con-
figuration, the external gate drive controls a low-voltage Si MOSFET
drain-to-source voltage, which indirectly drives the high voltage SiC
JFET. This cascode configuration provides control that is familiar to
engineers used to working with silicon superjunction MOSFETs. The
lower operating voltage of the MOSFET contributes less than 10%
to the overall on-state resistance of the pair of devices. To aid inte-
gration, Qorvo supplies this configuration in a single package.

The cascode structures provide control over switching through
the Si low-voltage MOSFET, decoupling the control logic from the
high-voltage JFET. Such a decoupling provides the opportunity to
optimize the gate control voltage range and gate charge for the
low-voltage Si MOSFET without sacrificing the full performance ad-
vantages of the SiC JFET. Unlike conventional SiC MOSFETSs that typi-
cally require gate voltage as high as 18V to fully activate the device
and achieve the full benefit of low on-state resistance, the cascode
architecture allows use of lower maximum gate-control voltages
and eliminates the need for negative voltages in the off-state. This
narrowing of the voltage range reduces gate charge by 50% (from
18V / -4V to 10V / 0V), potentially reducing losses during switching,
particularly for soft-switching applications at light loads.

Switching to SiC with a JFET structure significantly shrinks die size.
Qorvo's device has an almost ten-fold reduction in die area with the
same power-handling ability of silicon superjunction devices. SiC's
thermal conductivity and superior efficiency offsets the increase in
thermal resistance that accompanies a significantly smaller die. Any
further increases in thermal resistance are offset through the use
of silver sintering for die attach, which provides a six-fold improve-
ment in thermal conductivity compared to conventional solders.

The application of a cascode structure to an SiC JFET further im-
proves efficiency by reducing stray capacitances that affect silicon
superjunction devices and SiC MOSFETs. The lower stray capaci-
tances also improve density by driving the switching frequency
higher than is practical with silicon devices and even SiC MOSFETSs.

The benefits are most apparent in soft-switching circuit architec-
tures. While soft-switching techniques used with silicon devices
tackle some of the most obvious sources of loss due to the turn-on
and turn-off phases of the switching cycle, the fast-switching ca-
pability of the latest generation of SiC transistors addresses more
subtle issues that are generally missed.
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Figure 2: Cross-section view of planar SiC MOSFET (left) and Qorvo
cascode SiC FET (right). The dominant channel resistance (Rchannel) of
SiC MOSFET is replaced by a much lower Rpg,,) low-voltage Si MOSFET
in cascode structure.

Many circuits based on silicon devices employ zero-voltage switch-
ing (ZVS). Its primary purpose is to reduce the voltage between the
drain and source during the transistor turn-on transition before
current begins to flow freely through the transistor channel. Ide-
ally, the device drain-to-source current (Ips) and drain-to-source
voltage (Vps) have almost zero overlap, thus

eliminating turn-on switching loss. The out-

put capacitance (i.e. sum of the drain-source

capacitance and the capacitance between

the gate and drain) is normally fully charged

to the DClink bus voltage during device turn-

off in the previous cycle and is recycled into

the load to avoid losses during the next ZVS

turn-on event.

ZVS turn-on with a conventional Si device can
lead to a period of dead time in the switching
cycle that can last as long as 300ns due to
the high output capacitance of silicon devic-

low drain-to-source voltage bias, which leads to high voltage transi-
tion time near the bus voltage and 0V during the switching transi-
tion in a half-bridge topology. This reduces the length of the dead
time needed for ZVS which can be traded for higher-frequency op-
eration or more power delivered to the load.

Due to the long voltage transition time and relatively high turn-off
switching loss, designs for ZVS circuits using Si devices are limited
to switching frequencies below 150kHz. With the fast-switching ca-
pability of the Qorvo SiC FET, the switching frequency boundary is
pushed beyond 500kHz. Similar to turn-on switching loss, efficiency
improves if the overlap between the fall in current and rise in drain-
source voltage during turn-off is minimized.

However, EMI becomes more challenging with increased switching
speed. Designers must diligently minimize PCB parasitics from
critical current commutation loops early in the design phase to fully
exploit SiC's fast-switching capability. But there is a limit on how
much optimization can be achieved when safety requirements (e.g.
clearance, creepage, etc.) are considered. Once the circuit design is
finalized, there are two popular ways to further fine tune turn-off
drain-to-source voltage spikes and ringing. One is using high gate
resistance (Rg) to slow device switching speed. A more effective and
efficient way is to use a snubber circuit, as shown in Figure 4, with
low gate resistance. In other words, use small gate resistance to

es. At a switching frequency of 500kHz (2us Figure 4: DPT schematic with an RC snubber on both switches for (a) hard-switching and (b) ZVS

period), a 300ns dead-time during both turn- Soft-switching

on and turn-off transitions represents 30%

of the duty cycle. The SiC JFET delivers a key advantage over Si MOS-
FETs because it has 10x lower output capacitance that takes less
time to clear, especially at low drain-to-source voltage bias where
output capacitance increases significantly for Si MOSFETSs. Silicon
superjunction devices have strong nonlinearity in the CV curve at

Figure 3: lllustration of key waveforms and loss distribution in ZVS soft
switching applications

allow fast switching of SiC devices, and use snubber RC to control
Vps spikes and ringing. The device snubber Cg provides Vpg peak
overshoot control while C4 minimizes power loop stray inductances
by being placed very close to the fast-switching half-bridge. R and
Ry provide damping for Vg ringing.

A common misconception is that using a snubber is inefficient. For
a half-bridge topology - typically used in ZVS applications such as
LLC or PSFB - using a snubber is much more efficient than using
high gate resistance because the added drain-to-source capaci-
tor does not generate any turn-on loss. During the turn-off dv/dt
phase, the displacement current of the freewheeling device will
further decrease the turn-off current of the device that has been
actively turned off, thus reducing voltage and current overlap to
greatly reduce turn-off loss (Ey¢). The displacement current level is
determined by the equation | = C*dv/dt. C is the equivalent output
capacitance and includes both device output capacitance (C,s) and
the extra snubber C; paralleled across the device drain-to-source.
With extra snubber capacitance between the drain and source and
high dv/dt (i.e. low gate resistance), the displacement current will
be higher. This leaves less current to overlap with Vg for the active-
turn-off device, thus reducing turn-off switching loss. This approach
allows us to contain the Vg ringing and spikes without sacrificing
as much device switching speed, had we instead used a high Rg so-
lution. Figure 5 shows double pulse test turn-off waveforms - both
with and without a snubber - to intuitively demonstrate that using
a snubber with low gate resistance greatly reduces voltage and cur-
rent overlap, which in turn reduces turn-off switching loss.
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Figure 5: 800V Vpg 100A Ips turn-off waveforms for Qorvo’s SiC modules in E1B packaging: (a) UHB100SC12E1BC3-N (1200V, 100A E1B module)
with snubber (660pF, 4.70Q, RgoﬁZ.ZQ), (b) Vendor A 1200V, 100A SiC module with snubber (660pF, 4.7Q, RgoﬁZ.ZQ), (c) Vendor A 1200V, 100A SiC

module without snubber (Rgoﬁ 50)

The savings possible through the use of
snubbers emphasizes the importance of le-
veraging soft-switching circuit architectures
when using SiC to maximize efficiency.
Snubber circuits present less of a benefit in
hard-switching designs, where the energy
stored in Cg from the turn-off cycle is often
wasted as heat in the device channel during
the next turn-on cycle. However, even with
this turn-on loss penalty of using a snub-
ber, the overall switching loss (i.e. the sum
of turn-on and turn-off switching losses) is
still much lower than simply using high gate
resistance at full load (i.e. the device's rated
current level).

Referencing the waveforms from Figure
5 for a double pulse test conducted with
an 800V bus voltage and 100A load cur-
rent, the analysis summarized in Figure 6
reveals that adding a snubber results in a
50% reduction in losses for the SiC MOSFET
module from vendor A. The combination
of using Qorvo's JFET-based devices with a
snubber delivers an additional 74% reduc-
tion in turn-off switching loss. This makes
it possible to increase the switching rate
threefold and drive a reduction in the size
of external passive components. Citing the
simulation of a 50kW PSFB (phase-shifted
full bridge), the 74% reduction in turn-off
switching loss also helps drive a 10% reduc-
tion in junction temperature (Figure 7). Ul-
timately, better thermal performance leads
to smaller heatsinks and cooling structures;
combined, the two translate into a reduc-
tion in converter volume.

Though SiC has inherent advantages over
silicon in power-electronics design, reas-
sess both device selection and circuit topol-
ogy to gain the best performance possible.
Fast switching coupled with the combina-

Figure 6: DPT test results at 800V Vg, 100A I for turn-off switching loss for Qorvo SiC mod-
ules in E1B packaging: (a) Vendor A 1200V, 100A SiC module with snubber (660pF, 4.70Q, Reofr
2.2Q) and without snubber (Rgoff 50Q), (b) Qorvo UHB100SC12E1BC3-N (1200V, 100A SiC module
in E1B packaging) with snubber (660pf, 4.7Q, Ryos 2.2Q) and Vendor A with snubber (660pf,
4.7Q, Rgopr 2.20Q).

Figure 7: FET loss from simulation of a 50kW phase-shifted full bridge. Application conditions:
50kW, 800V V), 400V V1, 150kHz, deadtime 150ns, heatsink temp 75°C

tion of a snubber circuit and the inherent
low drain-to-source resistance of the Qorvo
SiC cascode JFET configuration enables dra-
matic leaps in efficiency and power density
for ZVS soft switching applications. www.gorvo.com
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Using FRD MOSFETSs to Achieve
High Efficiency, High Power
Density, and Maximize
Reliability in Power Supplies

The “Super Junction” technology has dominated the power MOSFET market where the breakdown
voltage exceeds 600V due to its superior figure-of-merit. This article outlines issues engineers need to
consider when designing Super Junction-based power devices. It provides an optimized solution that

enhances efficiency, power density, and reliability in power supply applications.

By Ziwei Yu, Application Manager; Jorge Ramos, Sr. Application Engineer; Wendi Wang, Staff
Engineer; and Richard Zhang, Sr. Director of MOSFET, all Alpha & Omega Semiconductor

As shown in Figure 1, one of the first considerations is that the p
columns extend from the base region to create a “charge balance”
in the drift area for higher doping concentration, namely lower re-
sistance in the corresponding region. The extended junction area
leads to a drawback of excessive reverse recovery charge.

Furthermore, Figure 2 shows a typical half-bridge configuration in
which the current freewheels through the body diode of the high-
side MOSFET during the dead time before the low-side MOSFET
turns on. The body diode reverse recovery happens when the low-
side MOSFET starts to turn on. The low-side MOSFET sees a nega-
tive current spike due to the reverse recovery charge of the high-
side MOSFET. This causes an excessive turn-on loss in the low-side
MOSFET. At the same time, the high-side MOSFET sees a high slew
rate voltage rise and a spike voltage during the Tb period, which
can cause an overstress on the device.

Ultimately, as shown in an example in Figure 3, a 600V S) device
failure is caused by the body diode recovery when the forward cur-
rent and the current slew rate are beyond the device's safe opera-
tion limit.

Figure 1: P-N junctions in Super Junction MOSFETs

Figure 2: Body diode reverse recovery in half-bridge circuit

Anissue to be aware of is that body diode reverse recovery in Super
Junction-based power devices has deeply impacted the selection
of HV power devices for power supply designs. Figure 4 shows a
typical circuit in AC/DC power supply. In the PFC stage, SiC Schottky
diode instead of a synchronous rectifier FET is used as the high-side
device because the switching loss caused by the reverse recovery
of a synchronous rectifier is too high with the target switching fre-
quency (usually above 50kHz).

Figure 3: Illustrates a device fail-
ure caused by the body diode re-
verse recovery

In the DC-DC stage, the soft-switching LLC circuit is used where hard
commutation of the HV devices does not happen in normal opera-
tion mode. The device's hard commutation causes the body diode
to reverse recovery; thus, it will not be seen in this case. However,
hard commutation can happen in the LLC circuit during abnormal
operation conditions such as start-up and short-circuit transients.
Protections against such transients are normally required in the
controller design of the LLC circuit. Failure to prevent the hard com-
mutation in the LLC circuit could lead to a failure in the HV devices
due to the very snappy body diode reverse recovery transient.

There are circumstances where the HV device body diode reverse
recovery can't be avoided. For example, cycle-by-cycle hard com-
mutation protection is not available in high-power LLC converters
with digital controllers. In high-voltage motor drive applications,
active devices (MOSFET/IGBT) are needed for both high - and low-
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Figure 4: Typical AC/DC power supply circuit structure

side switches. Improved body diode per-
formance regarding the reverse recovery
charge and reliability is a key requirement
for the HV power device in these applica-
tions.

An Optimized solution: aMOS5™ FRD
technology
The aMOS5 FRD MOSFET platform
developed by Alpha and Omega
Semiconductor (AOS) is  specifically
optimized for low reverse recovery charge
and  switching  robustness.  Electron
irradiation is applied in this technology to
control the lifetime of the bipolar carriers
during the reverse recovery phase. It
creates defects to serve as recombination
centers and accelerates the process of
electron/hole pair recombination of the FRD
during the forward biasing and the reverse
recovery stage, significantly reducing the
total number of excessive charges stored in
the FRD drift region.

Comparing the Qrr waveforms of the same
Super Junction structures, but with different
carrier lifetime control, the ER-processed
part shows a significant reduction in Qrr
value. Suppressed Qrr means that a smaller
power spike level will surge through the
FRD, thus suppressing the risk of thermal
failure.

It is important to note that the MOSFET
active/termination transition region is the
most vulnerable to reverse recovery failure
as it passes high current density with its lim-
ited area size. A key benefit of the aMOS5
platform is that it employs a conservative
termination design to evenly spread the
electric field across the transition region.
This optimization prevents localized hot
spot burnout due to excessive power den-
sity during the reverse recovery tb phase.

Test Results and Conclusion

The safe operation condition regarding the
body diode reverse recovery is validated
with AOS aMOS5 FRD MOSFET tests. The
test result is provided in the device data-
sheet. Figure 6 shows the test waveform of
AOS" AOK042A60FD 600V 42mQ aMQOS5 S)

Figure 5: ER Controlled reverse recovery wave-
form

MOSFET, and two competitors with similar
Bygss and Ryson Specifications. The test
was conducted with 50A forward current
and 1000 A/us slew rate at three different
temperatures. As given in Table 1, the AO-
K042A60FD passed the test at 200°C, while
the competitors failed the test even at low-
er temperatures.

It is worth noticing that AOKO042A60FD
shows the lowest drain voltage slew rate
in the Ty, period waveform. This helps the

Figure 6: Body diode reverse recovery test
performed on two competitive products and
the AOK042A60FD aMOS5 FRD MOSFET
(VDD = 400V, IF = 504, di/dt = 1000A/us)

DUT IF (A) di/dt (A/us) dv/dt (ns)

25°C 150°C 200°C
AOK042A60FD 50 1000 104 (pass) | 46 (pass) 38 (pass)
Competitor 1 160 (pass) | 92 (pass) 74 (fail)
Competitor 2 134 (pass) | 122 (fail)

Table 1: Body diode reverse recovery robustness test result for AOK042A60FD

device survive the harsh reverse recovery
transient, as well as improve the device's
EMI performance. The test result shows
that the AOS aMOS5 FRD SJ device provides
highly effective body diode robustness in
the reverse recovery transient, which is
crucial in bridge-type applications such
as LLC converters to ensure the highest
system reliability in abnormal and transient
conditions.
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The 1/3-2/3 Weighting Mystery

The most prominent factor for determining the service life of a power-electronic system is the
temperature development at the semiconductor itself. For this reason, it is very important to
determine the chip temperature as accurately as possible.

By Dr.-Ing. Martin Schulz, Global Principal, Application Engineering, Littelfuse

The determination of a power semiconductor’s temperature often
is not a trivial task. This is partially, because strictly speaking there
is no such thing as “the chip temperature”.

All specifications in data sheets and in calculations on service life
refer to a mathematical construct of a virtual chip temperature or
virtual junction temperature T;.

The so-called in-situ measurement is the method of choice to mea-
sure the chip temperature in the laboratory. Here, the chip to be
measured is first heated to precisely defined temperatures using a
calibrated heating plate. A small measuring current is then injected,
and the resulting forward voltage is measured. There is a linear
relationship between the forward voltage and the temperature of
the chip, provided that a constant and precisely known current is
flowing.

The current must be chosen small enough, so that it does not itself
contribute to the heating of the semiconductor. At the same time,
it but must be sufficiently large to generate a measurable voltage.

Values around 1% of the nominal current of the semiconductor to
be tested have proven to be reasonable.

In turn, the chip-temperature can be determined from the correla-
tion, which is unique and reversible, if the previously used current
is used and the voltage on the component is known.

The result of this laboratory measurement is based on a constant
chip temperature and, due to the external heating, there is a ho-
mogeneous temperature distribution in the chip. This special case,
which does not reflect the conditions in the real application, pro-
vides “the chip temperature” or the “junction temperature” T;.

In the real application, however, there is a temperature gradient
across the chip's surface; the chip is hotter in the center than it is
at the edges, especially at the corners. The reason for this is that more
heat can be transferred to the surrounding assembly and connection
technology at the edges and corners than in the center of the chip.

The effect can be clearly seen in measurements such as those dis-
played in Figure 1, which are taken using an infrared imaging cam-
era (IR).

Figure 1: IR image of two diodes connected in parallel under DC load

Alternatively, a sensor placed on the chip is often used, for exam-
ple a type K thermocouple. Although the sensor then provides a
temperature value, this does not necessarily represent the value
required for characterization and service life determination. One
advantage of this measurement is that it is possible to measure
during operation at high voltage and high current, provided the
measurement equipment meets the requirements for the protec-
tion of equipment and personnel. This is important as the sensor is
in galvanic contact with the chip and therefore carries a potentially
lethal voltage.

The temperature sensor is often placed in the center of the chip, so
that it at least reliably delivers the maximum value. If the thermal
relationships are known precisely enough, conclusions can also be
drawn from the maximum value to the average value.

The virtual chip temperature T,;, which represents an average value
of the temperature over the entire chip surface, is always of inter-
est when considering the service life and thermal design. If it can be
implemented, the in-situ measurement also precisely provides this
value in the real setup, as only one voltage at one current needs to
be measured. Averaging is an inherent part of this measurement
setup. The measured voltage represents the chip temperature as if
it were homogeneously distributed.

Reliability tests at semiconductor manufacturers are also moni-
tored using the in-situ method. Here the approach is close to the
application as the chip is actively heated. The information on load
cycling resistance based on this method already includes the fact
that the maximum temperature value on the chip is higher than
the temperature specified. This approach can therefore be consid-
ered conservative and is ideally suited to characterization measure-
ments and quality assurance processes.

Another way to calculate the mean value is by evaluating IR im-
ages. This method also allows the observation of semiconductors
in real operation and provides precise and application-related in-
formation. For evaluation, the software belonging to the IR camera
usually allows an area of interest to be defined and the correlating
mean value within it to be determined. This procedure is used in
Figure 1; the area under consideration comprises two diodes con-
nected in parallel.

The disadvantage of this method is that the observed semiconduc-
tors must not be potted. Potting compounds, even if they are opti-
cally transparent, block the emitted infrared radiation, making this
way of measurement impossible. Consequently, such setups can-
not be operated with high voltages because the lack of insulation
can lead to arcing and malfunction or even destruction.

A frequently used alternative evaluation consists of determining
the temperature Ty, in the center and the temperature T in one
corner of the chip and performing a 2-to-1 weighting.

The virtual chip temperature then results in T,;=1/3-2:Ty,+Tg). This
is possible both from the IR image and using two correctly posi-
tioned temperature sensors.

It is no coincidence that even this seemingly simple method deliv-
ers accurate values. The precision can be explained by the thermal
conditions along the chip diagonals.
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From one corner to the diagonally opposite corner, the tempera-
ture across the chip develops along a dome-shaped curve. A good
approximation of this shape is either a parabola or a sinusoidal
curve. Due to the simple relationships, the sinusoidal curve is the
preferred one here.

The mean temperature results from the effective value of the sine
curve and the offset. Figure 2 depicts the curve that can be as-
sumed in this case.
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Figure 2: Temperature distribution along the diagonal of a chip
The required mean value corresponds to the RMS
value, which is calculated from the amplitude

(T\-Te) and the offset Tg as

Topr = TU]-=%(TM—TE)+T<

RMS-Value Offset

In another notation, the equation can be rewritten as
—1 [3
T=2e 55 (T = Tp) + 3T

2~ theresultis:

With the approximation %

T == [2-Ty +Tgl

vj~ 3

Figure 3: IR-evaluation of a thermal measurement
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A comparison of the three methods for averaging - in-situ, area av-
erage and 2/3 approximation - results in slightly different numeri-
cal values. If the tolerances of the respective measuring techniques
are considered, it turns out that the values usually only deviate
slightly from each other in the range of 1 K.

Figure 3 gives an insight into the data obtained using an IR camera
from a measurement on two diodes connected in parallel within a
semiconductor module.

The measuring points Sp; and Sp, in the middle of the diodes and
Sp, and Sps at their corners, which are clearly visible in Figure 3, are
used for the 1/2 weighting. These measuring points were placed by
hand, so there are also tolerances here. Based on the local values
determined, the virtual chip temperatures for the diodes are:

The evaluation of the mean value over the entered areas Bx1 and
Bx3 and the automatically displayed maxima and minima provide:

Tyjpx1 = ~(2+103,9 + 65,4)°C=91°C, Tapgcam = 92,1°C
Tyjpxs = ~(2-108,6 + 67,7)°C=95°C, Typg cam = 96°C

As a result, this means a temperature of 92.25+1.25°C for
diode D1 and a temperature of 96.4+1.4°C for diode D2.
Although in both cases neither the true maximum nor the true
minimum was met, the deviation of the values finally determined
is negligible.

What is the practical use and gain for developers?
Determining the chip-temperature is crucial to support
simulation results that are often starting points when pre-
dicting the lifetime of a system under development. Chip-
temperature measurement during operation tends to be
challenging. Thus, the recurring request is, to get a custom-
ized power device with a thermal sensor attached to the chip.
Instead - and if chip-sizes allow to do so - placing two sensors will
get a very accurate result of the chip-temperature, even under op-
erating conditions. The very similar results all methods lead to also
substantiate how robust the 1/2 averaging is when there is a setup
with two thermocouples.
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A High Voltage eFuse for
automotive Applications

This article introduces the proof of concept for a new eFuse System, which achieves a short-circuit
detection response time of below 160ns under the test conditions at 650A of short-circuit current in

an 800V system.

By Thomas Langbauer, Team Leader Architectures & Topologies, Silicon Austria Labs, Thomas
Feibel, Senior Research Engineer, Silicon Austria Labs; Zhen Huang, Junior Scientist, Silicon Austria
Labs, Ichiro Okada, Lead Expert Magnetic Sensor Products, Asahi Kasei Microdevices Corporation;

Takahisa Shikama, Manager Field Application Engineer, Asahi Kasei Microdevices Europe

In electric and hybrid vehicles, many fuses,
such as conventional thermal fuses, are
used for protection of systems such as
onboard chargers, auxiliary systems, BMS,
and junction boxes.

Fuses are well known and a common solu-
tion for system protection of electric ma-
chines, which are relatively robust against
overcurrent. However, to protect SiC and
GaN based power semiconductor devices
used in onboard chargers against surge
currents such as short-circuits that occur in
the order of microseconds, both accuracy
and response time of conventional fuses
may not be sufficient. The new eFuse sys-
tem, which detects these surge currents
precisely within the order of nanoseconds
and cut off the current, will be the key to
protecting system in next-generation EVs.

The challenges with thermal fuse:

+ There are several challenges to be con-
sidered to protect the system from over-
current with fuses.

+ Fuses caninterrupt the current within the
order of tens of milliseconds, and its fus-
ing current is relatively inaccurate.

+ A surge-like current, such as a short-cir-
cuit, may damage the device before the
fuse blows.

+ Once the fuse blows, the system cannot
resume normal operation until the fuse
is replaced.

EV systems are composed of various types
of components relatively robust against
overcurrent and power semiconductor de-
vices that are susceptible to damage from
surge current such as short-circuits.

Thermal fuses, which are still widely
used today, interrupt the overcurrent by
melting an internal conductor when the
overcurrent occurs. However, due to
their operating principle, melting fuses
require from a few milliseconds to several
tens of milliseconds from the occurrence
of a surge current to cut off the current.
Therefore, it is difficult to protect
semiconductor power devices from
damage caused by surge currents that
occur in the order of microseconds, such as

short-circuits. Also, to protect components
other than power devices, it is necessary to
consider and design for a margin as well,
since the fusing current is subject to varia-
tions and temperature dependency.

Furthermore, once a fuse blows, the sys-
tem cannot return to normal operation, so
even temporary and rare surge currents,
such as lightning or short-through current
due to noise, etc., will not allow the sys-
tem to resume until the fuse is replaced. A
new protection system with semiconductor
switches that solves the challenges of con-
ventional fuses is preferable for the protec-
tion of next-generation EVs.

The solutions with eFuse system:
In this proof of concept, we developed a
new eFuse system that solves the above is-
sues of fuses.
+ Fast and precise surge current detec-
tion.
+ Accurate setting of current cut-off
thresholds and response time to cut-off.
» Current interruption and recovery op-
eration using semiconductor switches

The eFuse system is designed to handle dif-
ferent modes of operation, i.e., short-circuit
and overcurrent, and generates current
cutoff triggers in three circuits: short-circuit
detection, dI/dt detection, and overcurrent
protection (Figure 1). This circuit configura-
tions allow better current turn-off controls
for different operating modes, resultingin a
more flexible protection system than fuses.

Fast and accurate current detection is
necessary to protect SiC, GaN, and other
semiconductor power devices against dam-

Figure 2: (a) Proof of concept board of eFuse
system and (b) characteristic curve of eFuse
system

age due to short-circuit currents and other
causes. Here we adopted the CZ39xx series
current sensor from Asahi Kasei Micro-
devices (Figure 1), which are ideal for this
application. With its 4MHz bandwidth, less
than 100ns of response time, and fast set-
tling from switching noise make it suitable
for this application. In addition, thanks to

Figure 1: eFuse system diagram including the CZ39xx series current sensor
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the I1I-V compound semiconductor Hall ele-
ment technology, it is robust against strong
magnetic field of over several hundred mil-
li-Tesla.

These circuits employing the CZ39xx series
current sensor, peripheral circuits including
control logics, and semiconductor switches
composed of SiC power devices are mount-
ed on a single compact PCB.

This has resulted in eFuse, a protection de-
vice that can be resettable without replac-
ing any components and has cut-off charac-
teristics that match the cause of abnormal
currents, such as short circuits or overcur-
rents.

Result of proof of concept:

Figure 2a shows an actual proof of concept
board of the eFuse system. SiC FET is ad-
opted for switching devices and the circuit
is designed for 800V reinforced isolation
and a short-circuit current up to 1kA. Fig-
ure 2b shows a characteristic curve of the
eFuse system. The measurement results
of response time from when the current
exceeds the threshold to when the detec-
tion trigger occurs is plotted in red, and the
response time to when the current is shut-
down to OA is plotted in blue. The eFuse sys-
tem achieves a response time of less than
250ns for surge current of over 80A for
short-circuit mode. On the other hand, re-
sponse time for an overcurrent of less than
80A is designed slower than the response
time for surge current detection to avoid
unnecessary shutdown.

Figure 3 shows the measurement result of
a short-circuit current detection. Focusing
on the output voltage waveform of the cur-
rent sensor, the response time from trig-
ger point of overcurrent detection to the
generation of current cutoff trigger is less
than 160ns. As a result, the eFuse system
achieves faster current detection and cur-
rent interruption than was possible with
conventional thermal fuses.

Conclusion

This newly developed proof of concept real-
izes a new eFuse system, which solves the
challenges of conventional thermal fuse-
only protection system. With a fast and ac-
curate current detection solution, the eFuse
system can provide the overcurrent protec-
tion which is needed for next-generation EV
systems. Additionally, the current sensor
employed in the eFuse not only supports its
function but can also be effectively utilized
for controlling the current in connected
subsystems such as DC/DC or OBC convert-
ers.

www.akm.com

Figure 3: short-circuit protection measurement
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Enabling Electrification of
Aerospace with highly
configurable and customizable
integrated Actuation Solution

Traditionally aircraft have been using hydraulic actuators to maneuver primary and secondary
flight controls, landing gear, braking system, and deicing systems.
Electrification of aerospace sector is driving transition from hydraulic actuators to power electronics
drive to reduce weight, complexity and maintenance requirements while improving reliability.

By Amit Gole, Product Marketing Manager for integrated Power Solutions, Microchip Technology

Microchip has a strong legacy of providing standard as well as
highly customized power electronics solutions in either silicon (Si)
IGBT or silicon carbide (SiC) technology to reduce design cost, time,
resources and complexity for aviation and defense customers.

Our new cost-effective, plug-and-play Integrated Actuation Power
Solution combines a Hybrid Power Drive (HPD) and a compatible
driver board that provides intelligence, scalability, design flexibility,
reliability, faster time to market and high-power density for aircraft
power system applications in More Electric Aircraft (MEA), cargo
planes, small planes, defense avionics, electric Vertical Takeoff and
Landing (eVTOL) aircraft, drones and multicopper.

Airplanes have several flight controls that help it to maneuver on
land and in the air. An airplane rotates in bank, pitch, and yaw while
also moving horizontally, vertically and laterally. The four funda-
mentals (straight-and-level flight, turns, climbs and descents) are
the principal maneuvers that control the airplane through the six
motions of flight. On land, the rudder is used to taxi the airplane
left, right or straight. In the air, both primary flight controls and
secondary flight controls are used. Primary flight controls consist
of rudder to control the yaw, along the vertical axis, elevator to con-
trol the pitch up and down along the lateral axis, and aileron to
control the bank or to turn the airplane along the longitudinal axis,
which coordinate rudder and elevator as necessary.

Secondary slight controls consist of trim, flaps and spoiler. Trim
control surfaces are required to offset any constant flight control
pressure inputs provided by the pilot. Pitching moments may also
be generated by extension and retraction of flaps, landing gear and
other drag producing devices, such as spoilers. Primary flight con-
trols are a must and hence the name while secondary flight con-
trols help to enhance the motion of the airplane in the air with finer
control.

Figure 1: Primary Flight controls from FAA Airplane Flying Handbook

In addition, there are many other tasks that are performed by the
actuator namely deicing, landing gear operation, power door open-
ing and deicing.

Figure 2: Airplane Actuation Applications

The flight controls get active as the plane gains speed in the air
and encounters a large amount of force. To move these surfaces,
pneumatic actuators were used in the early 20th century. Around
the 1930s, aircraft started using hydraulic actuators. These hy-
draulic actuators consist of centralized hydraulic reservoir, filters,
pumps and incompressible liquid to move the actuators with air-
craft engine directly driving the hydraulic pumps. These actuators
eventually moved to electro-hydraulic actuators that maintained
the centralized hydraulic fluid reservoir, while electric motor being
used to drive the centralized hydraulic pumps. Most of the old gen-
eration aircraft in service use this technology. The key issue with
this central hydraulic system is maintenance, plumbing, frequence
changes in filters, higher weight, bulkier systems and higher energy
consumption.

With the invention of actuation technology there is a transition
from traditional hydraulic systems (EH) to Electrohydraostatic ac-
tuators (EHA), Electrical back up hydraulic actuators (EBHA) and
Electromechanical Actuators (EMA) with the end goal to replace the
central hydraulic system with Fly by Wire (FBW) to reduce system
weight, power consumption, complexity and maintenance all while
improving reliability.

Electro hydrostatic actuation (EHA): Electro hydrostatic actuation
(EHA) system eliminates the need for central hydraulic systems
These systems use electric power for aircraft flight control-surface
actuation that results in reduced aircraft weight, efficient power
consumption, and improved maintainability.

EHA systems are power-by-wire actuation systems that utilize air-
craft electric power for flight control surface actuation. These sys-
tems are highly energy efficient and provide an overall weight ben-
efit to the aircraft. EHA technology is power-on-demand actuation
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that results in reduced overall aircraft power consumption. EHAs
result in improved maintainability since there are no hydraulic con-
nections between actuation equipment and the vehicle system.
EHAs consist of a fixed displacement, high speed, reversible pump
driven by a brushless DC electric motor. Actuator position is con-
trolled by the pump rotation direction and actuator piston velocity
is controlled by pump rotational speed. The actuator output force
is a function of the electric motor output torque.

Electrical backup hydraulic actuation (EBHAs): EBHA system is like
that of EHA Systems. However, it is generally used to provide back
up for the central hydraulic systems and has similar advantages as
those of EHA.

Electromechanical actuation (EMAs): EMA systems are power by
wire system that eliminates the need for central hydraulic sys-
tems, as well as any sort of hydraulic elements because of its use
of mechanical actuators. Electric motor is dedicated and located at
each mechanical actuator on the aircraft. These type of actuators
remove the use of pumps and instead use mechanical gearbox or
similar arrangement powered by an electric motor. This mechani-
cal gearbox drives rotary to liner conversion to move the flight con-
trols.

Figure 3: Types of Actuators, Transition to EHA and EMA is the first step
in decarbonization

The key benefit of this transition from centralized hydraulics sys-
tems to EHA/EBHA and EMA includes but is not limited to signifi-
cant weight savings, increased performance, enhanced safety due
to improved reliability in demanding conditions, reduced mainte-
nance cost and lower operating life cycle costs. All these factors
together reduce the carbon footprints of the airplane. The bigger
the airplane the more significant the benefits. This transition needs
rugged, reliable, cost efficient, compact power electronics drive to
run the motors that in turn drive the actuators.

As aircraft evolve to More Electric Aircraft (MEA) and eventually to
fully electric aircraft, actuation systems will be one of the first sys-
tems that is likely to get electrified. This gives us the opportunity
to provide solutions for applications including but not limited to
commercial, cargo and smaller training aircraft, in addition to the
defense sector, eVTOL, drones and multi-copters.

Figure 4 shows an example of More Electric Aircraft (MEA) that will
need power electronics solutions for 24 flight controls, 5 landing
gear, 10 fuels pumps and 8 doors. This demonstrates the need for
power solutions that enable the change towards decarbonization.

Figure 4: Opportunities in MEA

There are multiple growth drivers that enable the demand for ac-
tuation electrification:

+ Electrification of commercial and cargo airplanes

+ Growth in passenger traffic

+ Fleet modernization

+ Electrification of military and defense airplanes

+ Fully electric/H2/hybrid smaller aircraft

+ Electric VTOL (EVTOL) use for public and cargo transfer

+ Drones and multi-copter usage for service and agriculture

Figure 5: Market segments and growth drivers

Some of the key forecasts and analyses from the commercial avia-
tion market reinforce the potential for an expanding electric actua-
tion market.

Fleet modernization: Airlines will require the latest, most efficient
and lowest-emission aircraft. As of the year 2022, only 25% of the
commercial fleet has been electrified.

Passenger Traffic: Passenger traffic is expected to grow at 3.6%
from 2019 to 2041 and will increase the number of aircraft to sat-
isfy this demand.

New generation planes: By 2041, the new generation of airplanes
will represent more than 95% of the fleet. Since these planes will
use electrical actuation instead of hydraulic, the demand is likely
to be higher. When compared to 2021, only 20% of the fleet repre-
sented new planes.

In summary, there is a demand of more than 40,000 new airplanes con-
sidering both growth (>23,000) and replacement (> 17,000) by 2042.

To enable this transition, the capability to integrate different power
electronic components for functions like motion of power control
but also to provide configurability, standardization, modularity,
and reliability to meet the aerospace standards.

Power Module

The actuator generates a translational motion in the forward and
reverse direction, which gets converted into rotational motion for
flight controls. To replace the traditional hydraulic system with
power electronics, we need to have several capabilities. Depending
on the nature of flight control, the configurations could be manda-
tory or optional.
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2. Solenoid drive to hold the
flight control at desired posi-
tion. This featured is important
for flight controls that are
needed to be hold such as
Flaps.

1. Motor drive to control the ro-
tational motion of flight control.

™l
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3. Brake chopper to limit DC
bus voltage due to regenera-
tion from motor, allowing en-
ergy to freewheel via external
braking resistor.

4. Soft starter to control the in-
rush current at the start of the
motor; this is achieved by soft

start switch

Figure 6: Integration of multiple topologies in one compact power module

The power range of the typical actuator ranges up to 25 kW for op-
erating pressure of 5000 Psig with stroke length of 10 inches. These
ratings vary depending on the applications but provide a very
generic rating that is commonplace in the aviation industry. The
DC link voltages are primarily 270V and 540V. The electric motor
switching frequency varies between ~2 to 10KHZ. Due to the higher
voltage involved it is important to have fully isolated module with
enhanced thermal capabilities to provide low power loss and high
efficiency to enable smaller weight and footprints. It is essential to
have 650V to 700V power modules for 270V DC link and 1200V for
540V with the ability to provide derivatives up to 1700V, if required.

Both Hybrid SiC (IGBT + SiC D) and SiC are recommended to pro-
vide optionality to the customer. For relatively high frequency, full
SiC, including SiC MOSFETs and Schottky diodes, helps to reduce
switching losses while hybrid SiC balances the benefits versus cost
when the Fsw is relatively lower. The low junction to case thermal
resistance and Silicon Nitride (Si3N4) substrate improves the ther-
mal performance of the module. Use of Aluminum-Silicon Carbide
(AISIC) baseplate further reduces the weight while extending the
reliability of the solution. This results in high-power density, which
helps to shrink the size and weight of the solution, thereby allowing
greater power density in the given area. This is a critical differen-
tiator in aerospace applications. Lower thermal losses reduce the
cooling requirements and improve the overall efficiency of the con-
verter, impacting the power consumption positively.

The Integrated Actuation Power Modules need to have very low
package inductance. The rate of change of current (di/dt) could
be substantially higher due to high switching frequency (Fsw). This
high di/dt with higher stray inductance results in higher overall in-
ductance and higher voltage overshot during the switch turn-off.
[V overshoot = V & L di/dt]. Having lower overshoot improves the
ruggedness of the power module.

It is also important to have temperature monitoring that can be
easily implemented to control temperature conditions and im-
prove protection. Monitoring of DC bus, Inverter, and solenoid
current with feedback to control circuity enhances durability of the
power module.

Figure 7: Qualification test plan

To comply with the high standards of aviation, qualification as per
DO-160G for flight conditions like Low/High temperature cycling,
cold start up, altitude of 50,000 feet, cold temperature -55 Deg C,
humidity, shock s and vibrations), highly accelerated life testing
(HALT), RoHS, partial discharge test and AS9100 adherence are key.

Fully integrated actuation solution

While most of the customers can design their own driving circuitry
compatible with power module, having fully integrated solution for
actuations provides an all- in-one solution minimizing the design
efforts, cost associated with projects, accelerates time-to- market,
complexity and lack of flexibility associated with system designing
for MEA actuation.

The gate driver board should provide the PWM signal to the power
module based on the inputs from higher level system. This may
include all the switches of the inverter, solenoid drive, soft starter
and brake switch. Apart from providing the gate signals, the driver
should be able to provide isolation and continuous monitoring of
following parameters and provides output to LVDS:

+ DClink bus voltage

+ DClink bus current

* Phase current output of inverter

+ Solenoid current

+ Temperature of power module

The driver board should have the voltage across the shunts in pow-
er module and provide current measurement signals as isolated
differential output for phase current, bus current and solenoid cur-
rent. The driver board should also measure the DC link bus voltage
and provide an isolated differential voltage output.

In normal operation, the driver board would receive PWM switch-
ing signal inputs from a higher-level system and provides the
gate-drive signals to the power module to control the functioning
of three-phase inverter bridge switch, solenoid switch, soft-start
switch and brake switch.

Microchip’s Integrated Actuation Solution

Microchip's cost-effective, plug-and-play Integrated Actuation Pow-

er Solution combines a Hybrid Power Drive (HPD) and a compat-
ible driver board that provides intelligence,
scalability, design flexibility, reliability, faster
time-to-market and high-power density for
aircraft power system applications in MEA,
cargo planes, small planes, defense avionics,
electric Vertical Takeoff and Landing (eVTOL)
aircraft, drones and multicopper. The HPD
modules range from 5 kVA to 20 kVA and
have the same footprint. These modules in-
clude a three-phase inverter with tempera-
ture and output current measurements and
options for a brake chopper, solenoid drive
and soft starter. They can be configured with
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Companion Driver Board

Compatible to with Microchip SP6HPD power module

- SP6HPD soldered directly on the driver board

- Direct temperature sensor output (from SP6HPD)

+ Environmental Ruggedness

- Maximum 110 °C. Altitudes up to 50,000 feet

- RoHS compliant. Conformal coating

+ Galvanically Isolated

+ Partial discharge across isolation barrier

+ Single power supply (VCC): +15V (typ.)

* UVLO on input VCC and internal bias supply

+ LVDS control inputs from higher level system

« Differential outputs for current and voltage telemetry

+ Protections: DESAT, Soft turn-off, Active Miller Clamping and
Shoot through

Power SP6HPD Module
+ Efficient Power semiconductors (Si IGBT / mSiC™)
+ Low weight / Low profile / Low-Inductance
+ High thermal performance (Si3N4)
+ Wider Temperature range (-55°C)
+ Easy mounting
* RoHS Compliant
+ Designed to meet DO-160
+ AS9100 and Custom Versions Features

Integrated Actuation Solution

Figure 8: Integrated Actuation Power Solution

Silicon (Si) or Silicon Carbide (SiC) switches. The isolated gate driver
board can manage the intricacies of driving MOSFETs and Insulat-
ed-Gate Bipolar Transistors (IGBTs) at a higher switching frequency.
The press-fit connector enables the board to be attached easily to
the top of the HPD module in accordance with DO-160 and AS9100
standards for the aerospace industry. You can also order an HPD
module and a driver PCB assembly separately for design freedom
and adaptability.

Key Benefits of Microchip’s Integrated Actuation Power Solution

+ High level of integration and flexibility -Includes inverter, brake
chopper, solenoid drive, soft starter, thermal sensors, telemetry
outputs and gate driver board

* Modular and adaptable SiC/IGBT solution with nominal DC link
up to 540 VDC and power rating up to 20 kVA

+ Isolated gate drive board with shoot-through detection, multiple
protections and high-speed Low-Voltage Differential Signaling
(LVDS)

Figure 9: Block diagram of the Integrated Actuation Power Solution
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+ Cost-effective, high-reliability and rugged solution

+ High power density with reduced weight, smaller footprint, opti-
mized design, and efficient semiconductors

+ Faster time to market -Easy-to-use modular design with integrat-
ed functionality reduces the number of components and testing
requirements

+ Flight-proven standard and custom solutions available up to
1700V

Figure 10: Value proposition of Integrated Actuation solutions

References:

+ Airplane Flying Handbook, FAA

+ Electro Hydrostatic Actuation: An attractive Energy-Efficient op-
tion for Machine Builders. Achim Helbig, Ph.D, Moog, Innovation
Projects Manager 2014

+ Primary Fixed-Wing Actuation Systems Collins aerospace collin-
saerospace.com

+ Electro hydrostatic Actuation Parker.com

+ Airbus Global Market Forecast, https://www.airbus.com/sites/g/
files/jlcbta136/files/2023-06/GMF%202023-2042%20Presenta-
tion_0.pdf
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Accurate and reliable Junction
Temperature Measurements with
Fiber Optic Sensors

Obviously, junction temperature (T)) is a critical parameter for determining the power cycling capability
of power semiconductor devices. It is actually essential for thermal characteristics extraction of IGBT,
elaboration of lifetime laws and study of stability of power dies.

The new generation of fiber optical temperature sensors enables more reliable direct measurement of this
critical parameters to improve ageing and failure modes analysis of power modules. They can also predict
module end of life with embedded instrumentation and enable preventive maintenance over corrective
actions through condition monitoring.

By Charles Leduc, Sales and Marketing VP, Opsens Solutions

Power cycling and Mission profiling
Accurate Junction Temperature is critical and essential for thermal
characteristics extraction of IGBT, elaboration of lifetime laws and
study of stability of power dies. Ageing and failure modes of power
modules have been elaborated through these processes. These
measurements are usually done in controlled conditions over rela-
tively short period of time. Sensors are rarely fixed permanently to
the die or the wire, allowing reuse.

Advantages of fiber optic sensors

+ Outstanding repeatability and consistency of measurements
+ Sensor could be packaged for module with and without gel

* Small rigid head could be placed precisely

+ No risk to technicians (no energy to be transferred)

* Response time in ms range

Figure 1: Sensor deployed on die through silicon gel
(Courtesy of Aalborg University)

Reference

[11 Z. Wang, B. Tian, W. Qiao and L. Qu, “Real-Time Aging Monitor-
ing for IGBT Modules Using Case Temperature,” in IEEE Trans-
actions on Industrial Electronics, vol. 63, no. 2, pp. 1168-1178,
Feb. 2016, doi: 10.1109/TIE.2015.2497665.

Condition Monitoring

Active monitoring has the objective to predict potential problems on
power modules hard to reach or integrated in critical systems such
as offshore power generator, subsea environment, high power den-
sity multichip modules, critical infrastructures (high speed train) ...

Real-Time Aging Monitoring for IGBT Modules Using Case Tem-
perature:

Wind turbines usually operate in remote, harsh environments and are
subject to various subsystem failures. It was reported that the IGBT
module is a top ranked subsystem contributing to the overall failure
rate and downtime of wind turbines. Owing to a rising concern over
the long-term reliability of wind turbines, there have been significant
interests in developing online health monitoring technologies for ma-
jor wind turbine subsystems. Therefore, to ensure the safe operation
and reduce the maintenance cost via condition-based maintenance for
wind turbines, it is critical to monitor online the aging of the IGBTs used
in wind turbine power converters [1]

Figure 2: Sharp temperature variations during power cycling
(Courtesy of Gustav Eiffel University)

Optical sensors are the perfect tool to predict aging based on tem-

perature:

+ They do not require any maintenance/calibration after installa-
tion

+ Installation of sensor do not require any modification of the in-
dustrial converter design and package

» Power module can operate at full power and full voltage (repre-
senting real operating conditions) after instrumentation.

https://opsens-solutions.com
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Engineered Substrates with
ultra-low resistivity
Polycrystalline SiC Base

Game Changers in SiC Power Device Performance and Reliability

Since the introduction of the first commercial single-crystal SiC wafers in the early 1990, no change
has been made to their composition, only changing their diameter and reducing their defectivity
over time. SmartSiC™ is an engineered substrate based on a new paradigm, combining on a single
substrate a high-quality top layer made of single-crystal SiC bonded over a highly-electrically conductive
polycrystalline SiC handle wafer. This allows for unprecedented gains in terms of device performance and
reliability.

By G. Picun, WBG Business Development Manager, SOITEC, Dr. L. Zumbo, R&D Staff Engineer,
STMicroelectronics, Dr. E. Guiot, WBG Product Design Manager, SOITEC,; G. Bellocchi, R&D Staff Engineer,
STMicroelectronics,; A. Guarnera, SiC Power Devices Design Group Manager, STMicroelectronics,

S. Rascuna, Advanced Research Senior Manager, STMicroelectronics, A. Imbruglia, Funded Projects
Advanced Design Program Manager & Expert, STMicroelectronics, G. Arena, Sr. Director of R&D
Technology Development, STMicroelectronics, M. Saggio, R&D Design Director, STMicroelectronics

Introduction

Silicon Carbide (SiC) technology in power electronics is playing a
crucial role in driving the transition towards electric mobility and
enhancing the efficiency of renewable energy systems. With the in-
creasing demand in the market, power semiconductor companies
are under pressure to rapidly scale up their production capacity.
Despite significant enhancements in the quality and availability of
4H-SiC material, the challenge of producing low defect density and
high performance SiC wafers for optimal yields still persists.

In response to this pressing need, a groundbreaking SiC engineered
substrate (called SmartSiC™) has been introduced to address the
industry’s requirements. The unveiling of a dedicated manufac-
turing line in September 2023 marks a significant milestone, sig-
naling the start of high-volume manufacturing for this innovative
SiC substrate. This strategic initiative is poised to revolutionize the
landscape of SiC technology, offering a breakthrough solution to
the current manufacturing constraints and paving the way for en-
hanced efficiency and performance in power electronics applica-
tions.

The fabrication of the SmartSiC™ substrates relies on the Smart
Cut™ technology and offers significant advantages in the fabrication
of SiC devices. Here's a breakdown of its key features and benefits:

+ High-Quality SiC Top Layer: The Smart Cut™ technology facilitates
the transfer of a high-quality SiC layer on top of a handle wafer,
serving as seed for the drift epitaxy to be grown. This process is
crucial for optimizing device yield and reliability, ensuring that
the resulting devices meet stringent quality standards.

+ Low Resistivity Handle Wafer: The technology incorporates a low
resistivity handle wafer with a typical resistivity of 2mOhm.cm
(standard SiC material resistivity is around 20mOhm.cm) [1]. This
feature is essential to enhance device conduction, while also en-
abling the minimization of switching losses, ultimately improving
the overall performance of applications based on SiC devices.

+ Compatibility with Different Wafer Diameters: The Smart Cut™
technology is compatible with any substrate diameter and cur-
rently being used for both 150mm and 200mm wafers.

Based on the characteristics described here above, the obtained
SmartSiC™ Engineered Substrate consists of a sub-micron thick-
ness (between 400 and 800nm) high-quality, single crystal 4H-SiC
top layer bonded on top of a polycrystalline SiC handle wafer. The
final engineered substrate has a thickness of 350pm for 150mm
wafers, and 500pm for 200mm wafers. This composition ensures
the structural integrity and performance of the substrate, contrib-
uting to the reliability and efficiency of SiC devices.

Additionally, by enabling the reusability of initial single crystal do-
nor wafers due to the low thickness of the top single crystal layer,
the SmartSiC™ technology offers the most efficient usage of hard
to obtain SiC boules. Compared to conventional wafering process-
ing of SiC material, which typically allows the extraction of a maxi-
mum of 50 wafers per boule, the Smart Cut™ technology allows
for the preparation of up to 500 engineered substrates from the
same boule. This substantial increase in productivity represents a
significant cost-saving and resource-efficient solution for SiC device
fabrication.

The Smart Cut™ process applied to the manufacturing of Smart-
SiC™ engineered substrates is shown in Figure 1.

Figure 1: Smart Cut™ technology adapted to silicon carbide
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Description of devices used as test vehicles

To investigate the advantages of SmartSiC™ engineered substrates
versus standard single-crystal 4H-SiC wafers, n-type, 13mOhm /
650V Gen2 planar SiC MOSFETs were manufactured on both types
of substrates and processed simultaneously as a single batch.

The single-crystal, 4H-SiC wafer, considered as the reference, is
Nitrogen-doped with a typical resistivity of 20mOhm.cm, where-
as the poly-SiC handle wafer of the SmartSiC™ substrate has a
higher Nitrogen-doping and a typical resistivity of 2mOhm.cm.
The drift epitaxy is Nitrogen doped, with a doping concentration
Np=2x1016cm-3. Phosphorus and aluminum implantations were
used to form respectively source and body regions. The gate oxide
was a 55nm thick SiO, layer, while highly doped n-type poly-Si was
used as gate electrode. The structures of the test vehicle MOSFET
on the standard single-crystal SiC wafer and on the SmartSiC™ sub-
strate are shown in Figure 2.

Results and Discussion
The results obtained on the 13mOhm 650V Gen2 planar SiC MOS-
FETs are presented and discussed in this section.

Figure 2: Structure of the Gen 2 planar SiC MOSFET used as test vehicle
as implemented on single-crystal 4H-SiC wafer (left) and on SmartSiC™
substrate (right).

The comparison of device's Rpg,,, is presented in Figure 3. Results
show an average reduction of the on-resistance of around 24% fa-
vorable to the SmartSiC™ substrates. This improvement is due to
the much lower resistivity of the poly-SiC handle wafer of Smart-
SiC™ substrates, as well as its capacity to make much lower resistiv-
ity metal contacts (back-side drain contact in this case).

Such a strong reduction of Rpgy, (~24%) is close to what it can be
expected during the transition from a given device generation to
the next one.

Figure 3: R,,, comparison for a 13mOhm / 650V Gen2 SiC MOSFET man-
ufactured in single-crystal SiC and SmartSiC™ substrates.

Threshold voltage and drain leakage current for the same device
manufactured in single-crystal SiC wafer and SmartSiC™ substrate
are respectively presented in Figure 4 and Figure 5. The results
show an equivalent behavior on these parameters for both types
of substrates.

Figure 4: Vi, comparison for a 13mOhm / 650V Gen2 SiC MOSFET man-
ufactured in single-crystal SiC and SmartSiC™ substrates.

Figure 5: Ipss comparison for a 13mOhm / 650V Gen2 SiC MOSFET man-
ufactured in single-crystal SiC and SmartSiC™ substrates

Perspectives of SmartSiC™ potential for other devices

As shown in the previous sections, in contrast to standard sin-
gle-crystal SiC substrates with an electrical resistivity of around
20mOhm.cm, polycrystalline SiC material can achieve resistivity
levels as low as TmOhm.cm, with a typical value around 2mOhm.
cm [1]. Additionally, the high doping level of polycrystalline SiC con-
tributes to lowering the contact resistance well below 10pOhm.cm?
[2]. These characteristics enable SmartSiC™ substrates to increase
the device’s current density, thus allowing the reduction of the de-
vice die size, for both MOSFETs and diodes.

In particular for FETs, although the total gain is dependent on the
initial device specific resistance (Ron.A) and die thickness, Figure 6
shows that the more advanced the FET technology, the higher the
gain obtained. By initial Ron.A we mean that of the device when
manufactured on a single-crystal SiC wafer. As an example, for a
FET with an initial Ron.A of 2.8mOhm.cm? and a die thickness of
180um, figure 5 shows that when manufactured on SmartSiC™ sub-
strates, the new Ron.A is 15% lower (a gain of 15%). Notice that this
gain is independent of the device's voltage rating.

The value of 2.8mOhm.cm? taken in the previous paragraph cor-
responds to the current state-of-the-art case of a 1200V SiC MOS-
FETs [3]. However, when looking at the device generations to come
in the next years, Ron.A gains (reductions) in excess 20% can be
expected, always presenting the advantage of “at least” one addi-
tional generation when using SmartSiC™ engineered substrates.
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An extreme gain case takes place today with state-of-the-art JFETS,
the preferred choice for 400V and 800V solid-state circuit break-
ers (SSCB) for electrical vehicles (EV). Taking as an example a 750V
SiC JFET with an initial Ron.A of around 0.7mOhm.cm? [4], gains of
around 30% can be expected.

Figure 6: Ron.A reduction enabled by SmartSiC™ use for 1200V SiC
MOSFETSs as a function of the initial Ron.A and die thickness.

Last but not least, SmartSiC™ engineered substrates show at first
analysis, to be further confirmed with specific electrical evaluation,
a valuable ruggedness against bipolar degradation. This degrada-
tion phenomenon appears on SiC substrates due to the gliding
(extension) of basal plane dislocations (BPD) within the SiC crystal
when exposed to high levels of bipolar current (due to electrons
and holes simultaneously). This takes place generally during the re-
verse conduction of SiC MOSFETs, when current goes through the
PiN-type body diode of the transistor.

To validate such ruggedness, epitaxied standard single-crystal SiC
wafers as well as SmartSiC™ substrates were exposed to stress
conditions aimed at revealing bipolar degradation. this was carried
out by using the E-V-C technique developed by ITES, Co. (Japan) [5].
After stress, it appears that both the number of Shockley staking
faults (SSF), the indicator that bipolar degradation takes place, and
their typical size are lower in the case of SmartSiC™, compared to
the results obtained in standard SiC wafers. The results suggest
that the SmartSiC™ design possesses an inherent ruggedness ad-
vantage against bipolar degradation over single-crystal wafers. This
characteristic was previously evaluated through a forward-current
stress test conducted on a 4H-SiC epitaxial layer subjected to pro-
ton irradiation [6].

Conclusions

Under the current context of accelerating the deployment of SiC
devices for the decarbonization of the mobility and power conver-
sion industry, SmartSiC™ offers unmatched characteristics allowing
for higher power density and more reliable applications.

Figure 7: Typical 10x10mm observation fields post UV illumination
(here 150 W) 420nm BPF PL of bipolar degradation severity between
bulk+epi (left) vs. SmartSiC™+epi (right).
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Results obtained from MOSFETs made on single-crystal SiC wafers
and SmartSiC™ substrates shows that this latter offers gains equiv-
alent to those obtained when moving from a device generation to
the next one.

The gains validated on currently available device generations show
that the advantages of SmartSiC™ would still be more noticeable
in future device generations, but also in other devices with much
lower Ron.A such as JFETs.

The works necessary to obtain the results presented here have
been carried out within TRANSFORM project [7] (funding from the
Key Digital Technologies Joint Undertaking under Grant Agreement
No. 101007237).
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Electrical Energy Reliability
and Efficiency

Voltage converters are the backbone of many technical systems.
Depending on the application, the required power supply unit is realized by
transformer, rectifier AC/DC converter. When high-performance switching
power supplies were not yet available, 50 Hz transformer solutions were

used almost exclusively.

By Willi Spiesz, Managing Director, Grau Elektronik

Electrical energy is provided almost exclusively as three-phase
current with a system voltage of 10 ...30 kV~ in the power supply
plunts and transported over long distances at voltages of 380kV~.
The electronic DC voltages like 5V, 12V, 24V were transformed
down from the high transmission voltage via transformers down to
220V~/230V~ voltage by means of a transformation ratio, rectified,
smoothed and stabilised. Features for selecting a power supply are
of course the price, reliability, availability, decision whether using
standard components or special solutions, the required power,
needness of wide-range input yes/no 110V~ ... 230V~ with/without
power factor, operating temperature, EMC, efficiency, MTBF, form
factors such as size, weight, plug and the type of installation. In
the 1970s, as already mentioned, the solutions very often still con-
sisted of the components 50Hz transformer, bridge rectifier and
smoothing, possibly with downstream U-stabilisation. The question
is, to what extent should the acquisition costs be the sole deciding
factor in the purchase decision? Operating, maintenance and re-
placement costs may be a factor that should not be neglected. Itis
worthwhile using a more energy-efficient solution after just 24 - 36
months of operation time. For industrial goods, depreciation peri-
ods of 10 years are often applied. However, the machines often run
twice as long. It is now necessary to consider whether and to what
extent the use of an energy-saving solution can reduce the operat-
ing system costs for the energy supply company!

Many electronic devices require a stable DC voltage. Energy is
transmitted by means of AC voltage plants supply and networks.
This means that a DC voltage must first be generated from an AC
voltage at the point of use. The method of voltage generation af-
fects both operational safety and operating costs.

Before the introduction of high-frequency power supply solutions,
which have now assumed a dominant position with the advent of
fast-switching, low-impedance semiconductors, solutions with 50
Hz transformers, bridge rectifiers and smoothing capacitors were
predominantly used to convert the 220V~ / 230V~ mains voltage
to 24V and other frequently required DC voltages. The transformer
solutions enable galvanic isolation between primary (230V~) and
secondary circuits (e.g. 12V, 24V, ...).

Figure 1: Classical 50 Hz transformer - rectifier solution causing high
energy costs

Due to the special way of loading the transformer with the bridge
rectifier and smoothing electrolytic capacitor, a pulsed current flow
results in the 230V~ primary circuit.

The electricity meter is calibrated in effective values. The pulsed
current flow results in a different RMS value for the current, which
is calculated, despite the same charge carrier flow.

i=C*dU/dt ()

i=dq/dt (2)

From equation (1) follows by conversion:

i*dt=C*duU (1a)

On the DC side, a certain power or energy is required to perform
the work.

dW=u*i*dt 3)

Substituting the expression from equation (1a) into equation (3)
results in

dW=u*C*duU (3a)

If both sides are integrated, the result is

W (work, labour, energy) = [dw

=C* [U*dU =% * C*U2W =1 * C*U2 (4)

From the square of the voltage in the formula, you can see straight
away that the energy or work does not change linearly with the
voltage. The higher the crest factor &r =1/ leff, the higher the elec-
tricity costs.

Energy, Work
W=P*t (5)

A capacitor, an accumulator can now be filled in various ways, i.e.
‘filled’ with electrical charge carriers (q). Of particular interest in this
context is the energy required for this on the AC side.

Example: On the DC side, an electrical power of P = 50W with a
voltage U = 24V is required. The energy in the storage unit (battery)
should be sufficient for an operating time of t = 24h.

E =50W * 24h = 1'200Wh (6)

The current | is calculated as follows:

| =P/U=50VA/ 24V =2.08A (7)

The battery has a storage capacity of C = 2.1A * 24h / 24V (8)
The charge in the battery: Q =1 * t=2.08A * 24h =50 Ah  (9)

This charge must be supplied by the AC voltage source. In addition,
the AC voltage source must of course also provide the losses in the
circuit components involved. These losses will be omitted for the
sake of clarity.
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Figure 2: Red line shows rectifier input voltage, green line impuls cur-
rent with high harmonics and poor power factor

The amount of charge supplied must be the same when charging
with direct current or alternating sine current (rectified value) and
with pulsed current (red), otherwise the battery, the accumulator
and the capacitor would be charged at different rates. The surface
areas for the charge must therefore be the same size.

Q =1 *tdirect current
Q =2 *1/m Sine after bridge rectifier

Q =iRE * tp tp = T/12 with a typ. Current flow angle of ® = 30° for
bridge rectifiers with smoothing electrolytic capacitor.

The effective value of the input current, which is also billed, is cal-
culated as follows:

lgef = 1/T [(6%1)2dt = 1/T * 36 * T/6
This results in lefr o5 = V6 = 2.45 times greater.
The crest factor is therefore: § =1/ lo=6 * | / V& * | = V6 = 2.45

In many mains applications in the 10W to 75W power range, high
energy costs often occur unnoticed when consumer devices that
use non-linear components in their inputs, such as bridge rectifier
circuits, are connected to the 230V~ mains. The so-called power
factor A for such appliances is often only between 0.3 and 0.6. As
the energy meters of the energy supply companies are calibrated in
effective values, itis important to ensure efficient energy consump-
tion of the consumer appliances. Otherwise it will be expensive. As
long as electrical energy cost 5 - 6 cents, this consideration did not
play such an important role. But with today’s costs of 20 cents /kWh
upwards, this is wasted money.

As the integration takes place inside bottom and top boundaries
(the current flow in the example takes place between 60° and 90°
corresponding to T/12 in relation to 2 sine half-waves), this means
twice within one complete cycle T.

Therefore igg s Will 6 x higher than the | for the eual charge trans-
fer towards the secondary path.

Assumption energy costs: 20 Cent/kWh

P Load | 50 Hz Tranformer + smooth cap. | Annually costs PFC solution Difference annually
kWh € kWh €
25W 55.55W * 365 *24h = 486.6 97,32 28W * 365 * 24 = 245.4 49.08
50w 111.1W * 365 *24h = 973.2 194,67 56W * 365 * 24h = 490.8 98.16
100W 222.2W * 365 *24h = 1'946.6 389,33 112W * 365 * 24h = 981.6 196.42

However, in order to transfer the same amount of charge to the
DC voltage side 24V, a different amount of work (energy) must be
applied to the AC voltage side.

In order to compare only the influence of the waveforms, the time
(t) of charging must be set to the same value!

Energy for 1 complete charge

a) Direct current E = 24V * 2.08A * 24h = 1,200Wh

b) Alternating current sine waveform

P = Ugesr * lgefr = 5S0W (without losses, in the transformer, rectifier)

The following applies to the secondary side:
Q =50Wh = 1=50Ah/24h =2.083A* 1/ 2 =3.25A

This results in lag; =1/v2=231A
U eff = 230V~ = Igegr = SOVA 7 230V = 0.217A

) If the energy is transferred in pulses to the secondary DC voltage
side, the following ratios result:

required electrical charge Q = 50Ah

iRE,pU|S =? == 1/TI iRE,pU|S * dt

iRg,puls = 6 * | as the charge carrier transport takes place per sine
half-wave in T/12, i.e. 2 x per complete sine input oscillation. Con-
sequently, the current must be greater by a factor of 6 so that the
same amount of charge is transferred to the secondary side in T/6
of the period duration T.

Calculated under following assumptions:

& =2,22 0. Power Factor PF = 0.45 and 365 * 24h operation time
n=0.92

&, 0. PF = Power Factor ; A = real power / apparent power

n = efficiency

Switch-mode power supplies with a sinusoidal current consump-
tion can help here. However, there are differences in the way they
work. Classic solutions are a step-up converter consisting of a stor-
age choke, MOSFET trs. rectifier diode, smoothing capacitor and
IC circuit with various additional components, which initially gen-
erates an intermediate circuit voltage of approx. 380V ... 400V DC
from the rectified mains voltage. A downstream DC/DC converter,
also in high-frequency operation f = 50kHz, then generates the re-
quired secondary voltage of 5V, 12V 24V, galvanically isolated from
the mains side, short-circuit and open-circuit proof.

However, Grau Elektronik power supply units use a PFC transform-
er solution that is following a sinusoidal input current curve and
therefore having a low crest factor and high power factor A with
a maximum reduction in circuit components. By using transient-
resistant components, a mains transient of 1.6 ... 2.3 * Ug o, for t
<=0.Tmsec can also be handled.

www.grau-elektronik.de

Bodo s Power Systems®
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Understand the Thermal Behavior
of SiC for Efficient Power Design

Silicon carbide (SiC) has numerous advantages over traditional silicon process technologies in
power electronics. It combines higher electron mobility with a wider bandgap and better thermal
conductivity.

By Chip Brakeville, VP of Sales and Marketing, SemiQ

Thanks to these proper-
ties, SiC devices tend to
exhibit lower on-state
resistance (Ras(ony)
compared to silicon
devices of similar rat-
ings. As well as the
higher carrier mobility,
this lower resistance is
assisted by the much
higher breakdown field
strength SiC offers over
silicon. That property
enables the use of a
thinner drift layer in the
device structure.

Perhaps SiC's most

important advantage

for many industrial designs that other technologies cannot read-
ily address lies in its ability to perform well at elevated tempera-
tures without excessive carrier leakage. A major contributor to this
is SiC's lower intrinsic carrier concentration. However, to maximize
the potential of SiC in designs that need high-temperature compat-
ibility, it is important to understand how devices respond under
conditions that will impact performance and efficiency.

In their work on SiC device design and manufacture, SemiQ engi-
neers have carried out extensive tests that demonstrate the behav-
jior of MOSFETs across the entire temperature range. These tests
provide important data points that indicate how to take best ad-
vantage of SiC's thermal and electrical properties.

The tests carry through to manufacturing for the QSIC 1.2kV SiC
MOSFET modules, with all parts undergoing testing to 1.4kV to
ensure reliability. To guarantee stable gate threshold voltage and
gate-oxide quality for each module, SemiQ conducts gate burn-in
testing at the wafer level. In addition to the burn-in test, various
stress tests, including gate stress, high-temperature reverse-bias
(HTRB) drain stress, as well as the combined high humidity, high
voltage, and high-temperature stress test (H3TRB), are used to
ensure parts are compliant with automotive and industrial quality
standards.

In the company's work on characterizing SiC devices, SemiQ has
showed how the presence of both negative and positive tempera-
ture coefficients of on-state resistance over the full operating tem-
perature ranges can influence design decisions where maximum
reliability is needed. The company performed experiments on its
1.2kV SiC MOSFET in a calibrated oven using the Keysight B1505A
Power Device Analyzer. To ensure the effects of ambient tempera-
ture were shown clearly, the experiments were conducted only af-
ter sufficient time had elapsed after the oven was set to its target
temperature for devices to heat or cool to the correct level. During
experiments, self-heating was mitigated by the use of short pulse
widths and low duty cycles.

Experiments demon-
strated that around
room temperature, the
Rps(on) Of @ SIC MOSFET
reaches its minimum.
Below this tempera-
ture, resistance can
increase  dramatically
depending on the ap-
plied gate-source volt-
age. Lower voltages in-
crease the temperature
sensitivity, which also
increases the tempera-
ture at which the tem-
perature coefficient
shifts towards positive.

The negative temperature coefficient below room temperature has
implications for situations where devices are operated in parallel.
If the system commences operation in low ambient temperatures,
the effect can lead to one of the devices passing much more cur-
rent and overloading due to thermal runaway. However, increasing
gate-source voltage to around 18V-20V reduces the coefficient and
with it the risk of an imbalance developing.

Though threshold voltage tends to reduce with increasing tem-
perature, thanks to the reduction in bandgap voltage, maintaining
a high gate-source voltage is important to overall device perfor-
mance. This is the case even at higher temperatures. Experiments
show that drain current tends to decrease with temperature. There
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Figure 1: Normalized on-resistance vs. temperature.
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are several factors that contribute to this response. Carrier mobil-
ity changes with temperature and the bandgap reduces, which has
an impact on intrinsic carrier concentration. This also leads to a
temperature-dependent lowering in threshold voltage.

However, SiC MOSFETs will continue to show a significant improve-
ment in Rpg(on) When the gate-source voltage is increased. Although
10V is above the typical threshold voltage of a SiC MOSFET, conduc-
tion losses at this level would most likely lead to a thermal runaway
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Figure 2: On-resistance vs. drain current for various temperatures.

of the device. Operating at 20V or above delivers better overall per-
formance. When the device is turned off, because of the tempera-
ture dependence of the threshold voltage, SemiQ's recommenda-
tion is to maintain a gate bias of -5V. This low voltage prevents any
unintended parasitic turn-on effects and ensures correct behavior
at temperatures as high as 175°C where the threshold voltage can
fall to as little as 1.8V from its typical level around 3V.

At elevated temperatures, the positive coefficient of SiC MOSFETs
will increase conduction losses. However, it may be important to
also consider the impact of drain current, which can also have a
substantial impact on losses. Typically, on-resistance increases with
drain current. It increases by around 50% from 20A to 120A. Com-
bined with the increase in resistance with temperature, this can
lead to a resistance of less than 40mQ for SemiQ's 1.2kV SiC MOS-
FET to around 140mQ at 175°C when passing a current of 120A.
Circuit designers may choose to operate devices in parallel to pass
less current through each device where on-state resistance needs
to be kept as low as possible.

Figure 2 illustrates the relationship between on-resistance and
drain current across a range of temperatures (-55°C, 25°C, 125°C,
and 175°C). At -55°C and 25°C, the device exhibits lower on-resis-
tances and decreased variability compared to those observed at
125°C and 175°C. Typically, SiC MOSFETs show a negative tempera-
ture coefficient (NTC) at lower temperatures until reaching a spe-
cific threshold, after which they transition to a positive temperature
coefficient (PTC).

The body diode's effect on switching behavior is another area
where circuit designers can focus to take full advantage of SiC's
properties and use higher switching frequencies. One effect of the
body diode is reverse recovery current, caused by minority charge
carriers being cleared from the MOSFET's body diode when the de-
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vice is switched back on. This reverse recovery current is translated
into energy losses, which directly affects the efficiency of the power
converter. The forward voltage of the body diode in SiC device is
also higher than with silicon. For this reason, to minimize losses, it
is important to avoid making use of the body diode outside of the
dead time in the switching cycle.

However, compared to conventional silicon devices, those built on
SiC processes tend to exhibit short recovery times when devices
are turned off. This reduction provides the opportunity to increase
switching frequency. That in turn lets designers use smaller exter-
nal passive components in the support circuitry, which helps cut
power-converter volume and costs.

A double-pulse test (DPT) provides valuable insight into detailed
turn-on and turn-off performance. DPT is used to turn transistor on
and off at different current levels as shown. By adjusting the switch-
ing times, the waveforms can be observed over the full range of
operating conditions. The use of two pulses is important as it allows
evaluation of reverse recovery current. Other effects include ring-
ing caused by high changes in current with time (di/dt) that interact
with parasitic inductances and capacitances in the device that may
form resonant LC circuits.

Figure 3: (a) Turn-on Vs and |4 switching waveforms at 25°C and 175°C
(b) (a) Turn-off V4 and 45 switching waveforms at 25°C and 175°C for
GP2T040A120/ with a DC bus voltage of 800V, a load current of 404,
and using an external gate resistance of 4.3Q mQ.

To study the effects of temperature on this behavior, SemiQ car-
ried out tests on devices in TO-263-7L packages. In this testing
configuration, only the device-under-test was subjected to heating,
and surface-mount pads used to connect it to the PCB. A calibrated
external clip-on heater was used to maintain a controlled tempera-
ture.

Tests demonstrate that the reverse recovery time tends to increase
with temperature. This leads to turn-on losses exhibiting an up-
ward trend at elevated temperatures. However, turn-off losses

remain relatively constant. Tests also showed that turn-on wave-
forms have higher ringing than turn-off waveforms. Though turn-
off involves a rapid change in voltage, the parasitic elements may
not form as strong of a resonant LC circuit during this phase, lead-
ing to relatively lower ringing. The result is that circuit designs that
focus on reducing the effects of the body diode and ringing, which
can be ameliorated by snubbers, are most important during the
turn-on phase, especially if the device is expected to operate at the
high end of the temperature range.

Though there is often a margin of safety set by device manufac-
turers to ensure MOSFETs can withstand their rated breakdown
voltage, tests have shown that this voltage increases with tempera-
ture. Taking as an example a 1.2kV SiC MOSFET, this device dem-
onstrates a breakdown voltage of at least 1520V at -50°C, rising to
1570V at 150°C. Though the drain leakage current also tends to in-
crease with temperature, largely caused by the thermal generation
of carriers, the positive temperature coefficient of the breakdown
voltage masks this effect in practice.

Figure 4: HTRB Test Results at 175°C and 1300V Reverse Bias.

SemiQ's careful study of the behavior of its 1.2kV SiC MOSFET pro-
vides valuable information on the static and dynamic characteris-
tics of this type of device. For designers aiming to take advantage of
SiC’s ability to handle higher power-converter switching frequency,
it is important to consider temperature-dependent losses. Turn-on
losses exhibit an upward trend at elevated temperatures, but turn-
off losses remain relatively constant. By paying attention to these
differences, designers can compensate for these effects and gain
the full efficiency improvements made possible by SiC technology,
as demonstrated by the company’s QSIC 1.2kV MOSFET modules.

Backed by more than 54 million hours of HTRB and H3TRB stress
testing, the modules enable power-conversion efficiency as high as
98%, which helps improve thermal stability and enhance reliability.
These benefits make the SiC modules ideal for a wide range of
applications, including power supplies for DC power equipment,
inverters, motor drives, electric-vehicle charging stations and more.

www.semig.com
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Accurate Current Sensing
for Automotive Design

Isolated current sensor technology is becoming

increasingly important for vehicle design

Current sensing is already a vital part of automotive design ranging from simple resistance-based
measurement to more advanced sensors developed to analyze the behavior of fuel-injector systems.
As electrification gains momentum, current sensor technology is poised to play an even more
significant role, adapting to the specific requirements of these new vehicles.

By Ben Xie, Technical Marketing Manager, NOVOSENSE Microelectronics

A major design change that accompanies the evolution of the elec-
tric vehicle (EV) is the need to detect currents accurately in high-
voltage subsystems and protect the advanced controllers that need
to interpret and act on these signals. There are now numerous lo-
cations at which current sensors in high-voltage domains are need-
ed, ranging from the fast battery charge circuits to heating units.

HV current sensing applications

One of the most important targets for accurate current sensing lies
in the battery management system (BMS). Batteries are sensitive to
overcharging and the trend towards fast high-voltage charging at
800V makes this measurement even more critical. By monitoring
current information, the BMS can accurately sense battery estima-
tion, detect and diagnose faults and ensure that charging is com-
pleted in a safe manner.

In EV motor control units, feedback provided by changes in cur-
rent levels can accurately determine real-time power and torque,
providing information needed by the algorithm to determine when
best to switch the power transistors that deliver energy to the mo-
tor. As the motor and related power transistors will operate at volt-
ages of 400V, or even higher to take advantage of efficiency gains,
the current-sensor signal delivered to the controller needs to be
protected against surges and spikes.

Figure 1: Power-factor corrected onboard charger and DC/DC con-
verter modules in a typical EV (NEV WP - Fig 23)

Current sensors play a vital role in the onboard charger (OBC) to-
gether with the associated power-factor correction (PFC) circuit that
is used to ensure that the EV complies with regulations for connect-
ing high-voltage, high-current loads to the public electricity supply.
In the OBC, sensors are often needed to measure the current flow-
ing at the AC input as well as within the conversion circuitry and at
the output to confirm that the charger is delivering AC power to the
rest of the system correctly and that DC power is supplied at the
correct level to the battery packs. To ensure safe operation of the
microcontrollers that manage these systems, the current sensors
in the high-voltage subsystems need to be isolated.

AC and DC choices

As well as considering attributes such as accuracy and isolation,
another important factor in determining which current-sensor
technology to use is whether the circuit uses AC or DC operation.
Though the input and output from batteries will be DC-based, mo-
tor controllers and electric air conditioning and similar systems will
typically operate on AC.

With DC, it is possible to employ shunt-based current sensors,
which use high-resistance elements to generate a voltage signal
from the current that passes through them. Shunt-based current
sensors can offer high precision and strong protection from elec-
tromagnetic interference. However, their output needs external
isolation as, despite the high resistance they present, they provide
a direct path for current from the high-voltage subsystem to the
control electronics.

Though magnetoresistive sensors are now beginning to appear, us-
ing a similar technology to that used in magnetic memories and
hard disk-drive heads, the core technology for sensors used in ei-
ther AC or DC circuits is the Hall effect. In a traditional Hall-effect
sensor module, a magnetic core is wrapped around the conductor
of the interface. This core surrounds the conductor except for a
small air gap in which the Hall-sensor element sits.

Figure 2: Different types of current sensor (Source: NEV WP - Fig 43)

A current passing through the core creates a magnetic field, which
in turn generates an electric field. This electric field is detected by
a Hall element placed in the air gap, resulting in an output voltage
proportional to the field's strength. This voltage signal has a linear
relationship with the current flowing through the primary conduc-
tor. Though the Hall-effect module is isolated from the primary
conductor, a design that sees this type of module used widely in
electricity distribution systems, it has the disadvantage of relatively
large size. However, it is a design that can measure currents as high
as 2000A safely.
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Integrated Hall-effect sensors

Integrated-circuit current sensors using the Hall effect have the
benefit of being much smaller and easier to deploy on PCBs. This
type of Hall sensor does not use a separate magnetic core. Instead,
current measurement is performed by sensing the magnetic field
generated by the current flowing through a primary conductor that
passes through the chip package.

Because of the smaller size of integrated devices, and the pack-
age constraints integration implies, the maximum current levels
that can be measured are lower than with module-based sensors.
The main reason for this lower limit is the resistance that the con-
ductive path through the sensor may impose on the current flow,
which leads to self-heating. However, manufacturers have succeed-
ed in limiting this effect.

Integrated Hall-effect current sensors are often suitable for use in
AC/DC converters and inverters that are used in onboard charging
systems and in heating systems as well as some motors. Though
overall isolation performance will be different to a module, be-
cause there is an insulating barrier between the primary conductor
and the sensing element, the integrated Hall-effect current sensor
will meet high isolation requirements.

One potential issue with direct sensing is that strong external mag-
netic fields can distort the signal, which could be problematic in
the complex magnetic environment close to electric motors. One
way to solve this problem is to employ two Hall-effect elements dif-

Figure 3: Block diagram showing use of differential Hall-effect sensing
in the NSM201x series (Source: NEV WP - Fig 44)

ferentially. This placement cancels the effect of any common-mode
magnetic fields.

Advantages of an IC-based implementation

The NSM2019 current sensor manufactured by NOVOSENSE Micro-
electronics provides an example of the benefits that result from an
integrated design based on a differential architecture. The prod-
uct’'s novel package design reduces self-heating by providing a
primary conductor resistance of just 0.27Q. This supports primary
current levels as high as 100A.

Materials choices ensure the relatively small package achieves an
operational isolation voltage of at least 1500V. On top of this, the
insulation will survive 10kV of surge voltage and 13kA of surge cur-
rent without additional protective devices. The dielectric withstand
voltage reaches as high as 5000Vrms. The novel package design
delivers a comparatively long creepage distance of 8.2mm. Creep-
age is an important parameter as it considers changes as the result
of aging, such as environmental contamination, that could compro-
mise isolation performance if the distance is inadequate. This com-
bination of properties lets the devices easily meet the voltage and
current surge protection requirements of today’s EVs.

As well as handling the isolation needs of both today's EVs and
future model designs, the NSM2019 has several features that are
convenient for systems integration. The device supports both fixed
and pseudo-differential output modes to improve signal integrity.
Furthermore, the circuit is designed to ensure output voltage does
not fluctuate with the supply voltage. This approach removes the
need to employ a high-precision voltage regulator to supply power
to the device, which simplifies the bill of materials.

The design of the NSM2019 takes into account the wide tempera-
ture variations that can be encountered in the automotive environ-
ment. Using a combination of offline calibration and thermal com-
pensation algorithms, the output maintains high accuracy across
the full temperature range of -40 to +150°C.

Summary

As vehicle makers continue to exploit the efficiency advantages of
employing key subsystems with high-voltage circuitry, the impor-
tance of current-sensor technology in ensuring reliability, safety,
and performance grows. Manufacturers are meeting this demand
by developing sensors with intrinsic designs that guarantee safety
and performance.
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Tighter EU legal Limits on
Standby Power Consumption:
Could simple new Power ICs
come to the Rescue?

In tune with the European Commission’s (EC's) commitment for Europe to be a climate-neutral
continent by 2050, new regulations coming into force in 2025 will clamp down on the amount of
power that almost all types of domestic electronics equipment are allowed to dissipate when off or
in standby mode.

By Vito Prezioso, Power Specialist Field Application Engineer (Southern Europe), Future Electronics

According to European Union (EU) research, annual energy con-
sumption of household equipment in off mode or a standby mode
was an estimated at 59.4 TWh in 2015. This power wastage was re-
sponsible for the emission of 23.8 million tonnes of CO2 equivalent
greenhouse gases.

Now device manufacturers are to be compelled to design products
to bring their standby power consumption within strict limits. But
this will not always be a complicated and expensive effort: as this
article explains, a simple IC added to an ac-dc power converter can
on its own yield a substantial saving in power consumption when-
ever a device is plugged in.

Broad scope of new Ecodesign requirements

The EC's new regulation 2023/826 on standby power comes into ef-
fect from 9 May 2025: its goal is to cut annual energy consumption
in Europe by 4 TWh. This is an ambitious target: it is to be achieved
by regulating the power consumption of a very broad range of
household products and of office equipment intended for use in
a domestic setting.

The regulation applies to products with an integrated power sup-
ply. Products equipped with a low-voltage external power supply
are not currently included in its scope, but manufacturers would
be wise to expect to be required to comply sooner or later, as the
EC is likely to want to provide a level playing field for competition
between manufacturers.

The types of device which are listed in the regulation include kitch-
en equipment such as toasters and microwave ovens, white goods,
IT equipment (except products such as laptop computers that are
covered by specific Ecodesign regulations), audio-visual equipment,
toys, sports equipment, and products which contain a motor, such
as power-operated furniture and beds, and motorized blinds and
shutters. A full list can be found at the EC's EUR-Lex law website.

The limits on energy consumption are tight: a maximum of 0.5Win
off mode, falling to 0.3 W after two years. Standby mode limits vary.
If the device only maintains a reactivation function and indicator,
the limitis 0.5 W. If a status or information display is active, the limit
rises to 0.8 W for most products.

Still higher limits are applied to products which operate in net-
worked standby. (Networked standby means a condition in which
the equipment is able to resume a function by way of a remotely
initiated trigger from a network connection.) Products that are
classed as having HiNA (high network availability) capability, such
as routers and gateways, must not use more than 8 W in networked
standby. For non-HiNA products, networked standby power con-
sumption is to be limited to 2 W.

A cheap and easy fix for high standby power consumption

A strategy for ensuring compliance with regulation 2023/826 should
consider power consumption across the system as a whole, includ-
ing in functions such as control, interfacing and sensing. But a fer-
tile source of savings is sure to be the power supply circuit - and
one of the quickest and easiest ways for many OEMs to cut standby
power consumption is by eliminating the continuous power drain
through the EMI filter's X-capacitor bleed resistors.

These resistors are found in the power supply of many household
appliances and consumer devices to provide for compliance with
IEC 60335-1, a safety standard for these products which specifies
that the power supply’s X-capacitor needs to be discharged below
34V within one second after the device is powered off.

A typical EMI filter is shown in Figure 1. C1 and C2 represent the
X-capacitors; R2 ensures that the X-capacitors are discharged after
the input voltage is removed. The capacitance of the X-capacitors
can vary from hundreds of nanofarads for low-power converters
up to some microfarads in higher-power converters. To take an ex-
ample, for a capacitor of 2.2 pF specified with a tolerance of £20%,
the maximum capacitance will be 2.64 yF. The mains input voltage
is up to 264 V ac (240 V ac +10%). To discharge the capacitor to 34
V within one second, a resistor of 184 kQ is required. This bleed
resistor will dissipate 377 mW.
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Figure 1: In this typical EMI filter, the bleed resistor R2 draws a
continuous current as long as the device is plugged in

This circuit configuration makes it almost impossible to comply
with the new standby power consumption regulation: the 377 mW
dissipation continues all the time that the device is plugged into
a mains power socket, whether the device is active, quiescent, or
switched off.

Fortunately, it is easy to add a simple integrated circuit to stop pow-
er consumption through the bleed resistors except when the X-ca-
pacitors need to be discharged. Examples include the CAPZero-2
or CAPZero-3 from Power Integrations, the HF81 from Monolithic
Power Systems, and the TEA1708T from NXP Semiconductors.
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These parts are all of a similar design. They consist of MOSFETs with
integrated drivers, plus voltage sensing and other circuits. They are
placed in series with the bleed resistors. During normal operation
(when an ac voltage is present), the MOSFETs are off, and so the
resistors are disconnected and no current flows them through.
When the device is unplugged and the ac voltage is removed, the
MOSFETSs turn on to bring the resistors into the circuit, which then
discharge the X-capacitors.

Figure 2: Typical high-voltage motor control board, showing the CAPZe-
ro-2 X-capacitor discharge circuit. (Image credit: Power Integrations)

Tests performed by Monolithic Power Systems reveal the huge
power saving that can be made by using the HF81 in this way: the
test results are published in the datasheet of the HF81 (see Figure
3). For our example above of an X-capacitor of 2.2 uF, the saving
made by using the HF81 would bring power dissipation through the
bleed resistors to below 200 mW - low enough to allow for compli-
ance with the 2023/826 regulation. Separately, Power Integrations
and NXP specify the power dissipation of their ICs at less than 5
mW.

X-capacitance | Total Series Resistance Pov\::lrt:::i:f:;: :,';::p"'t

<500 nF 1.5 MQ -

750 nF 1MQ 66 mW

1uF 780 kQ2 86 mwW

1.5 uF 480 kQ 142 mw

2 uF 360 kQ 191 mw

2.5 uF 300 kQ 230 mW

3.5 pF 200 kQ 347 mW

5 uF 150 k€2 464 mWw

Figure 3: Power savings made by replacing a conventional X-capacitor
discharge circuit with one based on the HF81 from Monolithic Power
Systems

The solution shown in Figure 2 provides a way to cut the power
wasted through the bleed resistors: it can be implemented as a
cheap and easy modification of an existing power supply design,
with minimal change to the bill-of-materials or board layout.

For new designs, however, OEMs have the option to choose from

a new generation of power controllers that include an integrated

X-capacitor discharge circuit. Examples are:

+ HR1275 from Monolithic Power Systems, a combination control-
ler with multi-mode PFC and LLC power stages

+ TEA2017 from NXP, a combination controller with multi-mode
PFC and LLC power stages

* NCP1618 from onsemi, a multi-mode PFC controller

* HiperPFS-5 from Power Integrations, a quasi-resonant PFC con-
troller with integrated gallium nitride (GaN) FET

+ L4985 from STMicroelectronics, a PFC controller which operates
in continuous conduction mode

These suppliers are innovating in their product designs to save
even more power in standby mode. For instance, many work in
burst mode when the load is below a certain threshold, allowing
the power-supply control and switching circuits to be intermittently
disabled.

The scale of the improvements that can be made are substan-
tial: with its TEA2017, NXP has reduced low-load and quiescent
mode power consumption compared to its predecessor part, the
TEA2016 (see Figure 4).

Figure 4: Efficiency graph showing the reduced power losses at low
load in the latest TEA2017 power controller from NXP (red curve) com-
pared to the TEA2016 (pink curve). (Image credit: NXP Semiconductors)

Implemented in an NXP evaluation board, the TEA2017DK1003,
a 600 W offline ac-dc converter with a 12 V output, the TEA2017
enables the power supply to reduce no-load power consumption
to 0.11 W with a 230 V ac input. The TEA2017 also provides the
main power control functions in the new Lightning ac-dc converter
board developed by Future Electronics’ European Power Centre of
Excellence. Technical information about the Lightning board, which
provides a 42V dc output and supports loads of up to 240 W, can be
found at www.my-boardclub.com, where engineers can also apply
to receive the board.

Power Integrations, onsemi and ST also supply evaluation boards
which demonstrate the capability of controllers with integrated
X-capacitor discharge to support compliance with regulation
2023/826.

Power Integrations provides the DER-672, a 220 W evaluation board
which achieves no-load power consumption of 120 mW at 230 V ac
thanks to its PFS5178F, a quasi-resonant PFC controller with GaN
FET, operating in discontinuous conduction mode.

From onsemi comes the NCP13994MM360WGEVB, a 360 W evalu-
ation board in which the NCP1618 multi-mode PFC controller is
used in conjunction with the NCP13994, the latest current-mode
LLC controller. At 230 V ac, the no-load power consumption of the
NCP13994MM360WGEVB is 100 mW.

ST, on the other hand, supplies a 400 W evaluation board, the EV-
L400W-80PL, in which the L4985A PFC controller operating in con-
tinuous conduction mode achieves no-load power of less than 150
mW at 230V ac.

Power semiconductor market responding to demand for lower
standby power

The TEA2017 and the other new and improved products featured
in this article show that the component market is ready to provide
various solutions to power-supply designers who face the task of
achieving compliance with the tight restrictions on standby and off
mode power consumption specified in the EU’s latest regulation.

www.futureelectronics.com
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Digital Control for Isolated
Bidirectional Power Converters

This article explores the implementation of isolated and bidirectional DC-to-DC power transfer by
adapting a dedicated digital controller to work in reverse power transfer (RPT), in addition to its
standard forward power transfer (FPT) function. System modeling, circuit design and simulation,
and experimental work are presented to validate the theoretical concepts.
The application demonstrates levels of conversion efficiency above 94% consistently in both energy
transfer directions.

By Juan Carlos Rodriguez, Power Conversion Systems Engineer, Analog Devices

Introduction

Modular battery-based energy storage systems (ESSs) are key tech-
nologies for the construction of a green energy ecosystem, as they
assist the effective utilization of renewable electricity. An increas-
ingly popular application are second-life battery ESSs. In this sub-
market, up to 80% of the discarded batteries are expected to be
repurposed into ESSs for stationary grid services, hence increasing
the useful life of batteries from 5 years up to 15 years. These sys-
tems are expected to add up to 1 TWh to the grid capacity in 2030."
This emerging application is bound to gain more importance within
the energy market in the near future.

A typical implementation consists of different stacks of battery
modules transferring their energy to the centralized AC or DC bus-
es (for some form of subsequent energy dispatchment to loads) via
power converters. The challenge with this type of system is due to
each module having different chemistries, capacities, and ageing
profiles. In a traditional modular topology, the weakest module af-
fects the total usable capacity of the full stack (Figure 1).

Figure 1: The challenge with modular ESSs.

Figure 2: A modular battery-based ESS.

To tackle this limitation, in the architecture shown in Figure 2 the
energy in the stack is transferred to a common, intermediate DC
bus via individual DC-to-DC converters for each battery module.
This energy is then used to support a centralized medium voltage
(MV) AC or DC bus via a main power converter. The voltage and
power levels in Figure 2 have been chosen based on typical figures
from ESSs in the market: 48 V battery modules, 400 V (DC) interme-
diate DC buses, more than 20 kW (high power) main power convert-
ers, and up to 1500 V centralized buses.?

In Figure 2, because the ground references of each module in the
stack are different, isolation is needed to implement the individual
DC-to-DC converters for each battery module. In addition, for sup-
porting hybrid systems like second-life battery ESSs, each of these
converters must also be able to transfer power bidirectionally.
In this way, independent charge/discharge of each module and
charge balancing can be easily achieved. Therefore, the central
blocks of the application herewith discussed are DC-to-DC convert-
ers that are at the same time isolated and bidirectional.

Over the following sections, dedicated digital
controllers for power conversion are shown
to be a good alternative for a safe and reli-
able implementation of the required type of
DC-to-DC converter by adapting these con-
trollers (usually built for unidirectional power
transfer only) to bidirectional operation.

Dedicated Digital Controllers for Power
Conversion Applications

For the control of the switching devices in
high power DC-to-DC converters (larger than
1 kW), digital control is the current standard
in industry, and it is typically based around
microcontroller units (MCUs).3 Despite this,
an increased focus on functional safety (FS)
across industrial applications could favor the
case for using dedicated digital controllers
instead. From the system design perspec-
tive, an easier FS certification is particularly
beneficial in modular implementations as it
facilitates the design process and, therefore,
reduces the overall time to revenue. Some of
the reasons that favor the case of dedicated
digital controllers over MCUs are outlined
next.4

+ Microcontrollers depend on software,
which up until the development of IEC
61508 was not allowed in a safety system
due to it being considered unstable be-
cause of the number of states it contains.
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Hence, a lot of the FS effort with an MCU goes into the process
used to develop the software.

+ The MCU itself would have to be certified in addition to the soft-
ware.

+ Although dedicated digital controllers (as configurable devices)
are still data driven, their configuration process involves a limited
variability language (LVL) as opposed to a full variability language
(FVL), which is distinctive of MCUs.

+ As a sequential digital machine, the functions of a dedicated digi-
tal controller can be completely verified by testing, which is gen-
erally not possible for the software in an MCU. As a result, the
core safety functions are integrated by the device when using a
dedicated controller.

+ Added safety functions for MCU implementations might need
considerable additional hardware compared to the integrated
safety functions in a dedicated controller. This is prone to add
more complexity to the system level, when using a failure modes,
effects, and diagnostic analysis (FMEDA).

* When using a dedicated controller, additional safety (if needed)
can be programmed in an external MCU, usually available at the
system level.

The ADP1055 by Analog Devices is a digital controller especially
built for isolated DC-to-DC high power conversion and offers a
range of features for improved efficiency and safety. These func-
tions include programmable overcurrent protection (OCP), over-
voltage protection (OVP), undervoltage lockout (UVLO), and over-
temperature (OTP). Like many equivalent off-the-shelf parts in the
market, this controller is designed for energy transfer in one direc-
tion only—that is, FPT. To achieve a bidirectional operation, the ap-
plication with the controller must be adapted to work also in RPT.
The next section will explore one important aspect in both FPT and
RPT modes, which is necessary to understand prior to the process
of adaption. This is the efficiency of the target DC-to-DC converter.

Achieving Efficient Energy Conversion

Among the different technologies available for isolated and bidi-
rectional power transfer in DC, the architecture in Figure 3a is one
of the most used commercially due to its simplicity of implementa-
tion.>

Figure 3: Power conversion topology simulation:
(a) model and (b) efficiencies, in standard operation.

This topology can be seen either as a voltage-fed full-
bridge to center-tap synchronous rectifier in FPT, or as a
current-fed push-pull converter to full-bridge synchro-
nous rectifier in RPT. A case study with 400 V (DC) in the
primary (DC bus) and 48 V (DC) in the secondary (battery

Rated Battery Voltage
Switches MA, MB, MC, MD
Switches MSR1, MSR2,

The results in Figure 3b show a rapid decrease in efficiency for
higher power levels when regular hard-switching (HS) PWM is used.
This is accentuated when comparing RPT with FTP. To improve
operation, two main loss mechanisms are identified, which can be
mitigated with the corresponding switching techniques described
next.

Soft switching: Figure 4a shows how in this low leakage inductance
design, primary switches MA and MB do not turn off fast at the
passive-to-active switching transitions when using regular PWM.
This situation creates higher switching losses in the overall system.
In this case, the use of phase-shifted (PS) PWM (aka, zero-voltage
switching (ZVS), aka soft-switching) helps bring the drain-to-source
voltages down to zero during these transitions. This can be done by
providing appropriate, load-dependent dead times that allow the
full discharge of the drain-to-source capacitances of the switches.
The results of applying PS are shown in Figure 4b.

Figure 4: Primary switches passive-to-active transitions with (a) HS and
(b) PS PWM.

Active clamping: Figure 5a shows how during the turn-off of the

secondary switches MR1 and MR2, a large spike and ringing are
observed on their drain-to-source voltages.
These transient events endanger the integrity
of the switch, waste energy, and contribute to
electromagnetic interference (EMI). Digitally
controlled active clamping using an additional
switch (for example, with M app in Figure 3)
is the best alternative to alleviate the nega-
tive effects of this spike.® This can further in-
crease the efficiency in this architecture. The
results of applying a form of active clamping
are shown in Figure 5b.

Rated DC Bus Voltage

Vgus =400 V (DC)

ViarT =48V (DC)
SCT3017AL 650 V/18 A SiC MOSFETs
IPBO65N15N3 150 /136 A MOSFETs

module), for high power levels larger than 1 kW, is depict- Merave
ed to illustrate the common challenges of the application. ~ Transformer Np/Ns = 6:1; Lm = 50 pH; L gax =0.1 to 1 pH
LTspice® was used to simulate the operation with typical Choke Inductor Lo = 50 pH
wide band gap (WBG) power devices switching at 100 kHz.
The parameters used in simulation are depicted in Table 1. €lamp Capacitor Corawe = 1 pF
Bus Capacitor Co =10 uF

Switching Frequency

Table 1: Simulation Study Parameters

100 kHz (effective 200 kHz)
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Figure 5: Primary switches passive-to-active transitions with (a) HS and (b) PS PWM.

Figure 6: Signal chain to adapt RPT with a dedicated digital controller.

The implementation of these strategies in-
creased the efficiency of the converter from
less than 80% to more than 90% at 5 kW in
RPT. Similar efficiencies for both FPT and RPT
are predicted by these simulation studies
too, as shown in Figure 3b.

To implement these switching functions, the
ADP1055 offers six programmable PWM out-
puts to form the timing of the switches and
two GPIOs configurable as active clamp snub-
bers. Both functions are easily programmed
within a user-friendly GUI. The benefits of
these and other functions of this digital con-
troller can be further studied in the ADP1055-
EVALZ user guide, where the standard FPT
application is considered.
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Once the mechanisms for achieving viable levels of efficiency have
been identified, which are suitable for both FPT and RPT modes in
this application, the adaption to RPT is finally explored next.

Reverse Power Transfer Adaption

In order to demonstrate the operation of the application under
study in RPT, a low voltage (LV) experimental setup was created
as a proof of concept. This setup was based on the hardware in
the ADP1055-EVALZ user guide, originally designed for 48 Vpto 12
Vpc/240 W FPT, using the ADP1055 as the main controller at switch-
ing frequency fg, = 125 kHz, as a standard case. The RPT operation
adaption then involved adequate hardware and software modifica-
tions. Figure 6 (top) shows the proposed signal chain on the hard-
ware side for this task, with the following highlights:

* The four primary switches are turned on and off using two
matching ADuM3223 isolated half-bridge gate drivers. The pre-
cise timing characteristics (54 ns max. isolator and driver propa-
gation delay) of these drivers accurately reflect the control sig-
nals into the PWM.

+ The isolated power supply unit in the ADP1055-EVALZ user
guide is rewired and supplemented with an ancillary precision
LDO (ADP1720) to account for the two ground references in the
system and to energize all the different ICs of the application.

+ On the measurement side, the terminals for current measure-
ment on the shunt resistance are swapped so that the output
current in the secondary of the transformer of the overall con-
verter is measured in the right direction on terminals CS2+ and
CS2- of the controller.

+ Finally, the ADuM4195 isolated amplifier is used to provide a
safe and accurate measurement of the DC bus voltage, which
is the output variable in RPT mode, in contrast to FPT where the
battery-side voltage was the controlled output.

The ADuM4195-based measurement scheme is one of the most
important additions to the control loop hardware. Besides a safe 5
kV isolation voltage (from the high voltage primary to the LV control
side), broad input range of up to 4.3V, and around 0.5% accuracy
at its reference voltage, the ADuM4195 features a high minimum
bandwidth of 200 kHz. This allows faster loop operation for better
transient response than the typical shunt regulator and optocou-
pler solutions, which is essential for the operation of the applica-
tion at its 125 kHz switching frequency. Figure 7 shows the final
experimental setup, with the hardware additions of Figure 6 im-
plemented in an ADuM4195-based measurement daughter card,

made for you

which was added to the original evaluation board in the ADP1055-
EVALZ user guide.

Figure 7: Experimental setup for the RPT proof of concept.

Figure 6 (bottom) also depicts the configuration performed on the
software side for RPT adaption. The digital control system was stud-
ied in depth. The results are summarized in the descriptive blocks
of the process, as follows:

* The right steady state response was achieved by changing the
PWM settings to have duty cycle changes that are proportional to
the secondary inductor charging. This is according to the boost-
type operation that the architecture has in RPT mode.

+ The transfer function of the plant in the Laplace domain, Gp(s),
was identified with the AC small-signal equivalent circuit tech-
nique,” accounting for the LCL output filter of the design on the
ADP1055-EVALZ user guide. Different from the FPT, the plant re-
sponse in RPT is that of a second-order system with a righthand
side zero (RHZ), typical of a boost converter in CCM. Note that a
system of this type is intrinsically unstable and will need a reduc-
tion of bandwidth in the error amplifier.

* The feedback measurement Gm(s) was modeled upon the fre-
quency response of the ADuM4195 working as an isolated fol-
lower (Figure 8), by using the MATLAB® System lIdentification
Toolbox. A dominant pole around 200 kHz was confirmed, so
that a fast response that remains above the target bandwidth
of the control system (around 10% of the 250 kHz observable
double frequency) is guaranteed.

electronic solutions -

& alfatec

[ 45 years of experience
/| technical support
[| well-known manufacturers

/| SiC-MOSFETS
Rpson 5-1000m Q
650-3300V
Modules & Discretes
Single to Full Bridge

[| IGBTS
10-600A
Modules & Discretes
Single to 7 Pack

.- Powering the
SEMI(E ‘ SiC evolution™

YGeneSiC’

SEMICONDUCTOR

alfatec GmbH & Co. KG - Meckenloher StraRe 11
91126 Rednitzhembach - Tel.: +49 (0)9122 - 97 96 0
E-Mail: info@alfatec.de - Web: www.alfatec.de



https://alfatec-campaign.com/
mailto:info@alfatec.de

90 Power Management

June 2024

bodospower.com

Bodo’s Power Systems®

+ The option to add a pole in the standard
digital compensator of the controller was
taken, for a resulting reduced bandwidth
in the overall control system, necessary
in this nonminimum phase boost-like
converter plant. Thus, the digital control-
ler in Equation 1 was used (constants as
defined in the ADP1055 user guide).

Figure 8:
ADuM4195.

Frequency response of the

In order to keep the analysis in the Laplace
domain, a continuous-time model Gc(s)
of Gc(z) was created, according to digital
control theory.? Thus, a computational
delay was added first (x zh), and the final
representation in continuous time was
achieved by using:

(a) the Tustin approximation and

(b) the Padé approximation to mod-
el the discrete PWM (DPWM) delay (of
Tso/2=1/4f,,), so that:

+ Finally, the open-loop transfer function
Gol(s) = Gp(s) Gm(s) Ge(s) was studied for
the design a stable response, using the
MATLAB Control System Designer as a
regular continuous-time control loop.

One of the main observations in this exer-
cise is that if the same control constants
as for FPT were used, the response in RPT
would be unstable. Hence, a proper design
of the final values of the constants in Gc(s) is
vital for a reliable operation. Once a stable
open-loop transfer function was achieved
by design, the controller was transformed
back into the digital domain. Figure 9 (left)
shows the frequency response of the de-
signed digital filter Gc(z), which can be eas-
ily configured graphically with the GUI of
the ADP1055 on Figure 9 (right).

The functions for an increased efficiency
studied in the previous section (PS PWM
with adaptive dead times and active clamp-
ing) were also configured. Experimentally,
it was observed that to achieve proper ZVS
in the active-to-passive transitions for RPT,
it was necessary to modify the dead times
in the PWM sequence. Namely, the turn-on
of the secondary switches was modified to
happen before each transition from active
to passive intervals to allow for current re-
versal.®

The adaption to RPT was tested successfully
with 48 V obtained in the primary from an
input of 12 V in the secondary. Outstand-
ing output voltage regulation to load, and
to input-voltage changes, respectively of
0.1% and 0.02% relative standard deviation
(RSTDEV) were achieved, as shown in Figure
10a. Figure 10b and Figure 10c show the
conversion efficiency and the step response
to a 50% load change, respectively. The effi-
ciency levels in RPT are similar to FPT mode,
with a peak of 94% at midpower range, in
both cases. The step response parameters
(overshoot and settling time) are (1%; 1.5
ms) in RPT compared to (2%; 800 ps) with

FPT. A lower overshoot with a slightly slow-
er settling time are observed, composing
a stable transient response. These results
verify the validity and success of the design
process for adapting the digital controller
to work in bidirectional power transfer.

Conclusion

Dedicated digital controllers for power
conversion are a good alternative for the
implementation of safe and reliable appli-
cations within the energy market. This is
because, compared to microcontroller de-
vices, they can assist an easier FS certifica-
tion, which reduces the time to revenue of
system-level designs. Because these devic-

Figure 9: Digital filter response configured on the ADP1055.

Figure 10: Resulting (a) output voltage regulation, (b) efficiency, and (c) 50% load-step response

in RPT mode.


https://www.bodospower.com

June 2024

Power Management 91

es are usually built for unidirectional power
transfer, this paper explores their adap-
tion to bidirectional operation. Theoreti-
cal models, simulations, and experimental
studies demonstrate the application of an
isolated bidirectional DC-to-DC converter
for battery-based ESSs. The results validate
the feasibility of the application, with simi-
lar performances achieved for both energy
transfer directions.
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Single-Board Plug-and-Play Gate Drivers

Power Integrations launched the SCALE-iFlex™ XLT family of dual-
channel plug-and-play gate drivers for operation of single LV100
(Mitsubishi), XHP™ 2 (Infineon), HPNC (Fuji) and equivalent semi-
conductor modules up to 2300 V blocking voltage for wind, energy
storage and solar renewable energy installations. This single-board
driver enables active thermal management of inverter modules for
improved system utilization and reduces the bill-of-material count
for increased reliability. This compact new SCALE-iFlex XLT gate
drivers fit inside the outline of the module, allowing the drivers to
be mounted on the module, which gives converter system design-
ers a high degree of mechanical design freedom.

SCALE-iFlex XLT dual-channel gate drivers feature Negative Tem-
perature Coefficient (NTC) data reporting - an isolated tempera-
ture measurement of the power module - which allows accurate
thermal management of converter systems. This enables system
designers to optimize thermal design and obtain a 25 to 30 percent

converter power increase from the same hardware. The isolated
NTC readout also reduces hardware complexity, eliminating mul-
tiple cables, connectors and additional isolation barrier crossing
circuits. The gate drivers employ Power Integrations’ SCALE-2 chip
set which minimizes component count, enhancing reliability. The
gate driver board also protects the power switches in the event of
a short-circuit.

WWW.power.com

Maximum Isolation for Battery Management Systems

Waurth Elektronik expands its WE-BMS transformer series for bat-
tery management systems with versions for an operating voltage
of 1500 VDC. The component design features enhanced isolation
in line with IEC 62368-1 with triple-insulated wire (primary and sec-

ondary side), as well as galvanic isolation and a test voltage of 6400
VDC. All this makes the new models in the series well-suited for
use in large stationary energy storage systems from solar and wind
farms, in intermediate storage systems in high-power charging sta-
tions to balance out peak loads, or for uninterruptible power sup-
plies used in critical infrastructures.

Battery management systems ensure safe operation of battery
packs and provide information on battery and charge status. The
downstream BMS controllers are connected in series, as are the
battery cells. As voltage differences and electromagnetic interfer-
ence can arise between the components connected in series, a BMS
transformer helps isolate the components from each other and
suppress interference. The latest members of Wirth Elektronik's
BMS transformer series guarantee this, even in systems with a high
operating voltage of up to 1500 VDC. The longevity of the enhanced
isolation of the modules as defined in IEC 62368-1 was tested using
the partial discharge test in accordance with IEC 60664-1.

www.we-online.com

GaN FETs for High-Performance Class-D Audio Amplifiers

EPC has launched the EPC9192 reference design for efficient Class-
D audio amplifiers. The EPC9192 showcases the capabilities of EPC's
200V, EPC2307, eGaN FETs in a ground-referenced, split dual sup-
ply Single-Ended (SE) design, delivering 700 W per channel into a 4
Qload. The EPC9192 features a modular design that allows for scal-
ability and expandability. The motherboard hosts two PWM mod-
ulators and two half bridge power stage daughterboards, imple-
menting a two-channel amplifier with 12 V housekeeping supplies
and protections. Users are able to customize the PWM modulator
and power stage, facilitating the evaluation and comparison of dif-
ferent devices and modulation techniques. The EPC9192 provides
a dual split supply input, unregulated, +42 V to +85 V for power
stage while its analog inputs may be balanced (XLR) or unbalanced
(RCA). It is configurable for two independent SE channels or single
channel BTL mode. Undervoltage, Overvoltage, Overcurrent, and
Overtemperature protections are included in the device. Its switch-
ing frequency is beyond 600 kHz while the noise floor is 40 pV, and
the frequency response in the range of 5 Hz - 20 kHz is +/- 0.5 dB,
regardless of load.

WWW.epc-co.com
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Two-Stage EMI
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EMIS now offers the MF410 series of single
phase two stage EMI filters which are es-
pecially designed for applications with low
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ous or intermittent interference noise and @ RFMW
where high levels of mains borne interfer- ®
ence may be present. The MF410 series COMPONENTS

provides high attenuation for both line-to-
ground and line-to-line emissions and are
available with power ratings from 1 Ato 100 PCIM Europe
A. They are available in a number of termi-
nation options including Faston and screw Hall 7 #134
connectors. Typical applications include
industrial equipment and factory automa-
tion, servo drives and motor controllers, ap-
pliances, electronic data processing equip-
ment, power supplies as well as medical
equipment. The maximum continuous op-
erating voltage is 250 VAC @ 50/60 Hz and
DC while the operating frequency spans
from DC - 400 Hz. The temperature range
is specified -25 °C to +85 °C.
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Automotive linear Regulators

STMicroelectronics’

LDH40 and LDQ40

voltage regulators

for automotive and

industrial applica-

tions start-up from

a 3.3V input and

operate with up to

40 V applied. The

LDH40 delivers up

to 200 mA and is available in one version only, having adjustable
output voltage from 1.2 V to 22 V. The 250 mA LDQ40 is available
with @ 1.2 V - 12 V adjustable output and a choice of 1.8V, 2.5V,
3.3V, and 5.0 V fixed output voltages. The quiescent current of 2
MA at zero load and 300nA logic-controlled shutdown mode help
preserve battery energy in always-on standby systems. The devices
are stabilized with a small ceramic capacitor on the output. The au-
tomotive devices are AEC-Q100 qualified and packaged as 2 mm x
2 mm DFN6L devices with wettable flanks that ease PCB design and
facilitate automated optical inspection. Their wide input-voltage
range allows connection to a vehicle 12 V bus, that can reach up to
40V transient, to power infotainment systems, instrument clusters,
and ADAS. All the LDOs have system protection and management
features including internal current limiting, thermal protection,
soft-start, and output active discharge. There is an enable pin for
shutdown control and a power-good pin for diagnostic monitoring.
The LDQA40 devices also have short-circuit protection.

www.st.com

Come & discover

at PCIM

for a greener future
pcim

EUROPE

Nuremberg, 11-13 June 2024
Hall 9 . Booth 224

Power Factor Correction Chokes

ITG Electronics has introduced a line of
power factor correction (PFC) chokes whose
slim design enables engineers to incorpo-
rate them into tight spaces. The company’s
PFC282820B and PFC2828228B series of PFC
chokes are suitable for 500 - 1000 W contin-
uous conduction mode PFC boost convert-
er applications. ITG Electronics also offers a
wider design (27.5 x 28.5 mm3) compatible
with power systems up to 2,000 W. These
devices are part of ITG Electronics’ broad-

er Cubic Design PFC Choke series. Com-
pared with traditional, toroidal-shaped PFC
chokes, the series extension incorporates
a flat wire and square core to save space
and increase power density. ITG Electronics’
range of PFC chokes are appropriate for AC
to DC power conversion in industrial equip-
ment and automative components manu-
facturing environments.

www.itg-electronics.com
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High-Capacity Regenerative Electronic Load

The PXZ series of efficient, reliable, high-
capacity regenerative electronic loads from
Kikusui has a rated power of 20 kW in 3U. In
addition to the constant-current, constant-
resistance, constant-voltage, and constant-
power operating modes, this series has an
I-V characteristic function that allows the
user to set arbitrary |-V characteristics for
each CC and CV operating mode. The series

is also equipped with various functions,
such as sequence, pre-charge, synchronous
operation, pulse, sine, and VMCB functions.
LAN, USB, and RS232C communication
functions are included as standard, allow-
ing direct integration into various evalua-
tion systems. The PXZ series is scalable, and
its capacity can be increased up to 200 kW
when operating in parallel (up to 10 units).

www.kikusuiamerica.com

Integrated GaN System-in-Packages

Transphorm and Weltrend Semiconductor
announced availability of two GaN System-
in-Packages (SiPs). When combined with
Weltrend's GaN SiP announced last year,
the devices establish the first SiP product
family based on Transphorm’s SuperGaN®
platform. The SiPs—WT7162RHUG24B and
WT7162RHUG24C—integrate ~ Weltrend's
high frequency multi-mode (QR/Valley
Switching) Flyback PWM controller with
Transphorm's 150 mQ and 480 mQ Super-
GaN FETs respectively. Like their 240 mQ
predecessor (WT7162RHUG24A), the de-

vices pair with USB PD or programmable
power adapter controllers to provide a
total adapter solution. Other features in-
clude the UHV valley tracking charge mode,
adaptive OCP compensation, and adaptive

green mode control that allow engineers
to design power supplies faster and with
fewer components. Some key advantages
of Transphorm’s normally-off d-mode Su-
perGaN platform include its robustness (+/-
20V gate margin with a 4 V noise immunity)
and reliability (< 0.05 FIT) with the ability to
increase power density by 50% over silicon.
Weltrend's SiP designs complements this to
create a near plug-and-play solution that
speeds design while reducing form factor
size.

www.weltrend.com

USB Type-C Protection Switch for increased Efficiency and Safety

Alpha and Omega Semiconductor (AOS) has
released the AOZ1377DI Type-C Protection
Switch which is designed to enhance USB
Type-C efficiency and safety. These protec-
tion Type-C switches have a current-limiting
switch targeting applications that require
comprehensive protections. AO0Z1377DI
supports up to 7 A with an input voltage of
up to 20 V, making it usable for both sink
and source applications. The AOZ1377DlI of-
fers features that significantly reduce volt-
age drop and power loss compared to back-
to-back p-channel devices typically used in
such applications. The device supports an
input operating voltage range of 3.4V to 23
V, with both VIN and VOUT terminals rated
at a maximum of 28 V, and is capable of up

to 7 A. These devices are suited for high-
power applications requiring multi-port
Type-C PD 3.0 current source supporting up
to 100 W like in high-performance laptops,
personal computers, monitors, docking sta-
tions, and other Type-C port applications.
The AOZ1377DI has a True Reverse Current
Blocking (TRCB) protection, which prevents
undesired reverse current from VOUT to
VIN. It also features an internal current-
limiting and short-circuit current limit that
protects the source device from large load
current. The current limit threshold can be
set externally with a resistor. Furthermore,
the integrated back-to-back MOSFET is said
to deliver “the industry’'s lowest ON resis-
tance and highest SOA to safely handle high

currents and a wide range of output capaci-
tances on VOUT".

www.aosmd.com

alfatec 89
Alpha & Omega 69
BASIC Semiconductor 83
Bourns 41
Coilcraft 12
COMSOL 45
Danisense 35
DOWA 63
ECCE Europe 87
ed-k c2
Electronic Concepts 1,25
EnerHarv 94
EPC c4
Finepower c3
Fuji Electric Europe 11
Grau Elektronik 91
GVA 21
HIOKI 13

Hitachi Energy 31

Advertising Index

IEEE PELS 94
Indium 83
Infineon 19, 81
ITG Electronics 39,79
LEM 5
Magnetic Metals 59
Microchip 33
MinebeaMitsumi 9
Mitsubishi Electric 43
NORWE 69
OpSens Solutions 67
P-Duke 29
Payton Planar 65
PCIM Asia 51
PEM UK 75
Petercem Sensors 95
Plexim 37
Premier Magnetics 23
Qorvo 15

RECOM Power 57
Renesas 77
RFMW 93
Rogers 67
ROHM 7
Sanan 85
SAXOGY POWER ELECTRONICS 53
SIRIO ELETTRONICA 14
TAMURA 65
teknoCEA 95
Texas Instruments 55
Traco Power 91
Vincotech 17
VMI 71
WIMA 27
WiPDA 51
Wodrth Elektronik eiSos 3
ZEZ SILKO 93



https://www.bodospower.com

XEV power conversion tailored
to your specific needs

Infineon is your trusted advisor, providing all three technologies
and meeting any of your requirements:

- Cost-effectiveness
— Highest power density and efficiency
— Full design flexibility with reduced cooling efforts

Temperature

«(®)
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of I e |

Integration Switching

loss

Discover our broad offering of automotive-qualified power switches:

Silicon Silicon Carbide Galium Nitride
MOSFETs MOSFETs Transistors

", m " L ?: '_- . o . - ./.
- L2 i (Infineon
For more details scan the QR codes


https://bit.ly/3JSYwEb?r=qr
https://bit.ly/3WBrjof?r=qr
https://bit.ly/4dHaWga?r=qr

Efficient and sustainable

power conversion enabled

by wide-bandgap materials:

SiC and GaN

Higher performance
2X more power

N\ Higher power density
AN 2xsmaller units

g Higher efficiency
-50% power losses

Bidirectionality
2x longer lifetime

Scalable batteries
Faster charging

(infineon


https://bit.ly/3JSYwEb?r=qr

DISTRIBUTION HUB

Connectors & Switches

« Signal transmission (RJ45, USB, SFP,
fiber-optical, ...)
- RJ45 jacks with integrated magnetics
- RJ45 cables

» Power transmission (Pin headers,
board connectors, ...)

e Busbars

» Micro switches

« All standard and customized

Your advantages

Very cost effective

High quality production

Automotive BU with IATF-16949 production
Full customization support

www.finepower.com


http://www.finepower.com



https://l.ead.me/GaNRobotMD
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