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FIG.1 D Type Test Chip (a) and FR4 Printed Circuit Board (b)
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FIG.2 C-SAM Images of a Typical Sample Before (a) and After (b) Thermal Cycle
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FIG.3 SEM Images of Solder D1(a).D2(bh)
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FIG.4 Delamination C-SAM Images of the T ypical Sample Before and After Thermal Cycle
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10 4] 4 i

TR0 Fy 322 3 7 4 2 R R 2 1339

Fe 1 AN AR ST ) 4 A AR R A da/dn
Table 1

Crack in Different Solder Situtations

Propagation Rate da/dn of Delamination

Type da/dn/( mm/cycle)
B. Solder Without Crack 0.000215
D. Solder Without Crack 0.000114
B. Solder with Crack 0. 000248
D, Solder with Crack 0. 000257

3 WIRNFTE

T 101 W5 g 27 2 R XUZ MBL S 170 |2 8488
JREFN TR S 1 w] S5 09 A 05 2. A BROTRLUL H
A& A T v 54 2 2R 6% T v P 3T 1) B BERRIBCR 6
73 BIHE AL T ¢ AR E AG. 3% Paris

da

= A(B6)" (1)

W da/dn HEHU AG AR, X T 1R I3 J2 ¢
G4 A 1L AT PR T AT (B3R E e Ak i
THRAT SE PR X

3.1 JEaAHZFE"™

MR GETR T  g BLr, ERE S
BRI TEK, RN A:

J= _[‘(Wm— T,-%')ds (2)

b 0=y, D B W= fle SRR
B LB T VR SR AE 7 I 5 i
T: RAEBUY AR ds LI A0 s RRCES. 243
PEARAE T, J BUSR BLAL A RURE IO, AR T, 3 T XU
FERSMZE04E, ] BUN AT 4 5 B 2 TR, L
T J B USRS SO BB R B F
BUM MK, et o b e, T 0130 T 5 24 T
0. la(a JALEEIIE) ATREE J RS 8 G T W51,

3.2 HEREY

15 X, REHRETICR G R4y ALK N
RN, AERAERKIEN o Al a+ Aa(Da H TN
14 4E) PR OL B EATAT PR TSI T SRR R 0
MR N AR E, AT LA R SAG 2 fE R EOR:

v Ui|+ Aa = Uil
C=- BAa (3)

X B RREE LSS, 0T 4R, B AT HR A 5
JE 1; U B NAR Y. BI04 5 4 B 3G
W7, e sk TSR — 4%, BT aa 1R/, 723
BE(Uss sa— U I ASTTI0E G bt B B0 K Bk K E %2,
THRORE AR,

3.3 REEVURF OB E

24 4% Tl v JF VA #2 ( Crack T ip Opening Dis—
placement, CTOD) Jy izt i 22 4% 10 sy B 3l 42 4% 37
FEZEE 5K IT AN BT Y7 ) (R4 B AR 4k, 3RA3 5L 8w
9 JEE DAL 7 (S Ko R IR R REE T, HE F8 K % B
BYPIREECIL) , JE M A3 H fE R B R £ . 24 T
i V7 F% 39 W LA p S 5 (9 n SR T S ) BUEL
(ELVE ST 7 320 Ay BR T 5 i) 3RAG. A SCE A7 R
T MR R4 2 4 4% 100 AL 88 1, JFH0BTIE Liu' ™
Zy M ST SRR RUB R (6) M (9.

_ _L Dl] 2 ‘ W%l 2
G= 4 c.ushQTrEK] + \D]] D Kl[l (4)
5 K
P=tan K (5)
Hor.
D= 1= u - w (6
TG G- )
o Dwln(T) + dwRe(T) o 1 ;'11(7}
T Im’(T) + Re(T) Du N 2r
K- AuwRe(TC) + Auwalm(G) % -1 !;(8}
" Im¥(T) + ReX(T) Du 2
. 1 - 2u 1 - 2
WZ] = 26] - 202 (9}
1, G+ Gi(3- 4u)
€= g, 4 Gi(3- 4w) (10)
1 .
©= (11 46)coshmet | = 29
X | cos| €ln 2&‘ ‘ + 1sm! €ln 2a ‘ (1)

S A Aua 70 BN FEEE A B8 39 46 5K T LA
KB U7 M RS A G A o SER R 1 BT D)
WA G2 o MR 2 (189 PR & S a2
EE: Re A1 Im 43 A0 52 5 G 1) S5 8 8 43 1 Mg 8 448
535 a FERGECE; r AL RS R R T ) E .
FH A1 5z e e 5 5 T T B gx 4571 ad 2 5 1)
B 45°m)) 3, W(5) .



1340 RE

g k% M 2%

4 BIRTEUAR

4.1 ABIRTEEFIMFSE

K AT B G i HEF0 JE E IAE IR 4 A R 1
JINAEHEAT RO, BAUAE ] ANSYS 47 BR T 23 4K
1, BERL T 32 WL IRATT LA (1 TAE ' A7 PR oo
TR P P 1 1A 2, el T 5 R TR0 AR, AR
HUREAARZE K1) 172, B 6 A 50 41145 20 26— 4 4 i o
AL A BRTC AR I 4> Wi 7 B, T SR T
Sig LR 3, 5 RO 7o e S T AT e s An 4k £EAT B
JORL TR AR RS 78 AT 1 22 8] 790U AN (R BE 1 4 )2
2488, FAE T AT Mt E CONTEC48. SnPb 17
BT FATT AT LA o R AT Anand R 48 4
RO 3R 2 BT BN SRR A MRl 2R P
(W B E VI 250 o FLARA LL o), S 4R
60Sn40Pb [¥147 [CHE it 55 0 5 A7 4 ME G R IR B e
U 8437-3 [h A = S5 (R 0GR, WL SCiR[ 7). A
BIL TG B0 14 FAAIE BRI 4R 4 Ak 125—— 55°C, 9L
R T= 125CHEN IPRA.

B:3382pm

H_—_Dzm“’n —ﬂ
¥
TUndeafill it
4——— B: 3160pm —»|
1420.n] FR4 D:3383um | Cu Pad
l_ Stand-off Height BeS4um, D: 112um | $B; 122,
D:192pm
p———5000um — ¥}

P 6 % T AL 2 A 01 10 11058 20 1 e s
FIG. 6

Schematic 2D Structure Containing Crack

Between Chip and Underfill in a Flip Chip Package
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FIG.7 Finite Element Meshes of a Flip Chip Package
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Table 2 M echanical Properties of Materials in Flip Chip

M aterials E/GPa o/(ppm + 'C™ N v
Silica 131 2.7 0.3
FR4 16 16 0.28

Copper 120 17 0.35

60Snd0PhL  30.685- 0.993T 25 0.35

Underfill  9(LT)—0.3(HT) 26(LT)—110(HT)" 0.3

* LT: Low Temperature: HT : Higl] T emperature
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Table 3 G and J Calculated by Fracture M echani-
cal Method

AR T T O
Type

LTy i ’j By ik

ks Ji ik
B, Solder Without Crack 18.9 19.6 17.8
D. Solder Without Crack 7.8 8.4 7.8
B, Solder with Crack 26.5 25.9 28.5
D. Solder with Crack 27.9 26.5 26.2
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Table 4 Phase Angle Calculated by CTOD Method

T ype /()
B. Solder Without Crack 52.7
D, Solder Without Crack 54.8
B, Solder with Crack 57.6
D, Solder with Crack 57.5
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Underfill Delamination and Solder Joint Failure of Flip Chip on Board’

XU Bu-du, ZHANG Qun, CAI Xia, HUANG Wei-dong, XIE Xiao-ming and CHENG Zhao-nian

( Daimler Chrysler SIM Laboratory. Shanghai Institute of Metallurgy., The Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: The delamination propagation behavior at the interface between the chip and the underfill is investigated and the
crack propagation rates are measured via C-SAM inspection for two types (B & D) of flip chip packages under thermal cycle
loading. M eanwhile, in the related simulations of the element, the strain energy releasing rates near the crack tip under differ—
ent conditions can be calculated by employing the fracture mechanical method. Then, the Paris half-em pirical equation, used as
design criteria of flip chip package reliability. is determined with the crack propagation rates and the energy release rates ob-

tained.
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