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Effect of Needle Shaped Filler on the Thermal Diffusivity of Polyimide Blend Films
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Thermally stable polymers are quite important in industrial applications such as low-dielectric insulators and heat
spreaders. Polyimides (PIs), one of the representative super engineering plastics, exhibit high thermal stability with
good mechanical and insulation properties. Thereby, Pls have been widely used as interlayer dielectrics and substrates
for flexible printed circuit boards. Thermal interface materials (TIM) are used to transfer heat across jointed solid
surfaces such as between CPUs and heat sinks or heat spreader. However, the thermal diffusivity (D,) of polymers is
much lower than those of ceramics and metals. Recently, hybrid materials consisting of polymer matrix and
homogeneously dispersed inorganic fillers have been widely investigated to enhance their thermal diffusivity. However,
improvement in thermal conductivity is still limited due to the following two factors: (i) large interfacial thermal
resistance between polymer and fillers, and (ii) small amount of fillers in order to maintain their insulation properties.
We have recently reported that immiscible PI blends with selectively dispersed pyramidal shaped zinc oxide (p-ZnO)
particles (~0.5 pm) show much higher thermal conductivity than PIs containing homogeneously dispersed p-ZnO. In
this study, we synthesized needle-shaped ZnO particles (n-ZnO) having high aspect ratios (L/D=10) using
microwave-irradiation method and examined thermal diffusivity of PI films containing n-ZnO particles. n-ZnO particles
exhibit good dispersibility in PI films as well as p-ZnO, though the D, values of PI films containing n-ZnO are
comparable to those containing p-ZnO. The SEM micrographs of surface and cross-section of Pl films containing
n-ZnO indicate that most of the long-axes of n-ZnO are oriented parallel to the film surface. This is the reason that no
significant ‘filler size effects’ were observed for the PI films containing highly anisotropic needle-shaped ZnO particles.
To enhance D, of PI films, it is required that n-ZnO are oriented vertical to the film surface.
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Figure 1. Molecular structures of matrix polyimides
(a) BPDA-SDA (SD)(b)BPDA-TFDB (TF)
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Figure 2. SEM images of (a)ZnO nano-pyramidal
particles (p-ZnO)m (b)ZnO needle-like particles
(n-Zn0).
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Figure 3. WAXD patterns of n-ZnO before
500 °C and after 500 ‘C
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Figure 4. Thermal diffusivity of PI films
containing n-ZnO or p-ZnO
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Figure 5. SEM image of PI film surface containing 30
vol% n-ZnO
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Figure 6. Schematic images of PI films containing (a) p-ZnO
and (b) n-ZnO by spin coating
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NOMENCLATURE
D, : thermal diffusivity of out-of-plane direction, m%/s
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