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Facts & Figures 

Partners: 31 

Countries: 8 

Budget: 41 Mio €  

JU Funding: 12 Mio €  

Project Start: May 1st, 2018 

Duration: 36 months 

Coordinator: AVL List GmbH 

Reliable and energy efficient drivetrains   
HiPERFORM stands for High performant Wide Band Gap Power Electronics for Relia-

ble, energy efficient drivetrains and Optimization through Multi-physics simulation.  

The European and global automotive industry currently faces the challenge of re- 

ducing CO2 emissions, since improving air quality and avoiding global warming is high 

priority on the agendas in Europe and in the rest of the world. With a share  

of approximately 23%, the transportation system in Europe contributes significantly 

to the total greenhouse gas emissions and global warming. 

By a tremendous increase of affordable and efficient electric and hybrid vehicles, 

Europe can pave the way for a decarbonized transport system. Nevertheless, this is 

only one of many important measures that are needed to fight global warming. 

The project HiPERFORM will directly address this topic with the introduction of wide 

band gap (WBG) power electronics in the drivetrain of electric vehicles. 

31 partners from 8 European 

countries are cooperating in the 

next 3 years to pave the way for a 

decarbonized transport system. 

From the manufacturer of semi-

conductors as well as power mod-

ules through suppliers of develop-

ment methods and tools to the 

system and ultimately the vehicle 

manufacturers. The integration of 

academic partners with a high 

level of competence in these do-

mains completes this approach.  
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The structure of R&D activities in this project is represented in the work package 

structure shown in the figure below. It shows that the requirements are derived in 

WP1 on the basis of the use-cases and are directly fed into the technical work  

packages which form a sequential flow of activities. However, it is also clear that activ-

ities in technical WPs will also happen in parallel based on existing results taken out of 

other research projects. The demonstration and evaluation of the concepts and ap-

proaches will take place in WP1 again to close the loop, which might have more than 

one iteration.  

 

“31 automotive, semiconductor and academic partners are contribu-
ting to the future of transport with new solutions.” 

Successful Project Start 

HiPERFORM at a Glance 

The HiPERFORM project was successfully 

kicked-off in Graz in May 2018. AVL List 

as Coordinator hosted the official kick-off 

meeting of this European research pro-

ject, focusing on energy-efficient  

semiconductor technologies.  

The project, set to run until 2021, will 

strengthen and expand Europe's status 

as a center of expertise for the develop-

ment and production of innovative  

power electronics.  

On the first day, the coordinator pre-

sented to the General Assembly the 

status on the agreements and project 

boundary conditions. The project wide 

technical management process and ad-

ministrative rules defined in the project 

handbook were introduced. 

After the introductory session the work 

package leader presented their team and 

the objectives. Use-case leader gave a 

deeper insight into the six use-cases with 

linkages to work packages. The first day 

was rounded-off with the social event in 

a typical Styrian restaurant to get to-

gether in a cozy atmosphere. 

The second day was used for break-out 

sessions for use-cases and work packag-

es to elaborate on further planning  

details and open technical questions.  
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Did you know... 

• Traffic is causing 23% of the 

pollution in EU! 

• Traffic is one of the main 

contributors to greenhouse 

gas production. 

• HiPERFORM supports the 

global CO2 reduction  

to avoid global warming and 

emissions through transport. 

• HiPERFORM develops  

modern power tools used in 

green vehicles. 

• HiPERFORM will bring new 

solutions for electrical and 

hybrid vehicles for  

a resource-efficient and  

decarbonized transport sys-

tem. 

 

Work Package Structure 

ABOUT THE PROJECT 



Main application areas 

The project deals with three 

main application areas of the 

electric vehicle, relating to  

 inverters, 

 chargers, and  

 test systems.  
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From Component to System 

Development of highly efficient and dynamic test and emulation systems for electric 

components in e-Vehicles using latest SiC and GaN technology.  

Use-Case 2: Wafer Test-Bench for GaN   

Benchmarking performance of next generation materials for power switches fabricated 

in GaN using an on-wafer test-bench, assessing performance merits for use of these 

materials in power subsystems for automotive applications. 

Use-Case 3: WBG for Inverters    
Demonstrate by using a hardware buildup the capabilities of SiC based power electro-

nics targeting an automotive inverter application with special focus on power modules.  

Use-Case 4: In-wheel electrified powertrain   

Demonstration of a complete powertrain conceived with capabilities of WBG materials, 

featuring high power density and high efficiency double SiC inverter.   

Use-Case 5: GaN On-board charger    
Demonstration of GaN-based power electronic converter for on-board charger, featu-

ring more compact system, high efficiency and high power density.  

Use-Case 6: SiC Off-board charger     

This use-case explores the technological possibilities for high power conversion electric 

vehicle chargers (up to 150kW), as opened up by the future availability of WBG power 

devices.   

Use-Case 1: Test systems for e-components  

HiPERFORM will deal with all areas of Gallium Nitride (GaN) power electronics (from 

base materials to complete subsystems), with a special focus on the enhancement of 

reliability, and applications with lower voltage, like 48V systems. Since a broad commu-

nity worldwide is undertaking research activities in the area of GaN, investments in 

research for GaN devices are key to secure innovations and patents. 

In addition, latest Silicon Carbide (SiC) components will be introduced into new archi-

tectures, controllers and applications for advanced inverter systems in high power 

drivetrains and test systems to reduce the energy losses and reduce the components 

weight and size of modern EV-drivetrains. 

HiPERFORM is use-case driven. These use-cases represent relevant e-powertrain con-

cepts with WBG technologies on different integration levels and validation of the con-

cepts in relevant environments. 

ABOUT THE PROJECT 



Recently, power modules based on Wide Band Gap (WBG) such as Gallium Nitride 

(GaN) and Silicon Carbide (SiC) are emerging technologies, which are a promising al-

ternative to Silicon-based switches thanks to their high switching frequency, high 

breaking voltage and high temperature. Thus, HiPERFORM project goes beyond the 

state of the art providing the next generation of WBG power modules, which enable 

us to improve the overall performances of the power module in many applications, 

such as testing facilities, on-board chargers, off-board chargers, inverters, etc.  

HiPERFORM aims to improve the efficiency of the electronics systems up to 98% and 

up to 40% reduction in the weight and volume, while they are operating at high 

switching frequencies with robust gate drivers and high reliability.  

“End users benefit from affordable eco-friendly vehicles with modern 
power devices developed within HiPERFORM.” 

Innovative WBG switches 

Power Modules 
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in 1985. Since 2008 he has 
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About the author 
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TECHNICAL INNOVATIONS 

Power Modules in electronic systems   Power Modules based on SiC and GaN   

Applications which are demanding higher switching frequencies have a strong demand 

for switches that cannot be realized with silicon. For this reason, we use WBG switch-

es that show up excellent switching performance and lower RDSon thus enabling higher 

power density. But current WBG switches are suffering from missing field reliability 

experience and price performance issues. Work package 2 addresses new approaches 

to reduce defect densities and improve the cost performance of expensive processes 

like substrates and epitaxial layers for buffer and device. 

Investigation of advanced GaN substrates and buffer layers will be performed to  

increase their technology readiness for applications. One track will investigate cost 

reduction for the growth of GaN buffers, by using sputtered AlN templates,  

and sputtered epitaxial GaN buffer layer, which can help to strengthen the position of 

the GaN in the market with respect to competing technologies. The second track aims 

to investigate the advanced CTE-matched poly-AlN substrate for high reliability auto-

motive applications. In addition, research is being carried out on the WBG switches 

themselves, including innovative tests, enabling much higher reliability by appropriate 

screening. Both are described in more detail on page 5. 

HiPERFORM targets the provision of innovative WBG switches as benchmark devices 

based on an enhancement-mode pGaN-HEMT approach. New records in terms of RDSon 

and dynamic RDSon should be achieved. The targeted voltage classes are 100V, 200V 

and 650V. The 100 V and 200 V research demonstrators will be packaged in an ex-

tremely low inductive and high current capable PG-VSON-6-3.  Unit Cell of GaN HEMT 
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Poly-AlN substrates for improved reliability 
Imec is involved in the study of novel materials and processes that will allow an increase of 

the reliability and a decrease of the cost of GaN switches. More particular, imec is develop-

ing novel substrate materials and corresponding epitaxy processes for growing GaN, and – 

together with Fraunhofer FEP – looks into more efficient ways of depositing the GaN buffer 

layer. 

Reliability is a key requirement for automotive applications. For power electronic compo-

nents, this requirement translates into high breakdown voltages of 1.2kV. But today’s GaN-

based components – which are typically fabricated on Si substrates because of the low- 

cost perspectives – cannot withstand voltages higher than 650V.  

To scale up voltages, imec proposes a novel substrate material for growing GaN: poly-

aluminum-nitride (poly-AlN). The thermal expansion coefficient of this material better 

matches the thermal expansion coefficient of GaN. Theoretically, thicker buffer layers can 

be grown – allowing for higher operating voltages and hence increased reliability. Simulta-

neously, the epitaxy process needs to be adopted considerably from the traditional  

approaches for GaN-on-Si, in order to leverage the benefits of the poly-AlN substrate.  

 

 

 

 

 

The buffer consists of an AlN nu-

cleation layer (a template), an 

AlGaN transition layer and a super-

lattice structure of GaN/AlN.  

 

TECHNICAL INNOVATIONS 

Graph illustrating high buffer break-

down voltages obtained on poly-AlN 

substrates with the imec proprietary 

buffer scheme.  

Traditionally, the layers of the GaN buffer are grown by metal-organic chemical vapor 

deposition (MOCVD). The MOCVD process, however, significantly adds to the final cost 

of the GaN components. Therefore, Fraunhofer FEP is developing a novel sputter sys-

tem for more efficiently growing specific layers of the buffer, with imec supporting the 

development of the epitaxial layers with this tool. This unique way of growing GaN 

buffer layers is expected to allow for faster growth rates, lower growth temperatures, 

a smaller number of material resources and the ability to move to larger substrates. 

The outcome of the project will in the first place have a positive impact on the next 

generation of highly efficient electric cars. In addition, the results will strengthen the 

position of GaN in the (automotive) market with respect to competing technologies. 

Sputtered AlN templates and buffers for 
cheaper production 

“Initial results look very promising, with breakdown voltages  
already as high as 900-1000 V.” 

About the author 

Steve Stoffels received the 

M.Sc. (magna cum laude) de-

gree in applied physics from 

the University of Eindhoven, 

Eindhoven, The Netherlands, in 

2001, and the Ph.D. degree 

from the Katholieke Universi-

teit Leuven, Belgium, in 2010.  

He is currently a device engi-

neer with imec, Leuven, where 

he is involved in the research 

and development of high-

power GaN technology. He is 

also project manager for fund-

ed projects in GaN. 

Since 2017 he has been mem-

ber of the IRPS technical com-

mittee for wide bandgap semi-

conductors.  

GaN power components on a 200mm 

poly-AlN substrate  



1st General Assembly Meeting, October 2018 
The 1st General Assembly meeting of the 

HiPERFORM project was successfully held  

in Villach, Austria from October 30 to 31, 

2018. 

After a short welcome message and intro-

duction by  Infineon Austria, the project 

coordinator presented the overall status 

and the technical progress after six 

months. After the use-case presentations 

and fruitful discussions, a company tour of 

Infineon’s premises, where we got insight 

into the work of Infineon, took place. The 

first day was concluded by a common din-

ner at the "Wirtshaus Josef" where the 

partners had the chance to further discuss 

project related topics in a pleasant atmos-

phere.  

On the second day the Work Package lead-

er presented the status of their work. The 

second day ended with a summary on the 

main highlights of the meeting and the 

further steps to be done in the next 

months. 

1st General Assembly Meeting 

HiPERFORM @ ECSEL JU Symposium, June 2018 

HiPERFORM @ EFECS, November 2018 

The participation at the ECSEL JU Symposium in Brussels in June 2018 was the first dissemi-

nation activity of the project. In the poster session the scope, objectives and the key facts 

of the project were presented and first network activities could be started. 
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Dissemination Strategy 

The dissemination strategy is 

basically about the knowledge 

and experience transfer, facili-

tating the transfer of information 

and knowledge gathered in the 

project activities and results to 

the different stakeholders mainly 

in Europe but also in non-EU 

countries.  

The goal is to exchange ideas and 

results, increase the visibility of 

the project in the European re-

search landscape, and raise 

awareness to the general public. 

Involving the society is important 

to know what e-mobility and 

development in this area is about 

and its impact on everyday life 

(e.g. creation of jobs, develop-

ment of new technologies, better 

quality products, more conven-

ience, improved life-style, more 

green vehicles, etc.).  

To share and discuss knowledge 

and results acquired in the course 

of the HiPERFORM project the 

partners took part at various 

events.  

First insights into the project  and 

highlights were presented to 

different audiences at technical 

conferences, industrial congress-

es, exhibitions and public events.  

Furthermore, we will inform 

about the HiPERFORM dissemina-

tion activities through the web 

page, LinkedIn group and Twitter.  

 

This year’s EFECS conference was held in 

Lisbon, Portugal, from 20 to 22 Novem-

ber. The HiPERFORM project was pre-

sent with a booth, giving a first insight 

into the project to the public. 

Juraj Marek (Slovak University of Tech-

nology in Bratislava, dissemination lead-

er) and Christoph Abart (AVL List GmbH, 

coordinator) explained in many talks the 

project objectives and the planned work 

in the course of the project. In total, 

more than 600 visitors were present at 

the conference, taking the numerous 

networking opportunities for today’s and 

future projects. For HiPERFORM it was a 

successful event, spreading project infor-

mation and additionally connecting to 

other ECSEL JU projects. 

Project Team at EFECS in Lisbon 

EVENTS & NEWS 

Press Release, July 2018 
The official press release of the project was published in July 2018. We informed the 

most important associations and  the press about the project and its goals, impact and 

outcome. The article can be downloaded on the web page. 

EARPA Spring Meeting, March 2019 
EARPA is the platform of automotive researchers and is actively contributing to the Euro-

pean Research Area and the future EU RTD funding programs. With a presentation at this 

event, HiPERFORM gave the EARPA members an update of the idea, status, outcome and 

potential impact of the project.  



“HiPERFORM brings new solutions for electrical and hybrid vehicles.” 

Expected Impact of HiPERFORM 

Milestones and Next Steps 
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OUTCOME & NEXT STEPS 

The automotive industry is requested to 

deliver reliable and affordable electrified 

vehicles in shortest time to contribute 

significantly to the set CO2 fleet targets 

of 95g CO2/km and hence to the global 

CO2 reduction objectives. The introduc-

tion of advanced GaN power electronics 

for inverters, chargers and test systems 

to develop electric drivetrains will safe 

12.83 TWh Energy per year, if only 2% of 

new vehicles are equipped with this new 

technology.  

However, the introduction of these novel 

technologies in the automotive market 

requires huge investments and research 

work to fulfil the highest reliability and 

performance requirements that the au-

tomotive industry is used to deal with. 

Therefore, the complete value chain – 

from the semiconductor manufacturers 

to the module integrators and system 

suppliers (1st Tier), and the OEM’s them-

selves – is requested to collaborate with 

each other and tackle the challenge in a 

comprehensive manner.  

Work performed 

The project officially kicked-off in May 

2018. In the first 6 months, coordination 

meetings between use-cases, work pack-

ages and partners took place. First dis-

semination activities were carried out 

and the project started successfully.  

Afterwards in the 2nd General Assembly 

Meeting use-case and work package 

leader gave an overview of the work 

progress of the first six months.  

The use -case Specification already had a 

final status. This was the basis for the 

requirements definition and further pro-

ject activities. Focused dissemination 

activities will follow in the upcoming 

project year. 

Draft demonstrators will be available for 

the first review meeting in June 2019. 

 

 

Next steps 

• UC1: The test system design is final-
ized based on mechanical and ther-
mal simulations and the development 
of the suitable control algorithms is 
started.  

• UC2: Test bench finalized— baseline 
200V & 650V GaN-on-Si wafers are 
being evaluated with the on-wafer 
test-bench  

• UC3:  Development of 800V inverters 
with SiC  power modules is ongoing. 

• UC4: The Electrical/Electronic integra-
tion and the CAD packaging study in 
the proto vehicle is ongoing.  

• UC5: Developing a first design of ro-
bust control algorithm & strategy, 
thermal modelling, and cooling sys-
tem.  

• UC6: Improved concept of bidirec-

tional  charging system by higher 

switching frequency of WBG switches.  

 



29-30 April, 2019: HiPERFORM - 2nd General Assembly Meeting, Bratislava 

7-9 May, 2019: PCIM Conference, Nuremberg 

7-9 May, 2019: Electric & Hybrid vehicle technology expo, Stuttgart 

17-18 June, 2019: 3rd ECSEL JU Symposium 2019, Bucharest 

17-19 June, 2019: 43rd WOCSDICE Conference, Cabourg, France 

25-26 June, 2019: HiPERFORM - 1st Annual Review Meeting, Brussels 

27 June, 2019: ADEPT Spring Conference 2019, London 

15-18 July, 2019: ECCOMAS Multibody Dynamics Conference 2019, Duisburg 

October, 2019:  HiPERFORM - 3rd General Assembly Meeting, Oudenaarde 

19-21 November, 2019: EFECS 2019, Helsinki 

 

 

 

Upcoming Events Contact 

Project Coordination 

Dr. Christoph Abart 

Annemarie Hamedler 

E-mail: hiperform@avl.com 

http://www.hiperform.eu 

 

AVL LIST GMBH 

A-8020 Graz, Hans-List-Platz 1 

www.avl.com 
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