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Research progress in thermomigration of metal atoms in
micro solder joints and its effect on interfacial reaction

ZHAO Ning, ZHONG Yi, HUANG Ming-liang, MA Hai-tao

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The electronic products are increasingly demanding for higher packing density, better performance and smaller
size, resulting in significant increase of power density applied on devices. The issue of Joule heating becomes more
severe and a temperature gradient will form in the solder joints which act as the main heat dissipation channel. As a result,
thermomigration of metal atoms will occur, which causes serious reliability problems of the solder joints. The
thermomigration of metal atoms in Sn-Pb, Sn-Ag, Sn-Ag-Cu, Sn-Bi, Sn-Zn micro interconnect solder joints as well as the
key issues were analyzed synthetically. The effect of thermomigration on interfacial reaction was included. The
mechanism and the driving force of thermomigration of metal atoms were explained. The calculation methods for heat
transport (Q*) and the values of O* of main metal elements in solder joints were summarized. The main issues and trends
of the studies on thermomigration in micro interconnect solder joints were finally proposed.
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Fig. 1 Schematic diagram of micro-electronic packaging

interconnect solder joint
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Fig. 2 SEM images of Cu/Sn-1Zn/Cu solder joints after reflow on hotplate at 250 ‘C for different time: (a), (b), (c) Cold ends; (d),

(e), (f) Hot ends
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and dissolved Cu at hot end during soldering®
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Table 1 Transport heat (QO*) of metal element in micro solder

joints
Element O*/(kJ-mol ™) Matrix Reference

+25.30 Sn-37Pb [14]

Pb +26.80 Sn-37Pb [41]
+22.16 Sn-37Pb [42]
—3.38 Sn-3.0Ag-0.5Cu [23]

Sn -1.36 Sn-3.5Ag [43]
+19.10 Sn-37Pb [16]
+20.00 Molten Sn-2.5Ag [19]

Cu +16.70 Cu [36]
—22.60 Cu [36]
+13.39 Sn [44]

Ag
+11.68 Molten Sn [44]

Ni +0.58 Sn-2.5Ag [18]

Ti +768.00 Ti [36]
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Fig. 5 Schematic diagram of atomic fluxes in solder joint
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