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 Very few commercial models for SiC MOSFET power modules.

 Most power electronics designers are not expert in semiconductors. 

 A modelling method based on datasheet is preferred for most designers.

 A step-by-step modelling approach to help the designers to extract the model parameters is 

required.

Motivation
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Structure overview

Source: https://www.eenewseurope.com/news/sic-power-modules-halve-

power-losses-inverters

Discrete device Power module

Chip

Package

Source: https://sunypoly.edu/research/centers-programs/suny-

casper/capability/packaging-design-and-outsourcing.html

• Discrete device: single switch package

• Power module: multi-chip multi-switch package



4

Equivalent circuit

Equivalent circuit can be derived from the semiconductor structure.

Reference: Baliga, B. Jayant. Fundamentals of power semiconductor devices. Springer Science & Business Media, 2010.
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Equivalent circuit with anti-parallel diode

• In power modules, SiC MOSFETs are usually anti-paralleled with SiC Schottky 

Diode

• SiC Schottky Diode has the advantage of low voltage drop and no reverse 

recovery current.

• The body diode of SiC MOSFETs can be ignored due to the lower voltage drop 

of SiC Schottky Diode.



Overview of characterisation & 

modelling (Electrical)

Module

Discrete

Step1: 

Characterisation

Parameter

Extraction

Model

(electrical)

Model 

optimization 

(tuning

Parameters or 

improving the 

model)
Verilog-A 

model

On and off 

transient I-V
Double 

Pulse Tester

Power device 

analyser

Thermal plate 

and stream

Impedance 

analyser 

and VNA

I-V (Pulse)

C-V (Off-state)

Thermal I-V

Parasitic of the 

DUT and DPT

Parasitic of the 

DPT

SPICE 

model

Verilog-A model

based simulators

SPICE model

based simulators

Simulation 

software

M
o
d

els o
f D

U
T

 a
n

d
 D

P
T

 in
 A

D
S

 &
 P

sp
ice

C
o
m

p
a
riso

n
 o

f sim
u

la
tio

n
 a

n
d

 D
P

T
 resu

lts

V
erified

 m
o
d

el (S
tep

 1
 a

n
d

 2
 n

eed
 to

 b
e rev

isited
 

if sim
u

la
tio

n
s d

o
 n

o
t m

a
tch

 w
ell w

ith
 D

P
T

)

Step3:

Model verification

Step2: 

ModellingHardware/Software

Step4:

Circuit sim./exp.

• Build PE 

converters

• Build circuit 

simulations

• Compare sim. 

and exp. results

This step is used 

to verify if the 

models of the 

DUT are 

accurate enough 

in practice

Models of the DPT (PCB 

board and driver)

Conversion

Models of the DUT

Device 

under test

6

Overview of modelling process
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Model description

𝐼𝐷𝑆 model

Diode model

Capacitance model
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 Parameters:

 𝜆: Coefficient of short-channel effect 

 𝑉𝐺𝑆(𝑡ℎ): Gate threshold voltage

𝐾𝑝: Transconductance coefficient

 𝑅𝐷1: Series Resistance

Modelling approach of 𝐼𝐷𝑆

Parameter extraction flowchart

Parameter extraction flowchart 

of temperate dependency



9

Modelling approach of Diode and Capacitance

Diode model

Capacitance model
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Verification: I-V characteristics

Output characteristics Tj=-40 ℃ Output characteristics Tj=25 ℃ Output characteristics Tj=150 ℃

Temperature dependency of parameters.
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Verification: Diode & C-V characteristics

Diode characteristics.
C-V characteristics.
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Verification: Transient simulation & Experiment

Turn-off transients Turn-on transients
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 A step-by-step modelling approach of SiC MOSFETs considering temperature dependency is 
proposed.

 The parameter extraction procedure of 𝐼𝐷𝑆 model, Diode model and Capacitance model is 
detailed illustrated via flowchart.

 The model is validated by comparing the simulation results with experiment results.

 This modelling approach is based on datasheet without additional measurement requirement.

 This modelling approach is helpful for power electronics designers to design their own models 
for various SiC MOSFETs power modules.

Conclusions
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