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ResearchScope

Power CrosDisciplinary
Electronics .
Mechanical En% e.g.
Turbomachinery, Robotics
Microsystems
Medical Systems

Actuators /
El. Machines

o Explore the Limits Create New ConceptBush the Envelope
o Maximize Technology Utilization
o Enable New Applications
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S-Curve of Power Electronics
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3-00 PEC RecltifiSystems

3'd Harmonic Injection _
———  BoostType& BuckBoost Type Topologies
SingleStage Isolated Rectifiers
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Yy Electric Vehicle Battery Charging
y" Datacenter Power Supply
Y Renewable Energy Applications

Typ.2 0 0 p 1\Q.E\DBattery
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3-0’ Diode Bridge:Rectifier

y* Conduction States Defined hineto-LineMains Voltages
Yy Intervals withZero CurrentLF Harmonics
y" No Output Voltage Control
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A Active Mains Current Shapih§imultaneous Current Flow in All Phases
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Integrated Active Filter (IAFy PEC Rectifier

y* 39 Harmonic Current Injectianto Phase with Lowest Voltage
Yy Phase Selector AC SwitcOperated @ Mains Frequency
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IAFRectifier (2)

Yy BuckOutputStageA P4 const. &utputVoltage Control
Yy SinusoidaMains Current

0 BuckStageCould be Replaced IsplatedDC/DC Conv. or Inverter
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|AF 'Rectifiter Demonstrator
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Swiss Rectifier

Yy Integration of Injector Switches & Buck Output Stage
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sSwss Rectifier Demonstrator
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Monolithic GaN Bidirectional.Switch {BDS)
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Vienna Rectifier (1)

Yy Active Control of Diode Bridge Conduction Sthatput Voltages
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Vienna Rectifie(2)

y" Diode Bridgénput Voltage Formation Dependent on Current Direction
Yy Min. Output Voltage Defined by Mainseto-LineVoltage Amplitude
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ViennarRectifie(3)

y Input Current Impressed by Difference of Mains & Diode Bridge Input Voltage
Yy 0 = (-30A+304 Limit Due to CurrenDependent Voltage Formation
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Vienna Rectifie(4)

Yy 3-Level Bridge Leg Characteristic-L8vel Phase Voltage
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ViennarRectifie(5)

y" Output Voltage Control / Inner Mains Current Control
y" Add. Control Loop for DC Midpoint Balancing
Yy Redundant Sw. States Utilized for DC Midpoint Balancing
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y* CM EMI Filtering Utilizing Internal Cap. Connection to Virtual Star Point
y" No Limit of CM Capacitance by Max. Leakage Current
Yy CM Filter Stage(s) on Extide as Alternative
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Yy Highly-Compact Demonstrator System
y  CoolMO& SiC Diodes
y* ColdplateCooling U,
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Highly-Compact Demonstrator System
Yy CoolMO& SiC Diodes
y* ColdplateCooling U,
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y' Dependency of Power Density on Sw. Frequgncy
y  CoolMO& SiC Diodes
y* ColdplateCooling
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U= 230 ¢10% -
fy = 50HZ or 368 800Hz N -’
Us= 800V ¢ gl
18
16
gﬁ 14 VRS(‘)'O} ’3[{1000‘
E 12 A S
§ 10 /‘(\4/?250
~ 8 P i
3 Ve i
4
0 Factor 10 irf; A Factor 2 in Power Density 2 o
8 Systems witff = 72/250/500/1000kHz ) o &
10 30 100 300 1000
fp (kHz)

ETHziirich @ﬁm 2021



P Electronic Syst
IET Dobortory ome ystems 23/135 _I%l

Apglication of GaNBDS, (1)

Yy ViennaRectifier

Yy 600V GaN8DSs @ \& 800VR,,=140nq
y  Continuous Current Mode, L=33y}#620kHz
y

1200VSiCDiodes
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Apglication ofGaNBDS, (2)

Yy 3-Switch Rectifier

y e00vMBDSs for 115V / 360u800Hz Aircraft Applicati
Yy Low Conduction Losses / NelM& Midpoint Required

U, =115V@400Hz

U =400V
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Always Only 2 Switches are Operated
Phase Current Controller Outputs Transformed+@Qoantities
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Comparative Evaluation (1)
y* Comparison to StandafdLevelPWM Rectifier
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Comparative Evaluation (2)

Yy Comparison to StandafdLevelPWM Rectifier
Yy 9vs. 5 Volt. Levels & Factor 2..3 Lower Sw. Lassd® kW/dn? vs. 8 kW/dnt @ 22kW
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Vienna'Rectifier Conceptual luimits

BoostType
No Isolation
Unidirectional (in Basic Form)
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x
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A BuckBoost & BucKype Topologies / Isolated Systems
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