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An Analysis on the Thermal Shock Characteristics of Pb-free Solder Joints
and UBM in Flip Chip Packages

Ki-Hoon Shin*, Hyoung-Tae Kim', Dong-Young Jang™

{ Abstract |

This paper presents a computer-based analysis on the thermal shock characteristics of Pb-free solder joints and UBM
in flip chip assemblies. Among four types of popular UBM systems, TiW/Cu system with 95.58n-3.9A¢g-0.6Cu solder
joints was chosen for simulation. A simple 3D finite element model was first created only including silicon die, mixture
between underfill and solder joints, and substrate. The displacements due to CTE mismatch between silicon die and
substrate was then obtained through FE analysis. Finally, the obtained displacements were applied as mechanical loads
to the whole 2D FE model and the characteristics of flip chip assemblies were analyzed. In addition, based on the
hyperbolic sine law, the accumulated creep strain of Pb-free solder joints was calculated to predict the fatigue life
of flip chip assemblies under thermal shock environments. The proposed method for fatigue life prediction will be

evaluated through the cross check of the test results in the future work.

Key Words : Flip Chip(Z3 %), Pb-free Solder Joinf(F-HAET RQUE ), UBM(SHE £4%), Thermal Shock(8%4)

1, M8 BE dold T T AESY ALE AHAL B
A REEY 17343, AEs, 2% A Hojof
dAg TVY FdE 53 2ol & Fa oA gttt ofof met wheA F Az Forl e A 2AA Y n|4t,
* AegArdd 71 A58 (shinkh@snut,ac kr)
Zd: 139-743 ASA =9UF TE2E 172
+ Agidd i AEZ AR A

A AR ALY LY

134



ro

ZZE7|A &R =2E Vol.16 No.5 2007. 10.

AR A& APHL glon, 714 FopofA e
H2e A714 % WPl A2Ez e

S| 97174 Eofol 4= QFP(Quad Flat Package), BGA
(Ball Grid Array), CSP(Chip Scale Package), FC(Flip
Chip) Fej 2 W] vol7k gitk Fig. | ()= A2
tol) HE  sfojof FUE S T A7) B
B33 9lon, Fig. 1 (b)ol& Aol UBM(Under Bump
Metallurgy)?t ¥ § F4T $ A& APAA AAFE
AW s BYA PAL HolFa Qo

A AAZY 87 FA) Tt} R (Pb-ree, lead-free)
&6 9] Ago] F7tetdA Fdole YA FUud A
Heol 74 £E HPFolA EAst7) Aztete] ofof gk
24 0 HURE AN 4L 9T BE A7) WaEo|
23 Qi

IER & AT EHA WA A8He 74
£E 2QE 4 UBM 39 A4 A5S A8 A7 A€
Fold WL At e 53] A FHolMe &
HH9 UBM 3= x3teto], HH=A] 9| A4 gAE
Wol FEHe 454 Al2AY d3dYHE Terste

S Ao A

A et assa g SRSt B3 FA&E
9 & Az HYES %
= o &snzt stg

A 2o B Aol AHgE 2 faa w
2 A TS 2, 3= ¥ 2 WY ES
o4 EUAY A= AHYHE AASET. vAT
QR 4ME HHELE adetal AE2E EEEch

2. QaQADH

2.1 R8IA nyal

94 H7|o]A UBMe|=t dtes| o] &&njlg A2
o A% $UE G487 ofF7) BEe] Y| Lolata
Ho g9 S WA SHEE A3 £E WIE 7o) P45}

@
Fig. 1 Wire bonding vs. flip chip bonding
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Table 1 Dimensions of flip chip assemblies

Table 3 Material properties of 95.5Sn-3.9Ag-0.6Cu

Thickness Diameter
Silicon 250um
Al pad lum O50um
TiW 0.2pm
Cu 5.4um(=0.4+5)
SnAgCu $130um
Underfill 110um
Ni 3um ®120um
Cu(substrate) 27um ®120um
BT(substrate) 250um
Table 2 Material properties
Material I\il)?isl;[;ﬁs Po};zit?(r)x’s (pgl;E/I()
(GPa)
BT(substrate) 26 0.39 15
Cu 130 0.34 16.5
Ni 200 0.31 13.4
TiW(10wt%-90%) 411 0.28 45
Al 70 0.35 23.1
(Dupof;"g“m‘(’; mo| 25 034 20
Silicon 131 0.3 2.7
(HysolUin?]gﬁ 18140-38) 1 0.3 21
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Elastic Possion’s CTE
Temperature Modulus Ratio (ppm/K)

(GPa) P
-40°'C(233'K) 56.2 0.38 20.6
125°C(398'K) 43 0.38 234

Temp(K)

[¢) 2000

4000

6000 80C0 10000 12000

Time(sec)

Fig. 4 Thermal shock cycle
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Fig. 9 Simple 3D finite element model
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Fig. 10 Creep strain



Hu

Z Vol.16 No.5 2007. 10.

loop)E AL & 4 ik BF 2= WY 3t 3
#3} AYE BET 4 YTk Fig. 10 (D)ol A Aol2 & 5
A5 22 WEELS t 0.0015 Y=z AT —*r A
o & @ AolE 7§ Agdte Y AN g 27
302 FoF Asks AZ HYES D3] 2usto] Aol
T FF A= HYES AT & Tk AR ARE
Fotod o #9EHY H A Y= dUEE 24
od A24Ee 438 4 gee) uddd
A= HMFPE 7 25T &Y o Az
HEE U] 4=(3-UFE AmoA9 HE JHE
o[ 83 W24 fFHE gout, & ERolME AR
@it
4. 2 E
ArolME SEH #7179 A8Ee B £ 29
UBM 39 A4 A5E 913 A3 AEold %
Agtst k. £3] A i e 2949 UBM
EFT, WA F A= HAE Fo| E4HE
4 Ato]2oM e E5d *JEH% ﬁ%‘%‘ﬁ}ﬂx T"rﬁJ&iBH

Y3

;j]—
FEL At

o W o uf o pE im

L wr g fE T (R e o towlo o e

LSBT Tt Rals =
W 294 749 n24ue o 1%
HE 2745 %

A79 M9 BRE H04 J4S Fofol Tho}

% 2929 UBM % 7 50 42 W 57 58 HFo

2 AR, 9250 B &8 4 ol o) A

Itk 2B W ole A4 ZAE A4 9344 2

o} MmEMele] 1 $EAL AELA At

= 7]
BEEe 4SEUA A BASHAE 24 ARy

[}
(3D Microsystem Packagings 23 43234 ° AHu]7)
e Yoz S

139

- o =
g4

(1) Nah, J. W,, Kim, J. H,, Lee, H. M. and Paik, K. W.,
2004, “Electromigraion in Flip Chip Solder Bump
of 97PB-3Sn/37Pb-63Sn Combination Structure,”
Acta Materialia, Vol. 52, pp. 129~136.

(2) Jang, S. Y., Wolf, J, Kwon, W. S. and Paik, K. W.,
2002, “UBM(Under Bump Metallization) Study for
Pb-free Electroplating Bumping: Interface Reaction
and Electromigration,” 2002 Electronic Components
and Technology Conference.

(3) Shin, K. H. and Chung, S. K., 2006, “FEA-based
Design and Fabrication of Functionally Graded
Materials,” Key Engineering Materials, Vol. 326-328,
pp. 1681~1684.

(4) Lau, J. and Liu, K., 2004, “Global Trends in Lead-free
Soldering-Part I and II,” Advanced Packaging.

(5) Shed, A, 2004, “Accumulated Creep Strain and
Energy Density based Thermal Fatigue Life Prediction
Models for SnAgCu Solder Joint,” 54th ECTC, Las
Vegas, Nevada, USA, pp. 737~746.

(6) Shed, A., 2001, “Predicting Solder Joint Reliability
for Thermal, Power, and Bend Cycle within 25%
Accuracy,” 2001 Electronic Components and Technology
Conference, pp. 255~263.

(7) Hossain, M. and Agonafer, D., 2004, “Strain based
Approach for Predicting the Solder Joint Fatigue
Life with the Addition of Intermetallic Compound
using Finite Element Modeling,” 2004 International
Society Conference on Thermal Phenomena, pp.
358~367.

(8) Darveaux, R., 1997, “Solder Joint Fatigue Life
Model, in Design and Reliability of Solders and
Solder Interconnections,” Miner. Meta. Mater. Soc.,
pp. 213~218.

(9) Kim, C. H, Hong, J. S. and Han, G. Y., 2006,
“Performance Advancement of Evaluation Algorithm
for Inner Defects in Semiconductor Packages,”
Transactions of KSMTE, Vol. 15, No. 6, pp. 82~87.



