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Formation mechanism of intermetallic compounds and interface
characteristics of joint of Sn-6.5Zn solder/Cu substrate

ZHAO Guo-ji, SHENG Guang-min, DENG Yong-qiang

(College of Materials Science and Engineering, Chongqing University, Chongqging 400044, China)

Abstract: The interfacial reaction of Sn-Zn solder/Cu substrate soldered at 255 ‘C and the formation and transformation
of intermetallic compounds (IMC) were investigated by the thermodynamic calculation and analysis. The interface of the
joint produced at 255 ‘C with various soldering times was analyzed by scanning electron microscope (SEM), X-ray
energy dispersive spectrometer (EDS) and X-ray diffraction (XRD). The results show that CuZn IMC forms preferentially
within the Cu substrate. The CusZng IMC forms by the reaction of CuZn with Zn atoms diffused from the solder. The
effect of the soldering time on the interface thickness at the same soldering temperature is slight. With prolonging
soldering time, the interface thickness between Sn-6.5Zn solder and Cu substrate increases, and the interface roughness
reaches obviously a maximum value, and then decreases to a stable value, which is due to the non-uniform growth and
dissolution of dendrite in liquid solder.
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Table 1 Entropies and heat capacities of Cu, Zn and their

intermetallic compounds at constant pressure and 298 K

coms IR et
Cu 33.30 24.468
Zn 41.63 25.06
CuZn 20.476 52.334
CusZng 133.093 340.17

F2 Cu-Zn [RPVIEAZ. FAZHE hRE
Table2 A H®, A.S® and AG® inreaction of Cu-Zn

Chemical A _H®(528K)/ A.5°(528K) AG® (528 K)/
reaction (Jmol ™) (K mol ™)  (JK 'mol™)
CutZn=CuZn —16082 —24.52 -3 136

SN (D)5 A 7 g AG® <0, BiIFE 255 C
(528 K)iF, 1K) Zn JRF 5P 1 Cu JEF 42 1%
CuZn IMC 1)) M. GefE H KT
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T3 58 A S I b R A R SO R K IMC
CuZn fAAEMIRENE, LR IE 3.

%3 CusZng IMC TERR N RAT

Table 3  Entropy changes in reaction of IMC CusZng
formation
Chemical A,.5° (298 KY/ A,.8° (528 KY/
reaction (JK mol ™) (JK mol ™)
5CuZn+3Zn=—CusZng —94.177 100.401
5Cut+8Zn—CusZng —366.447 —171.869
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Fig. 1 SEM of Sn-6.5Zn/Cu joint interface at 255 ‘C for
4 min: (a) Elements diffusion of interface; (b) Microstructure of

joint interface
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Fig. 3 Energy spectrum line scanning analysis of element diffusion of Sn-6.5Zn/Cu joint interface at 255 “C for different soldering

times: (a) 2 min; (b) 3 min; (¢) 5 min; (d) 6 min
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