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Growth of interfacial intermetallic compound layers in
Sn/Cu joints during aging and effect of high magnetic field

CHENG Cong-qian, ZHAO Jie, XU Yang, XU Fu-min, YANG Peng

(1. State Key Laboratory of Materials Modification by Laser, Ion and Electron Beams,
Dalian University of Technology, Dalian 116024, China;
2. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The growth behaviors of interfacial intermetallic compound (IMC) layers in soldered and diffusion bonding
Sn/Cu joints during aging and the effect of high magnetic field were investigated. The results show that the cross sections
and morphologies of IMC layers in soldered and diffusion-bonding joints before aging are different. The growth
behaviors of these two IMC layers are similar when these joints are aged without magnetic field. The growth activation
energies for the two IMC layers are 116 and 94 kJ/mol, respectively. In order to study the effect of high magnetic field on
the growth behavior of IMC layers, the samples were aged at 190°C in 8 T of high magnetic field strength. The results
show that there exit unobvious difference between the growth kinetics of IMC layers in the two joints. However, the
morphologies and orientations of IMC layers in these two joints change by high magnetic field.
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Fig.1 SEM images of cross-section of IMC layers in soldered and diffusion-bonding joints aged at 170 ‘C without magnetic field:
(a) Soldered joints, 0 h; (b) Diffusion-bonding joints, 0 h; (c) Soldered joints, 250 h; (d) Diffusion-bonding joints, 256 h
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Fig.2 Morphologies of IMC layers in soldered and diffusion-bonding joints aged at 170 ‘C without magnetic field: (a) Soldered
joints, 50 h; (b) Diffusion bonding joints, 50 h; (c) Soldered joints, 250 h; (d) Diffusion bonding joints, 256 h
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Fig.3 Growth kinetics of IMC layers without magnetic field:

(a) Soldered joints; (b) Diffusion-bonding joints
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Fig.4 Arrhenius plot of IMC layers
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Table 1 Growth activation energies

Growth activation

Joint energies/(kJ-mol ") Ref.
Sn-3Ag/Cu 90 [9]
Sn-37Pb/Cu 77 [15]
Sn-37Pb/Cu 116 [16]
Sn-3.5Ag/Cu 107 [17]
Sn-3.5Ag/Cu 111 [16]
Sn/Cu (by soldering) 116 This work
Sn/Cu (by diffusion-bonding) 94 This work
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Fig.5 Morphologies of cross sections of IMC layers in soldered and diffusion-bonding joints aged at 190°C in 8 T of magnetic field
strength: (a) Soldered joints, 4h; (b) Soldered joints, 50 h; (c) Diffusion-bonding joints, 4 h; (b) Diffusion-bonding joints, 50 h

Fig.6 Morphologies of IMC layers in soldered and diffusion-bonding joints aged at 190 C in 8 T of magnetic field strength for

50 h: (a) Soldered joints; (b) Diffusion-bonding joints
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Fig.7  Growth kinetics of IMC layers in soldered and
diffusion-bonding joints aged at 190 “C in 8 T of magnetic field
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Fig.8 XRD patterns of IMC layers aged at 190 C in 8 T of
magnetic field strength: (a) Soldered joints, 0 h; (b) Soldered
joints, 50 h; (c) Diffusion-bonding joints, 0 h; (d) Diffusion-
bonding joints, 50 h
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