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Abstract: The power density of the IGBT (Insulated Gate Bipolar Transistors) module is skyrocketing,
and the problem of heat transfer has become the bottleneck restricting its reliability. Thermal analysis
plays an important role in the design of IGBT modules. A comprehensive thermal simulation was
conducted on an IGBT module and its heat sink, and the simulation results were compared with the
experimental data. The temperature distribution and the composition of the junction-to-case thermal
resistance were analyzed. The results show that the thermal model established can calculate the
temperature distribution of the IGBT module accurately. Among the four parts of the junction-to-case
thermal resistance — chip thermal resistance, solder thermal resistance, direct bonded cooper (DBC)
thermal resistance and copper substrate thermal resistance, DBC thermal resistance is the main part,
which taking up more than 75% of the whole junction-to-case thermal resistance.
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Fig.1 Inner structure of IGBT module
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Tab.1 Dimensions and thermal conductivity of each part

L H: 3

gt (mm) (mm) (mm) R (w/ (Ke m))

IGBT 12.2 115 0.1 fiE: 148
IGBT R4kl 12.2 11.5 0.12 -5 35
DBC A 42 30.3 28.3 0.3 i 380
DBC H % 30.3 28.3 0.38 Ve & 15
DBC 4k} 30.3 28.3 0.12 -5 35

i S5 91.8 315 3.0 il 380

s 146 125 68 i 204
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Fig.2 Experimental setup K3 bR oA
Fig.3 Temperature measurement points (a) On IGBT and Fred, (b) On
bottom of copper substrate
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Fig.4 Temperature distribution of IGBT and heatsink at 243.5 W
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Tab.2 Simulation and experiment results

1 e 2 AR 3 AT 4 e

(% C) C) C) C)
UE=NiE] A UE=NiE] A UE=NiE] A E=NiE] A
735 426 416 328 313 326 313 43.9 416
1461 | 638 64.5 43.9 43.9 45.0 43.9 65.9 64.5
2435 | 932 95.5 50.8 61.3 61.9 61.3 95.9 95.5

5 FORIE 6 FhE 7 R 8 AT

Q 0 0 0 'C)
WO T g | b | R | srgr | WORE | e | WG | g
735 30.4 32.9 316 312 30.0 312 323 32.9
146.1 46.4 47.1 44.0 43.7 42.6 43.7 47.4 47.1
235 | 634 66.2 5.7 60.8 58.9 60.8 66.4 66.2
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Tab.3 Composition of junction-to-case thermal resistance

Ric Rehip Rsolder Rpac Rsub
(KIW) (KIW) (KIW) (KIW) (KIW)
0.222 0.001 0.029 0.171 0.022
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Fig.5 Composition of junction-to-case thermal resistance

4 4R

(1) XF IGBT #ibe fz S S 7 T RSB W BB A TR, A48 4 R 5 A% SR sz 56 Kl 1)
XPELgE FRE, T B AR @%Eﬁﬁﬁﬁ’]&ﬂTﬂIﬁT IGBT #idk LRI A1)
WA

(2)  IGBT Bl 4h Fe PuBH & tats i J50BE. DBC. AR DU & 73 FABHAS R, 3 3 Al 4y
Prof#3, DBC MRAHPH 4 KER 4, JRDE T DBC B 1 B B S 3R R /N o
R, 42 DBC M H B & I T SR HUE hd ) g se PH I — PR A gz .

[& 3% 3CHK] (References)

[1] Ak, 58 JFEIGBT A BT TS i Mg AT S [3]. iDL 2273k « 5 B B
T.F£.2008, (05) :718-720.

[2] FEW%E, UK, ST, R 20 ARG = A BT 3] oo 5 R0 KE2004,  (05)
43-45.

[3] PERPINA X. Experimental analysis of temperature distribution within traction IGBT modules[C].
European Conference on Power Electronics and Applications, Vols 1-10 .2007: 546-555.

[4]  A/NE%. v 0 AR R KR A AT 52 5 RS IOAE A RE AT T [D]. 226018 50, V224838 R
2%, 2005.

[5] #atttss, BESCERALRAA MY EEDURR. 55 B0 B, 2006.

[6] i ey e i KA s IS [9]. He T HETHOR, 2000 (4) - 36-38.



