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Abstract

Solder defect is one of the main causes of failure in power module, and the thermal stress analysis
is an effective way to improve its reliability. In the paper, an electro-thermal-mechanical coupling
model is built, which considers the temperature dependent of material and mechanical characte-
ristic based on measurement parameters, and the built model is verified by experimental results.
In addition, the influence of solder crack on the damage accumulation, as well as the fatigue dam-
age under power cycling and small thermal loading cases is investigated. Finally, the condition as-
sessment model is proposed in considering of the effect of crack damage. Results show that the
built model can well characterize the influence of the solder layer void and the solder layer shed-
ding on the thermal characteristics of the device. When the voids in the solder appear, the tem-
perature distribution of the chip changes obviously, and the high temperature is mainly concen-
trated in the hollow edge region. When the fatigue layer of the solder accumulates to a certain ex-
tent, it will enter the nonlinear expansion stage. The module thermal resistance and junction
temperature exponentially increase until failure.
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BRAAE R R R G oSS AT 2 —, BT 50% R 2 B IGBT Dh& St 2k Rl [ 1],
S IGBT BLHUR BRI 2%, 5 2 R ARG, (A 1982 IGBT B e sl i E 2R 32 —
[2]o WFERHESE IGBT BEHu™= i tH R AT SEEPPAL R ) B 2248 bR, HAT O AR Z ¥ E W7 IGBT B
TR, F BT EFE SRR DR BB T v BT A LU A, A 2R 3 B FE RC
P25 DL S Cauer FAMI LAY, (HHOK 88 PR BRI — 4 3, 22088 7 HAd #(3]. IGBT #iHe T
Z JZ AR UL KRNI RECAILES, 3RS BRI D), 25 5 R A ISR E 0 57 B s & e i g . [
I, IGBT fHUZAT i S B H- S-S ) 2 WD BRI R G 3008 RTTIIA OC TR HUIR FE R M i U 58 %2
SR R A A B3 s — 3 AT BT, IR B RIS AT P 1) Z W35 R AR ELRE A (4] [5]

SCHR[OFRTT T IGBT Bl it AN Y —FR S H TSI OC R, IR B 43 A 7™ B AN IS — 2 A
PRI A o RN 23 AT 2R BE A AR 7737 o3 A A Bh T 284 R LR 78 6] SCRR[7 ik B 7R B2 AR FR
{1 L 5 o KA RN S /IMEL XS ThZR B8 AR A0S T ISR, 48R T M BE X ASRE ZE SO AR R R (I o [ B i
Bt A R R NRAE RO, SO 5y WA s TITEAH R SR E A6 T, TR S KAE R, RS0 &)
ARY . SCER[SIRTT TIERNZ N 2. BELIE. BELMER. KE. 0858518 #5152
Mo SCHR[OJRTT T BRI BRI I3 RIsEm, RINERRE S80S R R R, 2SI A K,
PRV ERER S, 2 PR T ) B R SO0 SR AR I AR 137 SRR
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HIGBT 85 F A0 i HE B E /F DCB #)2 F. 7F IGBT fibkrh, 6 F il 5k 2 S8 r 2 -,
MWAEEFERAGN AN, SHBSERGERESWZEE. N T PFBLRIHEICR, SbrigiT
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Figure 1. Schematic cross section of IGBT module
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SR ERPEREPE, JET T T R e SE MR, BRI A SR A Anand ZECRRRIEEHZE R
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2.3. IGBT R 238370 7 &

2 IGBT B i@ A\ AL, A 5 & LR AE SR N AR, TIM &)= T RS R, fE iR
R BN GID T IGBT R AR AU S 70 ANE AT RS 5 . BRI, iR ESE
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Table 1. Parameters of IGBT module
= 1. IGBT {RRA# R B M

1k (‘jrvj?jg (kf 5,3) i« Jt/t(f;%) tﬁs%n}‘; % gf:‘i eV VN CTE/(10°%K™)
Tk Temp. 2329 700 Temp. 170 0.28 3
FEEHZ 50 7440 230 9.1e6 40 0.3 23
Ve ge 30 3900 900 le=6 275 027 6.5
Gl Temp. 8700 385 Temp. 110 0.35 17
GG 238 2700 900 3.77¢7 70 0.33 23

Table 2. Parameters of Anand model for solder layer

% 2. 1R E Anand R S#

ZH so (MPa) Q/R (K) AGT ¢ m hy (MPa) S (MPa) n a

SRR 2 12.41 9400 4.1e6 1.5 0.303 1378.95 13.79 0.07 1.3

BT BRI, R LR T A RO e A, AR v e BB R T AR AL B, BRI T R
BB IR RIS, (BRI AR . R, SR B AT RIR A1
or

_la_n:h(Tf_Tamb) ©)

Hobr n A3TRBARE, Wim™C); T RHEBGRE, C; Tamb RHEHELE, C. T 9:50x SO
SAE, P77 TR S R KRR S RN, B HORRATA 1], RN R E N 0.98, 5
KM L RE B B8 IGBT MHURI T E N MEs, BERRZ. #7400 v R — K10
FoA, BN AR Y 00 IGBT BB I i BRIl 7, BARBUEAR I xR B A kA,
SR DUE R E A AR, HRECH 12.5 Wim K. RIS ZEE A e DR 4 4 s Rt T SR B )
GEIRURIT,  LAAERRALAR PR A TE o

FERL S35 o3 Hr e, TS b IGBT B iR 22 [ 2 fE BAAAS Lo DRI, 72 77223 rho Foii i i
BN AR, BiBesl. RN R0 E BN Z J7 AR, BAES u.=0. K2 4 1A RO
FIGBT #R I B S5 E

3. IGBT =R 14514 5 B IS iE
EEEYET IGBT BB ST
BRI A H R SO IR, A RO S 4 B A B . MR AR B RGL RATEA

:_Et’ EI%D:

O = hAAT 7)
Hor 0 A, Wi h NXTRSRREL WIm™C), 4 AAREHAER, m*s AT KRS 58 ETE &
27, C.

SIS AAE T MBI 1=20 A, WS ARG HLE Vee 730108 1.359 V #1 1.371 V, Kb #E
O 73N Vee*I =272 W A1 27.42 W, TSR Ta=24.6'C, N A#2 BIFEIE Te=52.21°C, HEHY-
B 0 = 45°, BB 4 = 31.5 mm x 67 mm. A7) T LMEBIXRBEM AL h = 937.35
W/Am*C)o MMM 528 T H R, HAHRH A REN b =12.5 W/(m>TC).
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Figure 2. Boundary condition of multi-fields model
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EI34AH T 1 =20 A %4~ IGBT BARASIR BERE I, AT LUK B i X 3 A h e R, o
HREHAAEMXIE., U IERREE, SR B TN 68.72°C, MK~ T,:,=61.61C. [[
3 PEE EE S P o )1 BT ek /N, R R ) 0 BRI T 2R LR 88 5

Fl 4 4517 IGBT [t P340 B I SRR AR (A . T DURIILTE ¢ = 300 s 280HR % O IABIRAA,
FaMESHIA 66.01°CHI 51.9°C, IFHA5R ETFHERIER T 5, FERFVBFASAAIZ KT IGBT
Bk,

AR RS ST T PR AR A 2R, DURARFETH ST, BRI AR R, = (7, -7.) /P 135
PR, PR FHFE 272 W, THEABEAE R 0.518°C/W, i #dih 0.53°C/W. [FEFERTBATH
NS, (T B AR S TR W05E 3 Fos . il DUR I BLAE RS ) BE 2 R Z BN, Hob IGBT
SR FIRZEEN 2.26%, 1 _RERZEN 2.38%. T B R FEEMEHE S RECGEEMS, mHERH%ER
TR R AR BB EH, etk — iRz ERIRERY, WO AN RS R AR
FEIE .
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XF IGBT AEHlh B (52 ma U, A B A ol 23 S O R A . RV 233 67 BRI IR AT R B ATL L 30,
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Table 3. Comparison of thermal impedance between datasheet and simulation results

3. TEBES L BEXt

iy )i EEHE (°C/W) ) HdE(CC/W) R (%)
B R#1 0.518 0.53 2.26
TRE#2 0.82 0.84 2.38
A 69.1
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Figure 3. Temperature distribution of IGBT module
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Figure 4. Variation of junction and case temperature of IGBT module
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Figure 5. Temperature distribution for different voids
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Figure 6. Simulation results for different delamination degrees
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XEWAEMRLER—F: IGBT i RAUTFE NAEL M BAEFE[13] [14].
5. &hig

BERHRRLZ BRI SRR K R 7 8 v LR A5 5 SOSE80E ) RE, 18 SRS IGBT BB - #- ) 2 W B I
R, M T IGBT BEBRAEAFERHZ BRI H T BRI R M e, JF SEIR i s R R HER k. R
CEINEYN R

1) FTEESLI IGBT BEHR il -#- WIS 7] 2 4 B RS S AR BAT e IRV SRS L, RS A AU Y
PSR 38R R BRI

2) HIERUZE I, A R A A T MR, i A P I 2 X k. A
() 25 AR, e 2 IR P i KA 5 30 2R P e R AR A ), 73790 9 80.18°C A1 78.9°C
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