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Simulation and Verification of Warpage Deformation of PBGA
Package Reflow Soldering
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Abstract: During the temperature change of reflow soldering, warpage deformation occurs in the plastic ball grid
array package due to the mismatch of thermal expansion coefficients of different materials. A finite element method
is used to simulate the warpage deformation behavior and stress strain of PBGA package, and the simulation results
of warpage deformation are tested by shadow moiré method. The results show that the simulated values of the
PBGA package warpage are very close to the measured values, which are respectively 35.9 um and 36 pm. During
the simulated reflow, the measured values of the warpage are consistent with the simulated values. During the
reflow, the maximum thermal stress strain of the PBGA package is at the position of the substrate near the bonding
layer, which is the biggest risk point for the thermal reliability of the PBGA package. The amount of warpage at the
corners of the PBGA package is the largest, so the solder joints at the corners are also most prone to open-circuit,

solder joint and other assembly defects.
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Fig.2 Simplified multi-layer board structure model
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Table 1 PBGA package material parameter table

25 m/(kg'm?) J(W-m"-K") c¢/J-kg"-K™) (E/G)/GPa al(-10° m-K™) u
[Eya 2300 131 721 131 2.8 0.28
R (T=120C) 1655 0.2 1300 UT<T,), 1.2(T>T,) 30(7>T,), 100(7>T,) 0.34
R IR 1 900 0.8 500 20 40 0.25
%1&(7}4:202 ) 1700 02 1300 Ex=15, Ev=7.5, E~15, Gyy=2.4, ax=15, 0y=25(1>T,), Hxy=0.42, 11y;~0.42,

Gy 2.4, Gy =3.6

ay=130, (T>T,), a;=15 Hx~0.11
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Fig.6 Time history of reflow soldering temperature change
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Table2 Reflow soldering at different time points and corresponding

temperatures
eS| 1ls 7/°C
1 0 27
2 100 50
3 200 100
4 260 150
5 400 200
6 440 217
7 480 230
8 520 245
9 600 265
10 680 245
11 720 230
12 760 217
13 800 200
14 940 150
15 1200 100
16 2400 50
17 4200 27
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Table3 Warpage values of three samples during temperature change

e L C A /pm
1 2 3
1 27 -33 —44 -19
2 50 27 —40 -16
3 100 -17 -30 -14
4 150 -9 24 12
5 200 13 -15 16
6 217 23 20 23
7 230 29 23 28
8 245 30 26 36
9 265 36 32 47
10 245 26 23 42
11 230 22 21 42
12 217 19 18 37
13 200 12 -17 35
14 150 -13 26 20
15 100 24 -36 16
16 50 -36 —46 -19
17 27 -37 —49 -19
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