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Thermal Design of IGBT Module with Respect to Stability

Joon-Yeob Lee and Seok-Hyun Song
Electro-Mechanical Research Institute, Hyundai Heavy Industries., Co. Ltd.

ABSTRACT

Thermal design is required with considering thermal
stability to verify the reliability of electric power
device with using IGBT. Numerical analysis is
performed to analyze the change in thermal resistance
with respect to the various thermal density of heating
element. Correlations between thermal resistance and
heat generation density are established. With using
these correlations, performance curve 1s composed
with respect to the change in thermal resistance of
cooling conditions for natural convection and forced
convection.

Thermal fatigue is occurred at the inside and
outside of IGBT by repeated heat load. The crack is
occurred between base plate and ceramic substrate for
the inside. When the crack length is 4mm, the failure
is occurred.

Therefore, Thermal design method considering
thermal density, thermal fatigue resistance is presented
on this study and it is expected to thermal design
with considering life prediction.

.M E

N A ARE ALEEEd doix HA rlsAeE
| o 712 TAE AR god <HH
o, AZE FAHLT FAE 229 HFFAHA
gk olyet & 2] YA Ri=x] Fas)
th AREI ] Foll o] fFHE AY WHEA 22
2 IGBT(Insulated Gate Bipolar Transister)7} 5
2 olgH1 low HHF JAYHE o] &t
2A 2R dAste €& AAsY] A FEALA
2 31 Ao 7] FAGdHEHAA IGBT 2%
Junction®¢] 3825 HY oA AdAFHA A

v
®

Oiﬂ

HE s HdASD Jov, dAGFE B
Al Aol st s zeiv EAHAZE]
Ao wet, jhE G Rt o3 <3 Z(Thermal
Fatigue)7t @A, 7] AA"E AAe A3
HEXE gdof A"y E<A 2 IGBT #IE
ZzHstE o A B od?oﬂ/ﬂt IGBTE ©]
3t ARSI RelzAo 9% yzdA
g dEstn, 229 dAHY AE 2 FHES 1
A3t HH g MAYE =& A T

2.1 dx g

211 e P

o oolg ageliet ol LAY XY

Rtolal'\_o: E}'% }_;‘]__O_i E‘_%ﬂ'
Ruwr= Ry + R, (1)

o} 7]M, Rpe Average Thermal Resistance [T/W], R,
£ Constriction Thermal Resistance [T/W] o]t}

o [ I
CLRR R N i
J_L“_ﬂ Ut’ ) _”{.‘ N A
L TN |
i It
(a) b)

(
a2, 3[EHIS| LMY U 2zFEE
Fig.1 Local thermal resistance or temperature variation

of heat sink shown with heat flow lines.
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Fig. 2 Heat sink temperature contour with various
heat source density
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Fig. 3 Thermal Resistance Profile with Various Heat
Source Density
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Fig. 5 Heat Sink Local Correction Factor Showing the
Effect of Heat Source Location
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Fig. 6 Heat Sink Local Correction Factor with
Various Heat Source Location
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Fig. 7 Temperature excursion due to thermal resistance

increase in the junction.
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Fig. 8 Schematic diagram of a conventional IGBT module
including heat sink.
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Fig. 9 Geometry modeling of IGBT module for numerical
analysis
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Fig. 10 Temperature contour with various crack length.
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Fig. 11 Predicted thermal resistance of junction with
various ¢rack length.
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Fig. 12 Trend of failure cycles on temperature swing(4T)
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