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Electromigration Study in Flip-Chip SnAg3.5 solder joints with Ni

Under-bump-metallization at different temperature
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College of Engineering

National Chiao Tung University

Abstract

As the size of consumer electronic products continues to shrink, flip chip
joints also have to shrink accordingly. In this thesis, we will study the
elecromigration behavior of lead-free SnAg solder joints, which has 25y m
bump height with Cu/Ni UBM(under-bump-metallization) under high current
density.

The accelerated electromigration tests in previous studies were usually
conducted under high temperature conditions (above 150 “C); however , the
electromigration of flip chip solder joints depends on stressing temperatures.
Subsequently, the accelerated electromigration tests in previous studies under
high temperature could not thoroughly demonstrate the reliability of flip chip
under normal usage temperatures. Therefore, low temperature and high current

density are conditions which were seldom examined in the past.



In this study, we investigate failure mechanism of the bump are monitored at
various stages of electromigration stressed by 1.35A at 100 °C.It is found that
voids along IMC interface is mainly responsible for the increase in bump
resistance.

In experimental results, we observed that the electromigration failure mode in
the solder specimens is the Ni dissolution, the growing of intermetallic
compounds, the Cu dissolution, generation of void and the void propagating
results in increase in bump resistance. Finally, to compare the failure mechanism
of electromigration behavior, the solder joints were also stressed by 1.35A at 80

OC,
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(o e el ebia
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25 pm_ Q.- Dl A ¥=Culine In the substrate
(d) 850 ;#m
| Ni 5 pm - =
Cu 30 pm o
300 pm \ Altrace in the Si side

—
¢
~—

Temperature (°C)

B 2-9 (a) SnPb bump & <+ # = B (b) Plan-view schematic showing the
daisy-chain joints with (b) 40 gm wide Al traces and (c) 100 um
wide Al traces. (d) Plan-view schematic showing the solder joints
with 100 um wide Al traces for investigation of length effect on

electromigration. (e) Temperatures measured in the Al pad for solder

joints

Cu line in the substrate

170 -
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160 4
155 -
150 -
145 4
140 -
135 -
130 -
125 1
120 -
115 -
110
105
100 -
95

—a&— 8§50 —-am— A]trace
—— 1700 -pm~ Al trace
—A— 2550 —pm- Al trace

0.0 0z

Applied cumrent {(A)

with 850 um, 1700 um, and 2,550 um long Al traces in Fig.
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1d as a function of applied current. The longer the Al trace, the

higher the Joule heating effect[17].

(c)

Cu conducting trace

50 pum

B 2-10 4w A P F &7 & BI[18]

(a) (b)

“' » - v

4= S | .
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3 S g fd) %420 © 0.0008  0.0012 0.0016  0.002

Bl 2-11 28#g =itk d 2-(a) 2 R EFAFERSIVEF & B (b)

Bt & EABEBI[19] -
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(2) Al trace
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| meter
Total V meter e

b3 V meter
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