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Thermal design is an essential aspect of electronic device design, since reliability and
performance improvements depend upon it, especially in nano devices. Design sensitivity
is an effective design criterion that indicates how material interfaces can be dealt with
based on mathematics and physics, and sensitivity analysis methods for thermal designs
are widely reported in the literature. However, conventional sensitivity analysis methods
of heat conduction problems are not applicable to nanoscale thermal design problems,
since heat conduction at the nanoscale has unique properties, such as ballistic conduction
and temperature discontinuities on material interfaces. In this paper, we propose a shape
sensitivity analysis method for minimization of energy in nanoscale heat conduction based
on the Boltzmann transport equation. This analysis method is useful when developing
nanoscale electronic devices that provide high performance cooling. We first set the
design problem for the minimization of energy and then construct a method for the shape
sensitivity analysis. Finally, we demonstrate the validity of our proposed method through
a numerical example.
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Fig.1 Boundary conditions for a nanoscale heat conducting

structure
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Fig. 2 Design settings for a nanoscale heat conducting

structure
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Fig. 4 Comparison between shape sensitivity obtained by

our proposed method and numerical differences
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