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Abstract

Flip Chip Technology is one of the most important packaging methods for
high current density IC device. While current density applied increased, solder
joint has become a critical issue on device reliability. Concerning
electromigration, the device design rule makes each solder bump need to carry
0.2A to 0.5A, and the current density will meet 10°~10%A/cm’®. There is still little
study on solder EM with thick UBM structure (Ni/Cu). In this study, thick UBM
(electroplating Ni 3pum/Cu 5Sum) with SnPb solder (Sn80/Pb20) with 10°~10

A/em’ at elevated 150°C is investigated. The solder height is about 70um, and

electroless-Ni 3um as barrier layer, at. board side. Failure mechanism would be
proposed that solder dissolution, accelerates continuous IMC formation, and
continues redistribution between Sn and Pb was found. The findings in TTF, that
Sn80Pb20 solder joints with thick UBM is significant longer than e-SnPb with
thin film UBM. In addition, the'temperature and current distribution due to
current applied was corrected by Infrared Microscopy and simulation to prove

Black’s equation’s Q=2.1eV and n=6.2 .
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B63Sn/37Pb Intermetallic Compound Thickness
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Figure 7. Intermetallic Compound Thickness of Sn/Pb Alloy at Room Temperature and Ageing at 120°C for 100, 200
and 300 hours
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Sb-Pb solder
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Fig. 3. Arrhenius plots of the product, 40y | for interface
diffusicn of 2“Ph and '"Sn radicactive tracers in Ph-
62 wi% Sn ewtectic specimens. Mote  the stecp change
above 400 K. Data in the band represemt grain-boundary
diffusion in Ph and low Pb-3n aliovs as shown in Table 2.
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TABLE I Activation energy of Cu consumption and compound growth.

Consumed Cu Cu 5n Total IMC
o {eV) D, (om?s) & {eV) Dy, (em™s) o (eV) Dy (om?s)
e-Snbb 094 0.0149 073 1.85 = 107° 125 3959
Sn=3.3Ap 1.03 0115 04935 0.00563 1.1% 6.04
Sn=3 BAp=0.7Cu 1.10 0.0560 1.03 0.035595 094 9.56 = 10
Sn=0.TCu 1.05 0128 1.08 0104 1.00 0104
% 2-1 2 B4 ACuUBM} » £ 2cT IMC= £ 97 F e 1 5y 82 3547
Table 1. Interface difusion of *""Pboand "' *n tracers in Ph-62 wi%: Sn lamellar cutectic alloy
TIKD  ri=l07y) By i1 s 2,000 51’!” m% a0k (10 m? 's) 7 Ph
PhHPhI[12]  Sn%Sng [14]  Se*Phi (13 max {pm) ph Mg {mlsm?)

Ly 5,505 00 2 (hIH 2 1S .16 w1 0789 4.2 LN | 154

A0 ARE .41 il fh.1if .13 507 100 46 7 ([

36l £ 8972 k052 053 027 0.l | 2.0 Q.49 A3 110 137

154 1.2113 .37 2k ix an LX) 560 &0 16 (]

G (244 0.3z 14 1.5 1.5 197 E.o7 AT0 430 148

4ivz R 1.5 16 6.2 1.5 4.33 397 1.7« 1 Q504 220

434 153 5.7 ay 23 2,23 206 153 LSk MY 23x10% 256

424 1728 57 o] 23 6.9 1.82 1.11 68 (WM 1.5x IEI'{‘F 232

424 01285 57 it 23 a5 1.47 1.34 75 e T2000 238

TThese points are ol of range in Fig. 3 and not plotied.

g
| BSG 4 "
210 11 ' .
% 922 Pbes 3Sn mmterface d1ffus1on Gl B L Y

i =
L ..||.
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TABLE II. The maximum current densities and the crowding ratios at different cross sections for the five
model s

Cross section

Y3 top Y4, middle Y3 necking

o

Y, bottom

Y1.UBEM Y2 IMC layer of layer of layer of layer of
UBM layer layer solder solder solder solder
Ti/Cr=Cu/Cu Max. 332X 107 2SEX10° L MXI0T 407x10° 823x10° 610x10°
(A em®)
Ratio 062 515 24.7 0.8 1.6 1.2
ANMNIVICu) Max. AR I0° 236X 107 LI1TXI10°  4.07x10° 8231 6.10% 10°
(A emd)
Ratio 51.5 47.1 234 0.8 1.6 1.2
i Max. 306X LI3XKIOF 67710 372108 BOZ22 6025 103
(Afcm®)
Ratio 79.1 225 135 0.7 1.6 1.2
Cu Max. 015X 10°  7.53x 100 437X 10* 33X 1P 7745 5.92% 10%
(Afem®)
Ratio 1226 15.0 8.7 0.7 1.5 1.2
NifCu Max. 43Tx 107 SR2X 100 35X 10 325% 100 766 5.00% 103
(Adcm®)
Ratio 87.2 1.6 7.2 0.7 1.5 1.2

# 2-3 &3 FUBMS {Hd @ piRep &85 TR AR [36]

Table 2: Electromigration reliability

Condition Sn-3TPh Sn=Apg-Cu composite
i (hes) i 1 (hs) i
0.4 AM150 °C 388 11.0 1234 1.9
0.5 A/150 °C 227 6.3 578 2.4
0.6 A/125°C 657 5.1 1122 2.1
0.6 AF1335°C 383 5.0 431 2.9
0.6 AM150°C 226 3.6 219 2.2
Table 3: T4, and j.. on bump G
Condition Sn-Ph Sn=Ag-Cu composite
Trn ("C) Jeave T ("C) Jeme
0.4 A/150 °C 155.43 0.3620 15537 0.3705
0.5 A/150°C 158.50 0.3620 158 .40 0.3705
0.6 AM125°C 136.73 0.3617 36.59 0.3701
0.6 A135°C 146.95 0.3619 146.81 0.3703
0.6 A/150 °C 162.27 0.3620 162.13 0.3706

104 A E B TIUNI(V)/Cu™ A #l s &
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o d ¥ o= P T, % amp | Hotplate Hot plate Hot plate
temp. temp. temp.
5(A) | 100°C (bylR) | Alem’
170°C 160°C 150°C
0.8 8418 6
0.75 7892 68
0.7 24.8°C 7366 18 182
0.6 16.6°C 6314 96 614 1112
% 3-1 a2 R RHRET > BRERF DS %
seddg g | 0A 0.5A 0.6A 0.7A
100°C(IR) 0C 12.6C 16.6C 24.8°C
150°C(TC) | 0°C(131.8) 14.3°C(146.1) 17.6°C(149.4) |27.6°C(159.4)
160°C(TC) | 0°C(139) 11.05°C(150.05) 17.5°C(156.5) |25.0°C(164.0)
IR Infrared
TC Thermal couple
# 3-24 %% 100~ 150~160 & » 2 o T it > MAATIEE R H PR

B
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