27 9

Vol.27 No.9
2006 9 CHINESEJOURNAL OF SEMICONDUCTORS Sep. ,2006
CSP -3 5A )
( 200030)
: (CSP)  Sr3 5Ag
ANSYS CSP Anand Sr3 5Ag
; ) Darveaux
: ; ; Anand
EEACC: 0170J; 0170N
. TN306 A 1 0253-4177(2006) 09-1695-06
Anand
1 , 62Sn36Pb2A g
. Darveaux
(chip scale package) , Zahn'
; (stacked die package) 63Sn37Pb
PDA .Lall (6] (PBGA)
63Sn37Pb ,
, 63Sn37Pb
) Darveaux ,
) , SnPb
, Sn-3 5A¢g
[1.2]
Darveaux'® .Chen 7]
4 ¢ Darveaux Anand ,
Sn-3 5Ag . Lau
Lee'®
(WL CSP) Sm3 5A¢g
, ANSYS ,
(
Anand , Darveaux A nand Sn-3 5Ag
62Sn36Pb2A g ,
* ( :50575133 ,50390063)
T . Email :xiao. han @hp.com
2006-01-20 ,2006-03-02 © 2006



1696

27

ANSYS
, D arveaux
2
2.1
2 CsP
Fig.2 Three dimensional quarter symmetry FEA model
(VFBGA) ,
CsP , 1 o 100 , :
, 10x10 , 0. 75mm.
1 (591 Darveaux® ANSYS Anand
62Sn36Pb2A g ,
(71
P Chen Sn3 5Ag
. Anand )
(7'_ = = Sn-3 5A
n-
-5 g
A Silicon die N SR
B lmm Anand
TR £° = Aexp| - =2 [sinhﬁl]um (1)
s - AP RT s
1 S
Fig.1 Structura diagram of chip scale package ’
a .
S:{ho 1- = sign[l-‘%}}ep (2)
1 S S
Table 1 Dimensions of the package
/ (mm X mm X mm) 9x9x0.45 . ,\S|:€_p _Q_] n
/ (mm X mm X mm) 6x6x0.1778 s = AeXp[ R'J (3
/ (mm X mm X mm) 6 x6x0.0254 Anand 2
/ (mm X mm X mm) 9x9x0.21 71
PCB/ (mm X mm X mm) 11.25x11.25x1 ’
/ mm 0.35,0.27
/ mm 0.32,0.027 2 ST35Ag Anand
PCB /mm 0.28.0.027 Table 2 Material parameters of Anand model for S+3 5Ag
/ mm 0.03
PCB / mm 0.04 s/ MPa 2.3165
QR 10278.9 /
,  ANSYS Als?t 177016
( 2) , CsP € 7
PCB , m 0.207
. . 48863 ho/ M Pa 27782
41633 , s/ MPa 52.4
V1SCO0107 , n 0.0177
SOL ID45 a 1.6
2.2
PCB BT



9 CspP Sm3 5Ag 1697
3
Table 3 Material properties of the package
( ) / MPa / MPa K1t
(S3.5AQ) 66662 - 35T - 0.0587 T2 — 0.4 (16.28+0.02039 T) x10-°© [8]
27924 - 37T( X, Y) 12600 - 16.7 T( XY) 0.39( X2&Y2) 14.5%x10°%( X, Y)
PCB (FR4) [6]
12204 - 16 T( 2) 5500 - 7.3 T( YZ&X2) 0.11(XY) 67.2x10°%(2)
3100 — 0.3 30x10-6 [6]
(Cu) 129000 — 0.34 16.3x10°6 [6]
- 17890( X, Y) 8061( XY) 0.39( XZ&Y2) 12.42x10°%( X, Y) 5
7846( 2) 2822( YZ&X2) 0.11( XY) 57x10°5(2) fel
6769 — 0.35 52x10°6 [6]
(Si) 163000 — 0.28 2.5x10° 6 [6]
23520 — 0.3 15x10-° [6]
' T
2.3 '
5
[5]
-40 125 15min,
15min, 125
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7 von Mises
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Fig.8 Viscoplastic strain energy densty of solder joint
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Fg.9 Time history of Max. viscoplastic strain energy
density
No da/ dN
( 4 )
O T8 36 54 72 90 108 '
7 Time10’s ' ' No = Ki(A Wae) (4)
7 da = KS@ Wave) K (5)
Fig.7 Time history of von Mises stress dN
) 4 Darveaux
, Table 4 Correlation constants of Darveaux crack growth
( 8 ) Ky Ko Ks Ka
56300 - 1.62 3.34x10"7 1.04
9
, Oy ( 63 2%
- )
(6) , a
—a
O, = No + 6
! ° " da/dN ©
Darveaux!® A Wae A Wae

)

A Wae . [5] . PCB
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0. 0254mm ( )
10 . 5
) Table 5 Fatigue life prediction results
, ANSYS
A Wae (1) A W/ MPa 0.1882(27.30psi) | 0.7397(107. 28psi)
a/ mm 0.24(0.00945in) | 0.24(0.00945in)
; (2) ETABL E No/ C¥C|e 266 29
(da/ dN)/ (in/ cycle) 1.04077 x 10" 5 4.32002x10°5
Vi O/ cycle 1174 248
Wi, (7) | % . 33 86 - 86.03
;(3)
5
A Wae.
0. 1882M Pa, Sn3 5Ag
Darveaux
0. 7397M Pa. Darveaux
o B Wae (1 ,
M Pa ps (1ps = 6. 894757 x 10" M Pa) ,
mm inch
(linch =25 4mm) . (4) (&)
) (2)
Z WiV ,Anand
Wae = - (7) Sn-3 5Ag
Z Vi :
i (3) D arveaux
Sn-3 5A¢g ,
Darveaux )
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Thermal Fatigue Life Time Prediction of S»-3 5Ag Lead Free Sol der
Joint for Chip Scale Package”

Han Xiao', Ding Han, Sheng Xinjun, and Zhang Bo

(Advanced Electronic Manuf acturing Center, School of Mechanical Engineering,
Shanghai Jiao Tong University, Shanghai 200030, China)

Abgract : The thermal fatigue life time of Sn-3 5Ag lead-free solder joint of a chip scale package subjected to a thermal cyc-
ling load is predicted. Using the finite element analysis software ANSYS,a three dimensional symmetric model of the chip
scale package is established,which uses the Anand constitutive model to describe the viscoplastic material property of Sm
3 5Ag lead-free solder joints. The def ormation of the CSP package and the stressstrain variation of the solder joint under a
thermal cycling load are investigated through thermal stress analysis. The Darveaux fatigue life prediction method is used to
calculate the fatigue life time of the lead-free solder joint based on the finite element simulation results.
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