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ABSTRACT

Distribution and paths of transport phenomena - electric current, fluid flow, heat transfer, mass transfer - in
complex system and network structure are important subjects in engineering. An object can be considered as a
continuum if the area of interest consists of sufficient number of elements and components. However, the paths and
characteristics of transport phenomena deviate from continuum as the number of elements decreases. Such transient
state appears when the scale of the object decreases or when the number of components in the integrated system
increases. Examples of the former system is nanoscale materials, and the latter can be semiconductor devices,
microfluidic devices, microchannel heat exchangers, fuel cells, etc. In such systems, it is essential to understand how
the current, fluid, heat, and species form their transport paths, and the relationship with the overall system
characteristics to provide insight into the design and development of applications. This further requires the
understanding of the difference between the continuum and single path, and the development of a mathematical model
which represents the transient state between the two. In this talk, I will introduce the measurement of the current and
heat transfer in nano-wire network to discuss and demonstrate the characteristics and modeling of transport
phenomena in the network structure. Numerous studies have been made for the electrical and thermal properties of a
nano-wire, single contact point characteristics, and overall pattern based on the assumption of isotropy especially in
the fields of electronics and semiconductor. However, the distribution characteristics of current and temperature, and
the effect of anisotropy, variance of contact characteristics at junctions, and number density of nanowires on the
distribution have not been investigated and are still unknown due to the measurement difficulty. We have been able to
measure the temperature distribution of Ag nanowire (Ag-NW) network caused by the Joule heating when electric
current was applied using the “thermoreflectance imaging” technique. We further obtained the current of the Ag-NW
and the contact resistance at the Ag-NW junctions by performing an inverse analysis for the temperature distribution
of the measurement based on numerical computation. The non-uniform characteristics of the temperature, current,
and contact resistance and their effects will be introduced in the talk, together with the statistical models we have
developed based on the modified Poisson distribution and Weibull distribution that can represent the relationship
between sheet resistance and number density of the Ag-NWs, and the probability density function of the temperature.
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