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� 1  NO����� 

Fig.1  Schematic diagram of the apparatus used for dissolution 

experiments with copper wire and tin liquid 
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� 2  GHIJKLMNO��� 

Fig.2  Schematic diagram of the measured area for inhomogeneous 

dissolution of copper wires in tin liquid 

 

 

 

 

 

 

 

 

 

 

 

� 3   ¡M#>�CoBC¢GHIJKLMNOUC�78�ZM�[ 

Fig.3  Thickness of copper dissolved in liquid tin vs time at different current densities and temperatures: (a) 513 K, (b) 543 K, and (c) 573 K 
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Fig.4  Thickness of copper dissolved in liquid tin vs t

1/2

 at various current densities and temperatures: (a) 513 K, (b) 543 K, and (c) 573 K 
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Fig.5  Effect of current direction on the dissolution thickness of 

copper in liquid tin 
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 6  ���������� Sn/Cu��� 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.7  IMC layer thickness as a function of the immersion time (a) 

and the square root of time (b) 
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 8  ��:��/.!;01�<������ BSE= 

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; (c) 543 K, negative; (d) 543 K, positive; (e) 573 K, negative; (f) 573 K, positive 
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Fig.9  Average thickness of IMC layer 
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Fig.10  Temperature dependence of dissolution rate constant for 

copper in liquid tin at different current densities 
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Fig.11  Simulated temperature distribution in liquid tin at different current densities: (a) 140 A/cm
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Fig.12  Flow field distribution in liquid tin caused by 

temperature gradient 
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Table 3  Physical constants used to calculate the effective 

charge Z

*

 on Cu 

Symbol Value and units 

ρ (46.3+0.023(T-T

m

))×10

-6 

Ω.cm

[19]

 

D 1.8×10

-3

e

-17570/RT

cm

2

/s

[20]

 

e 9.648×10

4 

C/mol 

R 8.3143 J·mol

-1

·K

-1
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Table 4  Effective charge Z

*

 and electromigration force 

on copper in liquid tin 

Temperature/K Z

*

 F

wd

/K10

-21

 N 

513 1.48 2.65 

543 1.03 1.87 

573 0.69 1.27 
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1) ����JQ1�RST��UV�WX��

���Y��Z[�RST�ZD���Y�\ 240 
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2
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2) e��f�g1h5]�RST�[ijkL
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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

2

, the effective charge Z

*

 decreases with the increase of temperature. 

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