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Simulation of Thermal Fatigue Life Prediction of Flip Chip with Lead-free
Solder Joints by Variation in Bump Pitch and Underfill

Kim Seong Keol’, Kim Joo-Young
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1 Abstract }

This paper describes the thermal fatigue life prediction models for 95.5Sn-4.0Ag-0.5Cu solder joints of Flip chip
package considering Under Bump Metallurgy(UBM). A 3D Finite element slice model was used to simulate the
viscoplastic behavior of the solder. For two types of solder bump pitches, simulations were analyzed and the effects
of underfill packages were studied. Consequently, it was found out that solder joints with underfill had much better
fatigue life than solder joints without underfill, and solder joints with 300um bump pitch had a longer thermal fatigue
life than solder joints with 150im bump pitch. Through the simulations, flip chip with lead-free solder joints should
be designed with underfill and a longer bump pitch.
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o] 7 &HHQl 9pojo] Eod(Wire Bonding)ollt TAB
(Tape Automated Bonding) 7| 2% @A) o|83} 91 E
FEA71=d A7 it oo whet J9f 7Rt

) A&e A7l 712 Tt g o) RE WS B
4ol W wjd 2HA)e 848 BGA(Ball Grid Array), £
A(Flip Chip)7|&o] 42 AHSHT 9, B3], &

e A3 7199 s atolof &H Wx(Solder Bump)E
HAAA QFg o]F& 7I@RA, IC 3713 glolA 713
P ez JAEL ATk olof wet EHY 7leol of
g a7 9 AT FaAol FHEL L, w3 EYY &
o JYE7E vlAg} Hof w2t B2, dujRef digt 4=
Kol o AT EHT Yo, ey ¥ AT
ol A= UBM(Under Bump Metallurgy) Zo0] 2-25 u|A
nx)e] 29 R 40 AYLE YAz fResay
Z2I9 ANSYSE o] &3] 37|12 & Ato]Z(Thermal
Cycle)Z 913t & 1 Z(Thermal Fatigue) w}gko] ojA}ts]=
£0) A8 39l0] WY B BES Aslgty, H4S 59
Ao HAA HMFE oA Y= Fh(Viscoplastic Strain
Energy Density)S 7}A| 1L Darveaux7} A|¢t3t o2 4~
ojZ(Fatigue Life Prediction)]-& Z£-3to] oj2& H=
& A5t 53], & A9 Al W(Underfill)
ol W T2 i EU) ARE &) Wz Alo]
2, J7} 717ARo] 9] 7HA(Stand-off Height) ¥ ©]2]¢] 7}
Lo g F2 Y oS e IS v, A8t

2, @ mZ 48 ol& 2YR

2,1 83 RY(Stress Model)

O 5150 et aet S HaixE A BEES
e B4 74 AREY 74 PHAE BEs] Lolof
gtk 53], &0 Wz B35 AR AFS #4str] A8
A T BRG] A Fa% aaon) B droAe
ofg 7HA 24 44 &, vjetd W3 E(Inelastic Strain
Rate)?t H3 A F-E(Deformation Resistance Rate)E 0|2
o1 Anand ®&-& AMS3LGI T Anand 2E2 4 (1) ~ (4)
o} Zo] {5 WA (Flow Equation)t & w9kt w44
(Evolution Equation)®.2 g 4 +&d, 21 EgA4d=
BT B dFAE 8 AHgET Y.

4% WA A (Flow Equation)

dt A[smh((a/s)]l/mexp(*—) 4))
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& kAl 8P4 A(Evolution Equation)

ds u de,,
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N [ de,,dt n

s =s [ ’Z ]exp( kQT) @)

Table 190 = B to] AREH 95.55n-4.0Ag-0.5Cu &
A&oof st r—} J PAnand b2 7R Ul Qloh
2 &4 @¥(Damage Model)

A7 e £rof gt &4 RU2 A, Darveaux7}
1oHst g A #(Crack Propagation) RY-& ANk
A REoAe feteadde B3 AN M
48 011141] E(V iscoplastic Strain Energy Density)
! ' AR ofdfet Z2

2
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Table 1 Anand’s constants for 95.5Sn-4.0Ag-0.5Cu sol-

der
Sn95.5
Constant |Parameter| -0.4Ag Meaning
-0.5Cu
Initial value of
G SoMPa) 13 deformation resistance
Activation Energy/
G QREK)| 9000 Boltzmann’s constant
G A(1/sec) 500  |Pre-Exponential Factor
Cy ¢ 7.1 Multiplier of stress
Strain Rate
Gs m 03 sensitivity of stress
Cs hy(MPa) | 5900 Hardening Constant
Coefficient of
C; s"(MPa) | 394 | deformation resistance
saturation value
Strain Rate
Cs n 0.03 sensitivity of
saturation value
Strain Rate
Co a 1.56 sensitivity of
hardening
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Table 2 Crack propagation model constants

Constant Value
K 22400(cycle/psi)
X, -1.52
K, 5.86E-7(in/cycle/psi)
K, 0.98

@

)
Fig. 1 3D Finite clement slice model without underfill
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Fig. 2 3D Finite element slice model with underfill
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Table 3 Geometric properties of the package models

(mm)
300um Pitch 150um Pitch
Die dimensions 7.7x7.7%0.7 7.7x7.7x0.7
S"é?;;:;‘;“" 0.150 0.075
Standoff height 0.106 0.052
PCB thickness 1.000 1.000
UBM thickness 0.005 0.002

Table 4 Material Properties used in finite element an-

alysis
. Poisson CTE
Material E(MPa) ratio (opm/C)
Si 131000 0.30 2.8
FR4 22000 0.28 18.0
Cu
(Pad) 76000 0.35 17.0
Ni
102000 0.30 13.1
(UBM)
Underfill 10000 0.30 25.0
Solder alloy. |Temperature 0.40 Temperature
(95.55n4.0Ag0.5Cu)| dependent ’ dependent

Table 5 Young’s modulus and CTE of solder alloy

Temperature(K) E(MPa) CTE(ppm/C)
208 53000 213
343 47000 22.1
373 44000 23.0

160

2,

B

ook

Fol| thate] TAA 7|1 HHE20) YA
3ko] tjste] PAIAT. Bl A8H
55C~125CBM, &% A& @ 374
AL SAA7EL 10802 11}o]EL 30
. Fig. 39)A= A7t-22¥3 248 1

rEol
X
rlo
3
i oz
o

8 z2
o

o
T
ol

=

&ofr & orfe oo
e o fo Horlr

wn

fe

l_‘

.

b b
e
o
_?l"
2
o

Tiiies &

Fig. 3 Thermal cycle profile
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Fig. 4 Strain energy density distribution in the solder
joints
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Table 6 The results of analyses of fatigue life predic-
ton

No underfill Underfill
300um | 150pum | 300um | 150um
AW, (psi) 3592 81.78 2.86 3.50

N,(eycle) 97 28 | 4535 | 3336
da/dN
(weyeley | VIFS | 44E5 | 16E6 | 20E6
a(in) 48E-3 | 24E-3 | 48E-3 | 2.4E-3
da,
o/ (dafdN) 257 55 2975 | 1220
(cycle)

N, 354 83 7510 4556

At olgfet Y 7hall A &) ME 719 gAjek A
o] &, B}l w7 2| 7ke] 7+2(Standoff height)o] HojE+
242 olg] ¢ gairt B4 g4 w2 oS ul

7 g
A7) whgoletn A=t

5. 2 E
2ot $H9) 95.580-4.0Ag-0.5Cu7t A 8H ZYY &
Aol o Aol fRHANNS o et 2o AR
% 9g 4 A

(1) <leigo] A48 7|19 B HEA| e H9of
H)8) AAA Y oA A )9}5};}}: AL BY
%! | JJ% 713 Aol o] YA 7\}011

o
(2) A Azt Al o3 e ﬁlfﬂ?} 5’4 300um, 150
|

$7F A=A

(3) duigol A Hr)Ret HgHA| 42 W7|x] mF
W B27h 300umol A 150um= 015 B, 58
4 ABE e ol vATA] FAR 3
I Apo]z Zhaet Bl 7|27k Aol Folgo
% A7 B 94 gz v Ay
Ao 2 gekEch

;l'é_u

Hm ml~> I

re

27

e LR ETSECE R IRt
Q3] AR el AR AARAR AU Wol 4359
o, olof] A=k

k]

PO E 8

HO

(1) Yoon, J. W., Kim, J. W, Koo, J. M, Ha, S. S., Noh,
B. 1., Moon, W. C,, Moon, J. H., and Jung, S. B,,
2007, “Flip-chip Bonding Technology and Reliability
of Electronic Packaging,” Journal of KWJS, Vol. 25,
Ne. 2, pp. 108~117.

(2) Shin, Y. E, Kim, Y. S,, Kim, J. M,, and Chop, M. G,,



2004, “The Thermal Fatigue Analysis and Life Eval-
uation of Solder Joint for Package using Darveaux,”
Journal of KWS, Vol. 22, No. 6, pp. 36~42.

(3) Shin, K. H., Kim, H. T., and Jang, D. Y., 2007, “An
Analysis on the Thermal Shock Characteristics of Pb
-free Solder Joints and UBM in Flip Chip Packages,”
Journal of KSMTE, Vol.16 No. 5, pp. 134~139.

(4) Shin, K. H. and Kim, J. H., 2007, “Solid Modeling
of UBM and IMC Layers in Flip Chip Packages,”
Journal of KSMTE, Vol. 16, No. 6, pp. 181~186.

(5) Darveaux, R., Islam, M. N., Singh, N., and Suhling,
J. C., 2004, “Model for BGA and CSP Reliability
in Automotive Underhood Application,” IEEE Trans-
action on Components and Packaging Technologies,
Vol. 27, No. 3, pp. 585~593.

(6) Ng, H. S., Tee, T. Y., Goh, K. Y., Luan, J. E,,
Reinikainen, T., Hussa, E., and Kujala, ,A., 2005,
“Absolute and Relative Fatigue Life Prediction

162

Methodology for Virtual Qualification and Design
Enhancement of Lead-free BGA”, IEEE Electronic
Components and Technology Conf., pp. 1282~1291.

(7) Zhang, L., Sitaraman, R., Patwardhan, V., Nguyen,
L., and Kelkar, N., 2003, “Solder Joint Reliability
Model with Modified Darveaux’s Equations for the
micro SMD Wafer Level-Chip Scale Package Family,”
IEEE Electronic Components and Technology Conf.,
pp. 572~577.

(8) Darveaux, R., 2000, “Effect of Simulation Meth-
odology on Solder Joint Crack Growth Correlation,”
Proc. 50th ECTC, pp. 1048~1063.

(9) Tseng, S. C., Chen, R. 8., and Lio, C. C., 2006,
“Stress Analysis of Lead-free Solders with Under
Bump Metallurgy in a Wafer Level Chip Scale Pack-
age,” International Journal of Advanced Manufac-
turing Technology, Vol. 31, No. 1-2, pp. 1~9.



