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Additive manufacturing enables precise con- IR == "_ R e -
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 ot Polymer (Resin High
deSignS. Both open- and closed-cell ConﬁgU' Vat photopo'ymerization VP) Temp)/Boron Nltrld_e-l-GIass Fiber
rations, based on Ashby and Gibsonés prin- 3D-4L Printed Technology Composites

ciples, were considered to evaluate the effect

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- _@ | D3039 "dog bone"
ity and thermal contact resistance were mea- samples
sured under controlled compressive load-
iIng, while mechanical compliance was eval- o

uated to assess stability under operational High-shear mixing of HT Eg Standard UV cure in Form
pressures. Results show that both filler esi -+ MICtotibers (2ol SHe PG R0 i) for
composition and lattice configuration strongly e semeles
influence through plane heat transfer and

thermal resistance. Lattices with optimized Schematic workflow of composite fabrication, post-treatment, and mechanical characterization
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-
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2. 3D Printing

4. Heat Treatment

Formlabs Form 3 (VP)

used to print ASTM Half of the samples

heated in an oven (160°C,

3h)

3. Post-Curing

1. Preparation

5. Testing

Uniaxial Tensile Testing

(Instron) and SEM

Fractography

Materials and Key Challenge

tively manufactured P-TIMs provide a clean, Materials

reusable, and hlgh-performance SOlu“On for »  Matrix: Formlabs High-Temperature (HT) Resin
Chlp tO heat S|nk thermal management in ad' * Reinforcement: Milled E-Glass Microfibers
vanced electronic cooling applications. Key Challenge: Dispersion

Fibers tend to clump together (agglomerate) and after 6hr tracking
Thermal Interface Material the microfiber settle to the bottom of the resin vat, leading to

inconsistent prints and weak parts.

Our Solution

A controlled high-shear mixing process at 2500 rpm for 2 minutes

successfully created a stable, homogeneous mixture that remained

suspended for over 6 hours.
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