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Electromigration Failure Modes Study in Flip-Chip SnAg Solder Joints

under Constant-Temperature / Different-Current Density Condition

Student : Chia-Hung Chao Advisor : Dr. Chih Chen

Degree Program of Semiconductor Material and Process Equipment
College of Engineering

National Chiao Tung University

Abstract

As the size of consumptive electronic products continues to shrink, Flip Chip
ICs also have to miniaturization. However, shrinking the size of solder bump is
similar to the change of current density. We will discuss the effect of solder
bump by elecromigration under different current density.

In this study, we applied current stress of 0.8A~1.0A and 1.2A respectively on
lead-free SnAg solder joints at 100°C . And we observed the cross-section of
specimen for various stages and analyzed the failure modes for each solder
bump . In experimental result, for the bump without current stressing, we found
the formation of void causing by Cu UBM consumption which was affected by
thermomigration effect. And we demonstrated (Cu,Ni)sSns accumulation in
current crowding region for the bump with an upward electron flow. Then, we
found not only the formation of pancake-type void, but also destruction of IMC

on the bump with a higher current density downward electron flow.
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O Polyimide Passivation
@ Chip Passivation
@ Base SiHlcon

@ BLM (Cr-CriCu-Cu-Au)
©® Last Level Metal (AICu)
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':Chip C4 to Multi-Layer Ceramic
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(Au-Ni) \_\.‘\

Almina
Multl-Layer
Ceramic
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Bump 1&4
Chip side

Bump 2

Substrate side

Bump 3

(c)

Substrate side
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180 °C, 1.0x10% A/cm?, 325 h

Bl 2-15 % & 180°C Férif 4288 RA RV F 2 sl SEME - (a) 7+

A ed 2T 3 2 b (R (@) mRAs L d 12 r 2 BE[17]

60 °C, 4.5x104 A/cm?, 1630 h
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B 2-16 ME60CT i =42 SEME o F i d + 71 21>

g+ m>wd 23275 (e)*Bl(a)ARINTEEH[1T]
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1.0A at 100C
Current Stress Time B3 R increase ratio
(hr) (%)
94.4 20.1
318.6 48.7
286.4 110.7
382.6 639.8

Cs

——B3 R increase 20.1%
—— B3 R increase 48.7%
—— B3 R increase 110.7%

GO0 -
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