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Fig. 1  The thermal impact cycle curve Fig. 2 The PCB solder damage forms
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Fig. 3 The tensile test specimens and the instrument Fig. 4 The stress-strain curve
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Table 1  Young’s moduli of FR-4 at different temperatures

temperature T /C -40 0 25 60 125

Young’ s modulus £ /GPa 8.28 8.01 7.92 6.71 6.37
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Fig. 5 The thermal expansion test specimen and the instrument Fig. 6 The curve of the thermal expansion coefficient
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Table 2 The thermal expansion coefficients of FR-4

thermal expansion coefficient o /°C ™!
temperature T /°C

x/y z
-40 1.43E-05 5.12E-05
25 1.43E-05 5.12E-05
55 1.72E-05 7.43E-05
125 1.87E-05 8.13E-05
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Fig. 7 The 3D model of PCB

PEHE 20 15 10 solid226 FHAFRIT , Rl 437 Tl A PR RS A 38 i F 38 45 SR ARG i 1 | X o5 Ak
A T 20 K1) 3, B 30 24 g ) 43 AR RS A ] 7 B, HeP mode 1 111 103 4~ B
JCFN 118 842 5, model 2 4 989 48 PNEATTHI 105 720 45 4.
3.2 HEER

TR T ARRE, AR 4 B MRE KR R DL S FR-4 R S R RE R FR-4 45k
FRLEHMERE RIS FRESECT L 3.

F3 LS

Table 3 Elastic parameters of the PCB materials

lead
material copper  SAC305 FR-4 molding die die attach
frame
density p /(g/cm’) 89  7.39 3 2.04 2.33 3.6 8.8
=70 C 26.7
-40 C 8.28
0°C 242
0C 8.01 -65C 145
Young’ s modulus 50 C 23.6
123 54.9 25°C 7.92 131 25°C 11.8 129
E /GPa 9 C 22.2
60 C 6.71 150 € 8.58
11 <€ 179
125 C 6.37
126 C 795
Poisson’ s ratio v 0.35 0.31 0.28 0.3 0.278 0.33 0.34
specific heat
390 230 1130 2 030 710 500 380
c/(J/(kg-C))
x/y  z
thermal expansion -40 C 143 51.2
coefficient 17.5 21.9 25°C 143 512 7 2.61 64 17
10°%a/Cc™! 55°C 17.2 743
125 C 18.7 81.3
thermal conductivity
390 64 0.35 0.7 148 2.5 230

A/(W/(m-C))
TR RN SAC305(Sn96.5% \Ag3.0% \Cu0.5% ) , H: 12447 R F B R K B8P Anand 7844
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Table 4 Anand parameters of solder SAC305

Anand parameter so/MPa  (Q/R) /K" A/s7! £ m hy /MPa 5 /MPa n a
value 21.00 9 320 3501 4.0 0.25 1.8E5 30.2 0.01 1.78
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Fig. 8 The temperature contour of PCB
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Fig. 9 The von Mises stress contours of the solder pads
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Fig. 10 The curves of von Mises stresses Fig. 11  The curves of shear plastic strains
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Table 5 The fatigue life prediction for the 2 models

model strain range A‘yp life prediction N, qualification
model 1 0.049 1 256 (<500) unqualified
model 2 0.029 3 892 (>500) qualified
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Fatigue Failure Analysis and Structural Improvement
of PCB Solder Joints Under Thermal Cycles

SU Pei-lin, LI Tao, PENG Xiong-qi
(School of Materials Science and Engineering, Shanghai Jiao Tong University,
Shanghai 200030, P.R.China,)
( Contributed by PENG Xiong-qi, M. AMM Editorial Board)

Abstract: To investigate the fatigue failure of PCB solder joints under thermal impact cycles, a
3D finite element model of PCB with the traditional structure was built. For comparison, an im-
proved structural model with solder pads added at the QFN corners was also built. Based on the
measurement of Young’ s moduli and thermal expansion coefficients of FR-4 by experiment, the
thermo-mechanical FE analysis was conducted on the 2 models in ANSYS. The thermal fatigue
life of the PCB solder joints was evaluated by means of the modified Coffin-Manson equation ac-
cording to the FEA results. It is found that the peak equivalent plastic strain at the PCB solder
joints is significantly reduced after addition of the solder pads at the QFN corners, and the ther-

mal fatigue life of the PCB solder joints was thus greatly improved.

Key words: PCB; thermal cycle; finite element analysis; fatigue life
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