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Fig.1  Schematic diagram of the Ni/Sn/Ni joining through the 

ultrasonic-assisted soldering method (a) and the diagram 

of the heating and cooling rate (b) 

 

 

 

 

 

 

 

» 2  BC IMCstÄÅ 

Fig.2  Calculation method of interfacial IMC layer 
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» 3  300 ÇÈÉÊËTD?>:;</ Ni/Sn/Ni@ABCÌÍÎÏ 

Fig.3  Interfacial microstructures of Ni/Sn/Ni solder joint without USV heat treatment at 300 Ç for different time: 

(a) 0 min, (b) 5 min, (c) 10 min, (d) 15 min, and (e) 20 min 
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Fig.4  Average thickness of Ni
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 layer formed at the Ni/liquid 

Sn interface versus reaction time at 300 Ç 
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» 5  ,ÐÈÉ:;TD Ni/Sn/Ni@A�ÑBCÎÏIÒ 

Fig.5  Interfacial microstructures of Ni/Sn/Ni solder joint with USV time of 0 s (a), 10 s (b), 30 s (c), and 50 s (d) 
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» 6  ÈÉ:;</TDBC IMCstÓ 

Fig.6  Thickness value of Ni
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Sn
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 layer with different USV time 
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» 7  :;</?@A�ÑBC IMC�y½¾» 

Fig.7  Schematic diagram of Ni
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Sn

4

 growth at the Ni/Sn interface with USV 
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Intermetallic Compound (IMC) Growth at Ni/Sn/Ni Interface 

Under Ultrasonic Treatment 

 

Liu Yun, Yu Weiyuan, Wang Yanhong, Sun Xuemin 

(State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal, 

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The formation and evolution of intermetallic compound (IMC) at the interface of Ni/Sn/Ni with and without ultrasonic wave 

(USV) were investigated. The results show that without ultrasonic treatment, the IMC layer is plain and compact at the interface of 

Ni/Ni

3

Sn

4

. Towards the solder side, Sn tends to wet and penetrate the grain boundaries to form the scallop-type Ni

3

Sn

4

. Moreover, 

intermetallic grains grow with a 1/2 power dependence on time, and the growth is controlled by the bulk diffusion. With ultrasonic 

treatment, acoustic cavitation causes the interfacial Ni

3

Sn

4 

to dissolve and form many grooves, even forms “neck” connection in the local 

area of the interfacial IMC. Therefore, the dissolution passage of the Ni atom to the solder is reopened and ultrasonic streaming promotes 

this dissolution. With the prolonging of ultrasonic time, elongated Ni

3

Sn

4

 grains which are of “neck” connection are broken up by the 

ultrasonic cavitation and fall into the liquid solder. Thus the interfacial IMC is gradually reduced. The Ni

3

Sn

4

 grains falling into the liquid 

are further dissolved and broken by ultrasonic cavitation. Finally, many fine Ni

3

Sn

4

 grains are evenly distributed in the joint. 

Key words: ultrasonic wave; intermetallic compound; growth kinetic; grooving 
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