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Ê 1  ��_�Ë¥ 

Fig.1  Temperature curve of reflow soldering 
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Fig.2  Temperature cycle curve of thermal cycle 

§ TiPç!Cu-Sn IMCk¶I 1!óô 3bõö�

��2)8t IMCk��£!è� EDS[ A���x

Ê!xÊR¾óô 4õö�q IMCk3`4 52.72 at%

� Cu � 47.28 at%� Sn �£!56Çc Cu

6

Sn

5

!q

7!��³´+- Sn58Bi/Cu���8t IMC��T

¥ Sn58Bi-0.1Ti/Cu ��`�E8�è�!"(1)�#

$�8t IMC � ��T��Ð0x�� 0.1%¦§

Ti¨©�ª�!��8t IMC��T* 1.53 µm9é

$ 1.31 µm� 

��� 300�ç� Sn58Bi/Cu� Sn58Bi-0.1Ti/Cu

��8t��óô 5õö���� 300�ç!8tk

²:4�ç�-./;k/<B���2)8tk/

IMCk��£!è� EDS[ô 5
=>ò��ò��!

xÊR¾óô 6 õö�qk/ IMC 56Çc Cu

6

Sn

5

� Cu

3

Sn IMC��
!\zJK�OE?�c Cu

6

Sn

5

 

IMC!\z Cu�
E?�c Cu

3

Sn IMC�EF|@!

Cu

3

Sn IMC�²£3`AB��C�¡t

[10]

!ó!"

�2���3�õö�DE!Cu F�* Cu �

�G

É;JK�O;&�*JK�O
;&� SnF�N Cu

�

;&� CuF�HIÛÜ²£� Cu

6

Sn

5

 IMC�=

ç!Cu

6

Sn

5

 IMC N* Cu �
;&-� Cu F�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ê 3  Sn58Bi/Cu� Sn58Bi-0.1Ti/Cu��~�` SEMÌ 

Fig.3  SEM images of interfacial organization of solder joint 

after soldering: (a) Sn58Bi/Cu and (b) Sn58Bi-0.1Ti/Cu   
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Ê 4  Ê 3bf A �` EDSbÏkÐ 

Fig.4  EDS spectrum of point A marked in Fig.3b 
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Ê 5  {|} 300��` Sn58Bi/Cu� Sn58Bi-0.1Ti/Cu ��~�ªÑÒÓ 

Fig.5  Interfacial microstructures of solder joint after 300 thermal cycles: (a) Sn58Bi/Cu and (b) Sn58Bi-0.1Ti/Cu 

 

 

 

 

 

 

 

 

 

 

Ê 6  Ê 5bf EDS ¥ÔÕ�� 

Fig.6  EDS line scanning analysis of the line marked in Fig.5b 

^t

[12,13]

��I_`ab!8t IMC�^t(��è

�!"(4)^cd 

0

0

d Min

K

c

K K

c K K

K K

A RT c A

c

Γ

γ γ

 

= − →

 

 

∑ ∑

∫

 ( 4 ) 

"
dγ

K

c

^ö_`¦§ Ti ¨©� IMC 7©^t(!

A

K

^ö Cu

6

Sn

5

� Cu

3

Sn �^t(!γ

K

0

^öe_`¦

§ Ti¨©� IMC7©^t(!R^öfOg0!T^

öh[ðT!c^öª�¦§ Ti¨©�iT!Γ

K

^ö

¦§ Ti ¨©� IMC ^t�_`0���*8t IMC

�^t(=é!j 

Element at% 

Cu K 52.72 

Sn K 47.28 

 

0       5       10      15 

Energy/keV 

0.6

0.4

0.2

0

I
n

t
e
n

s
i
t
y

/
�

1
0

3

 
c
p

s
 

Cu 

Sn 

Cu 

Sn 

 

 

 

0   2   4   6   8   10  12  14 

Distance/µm 

180

140

100

60

20

 

I
n

t
e
n

s
i
t
y

/
c
p

s
 

Cu Kα1 

Sn Lα1 

Bi Mα1 

a 

b 

Cu

6

Sn

5

 

Cu

3

Sn 



È330È                                        É­
�NO�89                                              � 50� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ê 7  {|} 600»900»1200� 1500��`��~�ªÑÒÓ 

Fig.7  Interfacial microstructures of solder joints after 600 (a, b), 900 (c, d), 1200 (e , f) and 1500 (g, h) thermal cycles: 

(a, c, e, g) Sn58Bi/Cu and (b, d, f, h) Sn58Bi-0.1Ti/Cu 
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Ê 8  {|}d9f`~� IMC��� 

Fig.8  IMC layer thickness of Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu solder joints during the process of thermal cycling: (a) total IMC,      

(b) Cu

6

Sn

5

 IMC, and (c) Cu

3

Sn IMC 

 

��Esrs 0.1%Ti ¦§¨©�ª�[��8

t IMC #u�v�ËÌ![ IMC k�;&R���

�xÊ�2���8t IMCk��T�����Q�

^Róô 8õö�*ô
��³´+- 2���8t

IMCk��T������Q� ¡¢Lò@^R�

pq!��8t IMCk��T�����Q�^Ró

"(6)õö: 

0t

X X Dt= +

                          (6) 

"
!X

t

c����Q t�t(s)�8t IMCk��T

(µm)!X

0

cëì�ç�8t IMCk�T(µm)!Dc;

&R�(µm

2

/s)� 

è�"(6)�u# 2���8t IMC�;&R�!

ó^ 1õö�*^ 1�³´+-!Sn58Bi-0.1Ti/Cu�

�8t�1O IMC k�Cu

6

Sn

5

� Cu

3

Sn IMC k�;

& R � � é I Sn58Bi/Cu � � ! U 6 ³

Sn58Bi-0.1Ti/Cu ���8t IMC k#u¬o³´f

I Sn58Bi/Cu��!�E) T�Gv�ª� 0.1%�

Ti¦§¨©[8t IMCk�T#u�«vÛÜ� 

 

� 1  Sn58Bi/Cu � Sn58Bi-0.1Ti/Cu ���� IMC ��	
� 

Table 1  Diffusion coefficients of Sn58Bi/Cu and Sn58Bi- 

0.1Ti/Cu solder joint (µm

2

/h) 

Solder Total IMC Cu

6

Sn

5 

IMC Cu

3

Sn IMC 

Sn58Bi/Cu 0.0040 0.0015 0.0009 

Sn58Bi-0.1Ti/Cu 0.0028 0.0012 0.0005 

 

�������

1) �X��������!Sn58Bi/Cu ���

Sn58Bi-0.1Ti/Cu ��� IMC k�����!i IMC

�T�����Q� ¡¢Lò@^R� 

2) ����� 
!w 0.1%¦§ Ti¨©���

8t IMCk�T³´éI Sn58Bi/Cu��!U^³�

0 0.1%�¦§ Ti��lm«v IMC��T#u��

(cp� Ti ¦§¨©_`�8t IMC k^t!ef

��^t(!*gef�7©#u¬o� 

3) è�xÊ 2 ���8t IMC k�;&R�!

:. Sn58Bi-0.1Ti/Cu��8t�1O IMCk�Cu

6

Sn

5

� Cu

3

Sn IMCk�;&R��éI Sn58Bi/Cu��!

U@³ Sn58Bi-0.1Ti/Cu ���8t IMC k#u¬o

H[Yf!�E) T�Gv� Ti ¦§¨©[8t

IMC#u�«vÛÜ� 

 

�
��    References  

[1] Jiang Nan, Zhang Liang, Liu Zhiquan et al. Science and 

Technology of Advanced Materials[J], 2019, 20(1): 876 

[2] Zhang Liang, Liu Zhiquan. Journal of Materials Science: 

Materials in Electronics[J], 2020, 31: 2466 

[3] Wang Huigai, Zhang Keke, Zhang Meng. Journal of Alloys 

and Compound[J], 2019, 781: 761 

[4] Xiong Mingyue, Zhang Liang. Journal of Materials 

Science[J], 2019, 54: 1741 

[5] Sun Lei(� �), Chen Minghe(���), Zhang Liang(� �) 

et al. Acta Metallurgica Sinica(�	
�)[J], 2017, 53(5): 

615 

[6] Zhang Liang( �  � ), Han Jiguang( � 
 � ), He 

Chengwen(���) et al. Journal of Materials Engineering 

(����)[J], 2014(3): 55 

[7] Wang Jianxin(��� ), Lai Zhongmin(��� ), Xue 

Songbai(��� ). Transactions of the China Welding 

Institution(� 
�)[J], 2010, 31(2): 36 

[8] Xue Songbai( � � � ), Wang Jianxin( � � � ), Yu 

Shenglin(!"#) et al. Transactions of the China Welding 

0 600 1200 1800 2400

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 Sn58Bi/Cu

 Sn58Bi-0.1Ti/Cu

Time, t/s

1/2

c

T
h

i
c
k

n
e
s
s
 
o

f
 
C

u

3

S
n

 
I
M

C
 
L

a
y

e
r
/
µ

m
 

0 600 1200 1800 2400

1.2

1.5

1.8

2.1

2.4

2.7

3.0

3.3

 Sn-58Bi/Cu

 Sn-58Bi-0.1Ti/Cu

Time, t/s

1/2

b

0 600 1200 1800 2400

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

 Sn58Bi/Cu

 Sn58Bi-0.1Ti/Cu

Time, t/s

1/2

c

T
h

i
c
k

n
e
s
s
 
o

f
 
T

o
t
a
l
 
I
M

C
 
L

a
y

e
r
 
µ

m
 

T
h

i
c
k

n
e
s
s
 
o

f
 
C

u

6

S
n

5

 
I
M

C
 
L

a
y

e
r
/
µ

m
 



$332$                                        %&�	��'��                                              ( 50) 

Institution(� 
�)[J], 2008, 29(4): 5, 8 

[9] Xiong Mingyue, Zhang Liang, He Peng et al. Soldering & 

Surface Mount Technology[J], 2020, 32(1): 42 

[10] Peng Weiqun, Monlevade Eduardo, Marques Marco E. 

Microelectronics Reliability[J], 2007, 47(12): 2161 

[11] Lee T K, Zhou B, Blair L et al. Journal of Electronic 

Materials[J], 2010, 39(12): 2588 

[12] Jiang Nan, Zhang Liang, Liu Zhiquan et al. Journal of 

Materials Science: Materials in Electronics[J], 2019, 30(19): 

17 583 

[13] Zhang Liang(��), Long Weimin(*+�), He Peng(�,) 

et al. Rare Metal Materials and Engineering(%&�	��

'��)[J], 2020, 49(12): 4336 

[14] Sun Lei(� �), Chen Minghe(���), Xie Lansheng(-.

/) et al. Transactions of the China Welding Institution(�

 
�)[J], 2018, 39(8): 47 

 

 

Effect of Thermal Cycling on Interface and Properties of Sn58Bi (nano Ti)/Cu  

Solder Joints 

 

Jiang Nan

1

, Zhang Liang

1,2

, Sun Lei

3

, Wang Fengjiang

4

, Long Weimin

5

, Zhong Sujuan

5

 

(1. School of Mechanical & Electrical Engineering, Jiangsu Normal University, Xuzhou 221116, China)  

(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China) 

(3. National Key Laboratory of Science and Technology on Helicopter Transmission, Nanjing University of Aeronautics and Astronautics, 

Nanjing 210016, China) 

(4. School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212000, China) 

(5. State Key Laboratory of Advanced Brazing Filler Metals & Technology, Zhengzhou Research Institute of Mechanical Engineering, 

Zhengzhou 450001, China) 

 

Abstract: In order to improve the performance of Sn58Bi lead-free solder, the Sn58Bi-0.1Ti nanometer reinforced composite solder was 

prepared by incorporating 0.1 wt% Ti nanoparticles into the Sn58Bi solder. In this research, the effect of adding Ti nanoparticles on the 

growth behavior of intermetallic compounds (IMC) in Sn58Bi/Cu solder joints during thermal cycling was studied. The results show that a 

scallop-like Cu

6

Sn

5

 IMC layer forms at Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu interface after reflow soldering. After 300 thermal cycles, a layer 

of Cu

3

Sn IMC forms at the Cu

6

Sn

5

/Cu interface. The thickness of IMC layer of Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu solder joint is 

proportional to the square of thermal cycling times. However, the IMC layer thickness of Sn58Bi-0.1Ti/Cu solder joint is significantly 

lower than that of Sn58B/Cu solder joint, which indicates that the addition of Ti nanoparticles can effectively inhibit the excessive growth 

of interfacial IMC during the thermal cycle process. In addition, the IMC layer diffusion coefficients of these two solder joints are 

calculated, and the diffusion coefficients of IMC layer in Sn58Bi-0.1Ti/Cu solder joint (overall IMC, Cu

6

Sn

5

 and Cu

3

Sn IMC) are smaller 

those that of Sn58Bi/Cu solder joint, which explains the inhibitory effect of Ti nanoparticles on the interface IMC layer to some extent. 

Key words: Sn58Bi solder; Ti nanoparticles; interfacial reaction; thermal cycle; diffusion coefficient  
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