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Fig.2 Interface models of metal material®": (a) sharp interface model; (b) diffuse interface model
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Fig.3 Images of Cu/Sn interconnect interface™: (a) experimental microstructural morphology of the interface; (b) phase-field variables

describing the distribution of microstructural morphology
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Fig.5 Phase-field simulation of multiple void radii and migration rates under different electric field parameters™: (a) evolution and migration of

voids under different electric field intensities; (b) effect of electric field intensity () on void radius (7); (c) effect of electric field intensity

on void migration rate
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Fig.9 Phase-field simulation for fracture mode prediction in TGV solder joints®®: (a) schematic diagram of the TGV solder joint model;

(b) prediction of interfacial crack propagation in solder joint; (c) prediction of fracture mode for a single TGV; (d) prediction of fracture

modes for multiple TGVs
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Fig.10 Phase-field simulation of grain size distribution®: (a) evolution of grain growth and grain size distributions at different time periods;
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Fig.11 Experiment and phase-field simulation of IMC growth at transient liquid phase bonding interface”: (a) schematic diagram of the IMC

model; (b) evolution of grain growth, and (c¢) comparison between simulated and experimental IMC growth
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Fig.12 Simulation results of a phase formation (a), microsegregation of Mo (b) and N (c) of alloy at different time
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Fig.13 Crystal phase-field study on influences of IMC layer thickness (a,—a,, b—c) and impurity content (d,—d,, e—f) on void formation in Sn/Cu

interface: (a,—a,) simulated morphologies of Kirkendall voids at the Cu/Cu,Sn interface with thickness ratios of Cu,Sn layer to Cu layer
being 1:1 (a,~a,), 9:10 (a,~a,) and 4:5 (a,—a,) at 1=0.6x10° (a,, a,, a,), =1x10° (a,, a,, ay) and =7x10° (a,, a,, a,); (b, €) evolution of void
number; (c, f) evolution of void size; (d, —d,) simulated morphologies of Kirkendall voids at the Cu/Cu,Sn interfaces with impurity

concentrations of 12.98% (d,~d,), 22.26% (d,~d,) and 35.56% (d,~d,) at =0.6x10° (d,, d,, d,), ~=1x10° (d,, d, d) and £=7x10° (d,, d,, d,)
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Application of Phase Field Simulation in Reliability of Electronic Packaging

Dong Shuhan', Wu Peng'?, Zhou Songchao', Li Haozhe', Sun Gehui®, Lin Pengrong’,
Feng Jiayun'’, Wang Shang'?, Tian Yanhong'”
(1. State Key Laboratory of Precision Welding & Joining of Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)
(2. Beijing Microelectronics Technology Institute, Beijing 100076, China)
(3. Zhengzhou Advanced Research Institute, Harbin Institute of Technology, Zhengzhou 450018, China)

Abstract: With the rapid advancement of electronic devices towards miniaturization, high integration, and multifunctionality, the complexity of
chip packaging has increased significantly. As packaging density continues to rise and solder joint size decreases, the operating conditions of
electronic components in service become increasingly demanding. Consequently, the reliability of micro-interconnect solder joints has become a
critical concern, with solder joint failure emerging as one of the key bottlenecks hindering the further development of electronic packaging
techniques. This paper focuses on the failure behavior of micro-interconnect solder joints and reviews several common reliability issues in
electronic packaging. Based on the selection of different phase-field variables, several typical phase-field modeling approaches are summarized.
Furthermore, the paper analyzes the application and current progress of phase-field methods in simulating several representative failure modes,
such as electromigration, through-silicon vias (TSVs), and interfacial intermetallic compound (IMC) growth. Finally, the potential of phase-field
modeling in studying micro-scale failure mechanisms is discussed, along with its future development trends in multi-physics coupling, data-driven
modeling, and engineering applications. This work aims to provide systematic references and methodological support for both theoretical analysis
and practical engineering studies on the failure behavior of micro-interconnect solder joints.
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