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Abstract Electromigration characteristics of Sn-3.5Ag flip chip solder bump were analyzed using flip chip
packages which consisted of Si chip substrate and electroplated Cu under bump metallurgy. Electromigration
test temperatures and current densities performed were 140~175°C, and 6~9x 10* Alem?, respectively. Mean
time to failure of solder bump decreased as the temperature and current density increased. The activation
energy and current density exponent were found to be 1.63 eV and 4.6, respectively. The activation energy and
current density exponent have very high value because of high Joule heating. Evolution of Cu-Sn intermetallic
compound was also investigated with respect to current density conditions.
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Fig. 1. (a) Schematic illustration, and (b) SEM image of the
flip chip sample for electromigration test.
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Fig. 2. Resistance increase ratio as a function of time at
175°C, 9% 10" Alem’.
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Fig. 3. Cumulative distribution function(CDF) plots of
electromigration for Sn-3.5Ag solder bump (a) at constant

current density of 9x10* A/em?, and (b) at constant
temperature of 175°C.
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Table 1. Electromigration lifetime statistics of Sn-3.5Ag solder bump

Current density T T AT Lifetime
(Alem?) (oven °C) (measured by T/C,°C) (T/C-oven,’C) tso(h) o
6x10* 175 2263 513 177.4 0.48
7x10* 175 235.8 60.8 68.1 0.83
175 275 100 6.9 0.51
9x 10* 160 2654 105.4 14.7 0.31
140 254.6 114.6 26.2 0.57
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Fig. 4. (a) current density exponent(n), and (b) activation
energy(Ea) of Sn-3.5Ag electromigration.
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Fig. 5. SEM BSE image of electromigration induced failure
sample at 175°C, 9x 10* A/em®.
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Fig. 6. SEM BSE image of electromigration induced failure

samples (a) at 140°C, 6x10" A/em? and (b) at 140°C, 9% 10*
Alem”.

e sl FA3 SRR ST} Hohte
g AT 4 Uitk wEA 140°C, 6x10% Alem®S)
ZANME =L Joule 2 <& I3} 7|19E UBM Al
HellA F&7e3Ee] o] 7143 o) &0 WE o
Hol| AR FES FE478E] FAHNLH, 140°C,
9x 10*Alem’®®] ZANME YR e AFAEE 93}
of o] &1 M HHol| FE3| IAE F578gE
o] F7} AL F3E 3, UBME-2 AHAe] Hole
A4 2 Ao Q3 ARPFoR 2xr) F43] 4
S} FRA 0T UL molr &T Wz g 2

H
migration AEol RXE FIFL B35l

=
s

10.

11.

12.

o AFLEI) Sn3.5Ag TRE £ HIZY electro-

Y% 9 e WA BauAg, BB,
T3k

63 eV, AFLEATE 469 ¢ =& 32 U
Ay zAoz 213 v
Ao® A7tdn, AF
Fqod 2H Cu-Sn &

. A. T. Huang and K. N. Tu, J. Appl. Phys, 100, 033512
(2006).

. S.-H. Chae, X. Zhang, H.-L.. Chao, K.-H. Lu and P. S. Ho,
in Proceedings of 56rd ECTC, 650 (2006).

. M. Ding, G. Wang, B. Chao and P. S. Ho, J. Appl. Phys,
99, 094906 (2006).

. 1. R. Lloyd, J. Phys. D. Appl, Phys, 32, R109-R118 (1999).

. T. L. Shao, Y. H. Chen, S. H. Chiu and Chih Chen, J.
Appl. Phys, 96(8), 4518-4524 (2004).

. Black, J.R. IEEE trans. Electron Devices, ED-16(4), 338
(1969).

. S. H. Chiu, T. L. Shao and Chih Chen, Appl. Phys. Lett.,
88, 022110 (2006).

. Y.-C. Hsu, C.-K. Chou, P. C. Liu and C. Chen, J. Appl.
Phys, 98, 033523 (2005).

. T. Y. Lee and K. N. Tu, J. Appl. Phys, 90(9), 4502-4508

(2001).

W. J. Choi, E. C. C. Yeh and K. N. Tu, J. Appl. Phys,

94(9), 5665-5671 (2003).

A. K. Bandyopadhyay and S. K. Sen, J. Appl. Phys, 67(8),

3681-3688 (1990).

J. W. Nah, Fei Ren and K. N. Tu, J. Appl. Phys, 99,

023520 (2006).

. H. Gan and K. N. Tu, J. Appl. Phys, 97, 063514 (2005).



