F11E F1H 2 B it E 5 K B 2021 4£1 R
Vol.11 No.1 Intelligent Computer and Applications Jan. 2021

XEHE: 2095-2163(2021)01-0161-07 XEARERD A
EERGRHREEAMITAMRLS T

F M, RXZ=, BERE, & &
(EBTREARKXE HHIEZR, Li§201620)

B OE: ASCRUGREAE A PR, OFF0E R B R At i o I L, 5 Je R Taguehi IEAZSLRBEIT, 456
Moldflow 2016 LS i BB P, 34745 DR 3G F a2 e e 4 g st 532 Wi o B2 B M LS o 28 X6 el A 52
AP Z BRI R 2R, B R R ECA R H AR, 4T Box-Behnken 1853t 7 ma ;iU R R 5 H AR B9 Brea Y
I Box-Behnken 156 B2 i1 44 7 1) A B, s SCB AR 5k 0 A3l 7 2 pR 0, 2 T Matlab 2016 P 3 15 0k T H AR
(GUD), i AU, FRATE R B A5 h 1) fre/ME S/ ME RS I 2R o 5 GE Rod il i/ ME, XEE T IR R
AT RORTEAMES , Sl SEBRAE I, AT i A R R

KA TR Moldflow fiuth Fr $4%¢ 5 Taguchi 1E585C%: ; Box-Behnken {5 ; it feRiL ML

R E 425 .TQ320.66; TP391.7

Warpage optimization analysis of chip packaging process
LUO Cheng, WU Wenyun, LIAO Qiuhui, HUANG Tao
(School of Material Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] In this paper, an automotive chip is taken as the research object, and the warpage optimization of chip packaging
process is studied. Firstly, Taguchi orthogonal experiment design and Moldflow 2016 simulation software are used to analyze the
influence of various factors on the warpage of chip packaging process. A box—Behnken experimental design is carried out to establish
the mathematical model of response surface test factors and targets. Using the mathematical model constructed by box—Behnken
experimental design, the fitness function of Genetic Algorithm Optimization is defined. Based on Matlab 2016 software genetic
algorithm toolbox ( GUI) , the minimum value of chip package structure warpage and the parameter combination of minimum value
are obtained through iterative optimization. According to the minimum warpage of the chip, the original model of the chip is
compensated by anti deformation. The practical production shows that the optimization method has high accuracy.

[ Key words ] chip warpage; Moldflow microchip packaging; Taguchi orthogonal experiment; Box — Behnken test; Genetic
Algorithm Optimization
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Fig. 1 Chip engineering drawing
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Tab. 1 Tetrahedral mesh data
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Tab. 2 Test materials and equipment
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Tab. 3 Orthogonal experiment factor level table

Sk K- 1 K2 7KF-3 ¥4
A/C 155 160 165 170
B/ 40 43 46 50

C/s 1.0 1.3 1.6 2.0

D /s 10 13 16 20
E /MPa 10 14 18 20
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Fig. 2 Numerical analysis process of stacked chips
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Tab. 4 Orthogonal experiment analysis scheme and results

SR fERRL
5 A B C D E
X; /mm n;

1 170 70 0.5 10 85 0.039 5 28.07

2 165 50 1.0 15 85 0.036 8 28.68
3 160 50 0.5 5 40 0.033 0 29.63
4 160 80 2.0 20 85 0.032 6 29.74
5 175 70 1.0 20 40 0.039 9 27.98
6 165 60 0.5 20 70 0.038 4 28.31
7 175 50 2.0 10 70 0.042 2 27.49
8 175 60 1.5 5 85 0.042 1 27.51
9 160 70 1.5 15 70 0.034 1 29.34
10 165 70 2.0 5 55 0.034 4 29.26
11 170 50 1.5 20 55 0.038 2 28.36
12 175 80 0.5 15 55 0.039 9 27.98
13 160 60 1.0 10 55 0.032 3 29.82
14 170 60 2.0 15 40 0.040 4 27.87
15 165 80 1.5 10 40 0.034 5 29.24

16 170 80 1.0 5 70 0.036 5 28.75
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Tab. 5 Signal to noise ratio range analysis of chip warpage

FSES A B C D E

K, 29.63 28.04 28.96 28.59 28.68
K, 28.88 28.37 28.81 28.66 28.85
K, 28.26 28.67 28.62 28.47 29.33
K, 27.74 28.92 28.59 28.59 29.60
W2 1.89 0.89 0.37 0.18 0.95
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Fig. 3 The horizontal influence trend of chip warpage
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Tab. 6 Box-Behnken (BBD) scheme and results

FFooBHGERE  RAGREE R RIEES)
= A/C B/s C/s E /MPa R /mm
1 167.5 65 0.50 85.0 0.036 4
2 167.5 65 0.50 40.0 0.035 3
3 160.0 65 1.25 85.0 0.033 3
4 160.0 80 1.25 62.5 0.032 9
5 175.0 50 1.25 62.5 0.041 3
6 160.0 65 2.00 62.5 0.033 0
7 160.0 50 1.25 62.5 0.033 0
8 167.5 80 0.50 62.5 0.039 3
9 167.5 65 2.00 85.0 0.036 4
10 175.0 65 2.00 62.5 0.042 0
11 167.5 50 1.25 40.0 0.035 7
12 167.5 65 1.25 62.5 0.036 3
13 167.5 65 2.00 40.0 0.035 7
14 175.0 65 1.25 40.0 0.039 4
15 175.0 65 0.50 62.5 0.041 0
16 175.0 80 1.25 62.5 0.041 8
17 160.0 65 1.25 40.0 0.032 3
18 167.5 65 1.25 62.5 0.036 3
19 167.5 65 1.25 62.5 0.036 3
20 167.5 50 0.50 62.5 0.037 8
21 167.5 80 2.00 62.5 0.036 5
22 167.5 50 2.00 62.5 0.036 4
23 167.5 50 1.25 85.0 0.036 3
24 160.0 65 0.50 62.5 0.034 3
25 167.5 80 1.25 40.0 0.035 6
26 175.0 65 1.25 85.0 0.042 1
27 167.5 65 1.25 62.5 0.036 3
28 167.5 65 1.25 62.5 0.036 3
29 167.5 80 1.25 85.0 0.033 3
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Fig. 4 Residual analysis curve
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Tab.7 Variance analysis of warping deformation

W& WEFITR AmE Tk Fff P{E
B 2.22x10°(-4) 14 1.59x10°(-5) 17.82 1.54x10%(-6)
A 1.98x10%(-4) 1 1.98x10"(-4) 222.9 5.4x10°(-10)
B 1.01x10°(-7) 1 1.00x10°(-7) 0.113 0 0.74
C 1.40x10"(-6) 1 1.40x10°(-6) 1.573 0 0.23
D 1.20x10~(-7) 1 1.20x10°(-6) 1.351 0 0.26
AB  8.99x10°(-8) 1 8.99x10°(-8) 0.101 0 0.75
AC  1.32x107(-6) 1 1.32x10"(-6) 1.4850 0.24
AD  7.22x10°(-7) 1 7.22x10°(-7) 0.8115 0.38
BC  4.89x10°(-7) 1 4.89x10(-7) 0.550 3 0.47
BD  2.10x10°(-6) 1 2.10x10°(-6) 2.361 0 0.14
CD  3.99x10"(-8) I 3.99%x10°(-8) 0.044 9 0.83
A2 5.70x10°(-6) 1 5.70x10"(-6) 6.403 0 0.02
B2 1.01x10°(-7) 1 1.01x10°(-7) 0.113 8 0.74
C2  2.74x10°(-6) 1 2.74x10°(-6) 3.078 2 0.10
D2 5.11x10(-7) 1 5.10x10°(-6) 5.738 0 0.03
FR#  1.25x10°(-7) 14 8.90x10°(-7)
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(a) Relationship between mold temperature,,

die temperature and chip warpage
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mold temperature and chip warpage
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packing pressure and chip warpage
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Fig. 5 The influence analysis of the value relationship among

the parameters
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Fig. 8 Optimized warpage deformation of chip
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