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As a leading research center and pioneer in electronic-

based systems, we provide the industry with access to top-

tier R&D infrastructure and research services, giving them a 

decisive competitive advantage both domestically and 

internationally.
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POWER ELECTRONICS



Multiphysics simulation for power electronics 
optimization & design. Multi-rate, multi-domain simulation
for multi-objective, efficiency/lifetime/volume system 
optimization including EMC.
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RESEARCH TOPICS

Flagship Research Topics

Highly efficient power converters & inverters with focus on 

resonant topologies aiming for compact hardware designs 

with high switching frequency.

Passive power components including improved 
performance factor with special attention to magnetic 
component optimization and novel fabrication techniques.

Emerging control engineering theory supported by signal 
processing, AI and high bandwidth controller hardware to 
enable full system/component utilization and lifetime optimized 
control.

Model Based Design for EMC in power electronics via 
incorporation of EMC from beginning in the design by 
simulation to reduce the number of design cycles, minimize 
the filter size and component count.

Power device packaging and characterization utilizing 
heterogeneous integration technologies and electrical, 
thermal, thermomechanical characterization & test.
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Simulation

“SALamander” multi-domain simulation framework for multi-objective 

efficiency/lifetime/volume system optimization and design.

Characterization, Test & Prototyping

Rapid Prototyping and Test Infrastructure for precise component & 

system measurements as well as hardware design.
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semiconductor 

component and 

module industry

System integrators 

and industrial user of 

power electronics



PE DIVISION OVERVIEW
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System Level Integration Technologies (SLIT)

Heterogenous Integration (HIT)

Instrumentation and Test (IT)

Coexistence and Electromagnetic Compatibility (CEMC)

Device characterization

MCAD ECAD

ECAD-MCAD design

Subsystem integration

Converter system architecture 

& topology optimization

Controller design and rapid prototyping

Passive components

design, optimization

Thermal/mechanic

al cycle analysis

Thermal + CFD

simulation

Component 

modelling & 

system 

integration

PCB layout design

MPSoCs for P-HIL & control algorithm implementation

Final prototype &

verification

Circuit analysis

& simulation

Multidisciplinary research needs

multidisciplinary competences!

Architecture and Topologies (AT)

EMI modelling

and EMI filter

optimization

Interconnection technologies for power modules

Warpage Analysis 

(from die to 

package)

Multi-domain modelling of discrete & 

power module packages

Integration technologies for active & passive 

components

High-bandwidth sensing and high-precision 

measurement for high switching frequency converters

System level EMC simulation of PE converters

Broadband component 

measurement and modelling

Automated & time-efficient 

simulation-workflows



REFERENCE PROJECTS



Bi-directional Onboard Charger for…

Variant A: Automotive (7kW)

Variant B: Industrial Forklift (10kW)

With integrated LVDC output

1) Beyond state-of-the-art power density

2) Holistic simulation workflow

Power semiconductors & 

circuit design expertise.

Inductor/transformer design & 

control board hardware.

Ceralink™ modelling, capacitor 

expertise & potting assembly.

Topology optimization, system

design, EMC design, control

development, simulation & 

laboratory testing.

Electro-thermal Co-simulation

System 

Lifetime

+ develop path for:

Thermal, system & reliability 

simulation expertise. 

PhD & Master Students

TINY POWER BOX
ROLE MODEL FOR CO-OP PROJECTS

Budget Duration SAL Tiny Box Team

SAL 5 Partners 3 Years Currently 10 persons involved

1.6 MIL 1.6 MIL 2019 2022 6 Post-Doc 2 PhDs 2 Engineers

Project Volume TOTAL: 3.2MIL €

7kW Automotive 

Demonstrator

Embedded MOSFET 

benchmarking & simulation. 
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HiEFFICIENT
HiEFFICIENT and reliable electric drivetrains 

based on modular, intelligent and highly 

integrated wide band gap power electronics 

modules

Research Objectives

Multiphysics, packaging and processing / PE: 

Dynamics and control, improve benchmarks: 

reduce volume, increase efficiency, improve 

lifetime and lifetime monitoring capability

Research Approach

Design-by-multiphysics-simulation and supply 

chain establishment

Transient thermal response measurement and 

control

Expected Impact

Better utilization of WBG semiconductor 

devices

Direct impacts

Component costs −15%

Energy usage decreased, e.g., −40 kt 

CO2 / vehicle-lifetime

Resource usage reduction

Funded via H2020

ECSEL Programme

GaN
HEMT

SiC
MOSFETDriver 

and 

control
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ULTIMATEGAN

Transistor Parasitics Characterization

Two Infineon GaN power transistors have
been experimentally verified in terms of their
parasitic resistances, inductances and 
capacitances

doi: 10.1109/SPEC55080.2022.10058290

Digital Twin (coupled ROMs) of a LiDaR system

A packaged laser diode inside an automotive
LiDaR system has been simulated in the
electrical and thermal domain

ROMs from each domain have been extracted
and coupled for a combined Digital Twin 
(Ansys)

doi: 10.1109/THERMINIC52472.2021.9626505



HIPOWER 5.0
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Physical origin of the 

degradations modes

Positive bias temperature instability - Reversible

Threshold voltage shift Threshold voltage recovery

Negative bias temperature 

instability - Reversible

Time-dependent dielectric 

breakdown - Irreversible Equivalent circuit model

Establishes a generic model to estimate GaN device 

behavior in switching applications.

Accounts for device properties like current collapse and 

short-channel effects.

Reversible and 

irreversible degradation 

of GaN HEMTs

Threshold voltage

Shift recovery

Parameter Drift Identification

GaN devices (HEMTs and 

BDS) will be characterized 

under accelerated stress 

conditions to identify 

parameter drift, degradation 

trends, and aging-related 

behavior.

Aging Model Development

AI-based models will be developed to forecast the short-term and 

long-term aging behavior of GaN devices based on the 

characterization data obtained under accelerated stress conditions.



RPODID
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Supporting the increasing 

lifespan of devices and 

systems

Enable electrification and 

sustainable alternatives for 

CO2-neutral mobility

Artificial intelligence in 
digital industry

Energy system monitoring 
and control

Reliable Powerdown for Industrial Drives

«Cognitive Power Converters»

Exploit AI to implement embedded fault models that, together with sensors and IoT connectivity, improve 

reliability in GaN/SiC based power modules

• Develop servo and conveyor motors 

with AI enabled GaN power converters 

for short-term fault detection to avoid 

unplanned downtime within assembly 

lines. 

• Improve predictions on remaining 

useful lifetime (RUL) of lightning 

electronics by using AI enables GaN

power converter modules

• Intelligent SiC-based 800-V 250-kW 

traction inverter with extended lifetime.

• Improving failure tolerance and lifetime 

with multi-phase concepts with SiC

inverters in induction machines for a 

heavy-duty testbed.



IDEAS FOR CETP PROJECTS
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PE AND THE USE OF AI AND DIGITAL 
TWINS FOR INCREASED EFFICIENCY
AND RELIABAILITY

AI – based Optimization of PE design- and verification workflows

So far the design and verification workflows for PE modules are

cumbersome and error-prone. AI – assisted workflows can drastically

enhance the design cycle time and accuracy in terms of parasitic

impedances compared to conventional approaches.

Digital Twins for enhanced control and Aging Assessment for PHM

and Lifecycle Applications

Extraction of relevant Parameters of PE systems with Real-Time 

Digital Twins for Predictive Maintenance in PHM.

Electrical Characterization of Power Devices and Modules

Static and Dynamic Characterization of Power Devices and Modules 

is imperative for Optimization of Efficiency and Reliabilty

Novel Approaches for electrical characterization

Established Approaches as a Reference
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HCM FRAMEWORK FOR V2G SYSTEMS
Motivation

Demand for V2G systems is primarily fueled by utility companies and grid operators seeking to leverage EV batteries as distributed 

energy resources.

Core Framework Architecture

Why the Framework Matters

Mitigating Degradation : EV participation in V2G services can increase cyclic degradation. Health frameworks restrict rapid power draws, 

ensuring that V2G is economically viable and safe.

MONITORING
ENERGY 

MANAGEMENT

RENEWABLE 

INTEGRATION

Data Collection Layer : Sensors monitor vehicle metrics in real-time,

including:

Converter characteristics (Voltage, Current, Control Signals)

Battery Characteristics (Cell temperatures, Voltage drops, State of

Charge (SoC), State of Health (SoH))

Converter condition monitoring : Semiconductor level to Converter level

Battery-converter co-degradation models

Digital Twins : virtual replicas of the drivetrain to optimize energy

scheduling and to contribute to extend battery lifespan



UNFOLD THE FUTURE

WWW.SILICON-AUSTRIA-LABS.COM
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