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Power 
Electronics

Cross-Disciplinary

Mechanical Eng., e.g.
Turbomachinery, Robotics

Microsystems
Medical Systems 

Actuators /
El. Machines

Research Scope

¤Explore the Limits / Create New Concepts / Push the Envelope  
¤Maximize Technology Utilization 
¤Enable New Applications



/135

Market Pull
Technology Push

Introduction
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Required Performance Improvements

Ƅ Power Density   [kW/dm3]
Ƅ Power per Unit Weight  [kW/kg]
ƄRelative Costs    [kW/$]
ƄRelative Losses  [%]
Ƅ Failure Rate    [h-1]

[ kgFe /kW] 
[ kgCu /kW]
[ kgAl /kW]
[cm2

Si /kW]

Ʒ

Ʒ

Environmental Impactµ

ǒMutual Coupling Performance Indices ĄMulti-Objective Optimization   

1
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Comparison to ºMoore´s Law»

ǒDefinition of  º̢ *,ɟ*,ů*,fP* Ņode»Must Consider Conv. Type / Operating Range etc. (!) 

ƴ ºMooreËs Law» Defines Consecutive Technology Nodes for Min. $$$ per Integr. Circuit (!)
ƴ Complexity for Min. Comp. $$$ Increases approx. by Factor of å2/18 months

Gordon Moore: The 
Future of Integrated 
Electronics, 1965  
(Consideration of Three 
Consecutive Technology
Nodes)

Lower
Yield

Economy of
Scale

>2015: Smaller 
Transistors but Not 
any more Cheaper

Ʒ

2
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#1  SiC/GaN Semiconductors 
#2  Multi-Cell/Level Concepts
#3  FunctionalIntegration
#4  3D-Packaging/Integration
#5  MLCC & HF Mag. Materials
#6  Digitalization / IIoT

ƴ Power Electronics 1.0 Ą Power Electronics 4.0
ƴ Identify  ºX-Concepts»/ ºMoon-Shot» Technologies
ƴ 10x Improvement NOT Only 10% !

S-Curve of Power Electronics

Power MOSFETs & IGBTs
Circuit Topologies

Microelectronics
Modulation Concepts

Control Concepts

Super-Junct. Techn. / WBG
Digital Power

Modeling &  Simulation

2025
2015

Ʒ

Ʒ
Ʒ

SCRs / Diodes 
Solid-State Devices

ƴ

Ʒ

Ʒ

1958

4.0

3.0

2.0

1.0
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3rd Harmonic Injection 
Boost-Type & Buck-Boost Type Topologies

Single-Stage Isolated Rectifiers

3-ūPFC Rectifier Systems

Part I
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Application Areas 
ƴElectric Vehicle Battery Charging
ƴDatacenter Power Supply 
ƴRenewable Energy Applications 

ǒ Isolated or Non-Isolated Output
ǒ Wide AC Input / DC Output Voltage Range
ǒ Unidirectional or Bidirectional Power Transfer  

320µ530Vrms
Line-to-Line 

Typ. 200µ1000VDCEV Battery 
Voltage Range 

MPP Tracking in 60µ90%of 
Max. Open Circuit Voltage 

4
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3-ūDiode Bridge Rectifier
ƴ Conduction States Defined byLine-to-Line Mains Voltages
ƴ Intervals with Zero Current/ LF Harmonics
ƴ No Output Voltage Control

Ą Active Mains Current Shaping / Simultaneous Current Flow in All Phases  

5
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ǒNon-Sinusoidal Mains Current

Ą PO= const. Required
Ą Sinusoidal Mains Current 
Ą NO(!) DC Voltage Control

ƴ 3rd Harmonic Current Injection into Phase with Lowest Voltage
ƴ Phase Selector AC Switches Operated @ Mains Frequency 

Integrated Active Filter (IAF) PFC Rectifier  

6
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ǒT+, T- Could be Replaced by Passive Network

ƴ Low Complexity
ƴ Low Transistor Current Stress  
ƴ Sinusoidal Mains Current @ Const. Power Load 
ƴ No Output Voltage Control

IAF Rectifier (1) 

7
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Ʒ

ǒBuck-Stage Could be Replaced by Isolated DC/DC Conv. or Inverter

ƴ Buck-Output StageĄ PO= const. & Output Voltage Control 
ƴ Sinusoidal Mains Current 

8

IAF Rectifier (2) 
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IAF Rectifier Demonstrator
ƴ Efficiency ʂ> 99.1%@ 60% Rated Load
ƴ Mains Current THDI Ć 2%@ Rated Load
ƴ Power DensityɟĆ 4kW/dm3

ǒ SiC Power MOSFETs & Diodes
ǒ 2 Interleaved Buck Output Stages

PO= 8 kW
UN= 400VACĄ UO= 400VDC
fS  = 27kHz

Ʒ

9
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Swiss Rectifier 
ƴ Integration of Injector Switches & Buck Output Stage 
ƴ Controlled Output  Voltage
ƴ Sinusoidal Mains Current
ƴ iy Def. by KCL: E.g. ia- ic

ǒLow Complexity

10
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Swiss Rectifier Demonstrator 
ƴ Efficiency ʂ= 99.26%@ 60% Rated Load
ƴ Mains Current THDI Ć 0.5%@ Rated Load 
ƴ Power DensityɟĆ 4 kW/dm3

ǒ SiC Power MOSFETs & Diodes
ǒ Integr. CM & Coupled Output Inductors (ICMCI)

PO= 8 kW
UN= 400VACĄ UO= 400VDC
fS  = 27kHz

Ʒ

11
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Source:

Monolithic GaN Bidirectional Switch (M-BDS)  

Ą

ƴ Bipolar Voltage Blocking Capability  
ƴ 2 Gates  Ą Controllability of Both Current Directions 
ƴ Factor of  4 Reduction of Chip Area Comp. to Discrete Realization of Same R(on)

ǒ M-BDS Application for Phase Selector Switches of 3rd Harmonic Inj. PFC Rectifiers 

12
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ƴ Project ¹Based on Infineon½s CoolGaN÷ HEMT Technology 
ƴ Dual-Gate Device / Controllability of Both Current Directions 
ƴ Bipolar Voltage Blocking Capability  |  Normally-On or -Off

ǒ Analysis of 4-Quardant Operation of R(on)= 140mɋ Sample @ ±400V

600V GaN Monolithic Bidir. Switch  

Ñ

13
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ƴ Active Control of Diode Bridge Conduction State/ Input Voltages
ƴ Bridge Leg Topologies with Different Voltage Stresses / Cond. Losses
ƴ Phase & Bridge Symmetry !

Ą Analysis of Input Voltage Formation 

Vienna Rectifier (1)

14
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ƴ Diode BridgeInput Voltage Formation Dependent on Current Direction
ƴ Min. Output Voltage Defined by Mains Line-to-Line Voltage Amplitude
ƴ Boost-Type 

Ą Sinusoidal Input Current Shaping

15

Vienna Rectifier (2)

ia > 0

ia < 0
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ƴ Input Current Impressed by Difference of Mains & Diode Bridge Input Voltage  
ƴ ū= (-30Á,+30Á) Limit Due to CurrentDependent Voltage Formation

Ą Time Behavior of PWM Voltages 

16

Vienna Rectifier (3)
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ƴ 3-Level Bridge Leg Characteristic / 9-Level Phase Voltage
ƴ Low Input Current Ripple / Low Inductance L
ƴ Switching Frequency CM Output Voltage

Ą Multi-Loop Control Structure  

=

17

Vienna Rectifier (4)
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ƴ Output Voltage Control / Inner Mains Current Control  
ƴ Add. Control Loop for DC Midpoint Balancing
ƴ Redundant Sw. States Utilized for DC Midpoint Balancing

Ą Multi-Stage Differential-Mode & Common-Mode EMI Filter

Ʒ

Ʒ

18

Vienna Rectifier (5)
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ǒNumber of Filter Stages Dependent on Sw. Frequency

ƴ CM EMI Filtering Utilizing Internal Cap. Connection to Virtual Star Point  
ƴ No Limit of CM Capacitance by Max. Leakage Current 
ƴ CM Filter Stage(s) on DC-Side as Alternative

33% 33% 33%

Vienna Rectifier (6)

19
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PO= 10 kW
UN= 400VAC±10%
fN  = 50Hz or 360é800Hz
UO= 800VDC

ɟ=10 kW/dm3

ƴ Highly-Compact Demonstrator System
ƴ CoolMOS& SiC Diodes
ƴ ColdplateCooling

ǒTHDi = 1.6%@ fN = 800Hz (fP= 250kHz)

ɖ=96.8%

Vienna Rectifier (7)

20
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10A/Div
200V/Div

0.5ms/Div

ǒ THDi = 1.6% @ fN = 800Hz
ǒ System Allows 2-ūOperation

ɖ=96.8%
ɟ=10 kW/dm3

fP= 250kHz

Vienna Rectifier (8)

PO= 10 kW
UN= 400VAC±10%
fN  = 50Hz or 360é800Hz
UO= 800VDC

ƴ Highly-Compact Demonstrator System
ƴ CoolMOS& SiC Diodes
ƴ ColdplateCooling

21
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ǒ Factor 10 in fPĄ Factor 2 in Power Density
ǒ Systems with fP= 72/250/500/1000kHz

PO= 10 kW
UN= 230VAC±10%
fN = 50Hz or 360é800Hz
UO= 800VDC

ƹ

ƴ Dependency of Power Density on Sw. Frequency fP
ƴ CoolMOS& SiC Diodes
ƴ ColdplateCooling

Vienna Rectifier (9)

22
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Application of GaN M-BDS (1)

ƴ Vienna Rectifier
ƴ 600V GaN M-BDSs @ Upn= 800V, R(on)=140mɋ
ƴ Continuous Current Mode, L=33uH, fsw=620kHz
ƴ 1200V SiC Diodes 

ǒ Max. Power Density of 25kW/dm3 (w/o Full EMI Filter) @ 98.4%Efficiency

23
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ƴ ɝ-Switch Rectifier
ƴ 600V M-BDSs for 115V / 360µ800Hz Aircraft Applications
ƴ Low Conduction Losses / No DC-Link Midpoint Required

ǒ Always Only 2 Switches are Operated 
ǒ Phase Current Controller Outputs Transformed into ɝ-Quantities

ULL = 115 V@400Hz 
Uo = 400 V
THDI= 2.3%

24

Application of GaN M-BDS (2)
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Comparative Evaluation
3L-Topologyvs.  2L-Topology 
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Comparative Evaluation (1)
ƴ Comparison to Standard 2-LevelPWM Rectifier
ƴ 9 vs. 5 Volt. Levels & Factor 2µ3 Lower Sw. LossesĄ Factor 4µ6 (!) Lower L

ƴ Vienna Rectifier                                                                    ƴ Standard PWM Rectifier

25
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ƴ Comparison to Standard 2-LevelPWM Rectifier
ƴ 9 vs. 5 Volt. Levels & Factor 2..3 Lower Sw. LossesĄ 12 kW/dm3 vs. 8 kW/dm3 @ 22kW

ƴ Vienna Rectifier                                                                    ƴ Standard PWM Rectifier

Comparative Evaluation (2)

26
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Vienna Rectifier - Conceptual Limits

ƴ Boost-Type 
ƴ No Isolation
ƴ Unidirectional (in Basic Form) 

Ą Buck-Boost  & Buck-Type Topologies / Isolated Systems

Ą

27


