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Development of Heat Transfer Model for Connected Space Using Percolation Theory
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Thermal Reflectance Imaging 2

We developed a compact thermal model based on percolation theory and
stochastic process to solve the problem of heat transfer path, thermal conductivity, and heat
transfer rate of a structure composed of stochastic connection which cannot always be solved by
conventional continuous mechanics. We built a two-dimensional nanoscale temperature measurement
system based on Thermal Reflectance Imaging method and measured the temperature distribution of
nano-wire network consisting of connected structure. Comparing the results with the numerical
simulation and inverse problem solution, we evaluated the electric current path, Joule heating, and
heat transfer characteristics and validated the proposed model. Further, we applied the measurement
technique and model to the void generation and growth in the wire meetin? electromigration, and
showed the possibility of analyzing the phenomena and predicting the failure time of the wire using
the proposed model.
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Fig. 1 Temperature distribution of Ag-NWs and its probability density function compared
with computation.
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Fig. 2 Current distribution of the NWs and the probability density function of current in
relation to the number of wires in the area n. m is the shape factor of the Weibull fit.
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Fig. 3 Images of the void generation and its transition process to wire failure due to the
electromigration, and the temperature distributions measured by the TRI simultaneously.
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