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The Growth Kinetics of Intermetallic Compound Layer in Lead-Free Solder Joints

Chang-Bae Lee, Chang-Youl Lee, Chang-Chae Shur and Seung-Boo Jung
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Table 1 Thermal environments for solder joints in
a variety of electronic packages

Use conditions exgﬂgf;la(l@)
Consumer electronics 0 to 60
Computers 15 to 60
Telecommunications -40 to 85
Commercial aircraft =55 to 95
Military aircraft -55 to 125
Space 40 to 85
Automotive-passenger compartment -55 to 65
Automotive-under the hood -55 to 150
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Fig. 3 Phase diagram of Cu-Sn binary alloy

Journal of KWS, Vol. 20, No. 3. June, 2002



FEEY A% A s50sE A8 2 9F

19

32 Ni-SnHl 257t sles

Ni2 Cu-SnAl 53t s1gHEe] A4S IAst7] 9
gt RRoz &rel CuZld AlelollA  gabdx|et
(diffusion barrier) 2249 9L 3t} Fig. 49
BYPde|zolx] & 4 %ol NisSn, NisSnz, NisSna
3FTFY FE70 IAES 9T, SUHA F Y/
Ng it NiZl#e Suulz &8l=H A e
Ni-Sn &7t 3829 NisSny 7} A &Aoo 2 AAAs

A gtk g 340 siEel 4HR 247 34
& Alolo= A'd(channel)e] @AY Nie& +&7

B L Bkl B e A ol Ad
2 i) Moz Bl B 240 AR
o] A e (4Hp = 298KNA 22} -235.3kJ/mol,

-192.5kJ/mol, -102.8kJ/mol ZX NisSns® A
Agsst g 2P®. wWebd NisSn, NisSnae
NisSns 20t o] 7] wjio] SHHAl AW
Al AE AAshke 57 S33ES NisSuz 4
A Qs

0 Aol FdHe R 57 s3E

Atomic percent tin

150 10 20 30 40 50 60 70 80 90 100
0 . . . . .
1350 "
1200 w
1050 _
2 o (ND a5t
&) H30C .
3 750
=
o
o 600
&
5 4504/ i
= : 3
300 § N — Nigir, +1 PRINESLS
1504
(Sn) -4
0

4] 10 20 3’0 40 50 60 70 80 90 100
Ni Weight percent tin Sn

Fig. 4 Phase diagram of Ni-Sn binary alloy
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Table 2 Room temperature physical properties of intermetallic compounds

Property CueSns CusSn NisSna
Vickes hardness(kg/mm®) 378+%55 343*47 365+7
Toughness MPa - m "/ 1.4+0.3 1.7+0.3 1.2+0.1
Youngs modulus GPa 85.56+1/65 108.3t4.4 133.3£5.6
Shear modulus GPa 50.21 42 .41 45.0
Thermal expansion x10%/C 16.3£0.3 19.0+0.3 13.7%+0.3
Thermal diffusity cm®/sec 0.145%0.015 0.24%0.024 0.083%0.008
Heat capacity J/gm/deg 0.28610.012 0.32610.012 0.272+0.012
Resistivity # ohm-cm 17.5%0.1 8.9310.02 28.5%0.1
Density gm/cc 8.28+0.02 8.9x0.02 8.65+0.02
Thermal conductivity watt/cm-deg 0.341%0.051 0.704+0.098 0.196%+0.019

36 2048 3%, 20024 64
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Fig. 5 Thickness of intermetallic compound layers
formed at interface between Sn-3.5Ag solder
and Cu substrate
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K = koexp(-Q/RT) @)
K : The square root of growth rate constant (r/s)
ki’ : Frequency factor

Q : Activation energy

R : Gas constant(8.314J/mol-K)

T . Aging temperature(K)
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Fig. 6 Arrhenius plot of the intermetallic compound
layer growth
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Table 3 Calculated the activation energy (Q)

Solder/substrate Tf;;;&;r&(t‘gg )r € tiRn(f;C(t é(;r; ) Intermetallic enicgt;‘(fitjl/omno]) Reference
Sn-3.5Ag/Cu 70-170 0-100 (CusSns+CusSn) 64.82 Lee et al®”
Sn-3.5Ag/Cu 70-170 0-100 CusSns 48.54 Lee et al*”
Sn-3.5Ag/Cu 120-170 0-100 CusSn 89.06 Lee et al*”
Sn-3.5Ag/Cu 70-205 0-400 (CusSns +CusSn) 59 Vianco et al®”
Liquid Sn/Cu 320-430 0.007-0.83 CusSns 36.40 Kawakatsu et al®
Liquid Sn/Cu 320-580 0.007-0.83 CusSn 46.03 Kawakatsu et al*”
Liquid Sn/Cu 200-400 0.042-29 CusSns 92.47 Lubyova et al®
Liquid Sn/Cu 200-450 0.042-29 CusSn 88.29 Lubyova et al®”
Sn-3.5Ag/Cu 110-208 0-32 CueSns 107.06 Flanders et al'”
Sn-3.5Ag/Cu 130-208 0-32 CusSn 70.41 Flanders et al'”
Sn-58Bi/Cu 55-120 0-400 CusSns 55 Vianco et al®

Sn-3.5Ag/Au/Ni 70-170 0-100 NisSna 72.54 Lee et al”’

Sn-3.5Ag/Au/Ni 75-160 0-36 NiaSna 53.47 Blair et al*”
Sn-H8Bi/Ni 85-120 0-150 NisSna 90 Chen et al®

KEBISHREEE F20485 3598 20024 64
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Table 4 Calculated growth rate constants for the growth of intermetallic layers

29)

Sn-3.5Ag with Sn-3.5Ag with NisSn4
Sn-3.5Ag . .
Intermetallic | Temperature(T) FeSn/FeSn; particles particles
k(10 Pcm?s™) k(10 Pem’s™) k(10 %cm’s™)
180 214 337 235
150 19.8 23.8 71.7
CusSns 120 1.33 1.72 1.22
100 0.85 0.14 0.11
70 0.76 0.11 0.043
180 144 107 064.4
150 37.7 9.41 -
CusSn 120 3.15 0.56 0.674
100 0.41 - -
70 0.21 - -
Table 5 Activation energies of composite solders in A3 BEE AR A 2o dAolo)
Sn-37Pb*”’
t o =
Composite solder | CusSns, kJ/mol | CusSn, kJ/mol g1&Ed
No agddition 77.16 163.0 1. M. Abtew and G. Selvaduray : Lead-free solder in
20 wt.% CusSns 113.81 91.63 microelectronics, Mater. Sci. Eng., 27 (2000) 95-141
20 wt.% CusSn 136.96 77.16 2. D. R. Frear. S. N. Burchett, H. S. Morgan and J.
7.6 wt.% Cu 92.59 110.92 H. Lau : The mechanics of solder alloy
4 wt. % Ag 131.17 113.81 interconnects, (Van Nostrand Reinhold, New York,
4 wt.% Ni 209.30 very large (1993), 2
3. P. J. Kay and C. A. Mackay : The growth of
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