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Fig.1  Schematic diagram of soldering process 

 

þ
}CSEMD�~,-A>=,�WX�
�j��

ñ��øj��é�<�����"�)h����

� Photoshop=h��l�� Image Pro Plus�l67

8>?@�AB��7V=`_�BV��"x� 5

¹���.�� SEM&`���l��)�����

67>?@�AB�~_ä 

A

h

L

=

                                 C1D 

���AN67>?@�AB��7VêLN67>?

@�AB��`_êhN678>?@�AB�~_" 

������	
�

���������	
���

h 2 N Sn0.6Cu-1.0SnO

2

,-�þ
j�"*+

,-�
�j�' . β-Sn¤=����¤�<��

�¤�î/ β-Sn ¤��68"Sn0.6Cu ,-� β-Sn

¤�k�ì�Á�fh 2a 'i"vº SnO

2

ª«µ

Sn0.6Cu,-�9�¬ β-Sn¤�ïðÓþU��fh

2b2c 'i"�h 2b Y�	�Õ»¼67]ý�,

-
���' .¯�� β-Sn ��j<".h 2c Y

�	��3��^õ�x«��EÌ����;�Ó

þ�¯��β-Sn���<�¯��t��" 

h 3a3b��zh 2c�+k&`"�h 3a�Y

�W�·	µ�3 Sn0.6Cu-1.0SnO

2

,-Í7���

� E¡¢�B�"h 3bz���¡¢B��¡�Á

£�H^�y��ÍÓ�¡¢��BN SnO

2

"./

SnO

2

��¡�3,-��ú|045=�;��4

5�Þß�ö�¤¥��¦ç¤<§�����¯�


������¡�3�68�ø�p¨����`

k"+kÊ9�
�j�©×·#ª�h 2 �3

Sn0.6Cu ,-«® SnO

2

��¡�¯�� β-Sn ��ï

ð�»" 

Thermoelectric couple 

Heating units 

Solder 

Substrate 

Substrate 

Clamping apparatus 

Hot plate 



� 12�                   ���ºsSnO

2

ABCDK Sn0.6CuG MNOPY]^,fSgbLVW                ´4299´ 

 

 

 

 

 

 

 

 

 

 

 

¶ 2  »¼G L��M½¾¿ 

Fig.2  Optical microstructures of the lead-free solders: (a) Sn0.6Cu, (b) Sn0.6Cu-1.0SnO

2

, mechanical stirring, and (c) Sn0.6Cu-1.0SnO

2

, 

ultrasonic vibration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ 3  Sn0.6Cu-1.0SnO

2

G MNOP¬À 

Fig.3  SEM morphology of the Sn0.6Cu-1.0SnO
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solder (a) and 

microstructure of filler metal grain (b) 
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Fig.4  DSC curves of solder alloys: (a) Sn0.6Cu and 

(b) Sn0.6Cu-1.0SnO
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Table 1  Parameters of DSC melting curves for solder alloys 

Sample 

Solidus temperature, 

T

S

/Â 

Liquidus temperature, 

T

L

/Â 

Melting point, 

T

m

/Â 

Melting range, 

∆T/Â 

Sn0.6Cu, mechanical stirring 223.5 241.3 232.5 17.8 

Sn0.6Cu, ultrasonic vibration 224.3 236.6 228.1 12.3 

Sn0.6Cu-1.0SnO

2

, mechanical stirring

 

224.6 239.1 233.1 14.5 

Sn0.6Cu-1.0SnO

2

, ultrasonic vibration 224.4 235.4 230.8 11.0 
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Fig.5  Cross-section SEM images of interfacial IMC layer of 

Sn0.6Cu/Cu (a) and Sn0.6Cu-1.0SnO

2

/Cu (b) samples held 

at 280 Â for 5 min 

 

��� 280 �����	
� 5 min ������

���� SEM ������ IMC ���� Cu

6

Sn

5

�� Cu

3

Sn����� 5a ��� IMC���!"

#$� Cu

6

Sn

5

������%������&�'(

)%*+,-.� 5b Sn0.6Cu-1.0SnO

2

/Cu/0��

� Cu

6

Sn

5

�123 Sn0.6Cu/Cu���45%67

"#$%Cu

6

Sn

5

89&��:;<=%> Cu

6

Sn

5

��

�����?�@A%IMC��B�CD%EF 5.29 µm

GHIF 4.74 µm%GDJ 10.4%��KLM%SnO

2

N

O89P����������QRSTUVWX� 

!JYZ������[9�\Y]�^C%_

/0�`a�bX 1000#cdefgh%ijX

20%HNO

3

klefmno%pq IMC�rs� Sn�

�t%nou�Rvwxy���t�z{|%X

p}~�����j�X�������� 6 !

Cu/Sn0.6Cu/Cu�Cu/Sn0.6Cu-1.0SnO

2

/Cu� 280 �	%


� 5 min���� Cu

6

Sn

5 

IMC����12�P

�� 6a�6b Cu

6

Sn

5

�12���L��� SnO

2

N

O89���� Cu

6

Sn

5

89�1����6�QJ

C��� 6a  Cu

6

Sn

5

[9����A��$89%

��F! 6.1 µm.� 6b Cu

6

Sn

5 

IMC[9��� 

GH!F 3.2 µm%¡¢C£¤!¥¦§¨©�ª�1

"#$�E� 6c L���T=|�«¬�®¯�

Cu

6

Sn

5

?�%°±²¡³?�%´µ«¬�� SnO

2

NO89%3� 345%´µ¶·� Cu

6

Sn

5

����

��?�� SnO

2

NO89UV IMC ��¸R%UV

Cu

6

Sn

5

89�QR%ST¹�[9�WX%3� 5 £

��]º»¥� 

 

 

 

 

 

 

 

 

 

 

¶ 6    280 �Z[Ä Cu

6

Sn

5 

IMChÇÆ^ÈÉ¬À 

Fig.6  Longitudinal section 3D morphologies of the Cu
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IMCs after soldering at 280 Â: (a) Cu/Sn0.6Cu/Cu and 
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Effects of SnO

2

 Nanoparticles on Microstructure and 

Intermetallic Compounds of Sn0.6Cu Solder 

 

Yu Weiyuan, Sun Jungang, Liu Yun, Wu Baolei, Lei Zhen 

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

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: A lead-free composite solder was synthesized by adding SnO

2

 nanoparticles into Sn0.6Cu solder by a ultrasonic-assisted method. 

The effects of the SnO

2

 nanoparticles on the microstructure, melting property, and the interfacial reaction products of 

Cu/Sn0.6Cu-xSnO

2

/Cu brazing joints were investigated. The thickness and grain size of intermetallic compound (IMC) layer were 

measured. The results show that 1.0% (mass fraction) SnO

2

 inhibits the growth of β-Sn in the brazing filler metal and refines the grain size. 

The melting point of the SnO

2

-containing solder is substantially the same as that of the SnO

2

-free solder, but the melting range is 

significantly reduced. In addition, the application of ultrasound during the solders melting process can refine the grains, and the melting 

point and liquidus temperature of the obtained solder are also lower than those of the conventionally melted solder. The IMC layer at the 

interface of the solder joint with SnO

2

 solder is thinner and the grain size is smaller. The main reason is that SnO

2

 nanoparticles are 

adsorbed to the crystal plane of the interfacial intermetallic compound, which hinders the interdiffusion between the copper plate and the 

solder matrix; thus it results in a lower driving force for the formation of IMC, and inhibits the growth of interface compound. 

Key words: ultrasound; SnO

2

 nanoparticles; microstructure; intermetallic compounds 
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