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Electromigration Failure Time and Micro-structure Study in Flip-Chip
SnPb Solder Joints by Different Pre-aging Times

Student: Chih-hsian Tan Advisor: Dr. Chih Chen

Degree Program of Semiconductor Material and Processing Equipment
College of Engineering
National Chiao Tung University

Abstract

Flip-chip technology has become a mainstream trend in advanced electronic
packaging because of its capability of higher 1/0O density and smaller package size. With
higher current and smaller size trends, electromigration in flip-chip solder has become
an critical of reliability concern.

The effect of pre-aging on electromigration is investigated in this study using
flip-chip SnPb solder joints. The solder joints were pre-aged at 170°C for 25 h, 50 h,
and 100 h, and then they were subjected to electromigration tests of 1.0 A at 150°C. It
was found that the average failure time increased when the joints were pre-aged for no
pre-aged, 25 h, 50 h and 100 h.“It.is proposed that the major contributor to the prolonged
failure time may be the densification of the nickel and copper under-bump metallization
(UBM) and the solder due to the aging treatment. The pre-aging treatment at 170°C may
stabilize the microstructure of the solder. The vacancies in the solder might be
annihilated during the heat treatment, causing a slower diffusion rate. In addition, the
IMC structure became thicker after the pre-aging process. Thus, the thicker IMC
structure may lead to smaller current crowding effect and slower consumption rates of
the nickel and copper layers, resulting in the enhancement of electromigration

resistance.
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Pre-aging 50hrs
MABEA DB S0 50.0um MA-tek 10.0kV 15.1r

B12-11 7404540 7 b B e AR (8 8% » M4 Bl § 0 ondF fe 2 T 5 B

Pre-aging 100hrs

50.0um

(SEM) X600 % {1+ 4% 45 5 B~ 151 -
(@) No pre-aging
(b) Pre-aging 20hrs
(c) Pre-aging 50hrs

(d) Pre-aging 100hrs
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(a) No pre-aging
(b) Pre-aging 20hrs
(c) Pre-aging 50hrs

(d) Pre-aging 100hrs
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(c) Pre-aging 50hrs and R4i=2 after current stressing 226hrs

(d) Pre-aging 100hrs and Rai,=2 after current stressing 334hrs
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N(S-E)re"—agi,ﬁg and Rratio=2
-~ after currentstressing 68hrs

Pre-aging 50hrs and Re=2 .
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(SEM ) x15007 4% 47 2k p 82 1§ ] -
(@) No pre-aging and Ryai0=2 after current stressing 68hrs
(b) Pre-aging 20hrs and Ry4i=2 after current stressing 221hrs
(c) Pre-aging 50hrs and R4i=2 after current stressing 226hrs

(d) Pre-aging 100hrs and Rai,=2 after current stressing 334hrs
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No pre-aging and Ratio=2
after current stressing 68hrs

MA-tek 10.0kV 13 4mm x3.00k

Pre-aging 50hrs and Raiio=2
after current stressing 224hrs

T SR ]
MA-tek 10.0kV 8.5mm x3.00k 10.0um

B2-16 47404547 7 [ B o d s 2 8 5 o 4o B3 T 18 nde e 3 T Bk

( SEM);x3000% IMC & #- 1.1
(a) No pre-aging and Ry0=2 after current stressing 68hrs
(b) Pre-aging 20hrs and R4i=2 after current stressing 221hrs
(c) Pre-aging 50hrs and R4i=2 after current stressing 226hrs

(d) Pre-aging 100hrs and Rai0=2 after current stressing 334hrs
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170°C Pre-aging time

Chip side IMC thickness

Ohr 0.8um
20hr 1.3um
50hr 2.4um
100hr 2.8um

% 3-1 &% k& pFrogdeisz IMC &R
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after current stressing 221hrs
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No pre-aging T Pre=aging 20hrs .+
MASK IOV 7. S x3.00K 4. U W0k 101500 3. 00K &

Pre-aﬁng 100hrs

MA-tek 10:0kV 15.1mm x3.00k

®13-3 5170°C- .= B pre-agingp* ¥ a2 16 » IMCE- & - &
(@) No pre-aging > IMC & & =0.8um
(b) Pre-aging 20hrs » IMCE- A& =1.3um
(c) Pre-aging 50hrs » IMCE- & =2.4um

(d) Pre-aging 100hrs » IMC % & =2.8um
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MA-tek 10.0kV 15 ‘In1m:1'0l- >

B13-4 5170°C » = Fpre-agingfe i A (s » AF 454547 TR 2 44p S b~ | W iR
(a) No pre-aging -+ 4-4p & ¥~ -] ~4.3um
(b) Pre-aging 20hrs » 4-4p & 4= -] ~6um
(c) Pre-aging 50hrs » 448 & k>~ -] ~7.5um

(d) Pre-aging 100hrs » 4-4p & >+ -]' ~10um
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EPMA result (Atomic ratio):

(a) no pre-aging (b) pre-aging 20hrs
No. Sn Ni Pb Cu No. Sn Ni Pb Cu
1 0.7585 | 6.5548 | 0.6545 | 92.0322 1 0.2202 | 1.7767 | 0.4108 | 97.5923
2 0.0758 | 0.5686 | 0.1411 | 99.2144 2 0 0.4099 | 0.0554 | 99.5346
3 0.0256 | 0.3832 | 0.0291 | 99.5621 3 0.0328 | 0.6078 | 0.0315 | 99.3279
4 0.0425 | 0.4983 | 0.0498 | 99.4094 4 0.021 0.6614 | 0.0618 | 99.2558
5 0.0077 | 066 | 0.0159 | 99.3165 5 0.0286 | 0.8842 | 0.0143 | 99.0729
6 0.0372 | 0723 | 0.0289 | 99.2108 6 0.0459 | 1.1975 | 0.0464 | 98.7102
7 0.0615 | 0.9159 0 99.0226 7 0.0917 | 2.0211 | 0.0122 | 97.875
8 0.0496 | 1.1073 | 0.0496 | 98.7935 8 0.0663 | 75.6127 | 00074 | 24.3136
9 0.0039 | 1.4825 | 0.0022 | 98.5114 9 0.0823 8.914 0.0456 | 0.9575
10 0.0816 | 3.3047 | 0.0086 | 96.605 10 0.1278 |{ 99.4738 } 0.0104 0.388
11 0.06 | gumedg 0 15.2482 11 9.2612 0.037 0.065 0.6363
12 0.0616 §98.892\ 0.0033 | 1.0432 12 61.7952 | 340681 | 0.6704 | 2.5663
13 0.0742 [ 99.2188 ) 0.0271 | 0.6799 13 94.7624 | 3.4224 | 0.3443 | 1.4708
14 0.1141 \ 99.474 | 0.0119 | 0.3999 14 96.2058 | 2.3034 | 0.3534 | 1.1374
15 9.3701 [\Q0.141g/| 0.0684 | 0.4197 15 97.2153 | 1.4662 | 0.3209 | 0.9975
16 | 59.2018 | 20%%48 | 04027 | 25506 | 16 | 97.1349 | 12220 | 06608 | 0.9814

# 3-2 % #pocik it 2 EPMA ~ % 2= 247

(@) No pre-aging » 5 4um 2’ Ni & (b) Pre-aging 20hrs » %) 3um 2_ % Ni &

SEM picture: ‘ ‘

(@) No pre-aging

1 (b) Pre-aging 20hrs

3

EPMA sampling point from
Cu/Ni UBM to SnPb solder
(every 1um to get 1pt and

'EPMA sampling point from
Cu/Ni UBM to SnPb solder
um:to get #pt Iand: i3

total 16pts)

16

] %
LR e I R )

MA-tek 10.0kV 7.8mm x3.00k - 10.0um

MA-tek 10:0k 159mm x3.00k &

®3-5 §170°C » = wpre-agingpf & g2 1 > UBM K 2. EPMA L 47
(a) No pre-aging » $j4umz_ 4 Nik

(b) Pre-aging 20hrs » %) 3umz. 4 Ni%
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EPMA result (Atomic ratio):

#14(pre-aging 50hrs) #19(pre-aging 100hrs)

No. Sn Ni Pb Cu No. Sn Ni Pb Cu
1 0.2652 | 2.2179 | 0.1298 | 97.3871 1 0.714 2.5619 | 0.3006 | 96.4234
2 0.0508 | 0.4235 | 0.0023 | 99.5234 2 0.0204 | 05003 | 0.0017 | 99.4776
3 0.0142 | 0.592 0 99.3938 3 0.0653 | 0.5174 | 0.0756 | 99.3417
4 0.097 | 0.6632 | 0.024 | 99.2158 4 0.0611 | 0.7536 | 0.0518 | 99.1335
5 0.0249 | 1.0012 | 0.0379 | 98.936 5 0.023 0.8411 0 99.136
6 0.0785 | 1.4203 | 0.0111 | 98.4901 6 0.0664 | 1.1373 | 0.0261 | 98.7701
7 0.0795 | oped4g | 0.0516 | 90.6074 7 0.089 2.1559 | 0.0304 | 97.7248
8 0.1535 J98.031\ 0.0158 | 1.7996 8 0.0957 | 734822 | 0.0255 | 24.6966
9 0.1663 | 99.0704 ] 0.0196 | 0.7437 9 0.1585 ﬂ8.7535‘ 0 1.0882
10 5.771 3.7855/| 0.0239 | 0.4195 10 0.2169 |\ 99.2153 0 0.5677
11 53.2059 | 4xrrfe | 0.0841 | 25383 11 | 28.7685 | Poeeef | 0.0331 | 1.1146
12 74.3104 | 21.7836 | 2.0923 | 1.8137 12 53.1006 | 44.2569 | 0.4847 | 2.1578
13 85.9416 | 11.4702 | 1.2488 | 1.3394 13 73.0692 | 22.6088 | 2.6253 | 1.6968
14 93.1687 | 1.5675 | 4.2978 | 0.9659 14 235147 | 5.339 | 69.2856 | 1.8608
15 64.0688 | 1.3698 | 33.3985 | 1.1629 15 48.9946 | 2.038 | 47.2975 | 1.6699
16 12.8611 | 1.6586 | 84.0479 | 1.4324 16 88.2185 | 1.1155 | 9.6635 | 1.0025

% 3-3 % e & pFrik it 2. EPMA ~ % ‘e & 47
(a) Pre-aging 50hrs » ¥-3um:-2. /%% Ni % (b) Pre-aging 100hrs » % 2um 2_ % Ni %

|

SEM picture:
(a) Pre-aging 50hrs

" (b) Pre-aging 100hrs

1 i
EPMA sampling point from
Cu/Ni UBM to SnPb solder .
_(every lumto get 1pt and

EPMA sampling point from
Cu/Ni UBM to SnPb solder

1ll|ln11|l'!t

> 10.0um

MA-tek 100KV 15 1mm x3.00k \_

®3-6 5170°C > = ipre-agingpF & a2 s > IMCKE 2. EPMA % 47
(a) Pre-aging 50hrs » ¥33umz_ ' Nik

(b) Pre-aging 100hrs » ¥ 2umz # Nik
45



2
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No pre-aging and Ra0=2 Pre-aging 20hrs and Ratjo=2
after current stressing 68hrs after current stressing 221hrs

MA-tek 10.0kV 13.4mm =600 50.0u MA-tek 10.0kV 5.8mm x800 50.0um

B _4»_;5 ¥ 3 b i
S T ?‘Aﬁ—MM :

Pre-aging 50hrs and Riao=2 Pre-aging 100hrs and R atio=2
afte t stressing 226hrs . . ... after current stressing 334hrs

- - R T
MA-tek 10.0k 50.0um MaA-tek 10.0kV 14.6mm =500 50.0um

B 3-7T R 24407 120 R2 PR BURE 4 P4 MB35 5 SEM B2 15 8]

(a) No pre-aging and Ryi0=2 after current stressing 68hrs
(b) Pre-aging 20hrs and R4i=2 after current stressing 221hrs
(c) Pre-aging 50hrs and R4io=2 after current stressing 226hrs

(d) Pre-aging 100hrs and Rai,=2 after current stressing 334hrs
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