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ABSTRACT The potential energy controlling equation for SnPb solder joint geometry was investigated,
and the solder joint geometry with duplicate SnPb sclders in flip chip technology was simulated by Surface
Evolver. Based on the unified viscoplastic Anand constitutive equation, the viscoplastic deformation be-
havior of SnPb solder was described. The stress and strain distributions m duplex SuPb solder joint during
thermal cycle were studied by finite element method, the thermal cycle life of duplex SuPb solder joint
was predicted based on Coffin-Manson equation. The solder joint geometry with duplcate SnPb solders
was linked with the solder joint reliability. There exists a direct relationship between stand—off height and
thermal cycle hfe of solder joint with duplicate SnPb solders and a regression model was carried out.
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Fig.1 Schematic structnre of flip—chip solder joint with dnpli-
cate SnPb solders { X—=atand—off height, A—radius of
Cu pad, r—redius of solder bump)

(a) chip (b} single solder joint
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Fig.2 Eflect of solder volume on sclder joint geometry {R=0.2
mm. r={.2 min)
(a) U'=0.01 mm?® (b) ¥=0.02 mm® (c} ¥'=0.03 mm?*

ib}

3 BN ARERRTER (R WRGESHE R
Fig.3 Effects of the size of sulder bnmp and pad on solder joint
geometry
(a) R/s=0.8 (b} R/r=1.0 (<} Afr=1.2
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Fig.5 Effect of average chip weight (m.] of single solder bump
on stand-off height of solder joint ( R/r=1.0,

r=0.2 mm)
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Table 1 Material parameters of viscoplastic Anand equation® for SnPb solder

Salder A’ 107 QIR 107 £ m H n, 1072 hg. 10?2 a s
Pb90Sn10 3.25 155.83 7 0.143 T2.73 0.438 17.87 3.73 15.09
SnB0P b4 1.49 108.30 11 0.303 80.415 2.310 26.40 1.34 56.33
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Table 2 Elastic mechanical properties of structure materials!®l

Material Coefficient of thermal Young's modulus
expansion a, 1078/ ¢ E, 16 MPa (T in T}

PLaoSn10 27.8 2.40-26.77 » 10~ *
Sn60Pb40 25.0 3.32-173.07 » 10—2
Copper 17.0 12
FR—4 16.0 1.6
Si 3.2 37.28

2.2 BRTASEFEE PRI R
T AMIE & Bl O B RE. ERIET IR

{45 & SuPb goiRkldr 09 Elk, BFFLL 34 Sn60Pb40
B R TR B D 3

WHREFIBTAENBRSPH N AR
HE, 75 P 0E PR PR IR S TR, i T MBI B e i T e
CTE %Fiid R SR FE e s m i vEsiE, §4 SoPb
BEFNGRTRE. B Ta REETTREES RS TR
JiI AR, M E SR LLE s 7 KA R S ik E 55
MPa LA E, E4 SoPb 85 Sn60Pb40 R4 SERE
Cu ERE M ARMERR S8 SN X, SR
Wit B e P AR AR B

HTHREABRBIFIRESTEN. FTEBDAFT
ARPREGHESHE. HEFIZLHN TN EHE, BE
SoPb B EMRERFR. I TFETHAM 2 AP KEST
I, FEREHEEPER ARESANEEERMH
FURRIE, BERBLAREHIBTE S EHEVE H DR
RAFERER SRS EETS S WETUES, 54
2 5% Sn60Pb40 BB SEFEHM Cu BRI # e
EREE TR A g

BT

H & SnPb BEHR G S H AR EHAT S
Fig.7 Distribution of equivalent stresses (%) and inelastic atrain of duplicate solder joint (B/r=0.8)
(a) stress (o5, MPa) distribution

(b} deformaticn resistance distribution (at the end of 3 cyc)
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Table 3 Series of duplicate SnPb solder joint geometry

Solder joint state Rir v X Ne
No. (r=0.2 mm) 10~? mm® mm cyc
1 a.8 0.125 0.212 203
2 D.188 0.239 420
3 0.2150 0.263 812
4 0.313 0.286 1415
5 1.0 0.188 0.213 265
6 0.25 0.237 450
7 0.313 0.260 816
-] 0.375 0.281 1315
g 1.2 0.250 0.209 216
10 D.313 0.231 365
11 0.375 0.251 658
12 D.438 0.27L 289
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