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Abstract

Additive manufacturing enables precise con-
trol over the geometry of polymer lattice-
based thermal interface materials (P-TIMs) to
optimize heat transfer. This study experimen-
tally investigates the thermal and mechani-
cal performance of 3D-printed polymer lat-
tice TIMs with different architectural configu-
rations and composite compositions. A base-
line lattice structure was modified by adding
vertical struts in uniform, alternating, and gra-
dient arrangements to create multiple P-TIM
designs. Both open- and closed-cell configu-
rations, based on Ashby and Gibsonâs prin-
ciples, were considered to evaluate the effect
of unit-cell topology on thermal performance.
High-temperature photo-curable resin was
loaded with boron nitride (BN) microparticles
and glass microfibers at different weight per-
centages, and the composite materials were
3D-printed using high-resolution stereolithog-
raphy (SLA). The printed lattices were post-
cured and infiltrated with thermally conduc-
tive polymer composites. Thermal conductiv-
ity and thermal contact resistance were mea-
sured under controlled compressive load-
ing, while mechanical compliance was eval-
uated to assess stability under operational
pressures. Results show that both filler
composition and lattice configuration strongly
influence through plane heat transfer and
thermal resistance. Lattices with optimized
vertical thermal pathways and appropriate
open/closed-cell design achieved the best
thermal performance while maintaining me-
chanical stability. This work establishes that
geometry- and composition-modified, addi-
tively manufactured P-TIMs provide a clean,
reusable, and high-performance solution for
chip to heat sink thermal management in ad-
vanced electronic cooling applications.
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