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Abstract

Finite element analysis (FEA) was employed
to investigate the thermal behavior of ad-
ditively manufactured polymer lattice-based
thermal interface materials (P-TIMs) with dif-
ferent architectural configurations. Several
lattice designs were generated by modifying
a baseline polymer lattice through selective
addition of vertical struts in uniform, alternat-
ing, and gradient arrangements to enhance
through-plane heat conduction. Both open-
and closed-cell lattice configurations were
considered, following the structural principles
described by Ashby and Gibson, to evalu-
ate the influence of unit-cell topology on ther-
mal performance. Three-dimensional models
of the lattice structures were analyzed using
commercial FEA software (Abaqus).
Steady-state and transient thermal simula-
tions were conducted to determine effec-
tive thermal resistance, heat flux distribu-
tion, and temperature gradients under rep-
resentative operating conditions. Contact in-
teractions with the chip and heat sink were
modeled to capture the effect of interface
pressure on heat transfer. Results demon-
strate that lattice architectures with vertical
thermal pathways and optimized open/closed
cell designs significantly reduce thermal re-
sistance and improve heat transfer efficiency
compared to baseline lattices. The simu-
lations highlight that unit-cell topology and
strut arrangement play a key role in control-
ling through-plane heat conduction, provid-
ing critical insights for the design of high-
performance P-TIMs. This study confirms
that FEA-guided geometry optimization is an
effective strategy for tailoring additively man-
ufactured (3D-Printed Technology) polymer
lattice TIMs for advanced electronic cooling
applications (Chips Die).
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