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Fig.1  Configuration and dimension of specimen for soldering  
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Fig.2  Schematic diagram of the soldering process 
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Fig.3  Schematic of R

rms

 at the solder joint interface 

:\DR

rms

9)*
�µmßN9ÃÛ.<+)'�æ 

EaNF15cßZ

i

9Ã+)Û4.<� IMC5�G á

+)12 Þ�67�µmB 

2  ����� 

2.1  ����� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu���

	
� 

Â 4 9|} -��{V� Sn2.5Ag0.7Cu0.1RE- 

0.05Ni/Cu 5&#�i!� ���HIBJÂ 4 �

K�ze{V� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu 5&#

�LMN�.��Ç.�5O. 3 P�BQ\�Ç.

9RSTUV� IMCW�J�Ç�5OXYZ[@J

\W�8��]º1^_� Cu

3

Sn ��]5O_�

(Cu,Ni)

6

Sn

5

[3,12]

ß5O.J`[ β-Sn �aUbc� 

�8�bc� LM=>U β-Sn + Cu

6

Sn

5

�dU�

β-Sn + Ag

3

Sn e_bc� �d� β-Sn�Cu

6

Sn

5

�

Ag

3

Sn�8�f_bc� 

[3]

BJÂ 4c�|}-��{

V� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu5&#�
���

XRD Â��K�ze{V5&#�g�d Cu

6

Sn

5

9

1�(Cu,Ni)

6

Sn

5

$� Ag

3

Sn$�hÆi5&#��Ç

IMC�5Obc� \g�� Cu

6

Sn

5

$N(Cu,Ni)

6

Sn

5

�TBhPJW Sn2.5Ag0.7Cu0.1RE0.05Ni 56\^

y� Ni_`�¡ Cu®�FJ$j�c^Hk��5

&��\ Ni®�lm+ Cu

6

Sn

5

\P� Cu®�nþ8

,(Cu,Ni)

6

Sn

5

[12]

ÃoB�Ç. IMCpq�� Cu

3

Sna�

Â 4bc�h�ePJW�Ç. Cu

3

Sn IMCWrÑnq

Ns+áB 

Â 5 9ze{V� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu

5&#�5Oi!� BJÂ 5�K�|}-��{V

5&#�5O.� ¡tu5&#�5O� A¸�

J`[ β-Sn�aUbc� �8B¡tu5&#�5

O.� 9`[ β-Sn ÀÁrB�þUXYZa�Â

5ac$v�|}-��{V5&#�5O.`[ β-Sn

ÀÁrC�þU]w�xU�ybc� vzr{a�

Â 5bcBh�ePJW|}~��xy|5&#�º1

^}áö~56��ø��Ç IMC��NÒáö~56

\|05&#�5O\�Cu®��þ�('�
�^�

9��+� β-Sn *¢-{�þ�\�nJ,W5O

� �ZJ�

[13]

B|}-��{V� Sn2.5Ag0.7Cu- 

0.1RE0.05Ni/Cu 5&#�5O.�÷øð�i!� 

þ��Â 5c�5O\� β-Sn1^N÷øð9 β-Sn1

^����d�U Ag

3

Sn ��U�(Cu,Ni)

6

Sn

5

�Q 

5&#��eJA4��

[13,14]

B 

2.2  ����� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu���

	�
 IMC 

Electrode 

Electrode 

Ceramic wafer 

Ceramic wafer 

Soldering sample 

Ultrasonic transmission 

Heating furnace 

Ceramic tube 

Electrode lead wire 

IMC 

IMC average thickness 

Cu substrate 

Solder 

Z

i

 



�2802�                                        �������	
                                             � 47� 

b 

0       2       4      6       8 

Energy/keV 

528

422

316

211

105

0

Cu 

Sn 

Cu 

Ni 

I
n
t
e
n
s
i
t
y
/
c
p
s
 

Element at% 

Sn 43.44 

Cu 54.44 

Ni 2.12 

 

 

 

 

 

 

 

 

 


 4  ��-����� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu��������� EDS� XRD�  

Fig.4  Microstructure and EDS-XRD analysis of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints under external energy: (a) microstructure of 

solder joint, (b) EDS results of point A, and (c) XRD pattern of solder joint 
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Fig.5  Microstructure of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder seam under external energy: (a) conventional soldering, (b) with ultrasonic  

wave (USW) and electric field (E) assisting, and (c) the microstructure of the deep-etched solder joints 
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 6  !"��� Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu��+, IMC-. 

Fig.6  SEM images of IMCs at the interface of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints: (a) conventional soldering, (b) with USW 

assisting, (c) with USW and E assisting, (d) top-view of conventional soldering, (e) top-view of solder joints with USW assisting, 

and (f) top-view of solder joints with USW and E assisting 
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Table 1  Thickness, roughness and grain size of interfacial IMC for Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu joints (µm) 

Solder joints IMC thickness IMC roughness Grain size of IMC 

Conventional solder joints 4.3 2.6 3.4 

USW assisted solder joints 3.6 1.9 3.0 

USW and E assisted solder joints 3.0 1.7 2.7 
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Fig. 7  Effect of external energy on the interfacial IMC thickness, 

roughness and shear strength of Sn2.5Ag0.7Cu0.1RE- 

0.05Ni/Cu joints 
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Fig.8  Fracture morphology of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu joints under external energy: (a) conventional soldering, (b) with USW 

assisting, (c) with USW and E assisting, and (d) schematic of ductile-brittle mixed fracture  
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Abstract: The Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints were fabricated by the ultrasonic wave (USW) and electric field (E) assisted 

soldering technique. The microstructure and mechanical properties of the solder joints were analyzed by the scanning electron microscope 

(SEM), energy dispersive spectrometer (EDS) and X-ray diffraction (XRD). Results show that the USW or the USW-E have great influence 

on the microstructure of the solder joints. The USW or USW-E assisted soldering technique refines microstructure of the 

Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints and promotes the proportion of eutectic structure, as well as reduces the average thickness, 

roughness and grain size of interfacial IMC. The shear strength of the Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu soldering joints under the USW-E 

assisted soldering is closely related to the roughness of interfacial IMC layer. The USW plays an important role in the decrease of 

roughness of the interfacial IMC during the USW-E assisted soldering. Compared with shear strength of the traditional soldering joints, an 

increment of 24.1% in shear strength of the soldering joints is achieved with the USW-E assisted soldering. With applying the USW or the 

USW-E, the fracture path of the Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu soldering joints transfers from the interfacial transitional region composed 

of soldering seam and interfacial IMC layer to the side of soldering seam. The fracture mechanism of the soldering joints obtained by the 

USW or the USW-E assisted soldering are brittle-ductile mixed fracture with the cleavage of interfacial (Cu,Ni)

6

Sn

5

 IMC and the 

cleavage-dimple of soldering seam, which increases the proportion of ductile fracture zone and the shear strength of soldering joints.  

Key words: Sn2.5Ag0.7Cu0.1RE0.05Ni solder; USW-E external energy; soldering joint; microstructure; properties 
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