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Fig.1 Schematic diagram of the apparatus used for dissolution

experiments with copper wire and tin liquid
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Fig.2 Schematic diagram of the measured area for inhomogeneous

dissolution of copper wires in tin liquid
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Fig.4 Thickness of copper dissolved in liquid tin vs 7'’ at various current densities and temperatures: (a) 513 K, (b) 543 K, and (c) 573 K
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copper in liquid tin

[ BSE 1%, &9 Won T E i A 240 A fem®, &
NI IE] Ry 40 s B, AN )3 B R LG 7 ) ¥ A s St T
IMC MRS . O THRGR 768, B 4 A 3t )
Sn B MIE, MHEBMNERN Cu . WRIFE 9 w7
R, AEWRRNIEE SR, A REZR TS, IMC
J2 1 JJE B 28 3 0 o H 2 HLR A IE IS () IMC 2 R
JER TR A G (1) IMC 2R .

3 HiFSITE

SCHG 25 LR, LR A S B N R R
BRI R0 o 5 AR T 4 o 7 L 90 85 T 11 9 KT K
FEANTIN L FEIN 4 A2 A B h R Bl ) s i R 2 9
R BT, A R B R NN IR (¥ A5 A i 2k i 3a~
3¢ Ml da~de iz MR LLE Y, ANE 2 3 0t
Wi, R E R SR A I e R, iR
NIRFTA] RSP 5 HRIA R PR DR 2R o T3 W it o H it ) 1
FEMZS B W R R 1 32 9 B o 2980 22 4 N 85
WIS, 5 IR R B AR N S T A
HFE AR TG R T — 2 IMC J2, DR 22 () 5 A o
PR g R AR T < DR TR 45 ) 5 AR K SE A IR 4
VSR TE AR BT 1) IMC J2 TR, R 7 O
Xy, WRERR K, IMC 2 KE R, H
S Bl A AR I TR 3G I, IMC )2 )R SRS, BEAS T 4
J5 o RVE T IR AR R . 2 L 1A A
B I I CHL 3L 10 AR 0850, A (47 10T 1) AR
P72 T HER AR, I T AR T
PHL RIEAE T AL T S IMC JZ AR, AR N
i Js 7l I IMC 2 9 ORI 5 40 1R Ak T A
XK

SR BB 01 S BT 68 AN ] 3 B2 R A AE WA
5 vl v S B AT A,



© 3428 -

Mty e m A RS TRE 49 &

K7
Fig.7

CugSns

CUGSns

» 7m g S
Cu

CU(,'SI’I5

Bl 6 ANFRZ AN IE R %% 5 Sn/Cu ST BSE &
Fig.6 BSE micrographs of intermetallic layers between copper and the solidified tin after dissolution at 543 K for different time: (a) 20 s,

(b)40 s, (c) 60 s, and (d) 80 s
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Fig.8 BSE micrographs of IMC layers between copper and the solidified tin after dissolution at different temperatures and directions of

current: (a) 513 K, negative; (b) 513 K, positive; (¢) 543 K, negative; (d) 543 K, positive; (e) 573 K, negative; (f) 573 K, positive
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Table 1 Calculated rate constants for dissolution of copper in
liquid tin under varying current densities and diffe-
rent temperatures

Current density/  Dissolution rate constant/

Temperature/K Acem” pm-s”
0 1.16

513 120 2.43
140 3.06

240 5.73

0 2.02

120 3.86

543 140 4.86
240 7.47

0 3.01

573 120 5.56
140 6.57

240 11.27
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Table 2 Activation energy for the dissolution of copper in
liquid tin at various current densities

Current density/A-cm™  Apparent activation energy/kJ-mol”

0 39.74
120 33.52
140 31.65
240 28.17
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Table 3 Physical constants used to calculate the effective
charge Z* on Cu

Symbol Value and units
p (46.3+0.023(T-Tw))* 107 Q.cm!™”
D 1.8><10-36_1757O/RTCIT12/S[20]
e 9.648x10* C/mol
R 8.3143 J'mol"-K
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Table 4 Effective charge Z" and electromigration force
on copper in liquid tin

Temperature/K z Fya/ X 102N
513 1.48 2.65
543 1.03 1.87
573 0.69 1.27
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Kinetics of Copper Dissolution in Liquid Tin by Direct Current

Sun Xuemin, Yu Weiyuan, Wu Baolei, Yang Guoqing, Liu Yun
(State Key Laboratory of Advanced Processing and Recycling on Non-Ferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The dissolution kinetics of copper in liquid tin in the temperature range of 513~573 K were investigated under the influence of a
DC current by immersion method. After dissolution, the dissolution thickness and the thickness of IMC layer at Sn/Cu interface were
measured and the dissolution activation energy and effective charge Z* were calculated. The temperature distribution and flow field of the
liquid tin caused by the current were simulated by Comsol Multiphysics. It is found that the current has a marked effect on the dissolution
rate constant. Correspondingly, the application of the current significantly decreases the activation energy of dissolution. Similarly, the
direction of the DC current has an effect on dissolution of copper and the growth of IMC. When the electronic flow is in the direction of
dissolution, a further increase in dissolution and a decrease in growth of IMC layer are observed which are attributed to electromigration.
When the current density is 240 A/cm?, the effective charge Z* decreases with the increase of temperature.

Key words: electromigration; dissolution; activation energy; effective charge

Corresponding author: Yu Weiyuan, Ph. D., Professor, State Key Laboratory of Advanced Processing and Recycling on Non-Ferrous

Metals, Lanzhou University of Technology, Lanzhou 730050, P. R. China, Tel: 0086-931-2973563, E-mail: weiyuanyu2018@163.com



