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Fig. 1 Finite element model of WLCSP
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Table 1 Material properties of WLCSP
Rk PR E/GPa W p/(kgem ™) A

A 112.4 2300 0.28
1 SRR 3.5 1420 0.30
2 SRR 0.90 1420 0.30
JEA 130 8 942 0.34
S A5, (SAC387) 38 7 600 0.38
PCB 22 1 900 0.25
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Fig.2  Equivalent stress distribution of WLCSP solder
joints with compliant layer
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Fig. 3  Equivalent strain distribution of WLCSP solder
joints with compliant layer
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Table 2 Comparison of stress and strain of solder joint
with and without compliant layer

gipg s BENERRN S o, /Pa B NIRKRIE &, (107)
TRz 317 023 7.07
BHRMEZ 239 337 5.35
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Table 3 Effect of 1st compliant layer thickness on solder

M3 FIF 4 TR BENLIR SN 8261 T JCHY
SYSNTE5 > SNAPANIRG! S 4 €A NI S| N d e AL
ZHABIIEOLT G 1 S REREEM 2 53
PEJZ TS JE A3 I, 45 5 A BE AL 2l 5 KR g g A2 1)
B0, I RT UL A —E 2 E TR HE R SRR = Y R XS
el INFEATLIR Bl 2% 8T A5 P AR R 17 A 2 A M) .

2 FEMWR R MAAR B R 7 E AT

2.1 ZHEREHSHAESELIEIT

TEIUR M B ML 2 75 14 T 32 M ORI s ] b
)4 DR ZE N SRUEZIRE(H,) 2 5F%
RIEE(H,)  BREERE (D) M REER(D,),
4R BZEE 4 DA, R 5 FoR. R Ly
() IEAEFE 2 HE 4 NFE 4 KA IE 3SR, 15
T TCHR S G S B K- IE S B an ke 6
IR, FEZR 6 TSI 16 4R TR A M JOAT R A 4k
SR, IR X 16 HE5 S50 T 16 3

*5 FHTHEREMSHERKER
Table 5 Factors and levels of WLCSP solder joint config-
uration parameters

K-
%
1 2 3 4
1 SEMREE H /mm 0.003 0.006 0.008 0.01
2 SRMZEEE Hy/mm 0.01 0.03 0.05 0.075
PR ERZ D /mm 0.30  0.34  0.38 0.42
TR ERZ D,/mm 0.30  0.33 0.38 0.42
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Table 6 L, (4°) orthogonal array and results

LS 293 BREE MERE SN
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joint stress and strain 2 H, 2 H, #% D, %D, o/Pa
| SFALRFE H /mm i) o/Pa RiZE £(10°) 1 1 I 1 1 287 420
0.003 259 296 5.71 2 1 2 2 2 190 372
0.006 248 539 5.47 3 ! 3 3 3 207 644
0.008 239 337 5.35 4 ! 4 4 4 216 273
5 2 1 2 3 224 532
0.01 233 172 5.13

6 2 2 1 4 149 889
7 2 3 4 1 265 882

4 2EFXRUHEEETUINERNNHTHNG 8 2 4 3 2 157 345
Table 4 Effect of 2nd compliant layer thickness on solder 9 3 1 3 4 239 337
joint stress and strain 10 3 2 4 3 220 491
- — 11 3 3 1 2 142 134
2 SRM)ZEE Hy/mm N 1 o/Pa RiAE &(107°) 12 3 4 2 1 345 324
0.01 e 5.35 13 4 1 4 2 193 363

0.03 172759 3.45 14 4 2 3 1 281 105

0.05 158 486 3.17 15 4 3 2 4 223 979

0.075 153 896 3.06 16 4 4 1 3 171 817
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Table 7 Results of variance analysis on stress

FERE  HHE  FEMIHE F{H M
ol 3 989 411 367.9 15.6 TS
JEERE(H,) - : w
2 DI 3 614 762 024.4 9.7 TS
JEERE (H,) ' ‘ w
HrEEER .
3 2309 706 552.5  36.5 o
(Dy)
NEEER o »
3 11182959102.9 176.8 R
(D,)
B2 12 Foo =29.5 Fyo5=9.28

7 RFIA IR ZE F AR/, B Al 15 H A
RBEWHTF R . Fy > Fy > Fy > Fyp 814 DNHE
Xof PR TC TR S B AL B 7 7 7 A 5% 1 K/ INHE B
U Ay - N AR ELAR S A e K, RO R EAR
FUOE 1 SRMREE, K2 SREREE.
LA & 43 B ] 0 76 97 25 5 109 56 W 2 1 T8 A o Bl
HURBIN T 4 AR, AT IR Y S xh 2
TR AN e A 2 DR A S BRI M TE
BRI S B S5 R S B, 75 B X S S B A T A
il , DABE = A5 a5 7R BEATLAR S A 1 m .

3 % b
(1) RFECAT T T J2 RPN 0 K

AR BAE TR, T SR 2 5 R ) AR R B2 R g AR
FUAT SRR 2 A5 B O AR K, SR I SR R = 254

AT LA R AR BE ML s 28 A 1 R 50 A B 1
IS, AT AT LB Ry AR it () 9R 3l 57 75 4

(2) EHESHSHAENNEL T, 515
2 5 MR RS BE A I, A5 5 N A BE LR 3 Ok
I H AR RN PR e —5E 2R 1F R ISR AR IR
JEEF /N s A AL 5007 77 A Y

(3) i 2o WM AE BRI 99% ML T,
TR AR bR A AR M T AR S BE LR B
IO BAT R R S W AR AR 95% TR OL T 1
SRR 2 5 MR R B RO AR s
PRSI 7 HAT & 5000 R 2 & PR O . AR
EARE R, YO DR ER, IR 1 5%
PIRIRSE  Fae 2 SRIERIEE.

SE 3k

[1] LeeCC, ChangS M, Chiang K N. Sensitivity design of DL-WLCSP
using DOE with factorial analysis technology [ J]. IEEE Transac-
tions on Advanced Packaging, 2007, 30(1) . 44 -55.

[2] Watanabe N, Asano T. Characteristics of a novel compliant bump
for 3-D stacking with high-density inter-chip connections [ J ].
IEEE Transactions on Packaging and Manufacturing Technology.
2011, 1(1): 83 - 91.

[3] Tanaka S, Mohri M, Ogashiwa T, et al. Electrical interconnection
in anodic bonding of silicon wafer to LTCC wafer using highly com-
pliant porous bumps made from submicron gold particles[ C] //
Sensors and Actuators A; Physical, 2012, 1 -5.

[4] Naoya W, Tanemasa A. A large number of I/0 connections using
compliant bump[ J]. Electronic Components and Technology Con-
ference, 2006, 6. 125 - 130.

[5] Fan X J, Varia B, Han Q. Design and optimization of thermo-me-
chanical reliability in wafer level packaging[J]. Microelectronics
Reliability. 2010, 50(4) : 536 —546.

[6] LuST, Lin Y M, Chuang C C, et al. Development of a novel
compliant-bump structure for ACA-bonded chip-on-flex (COF) in-
terconnects with ultra-fine pitch[ J]. IEEE Transactions on Com-
ponents, Packaging and Manufacturing Technology, 2011, 1(1):
33 -42.

(71 % 5, & 3, & Ot BEPURSIZEMET SMT Gk
Peog A REWRALL )], fRah5pidi, 2005, 24(2) ; 24 -26.
Guo Qiang, Zhao Mei, Meng Guang. Random fatigue semi-empiri-
cal model of SMT solder joint[ J]. Journal of Vibration and Shock,
2005, 24(2) : 24 -26.

(81 # & WIS aH M), duat. dEgl i, 2002.

(91 fqbde, SO, 2 W RO SEdRE M), Kb,
iR A AR, 2002.

TEBEI: 2 i, 40,1974 4k Wit BIEe. £35S
TP S TS T OB TAE. % 723630 10 A%, Email: al-

maliang@ sina. com



