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Abstract: At present, most of the traditional Cauer models assume that the shape of the effective thermal
conduction surface of each layer in an insulated gate bipolar transistor (IGBT) module is square or circular, which leads
to large errors of the calculation results of IGBT module junction temperature. On this basis, the shape of the effective
thermal conduction surface of each layer in the IGBT module are studied, and a Cauer model considering the
deformation characteristics of thermal diffusion boundary is proposed to make it more suitable for the actual situation. It
is found that a phenomenon of offset occurs at the thermal diffusion boundary of the IGBT module. By capturing the
diameter of the selected dynamic thermal diffusion boundary and modifying the parameters of the Cauer model which
considerers the deformation and offset characteristics of dynamic thermal diffusion boundary, the junction temperature
of the IGBT module can be accurately estimated. The correctness and feasibility of the proposed optimization method
for Cauer model consideringthe deformation and offset characteristics of dynamic thermal diffusion boundary were
verified by simulation and experimental results.
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model; thermal boundary offset; junction temperature

Y MU i A4S IGBT(insulated gate bipolar M, B N T E SRS A, B HA

transistor) A FFOGHE TR A BLSURIE HHBLPUIR 72 oLt i s R A RO ZRIB 1T IRES
P 7 IS S

YrFa HEA: 2024-04-05; 1&[E HHH: 2024-05-09, 2024-07-03; 2H IGBT B XL T AARE , S

FHAMA: 2024-07-22; M&EE%Z BH: 2024-08-14 gEVR PR TE, g5TR S T IGBT AR A FRIRAS




2 L b

I 55 24

ot A kA 5 A e A 22 56 Y Rl
JITHL A B YR B RS R, IGBT i myn]
SEPEMEUE H 255

A 1) IGBT S5 Wiy 12 3= 2GR . |
PIFUR 280 TSEP (temperature-sensitive electrical
parameter) ik S AR RIEL . i, Sl ik
FE B A 2T ML A SR G AF I B A s A T A
SCHR[617E S 56 I FH LT A ME IR A8 X 25 1 A i £
JET TSEP AYAS IR 771 AT LA N7 25 5 il B
SRR, IR ET . SRR 5
TS S R R R 5 s RS PV
SCHRL10TA HE T AN R i g 2800 IGBT MRt
FETHRAE I o PRI ZEARR AT 4324 Foster BERIFI
Cauer BRI (BYEFESEHY Foster BRI, Lt 2
% AFAEIRE AL, AR AL R AR, 130k
iR 2K ; Caver BAIN EAYERE L, WLIE
BT b JE 7% B DS A B R i G AR 3
BR[14-15150 5 DT IE . BUEAE K45 R BHA St
AR . s SCER[16]7E3 158 IGBT
B P 1) Sh A RGH TR TR IG FUm A 4 SC
BR[17]i FE G I B BIRIX IGBT 45317k
W SCHR(18]0I52 H 3-D BRI & T ARk E 1 7
IGBT sl .

A IO IGBT B4 2 A B IR AT T
ARV, BT R A R ITEI IR 22 1k
FEE BOEAR T P2, HRHZER a1, DGR
PR IT SEBRTE O Cauer F7Y , A SCE BT #4™
BOA AR IRFL IS, 2 Hhim SRR HGh R B
R YO, HETAS BRI A Y RO R
WAS AR PER) Caver #EAY, LLILERASE M1
25

1 ZEHY HiAFEER Cauer
B R

1.1 ZEHY AR IR Caver BHERBEI %
IGBT 5B h 25 SR B e S L B AR 42
i, 1 ARt IGBT el . e fRifk

SIMTI, AP DL E f R (457 )M B R,
HA R AR PRI N T , 207 AR
SRy 237 A —RE B TR ZE

B 1 IGBT #REIHE
Fig. 1 Profile of IGBT module

HI T IGBT A ARSI NI, ifeA FRoT
7 FLI R AR 52 LAY S IR A RN B N R . 26T
I, AR IGBT AT & A IR A7 75 th
T BN AR R AR, Jfa A BRIT ) B
Bl 7 IX SRR IERRPE . IGBT F7E )5,
IRIZAEIAS E AR SRR AR, AR
TR DL A SRR O | F R L
TNBEIE RS Caver £8L, IGBT B2 A4k
TR R N IEL 2 iz

IGBT
JERHE
R

etk [/
%=

i ——
V%= T 2T

T

JRARAEEL =

E 2 ARERERKRSH
Fig. 2 Shape distribution of effective thermal
conduction surface
ARAE IGBT BAHAS JE AT UL AR A5 R 2R Y
RIS, A5 &)= 2 #853, LI Cauer
BRI 7 JZE5H878 0 8 2, K405 Y Cauer 5



55 6 39 ZRREH, 2 T RS SRR FOE R TR R Y Cauer BERMALTT 1% 3

TR 3 JioR e B Py N IRAFE; T, IGBT

AHHREE s Ry, N IGBT A FARH 5 Ry AL

P*ME- Reppert » Reoppers P HIA L T HJZHEH 5
R eamic HPVEIZIABH s R yqery FNEHATRLZ HEH 5
Ryneptae HHURAIABL; Cypp F IGBT St A%
Coogert HIBNZEIA S Cooppert» Cooppers 7THIA

FHZIAE Cppamic MIEEIRE; Cppgery WIRIR
JRRHEIES; Cyppiae WIRHTANZS
7} Rchip Rsolderl Rcopperlchemmic Rcopperl Rsolderl Rbnsepla(e

|
I
@ 7 :
/
Ploss G T Cc
W% )=
N N e NN | R
| T] RChlp Ry solderl R, copperl ;e/ranuclll Rceramlo‘z copper2 Rsolder7 Rtn seplate :
T
/ Il |
| " ! |
ORE £ e |
Plo | cl\ ip T solder T copperl eramlc:—:Fce Amic2 coppe;( S0 derZTb-n seplatef }
5y 1L ‘T
. ______________\::I\_ _______________ _pe

B3 L5445 EH Cauer 152
Fig. 3 Cauer model after structural subdivision
IGBT B 2P RHARH R, FIHAE C, ITHER
Aol
L

C,=c-p-A-L 2
A, Ly kv Al ey p 205004 IGBT A4 2 1
7HE’J SR FRRE AR R L LR

PR S= LA BT AT AL R A, B30

A, =(a+2L-tan@) - (b+2L tand) 3)
e a fb 53R IGBT A KSR 04
P U

B2 AR R A RUE R 4, 19T

2
A, =n-[\/E+than6’J “)
n

K. 4, AFE)ZNITIE SEIE A UL AL Ak
PRGN (A SO B E 2 90% R BEAME A
AL IR FEAb) s L, TS5 B A UG A
HAC FHAL BN LA T 25 JZ AR IR
1.2 ZEERYTHARFEN IGBT BRERITH
ASCHEIUIE S WGL100B65F23 (1) IGBT #4
HAEIWFGERT S o 2 1 i lS IGBT i 244
BHYRST BAAS L RIEZA R R T S E d — 4
B, FRRIZBRL S A BT T i, TR 4
NGB IR S8, TR IGBT BT A

fo = d O goems s,
1 IGBT &HREEMHHR~TRHSH
Tab. 1 Size and thermal parameters of materialsin each layer of IGBT module
Yz PrEE R SF/(mm-mm- mm) HE(kgm’) SRR [W/(m-C)] FEIE /I /(kg-C)]
IGBT i{th i 9.00X9.00%0.20 2330 148.3 700
JERHR 9.00X9.00X0.12 7300 54.0 230
A 29.00X 14.20X0.30 8900 390.0 390
F%EJ2(ALO,) 30.50<29.00X0.38 3 600 30.0 850
T 29.00X26.50X 0.30 8900 390.0 390
AR Z 30.50X29.00X0.12 7300 54.0 230
A T 92.00X32.00%3.00 8900 390.0 390
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