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Is SiC a Game Changer?
Tutorial:



WBG devices and new packaging technologies are 
key to meeting these growing needs.
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Module features

Module layout Integrated functions
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newer-generation 

1.5-3x improvement!4-6x improvement with SiC!



220 W LED driver 
using Wolfspeed C3M 

SiC MOSFETs

220 W LED driver using 
Si SJ MOSFETs
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(A. Agarwal, 1997)    (R. Singh, 2004, 2007)    (A. Lelis, 2008, 2011)    (M. Das, 2011)

SiC
MOSFET

Device terminal behaviors under both high VGS and high TJ?

HT gate biasing test
(TJ = 200 °C, VGS = 20 VDC)

HT gate switching test
(TJ = 200 °C, VGS = -4/20 V at 70 kHz)SiC MOS die 

in HT package

x2 for each 
test condition

Other device 
parameters





Savings 
with SiC
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How do the SiC devices compare to one another?
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2.2x smaller 

2.2x
smaller

Information courtesy of GeneSiCTM

4x
smaller

Unlike IGBTs, the SJT does 
not have a tail current.
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It is expected that the on-resistance can be drastically reduced with the 
trench gate structure.





Gate

Gate oxide

Drain

4H-SiC (0001)
substrate Buried p+ region

Bottom oxide protection 
from hard breakdown
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flow
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High quality MOS 
interface

High channel mobility
High threshold voltage

Drift layer
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Device structure

Unique high-mobility channel
Lower RDS(on) with high blocking 
voltage

Proc. of the 27th ISPSD

DMOSFET on (0001)

DMOSFET on (0001)
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Items
SiC MOSFET Si IGBT

New IGBT compatible

ID 100 A 100 A 100 A
RDS(on) 12 m 18 m (21 m )

Eon + Eoff 1.1 mJ 4.8 mJ 14.5 mJ

Conventional 
Layout

Switch Pairs in a 
Phase-Leg

Improved 
Layout



Q

D

D

Q

VPOS

VNEG

VOUT

Module 
structure

Substrate & stencil 
preparation

Stencil printing 
solder paste

Placing PCB & dice

PCB, dice, & 
leadframe soldering Wire-bonding



MOSFET gate driverPhase-leg with drivers

Phase-leg switching waveforms
600 V, 17.4 A

VDS TC Eon
RG
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RG

Eoff 
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50%



DPTs were performed on the top MOSFET 
so that the Miller effect could be more 
accurately observed.



More Electric Airplanes:
Limited space and more 
power converters

(R. Lai, 2008)
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Only normally-on 
JFETs available  
at the time.

FEA thermal simulation

Continuous operation at 250 ºC
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Targets: 





SOI-based half-bridge gate driver for SiC MOSFETs by Cissoid

High-freq. modulation SiC JFET driver by Univ. Buffalo

Edge-triggered SiC JFET driver by ETH Pos. pulse Neg. pulse

Modified edge-triggered SiC JFET driver by CPES

Pos. pulse Neg. pulse



16.5 cm 14 cm
Electrical test

Tj



50 kW inverter/rectifier for starter/generator
High-temperature and high-power-density
Ambient temperature: 200 – 250 C
Switching frequency: 70 kHz

Target:

VDC

Commercial products
(1200 V, 100 A)



Pb95-Sn5

AlN DBC

AlSiC

Al

Electro-less Ni

NuSil R-2188 silicone

Ni-plated Cu

Improved substrate layout to 
minimize loop inductances

Fabricated module with 
DC decoupling capacitors

Fast & clean switching
Turn-on Turn-off

Switching Loss
is 10-20% of an equivalent IGBT 

Module



Test setup

Buck-mode operation Test results at 560 V & 100 kHz

Fabricated 
module





200 ºC ambient



Pareto of  IDSS
leakage (A)

Pareto of  
VGSTH shift (%)

HTGB: 1000 hr, 200 ºC, VGS=23 V

passed

HTRB: 1000 hr, 200 ºC, VDS=960 V

passed

1000 temp. cycles (-55 to +200 ºC)

passed





1.7 kV 
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10-15x lower 

The all-SiC inverter has 55 % lower switching losses 
than conventional silicon-based inverters.





10 kV 1.7 kV 



120 V, 60 Hz

2500 V / 120 V

3600 V DC



















>10X higher 

30 % 





increase

reduced



3x bus voltage, 
25x smaller ESW

dv/dt

The world’s highest-voltage semiconductor switch!
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20 μs 



Not a game changer, but a New Game.

Not a game changer, but a New Game.
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