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Simulation Study on Reliability of Solder Joints in PoP Package
Subjected to Temperature Cycling and Random Vibration Load

PAN Bei  WANG Hongguang LI Yuxuan GE Zhenting CHEN Pengpeng
(Nanjing Electronic Devices Institute, Nanjing, 210016, CHN)

Abstract: In this paper, the reliability of solder joints in package on package (PoP) subjected to
temperature cycling and random vibration load was studied by finite element simulation, including the
solder joints inside the package for substrate stacking and the solder joints outside the package for
board-level interconnection. The dangerous solder joints were located through stress analysis, and the
fatigue life of solder joints subjected to temperature cycling was calculated. The simulation results
show that the stress is mainly concentrate on the solder joints at the corner of the substrate subjected to
thermal cycling. The fatigue life of solder joints for substrate stacking is 3 002 cycles, and the fatigue
life of solder joints for board-level interconnection is 1 552 cycles. The stress value of solder joints in
both two layers is relatively small subjected to random vibration load, with relatively high reliability in
the random vibration frequency range of 50-2 000 Hz.
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Fig.1 (a) 1/4 symmetric PoP package structure; (b) The
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Fig.2 Solder joints arrangement: (a) Solder joints for sub-
strate stacking; (b) Solder joints for board-level inter-

connection
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Fig.3 Finite element model of PoP package
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Fig.4 (a) Sample and (b) 1/4 geometric model of random vi-
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Tab.1 Material parameters of the model

Structure Material Elastic modulus Poisson’s ratio Density Coefficient of thermal expan-
E/GPa o o/(g/cm?) sion a/(X107°°C™)
Ceramic substrate ALO, 370 0.22 3.98 6.8
g(iﬁ;yifyzbfﬂ;i PTFE 15.4 0.26 1.86 2:14.0,y: 16.0,2: 35.0
PCB PTFE 16.2 0.28 2.17 x:8.0,y:8.0,2: 20.0
Solder joint Sn3.0Ag0.5Cu 38.7—0.176T 0.36 7.37 224
Solder pad Cu 117 0.34 8.96 17.7
Packaging tube and
4729 138 0.30 7.90 5.5
shell
Wire bonding Au 79 0.42 19.32 14.2
%2 Sn3.0Ag0.5Cu/EHlA) Anand B S ¥
Tab.2 Parameters of Anand model for Sn3.0Ag0.5Cu solder
Param. s,/ MPa (Q/R)/K Als ! ¢ m h,/MPa s/MPa n a
Value 21 9320 3501 4 0.25 1.8X10° 30.2 0.01 1.78
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Fig.5 Temperature cycling curve
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Fig.6 Random vibration acceleration PSD curve
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Fig.7 The von Mises stress distributions of solder joints for
substrate stacking: (a) —55°C; (b) 125°C
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Fig.8 The von Mises stress distributions of solder joints for
board-level interconnection: (a) —55°C; (b) 125°C
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Tab.3 Prediction results of fatigue life

Solder joints Cycle number as  Cycle number as

crack initiation fatigue failure

Substrate stacking 909 3002
Board-level
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Fig.9 Deformations of solder joints for substrate stacking at natural frequency: (a) 6 230 Hz; (b) 10 362 Hz; (¢)12 332 Hz; (d) 16 257 Hz
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Fig.10 Deformations of solder joints for board-level interconnection at natural frequency: (a) 6 230 Hz; (b) 10 362 Hz; (¢)12 332 Hz;

(d) 16 257 Hz
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Fig.11 Stress distributions of solder joints for substrate stackmg subjected to random vibration load: (a) Von Mises stress;

(b) Stress in tensile direction; (¢) Stress in shear direction
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Fig.12 Stress distributions of solder joints for board-level interconnection sub]ecled to random vibration load: (a) Von Mises

stress; (b) Stress in tensile direction; (¢) Stress in shear direction
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