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• WBG Semiconductors vs Silicon Devices; 

• WBG Semiconductors: Challenges and Opportunities;

• WBG Semiconductors in EVs; 

• Conclusions.
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Challenges of Power Electronics
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We believed…

1. ~10kHz is the best switching frequency for IGBTs;

2. MOSFET is good for <1kW application;

3. MV (>1000V) drive should use ~1kHz;

4. Wide-bandgap devices are far away.
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15 Years ago…



6000V/1.25MW IGCT based Three-Level NPC Inverter 

Kevin Bai (Co-PI), China Significant NSF, “Transients of High-Voltage and High-Current Power Electronics 
System”, 2007~2011. 

An IGCT based Three-level Inverter was built to drive a 6000V/1.25MW Induction
Motor.

4000V/4500A  IGCT 
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Mega-Watt Motor Drive System



6000V/1.25MW Motors 6000V/1.25MW System

1.25MW Waste Water Pumps              Waste-Water Tank

An IGCT based Three-level Inverter was built to drive a 6000V/1.25MW Induction
Motor.

Mega-Watt Motor Drive System
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We witnessed…

1. Fast-speed IGBTs (fs>50kHz) are on the market;

2. Cool MOSFETs can easily reach >10kW;

3. SiC devices enables higher fs for MV motor drive systems;

4. GaN are on the agenda.
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5 Years ago…



SiC and GaN 

Wide bandgap indicates higher thermal capability, which means less heatsink or 

higher switching frequency.

Si                    SiC                       GaN

Bandgap      1.1eV             3.3eV                     3.4eV

Dielectric     0.3MV/cm     2.5~3MV/cm    3MV/cm



Efficiency 

SiC JFETs
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We witnessed

1. Silicon devices keep enhancing their performance;

2. SiC MOSFET focuses on >1200V market;

3. GaN devices emerge in <650V applications;

4. Wide-bandgap devices are believed as the future.
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Today…



GaN Devices

Substrate
(Silicon, SiC or Sapphire)

Buffer

i-GaN

ALGaN cap Layer
Sourc

e

Drain
Gate

2DEG Heterojunction

Enhanced Mode GaN

Cascode Structure

normally
off

normally
on



GaN Devices

• High electron mobility 

• Wide band gap

• High breakdown field

• High electron velocity

Material Property Electrical Performance of E-mode HEMTs

• Fragile gate

• Low Threshold Voltage

•low Capacitance

• High transition speed

•Low Switching loss

•High di/dt

Reverse Conduction

• No reverse recovery

•Vsd=Vsg+Vth_gd+Rdson*Ids

2DEG

•Low Rdson

•Dynamic Rdson

Jones, E. A., & Wang, F. (n.d.). Application-Based Review of GaN HFETs.



WBG devices in PHEV
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1.    SiC Based Dual Inverters for E-Truck

Sponsored by ARPA-E agency of the U.S. Department of Energy, 02/01/2016-01/31/2017. 14

• 120kW dual inverter;

• All SiC devices;

• All Hard switching;

• Bidirectional power  for V2G and 
G2V;

• >3.3kW/L.



11kW/208VAC 97%-efficiency PFC Topology

2. Magna 11kW Battery Chargers
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2. Magna 11kW Battery Chargers



G2 Wireless Charger, D=20cm

3. GaN Based Wireless Charger
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WBG based wireless charger
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Parameter Value Unit

Switching frequency 813 kHz

Dead time 90 ns

PWM duty cycle 43%

Turn on/off resistance for GaN HEMT 8.2 Ω

Self-inductance of primary side 30.87 uH

Self-inductance of secondary side 25.62 uH

Mutual inductance 5.52 uH

Input voltage 150 V

Input average current 1.34 A

Output voltage 48 V

Output current 3.8 A

“High-Frequency Wireless Charging System Study Based on Normally-off GaN HEMTs”, WiPDA 2014. 

3. GaN Based Wireless Charger
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4. GaN based Cell-phone Wireless Charger
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4. GaN based Cell-phone Wireless Charger

(A) (B)

(C)

(D)

(E)

Switching frequency 6MHz;

Overall efficiency ~40%;

>10W per phone;

Multiple phone charging

……



5. GaN based Smart Grid System
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Smart-Grid Infrastructure Bidirectional DCDC Converter using GaN
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6. GaN based 97%-efficiency Charger

94%-efficiency Conventional Charger
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6. GaN based 97%-efficiency Charger

97%-efficiency Charger 23



6. GaN based 97%-efficiency Charger

1st version charger (>2.6kW/L)

2nd version charger (>4kW/L)

Transformer
Inductance

Heat sink

DAB board

Control board

Front-end and passive 

component board

Efficiency Curves 
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7. SiC 24kW On-board Charger

• 24kW charging power;

• 96% efficiency at 20kW;

• All SiC devices;

• Hard switching at PFC;

• Soft switching at DCDC;

• >2.4kW/L.



Charge the vehicle

Support the grid

Cloud technology

Renewable energy

……

8. SiC 120kW Charging Station
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8. SiC 120kW Charging Station

Final Charger Module 

(~3.3kW/L)
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• 24kW bidirectional ;

• 96% efficiency at 20kW;

• All SiC devices;

• Hard switching at PFC;

• Soft switching at DCDC;

• >3.3kW/L;

• Incorporating solar energy



1) Higher efficiency and high power density are always the
pursuit of power electronics engineers and scholars;

2) Wide-bandgap devices are the present hot point and might
replace present Si devices once the cost drops;

3) Wide-bandgap devices will push Silicon device to enhance
its performance continuously;

4) Simply replacing Silicon devices with wide-bandgap devices
on the presently existing systems won’t work.

Summary
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Thank you!

Questions? 
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