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Effects of Bump Height on Electromigration Failure Time

and Failure Modes of Eutectic SnAg Solder Joints

Student : Min-Feng Ku Advisor : Dr. Chih Chen

Department of Materials Science and Engineering
National Chiao Tung University

Abstract

As the size of the microelectronic devices continues to shrink, the size and the bump height
of solder joints continue to decrease. Effects of bump height on electromigration failure
time and failure modes have not been studied for Pb-free SnAg solder joints. In this study,
we fabricated two kinds of solder joints with different bump heights: low-bump-height
(LBH) of 25 pum, and high-bump-height (HBH) of 75um. Both sets of solder joints were
subjected to electromigration tests by 0.9A at 150°C. We measured the changes of bump
resistance with Kelvin bump probes. We define the bump failure when the bump resistance
increased 20% of its initial value. According to the temperature results measured by
infrared microscope, we found different Joule heating increase in the two solder joints, is

responsible for the difference in failure time.
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Spectrum 2

Element
N1 K
SnL

Totals

Weight%  Atomic%
23.71 38.59
76.29 61.41
100.00

Element
Ni K

Sn L
Totals

Weight%  Atomic%
22.88 37.49
77.12 62.51
100.00
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SEI 150KV X190 100um WD 10.0mm

NCTU SEI 15.0kV X800 10um WD 10.0mm
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X550 10pm WD 9.9mm

o 50pm 1 Electron Image 1

Element | Weight% Atomic%
NiK 19.27 30.37
CulL 9.90 14.42
Sn L 70.83 55.21

Totals 100.00

] 4-8 s£4x 47 sk drpepr(a) i % SEM B (b) EDX & 4 4 47 %
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109.8°C  111.9C  1140T 1161T
position A B C D E
Temperature ("C) | 112.1|112.9| 113.1 | 112.9| 112.0
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(a) HBH No.1 293h

(c) HBH No.3 33%h
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% 4-1 2 B iEET B MARAT BT Jopk I pE R

Applied 1.2R, as 15R, as Failure time
'M‘"&';'““ current failure time (h) failure time (h) (open circuit) (h)
(A) HBH HBH LBH HBH LBH
150 0.9 3358 110.6 404.5 190.5 1521 1077
0.8 909 - - - -
%42 FEE LT 2 F
Volume Density Mass Cp
(nm®) (g/mm°) (2) (J/g. 'C)
Si Chip ~1.6%108 2.33 ~3.7%10+ 0.7
SnAg sclder 8500 7.36 6.3x10% 0.2
Underfill (HBH) ~6.5x107 1.34 ~8.7x10° 1.13
Underfill (LBH) ~3.3x107 1.34 ~4.4%10° 1.13
Cu pad ~2.1x10% 8.96 ~1.9%10° 0.385
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243 I EERT IR LT IR R Gl > PR AR BN R

Solder joint Lifetime Al trace resistance Temperature
number (hours) (mQ) in solder (C)

HBH #1 293 379.8 163.2

#2 375.1 381.7 165.2

#3 3394 380.3 163.7

HBH average 335.8 380.6 164.1

LBH #1 88.1 411.6 179.5

#2 106.4 410.2 178.1

#3 137.4 406.3 174
LBH average 110.6 409.4 177.2
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