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Table 1 Reflow parameters of samples

Profile Peak temperature,  Time above Heat factor,
No. Omax/ C liquids, #4/s 0y/(s-C)

1 220 20 30

2 225 40 160

3 230 60 390

4 235 80 720

5 240 100 1150

6 245 120 1680
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HF 5 ANMGEREA AT [ 2 o 43 31 F AN iEas SRl ik
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Fig. 1 Schematic diagrams of model constructed with ANSYS
13.0 for vibration test: (a) Mesh generation for whole structure;

(b) Mesh generation for simplified model of BGA solder joints
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Table 2 Material properties used in FEA model'> '

Material Elasticil\t}/; godulus/ Proizgn g(egnrsrllt_};;

E,=22000 ry=0.11

FR4 £E,=22000 0.28 1900

E.=11000 0.28

Cu 117000 0.34 8900

Sn3.0Ag0.5Cu 52340 0.4 7410

Si 131000 0.3 2300

IMC (CugSns) 85000 0.31 8280
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Table 3 Thickness of IMC layer

Profile No. Thickness of IMC layer/pm

1 0.74
2 1.57
3 1.95
4 2.82
5 3.19
6 436

BRI RT3 SRR CueSns J2, FEIXANT B, [RIf ik
173 IMC JZ 80 8. dn STl akiiAl . ik
FEAGEETRE . 80 Sy BOR i SO R R Y B AR
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J2 e R A AR T A R, (MRS e R A,
K CugSns JE A K H EAR S .
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A RTT AR A I T B KN AT, AR AR IR B)
BT N RIS A AU 3 Fron . NRIAETEEL, AR
BB N 5 F FIPEFAEARL, o T3 FREE, AT Y

B2 AR TFRER EGEE IMC ZRES SEM 14

Fig. 2 SEM images of IMC layers after reflow at different heating factors: (a) 30 s-°C; (b) 160 s-C; (c) 390 s-°C; (d) 720 s-°C; (e)

1150 s:°C; (f) 1680 s:C



529 B 4 W

ot & IESEIRENGIEN BGA 15 1 Sn-Cu &JB AL S0 28 AL HE 759

Von Misses
stress/MPa
2697.9 Max
2163.9
2112.0
1852.5
1738.8
1669.3
1599.8
1530.2
1450.7
1345.9 Min

B3 AR BT RN oA
Fig. 3 Von Misses stress distribution inside solder joint under

tensile loading
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Fig. 4 Fracture morphologies of solder joint subjected to vibration load with IMC thickness of about 1-2 pum: (a) Cross-section

view; (b) Fracture morphology

CugSn;

B 5 IMC JEBEAE 2~3 pm 2247 AR R iR 3 Rk R 2 30

Fig. 5 Fracture morphologies of solder joint subjected to vibration load with interfacial IMC thickness of about 2—3 um:

(a) Cross-section view; (b) Fracture morphology
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SAEKFHAMIEALR IR, 7E Sn-Cu A& FR
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Fig. 6 Fracture morphologies of solder joint subjected to vibration load with IMC thickness about 3—4 um: (a) Cross-section view

of crack; (b) Cleavage morphology

CugSng

AN
\

B 7 IMC EEERT 4 pm R RR ) K R 250

Fig. 7 Fracture morphologies of solder joint subjected to vibration load with IMC thickness of more than 4 um: (a) Cross-section

view of crack; (b) Flat cleavage morphology
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Table 4 Vibration fatigue life of solder joints

Thickness of IMC layer/pm Nsqgo/h
0.74 25.50
1.57 47.50
1.95 70.75
2.82 50.25
3.19 44.50
4.36 34.25

< 70 | .

]
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.2
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S [
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= 40}

&

x

S 30r

20 1 1 1 1
0 1 2 3 4 5

IMC thickness/um
8 R AIRBNE T Ao A IMC J2 R IR &R
Fig. 8 Relationship between statistical fatigue lifetime and

thickness of IMC layer of solder joints
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Fracture mechanism of Sn-Cu intermetallic compound layer in
BGA solder joint induced by sinusoidal vibration

HU Dan, SHEN Jun, CHEN Xu, ZHAI Da-jun, GAO Run-hua

(School of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The sinusoidal vibration failure behavior of ball grid array(BGA) solder joints reflowed with different
temperature profiles was studied. The morphologies and thickness of Sn-Cu intermetallic compound (IMC) formed under
diverse heating factor were observed by scanning electron microscopy. The stress concentration and distribution of BGA
solder joints under the sinusoidal vibration were analyzed by finite element simulation. The results show that the origin
and propagation of cracks mechanism differs when the morphologies and thickness of IMC layer are different. The
vibration fatigue lifetime of solder joints increases gradually at first and then drops rapidly with the increase of the
thickness of IMC layer, reaching the maximum when the thickness of IMC layer is about 1.5-3.0 pm.

Key words: intermetallic compound; ball grid array; vibration; fatigue lifetime
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