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Power Transistor Evolution
Wide Bandgap



Fundamental device concept comparison
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• RON×A scales with cell pitch
• Very fast switching
• Poor body diode with high

reverse recovery and di/dt

• Low RON×A; strong 
influence of channel
concept & short circuit

• Fast switching
• Good body diode
• Best concept for Vds > 

1000V 

• Very low RON×A and QOSS

due to high electron
mobility

• Ultra-fast switching
• Zero Qrr reverse behavior
• Enables lateral integration



Comparing key Figure of Merit (FOM)

Device
Rating

[V]
RDSON

[mΩ]
RDSON*QOSS

[mΩµC]
RDSON*QRR

[mΩµC]
RDSON*EOSS

[mΩµJ]
RDSON*QG

[mΩnC]
VF @15A

[V]

Si Superjunction [1] 650 57 22.6 32.5 440 3800 1.0

P-Gate GaN HEMT [2] 600 55 2.2 <0.3 350 320 2.7

GaN Cascode [3] 650 52 3.8 7.0 730 1460 1.4

SiC DMOS [4] 900 65 4.5 8.5 570 1950 2.7

SiC TMOS [5] 650 60 3.8 3.3 540 3480 3.3

[1] Infineon CoolMOS IPL60R065C7 Datasheet [2] Infineon CoolGaNTM Preliminary Values

[3] TransPhorm TPH3205WS Datasheet [4] Wolfspeed C3M0065090J Dateasheet

[5] Rohm SCT3060AL Datasheet

All numbers are typical values extracted from data sheets at 25°C

Efficiency in 
resonant 

topologies

Enable new 
topologies and 

current 
modulation

Min switching 
loss in hard 
switching 
conditions

Fast and near 
lossless 

switching 

GaN wins ≤650 V       SiC wins ≥900 V



SiC FET vs. Si IGBTs

State of the art IGBT solution:

4kW, 98.5% @ 24kHz

Replace half-bridge IGBT with SiC MOSFET:

5kW, 99.0% @ 24kHz

Now 2x FSW:

4.2kW, 98.5% @ 48kHz

IKW40N120H3 IGBT

IKW30N65ES5

IMW120R045M1 SiC MOSFET

No change to circuit topology. Higher power and/or higher density

Example 3-level inverter used for Solar



Add SiC Schottky – Higher Performance

Original reference all Si:

4kW, 98.5% @ 3L, 24kHz

Replace Si anti-parallel diodes with SiC Schottky:

5.2kW, 98.8% @ 48kHz

Now 2x FSW

4.7kW, 98.6% @ 72kHz

IKW40N120H3 IGBT

IKW30N65ES5

IMW120R045M1 SiC MOSFET

IDH16G65C5 
SiC Schottky

Improved density AND efficiency!



The promise of GaN
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–
› Higher cost

› Lower peak current

› Diode-mode Vf

+
› ~2x higher electron mobility

› ~10x higher breakdown field strength

› Virtually zero reverse recovery charge

› ~10x lower output charge

› MHz switch possible

› Lateral device

› Multi-chip integration



GaN vs. Si: QOSS, EOSS
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Novel SiC based ZVS inverter (Prof. Dehong Xu, Zhejiang University)

› Source: N. He, Y. Li, C. Du, C. Liu, C. Hu and D. Xu, “SiC MOSFET ZVS SVM-controlled 
3-phase grid inverter“, Proc. ECCE, 2016.



Si

SiC

=50% Less Loss

EV Drive: 50% Less Loss Across Torque Range (COSIVU 2015)

10Courtesy of COSIVU Consortium 2015. See: http://www.cosivu.eu/template.asp?meny=67&lank=116

http://www.cosivu.eu/template.asp?meny=67&lank=116


Mild Hybrid – 80% Smaller with 100V GaN (GaN Systems 2016)

• 48V bi-directional inverter

• 12kW (motor drive) / 10kW (generating)

• 80% smaller

• 70% lighter

• +12% efficiency
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50kW Inverter: 75% Smaller, 80% Lighter with SiC (2016)

12

Year 2013 2014 2015

Powertrain Si Module SiC Discrete SiC Module

Efficiency (peak) 98.3% 50% less loss 99.1%

Size (m3) 0.41 50%-75% smaller 0.21 0.09

Weight (kg) 173 70%-80% lighter 50 33

Courtesy of Wolfspeed. Ref: http://www.electronicproducts.com/Power_Products/Invertors/The_impact_of_SiC_on_PV_power_economics.aspx

http://www.electronicproducts.com/Power_Products/Invertors/The_impact_of_SiC_on_PV_power_economics.aspx


GaN low QOSS soft-switching: High Efficiency HF LLC (Prof. Zhaoming Qian,
Zhejiang University)

Single-stage fixed-
frequency LLC with 
regulating capability

Source: X. Wu, H. Chen and Z. Qian, “1 MHz LLC Resonant DC Transformer (DCX) 
with regulating capability“, IEEE Trans. Ind. Electr., Vol. 63, No. 5, May 2016.



2 kW GaN Inverter (Prof. Kolar, ETH, Zurich)

› Solution:

› Active power pulsation buffer

› Buck stage plus unfolder

› Fixed-frequency PWM control

› 70 mOhm GaN emode HEMT

› 140 kHz OFM

› 243 W/in³ @ 98% CEC η

2x higher power 
density than Google 
‘Littlebox’ winner!

Source: J. Kolar et al, „Google Little box challenge“, Keynote CIPS 2016.



For Alternative and Renewable Energy

•Need high efficiency and power density

•>= 900 V, SiC wins vs. Si IGBT

•< 900 V, GaN wins vs. Si FETs, IGBTs


