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PRESS RELEASE

The Perfect Match — (U)WBG Semiconductors and Information Technology are
Revolutionizing Power Electronics

Fraunhofer Institutes 1I1SB, ISIT and IMS Showcase Together the Next Generation Power Electronics

Wide-bandgap (WBG) semiconductor technology and artificial intelligence together are revolutionizing power
electronics. A new class of intelligent power electronic systems is unlocking new performance and application
areas. The high demands of system development impact the entire power electronics value chain. Specifically,
this applies to semiconductor materials and devices as well as packaging and module technology. Extreme oper-
ating and environmental conditions demand maximum reliability and ultra-high performance. At PCIM Europe
2024, Fraunhofer 1ISB, Fraunhofer ISIT and Fraunhofer IMS together present the entire value chain for next-gen-
eration power electronics.

All-electric Society

In power electronics, a fundamental change is happening. Two very dynamic sectors are currently auto-
motive electronics and energy technology. In both application areas, there is a race for ever more efficient,
high-performance and cost-effective power electronics systems. On top of this, there are increased re-
guirements in terms of the reliability and service life of the electronic parts and components.

The main purpose of power electronics is the conversion and distribution of electrical energy using elec-
tronic switches between different sources, energy storages and loads that are electrically linked to each
other. Power electronics fulfill these functions both in stationary applications, such as integrating renewa-
ble energy sources into the power grid, and more and more in mobile applications, like in battery electric
vehicles. The central and crucial components here are the electrical converters, which can be used, for ex-
ample, as chargers, voltage converters or drive inverters.

Faster - Stronger - Higher

With drive outputs of up to 1000 kW and ranges of over 1000 km, electric powertrains for electric cars
have reached a new level. The electric converters are operating in the megawatt class. As a result, vehicle
electronics are advancing vehemently into the area of larger drives and opening up further interesting
fields of application. Outstanding examples are the emerging electrification in ships and aviation.

Hybridization, i.e., the combination of combustion engines or jet propulsion systems with fuel cell technol-
ogy and battery storage, promises enormous savings in terms of fuel consumption and emissions. Along-
side batteries, hydrogen is becoming an interesting energy carrier. The hydrogen technology in turn opens
up its own technological possibilities, such as the design of cryogenic converters or the use of supercon-
ducting cables and motor windings. However, classic silicon components have reached their physical limits
and the use of wide-bandgap semiconductors such as silicon carbide or gallium nitride is a necessity.
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Taking off with WBG

WBG-based power devices offer low on-state losses, enable higher switching frequencies and can handle
high currents at high operating voltages. They provide superior thermal properties and are suitable for op-
eration in a wide temperature range. Customized device and process technologies, such as VDMOS, pave
the way to fully exploit the potential of WBG semiconductors for power electronics.

In terms of industrial application, SiC (silicon carbide) and GaN (gallium nitride) semiconductor technolo-
gies have gained significant impact on the market. However, there are still unlocked advantages at system
level in terms of cost, efficiency, and construction volume. Current research activities are focused on an in-
depth understanding of device characteristics and materials properties, not only on device level.

In the development of WBG-capable modules, especially GaN and SiC power modules, various technical
challenges remain to be investigated. So, to realize highest efficiency power electronic conversion with
fast switching, parasitic effects have to be minimized. In this context, the spatial and functional integra-
tion of the semiconductor switches with the driver control is crucial.

New challenges for WBG power modules come from extreme temperatures like cryogenic as well as high-
temperature applications with appropriate adaptations to the packaging technology. Accordingly ex-
tended qualification measures and test procedures are required, that take novel failure mechanism into
account. With special environmental and operational conditions, aviation is one of the hardest areas to
conquer. Reliability is the key here, as failure rates must be precicely identified and extremely low. And all
this with an outstanding power-to-weight ratio.

Power Meets Intelligence

Another trend in system development is apparent: the progressive integration of information and commu-
nication technology.

On-board power grids for aircrafts and vessels are comparable with the local power grid of a small town
in terms of their complexity and dimensions. The grids connect many distributed sources and loads via
long cables and transfer high power simultaneously. As a result, the focus is shifting to grid stability and
droop control, i.e. the control and synchronization of generators and converters. Additional functions for
monitoring, management and communication, as well as intelligent capabilites need to be implemented
in the grids: On-board grids are evolving into smart grids. In stationary grid technology, especially in smart
grids or local DC grids, as well as in battery systems for battery management, this transformation has
been visible for a while now.

The fusion with data processing requires an increasing integration of digital technology components. Mi-

crocontrollers and system on chips have long been used in drivers and control circuits for electronic power
switches. Approaches from classic signal processing are also being applied, e.g., for forming the alternat-

ing current waveform to save space and material-intensive passive filter components. This is also exempli-

fied by modular multi-level converters, which consist of a large number of freely configurable inverter cells
and can be used to cover a very wide range of applications and performance.
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The Perfect Match

A new class of intelligent power electronics with additional Al functionality, the so-called cognitive power
electronics, is currently being developed further. These "perceptive systems" are equipped with sensors to
detect various physical parameters and embedded electronics to record and analyze data in real time.
Electric drives thereby become integrated intelligent systems that know about their present operating sta-
tus. Based on methods of machine learning, cognitive power electronic systems can make predictions and
react autonomously to internal and external influences and events.

The high demands imposed by system developers affect all stages of the power electronics value chain. It
is already apparent today that the demanded performance characteristics of the new type of power elec-
tronics can no longer be achieved with the existing semiconductor devices and system features. Power
semiconductors based on ultra-wide bandgap materials and other innovative devices, such as integrated
snubbers or active circuit breakers, are in the pipeline. Accompanying, the transition towards an all-elec-
tric society pushes the power electronic systems development to new performance levels.

The integrated power electronic system - the symbiosis of innovative power semiconductor technologies,
microelectronics and artificial intelligence - is becoming a reality.

At PCIM Europe 2024,

Fraunhofer 11SB, Fraunhofer ISIT
and Fraunhofer IMS together
present the entire value chain for
next-generation power electronics.
© Elisabeth Iglhaut /

Fraunhofer 1ISB
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PCIM Europe 2024 Nuremberg - Excelling in Power Electronics

At this year's leading trade fair for power electronics in Europe - PCIM Europe 2024 in Nuremberg - three
Fraunhofer Institutes are teaming up at their joint booth no. 6-368. From June 11 to 13, 2024, the Fraun-
hofer IISB, Fraunhofer ISIT and Fraunhofer IMS together present the entire value chain for next-generation
power electronics.

Visitors can expect exhibits on topics ranging from wide-bandgap and ultra-wide-bandgap semiconductors,
(U)WBG-ready packaging and module technology, cryogenic to high-temperature, integrated passives, ac-
tive fuse components, advanced sensor technology, MEMS integration, ultra-compact power converters and
modular multi-level converters to electric powertrains for large-scale drives.

https://pcim.mesago.com

PowerCare - Cognitive Power Electronics with Integrated Failure Protection

The centerpiece of the joint booth and overlap of the expertise of the three partner institutes is the exhibi-
tion area for project PowerCare. PowerCare uses a new monitoring concept in the form of a miniaturized
motor controller with integrated real-time failure prediction (edge Al) to detect upcoming maintenance

needs in advance. This is laying the foundation for a new evolutionary stage of intelligent power modules.
Simultaneously, the switch to vertical GaN MOSFETSs allows for unrivaled power densities and ruggedness.

Within the project, Fraunhofer ISIT works on novel, vertical GaN trench MOSFETs and their behavioral mod-
els. Fraunhofer IMS contributes embedded Al models integrated in a PWM controller for failure prediction
of electric motors and GaN power semiconductors. Fraunhofer [ISB demonstrates GaN MOSFETs and an in-
telligent motor control with Al-based condition monitoring of the electric drive. For a market-oriented de-
velopment of cognitive power electronics, the project partners Siemens AG, X-FAB Dresden GmbH & Co.
KG, NXP® Semiconductors Germany GmbH, and TU Dortmund University provide support and valuable
practical feedback.

WWW.power-care.org

Fraunhofer Institute for Integrated Systems and Device Technology IISB

The Fraunhofer IISB in Erlangen specializes in wide-bandgap semiconductors and efficient power electron-
ics. Here, materials and device know-how merges with complex system development, especially for e-mobil-
ity and sustainable energy supply. With its solutions, the institute has been setting benchmarks in energy
efficiency and power density, even for extreme operating conditions like in aviation and space.

At its long-time no. 1 trade fair, the lISB shows the broad spectrum of its activities in high-performance
power electronics. Starting from WBG and UWBG base materials over semiconductor technology with SiC
device development and prototype processing, the spectrum ranges to hybrid integration, packaging and
module technology. In the area of system integration, visitors await exciting exhibits showcasing medium
voltage electronics and advanced SiC and GaN power electronics for automotive, maritime and aircraft ap-
plications. Special highlights are a fully integrated aircraft power train in the megawatt class and a crewless
electric vertical take-off and landing vehicle for early Al-based forest fire detection.

https://www.iisb.fraunhofer.de
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Fraunhofer Institute for Silicon Technology ISIT

The Fraunhofer ISIT in Itzehoe is one of Europe's most modern research facilities for microsystems technol-
ogy and power electronics. At the heart of the institute are its cleanroom facilities, large enough not only to
conduct research but also to manufacture the microchips developed on an industrial scale.

At PCIM 2024, Fraunhofer ISIT gives insights into current and future activities in the areas power electronics
and electronic energy systems. As a part of Fraunhofer’s GaN pilot line, an emerging, independent ecosys-
tem for development activities ranging from epitaxy via device processing to application, the ISIT presents
lateral and vertical GaN devices and its processing capabilities as well as GaN-on-QST services. With the con-
cept Active Reliability, the institute shows condition monitoring techniques and data processing approaches
such as data-fusion and digital twin for online state-of-health estimation, lifetime extension, and fault toler-
ance. Further highlights are the EnergyHub, a DC power router for multi-source integration and high-availa-
bility power supply and GaN-based converters for high-efficiency and high-density energy conversion.

https://wwwe.isit.fraunhofer.de

Fraunhofer Institute for Microelectronic Circuits and Systems IMS

The Fraunhofer IMS in Duisburg is a trusted research and development partner for industry. Its goal is to
develop customized sensor systems for specific needs in the areas of biomedical sensors, optical systems,
open-source semiconductors, embedded Al, technology services and even quantum technology.

At PCIM Europe 2024, Fraunhofer IMS presents innovative technologies in power electronics and RFID tech-
nology. The institute also offers solutions in ASIC and chip design as well as CMOS, MEMS and LiDAR. Its
RISC-V processors deliver outstanding performance and improve efficiency and reliability in various applica-
tions. With the PredictiveBoX developed at the IMS, Al-based vibration analysis can be carried out and pro-
duction optimized. In addition, customized vertical GaN switches enable savings of megatons of CO..

https://www.ims.fraunhofer.de

Research Fab Microelectronics Germany

The overall framework is the Research Fab Microelectronics Germany FMD (acronym in German), a coopera-
tion of the Fraunhofer Group for Microelectronics with the Leibniz institutes FBH and IHP. With more than
4,600 employees and a diversity of expertise and infrastructure, the virtual umbrella organization of FMD is
the largest association of its kind in Europe. As a pioneer in cross-location and cross-technology coopera-
tion, FMD is actively addressing the current and future challenges of electronics research to ensure the
preservation and expansion of Germany's and Europe's technological sovereignty.

www.forschungsfabrik-mikroelektronik.de
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