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0 Very few commercial models for SiC MOSFET power modules.

0 Most power electronics designers are not expert in semiconductors.

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

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



Structure overview

Discrete device: single switch package
Power module: multi-chip multi-switch package

Discrete device

Package

Chip

Source: https://sunypoly.edu/research/centers-programs/suny-
casper/capability /packaging-design-and-outsourcing.html
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Power module

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

power-losses-inverters
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Equivalent circuit can be derived from the semiconductor structure.
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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 u—‘
recovery current.

* The body diode of SiC MOSFETs can be ignored due to the lower voltage drop
of SiC Schottky Diode.
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Model description
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MOSFET I

Diode model

/

Capacitance model



Modelling approach of I

it Vps <0 or Vgs < Vigs(tn)s
Ips =0

if 0 < Vps < Vas — Vasn)-

V.
2") Ve (14 AVep)

Ips = K, (VGS — Vas(tn) —
if Vbs > Vas — Vas(n)s
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Kp = Kpl + Kp2 (VGS - 10)
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0 Parameters:
o A: Coefficient of short-channel effect
O Visen): Gate threshold voltage

O K,: Transconductance coefficient

O Rpq: Series Resistance

; Datasheet
: Ips characteristics @25°C
! v
!
; CGetData Graph Di gitizex)
: [
| i v 7 1
i | Ips-Vps curve ~ Ing-Vps curve R
: VGS—IOV Ips-Vas curve VGS—IOV 12v || 7P5en
PSP SRR NS R — -
Curve ﬁttmg Curve ﬁttmg Curve ﬁttmg
Eq. (10) Eq. (11) (4) & (12
y) VGS(rh) Kp1, Kp2

1
I
1
]
1
]
1
]
1
1
I
1
—> Calculating R,
! Eq. (2) & (13)
1
]
1
]
1
]
1
]
1
1

h 2

( Rp| = Rds((m) —Ren )

v

Rp1

Check RMS error

under 5%

Ips model@25°C
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Parameter extraction flowchart
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Ips model @-40°C, 25°C, 150°C

v
Curve fitting of model parameters

as functions of temperature
Vesin)(T), Kp1(T), Kp2(T), Rp1(T)

v

Ips model with temperature dependency

Parameter extraction flowchart
of temperate dependency

!

Vas@n) = —0.006T + 4.1416

Kpy = 0.0237T + 4.2227

Kpy = —0.00397 + 0.3816

Rp1 = 0.000272 + 0.0214T + 5.3409
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Modelling approach

Diode model

Vb

Vp = Vsp — Rpa2lp (7
Capacitance model
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of Diode and Capacitance
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Diode model
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Datasheet
Capacitance characteristics
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Temperature dependency of parameters.
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Turn-off transients
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O A step-by-step modelling approach of SiC MOSFETs considering temperature dependency is
proposed.

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

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

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

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