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Development of nanoscale heat control methods and devices featuring an operating principle which
proactively utilizes the heat generation on a nanoscale is strongly expected. In the thermoelectric field,
understanding the nanoscale behaviors of heat transport, and controlling and using the characteristics
thereof will become strongly important. In the nanoscale, the heat transport in a material should be
treated in terms of phonon transport. There are several ways to control heat transfer such as fabrication
of a nanostructure. However, the scale of some nanostructures is less than the mean free path of
phonons (1 nm-100 um). Thus, the correct understanding of heat transfer and design optimization of
nanostructures are impossible unless the transport of phonons are controlled. Therefore, in this study,
the purpose is to ensure the establishment of a nanocomposite structure utilizing a hybrid of organic
and inorganic materials to control the thermal conductivity. However, a finely controlled nanostructure
is difficult to realize. Therefore, bio nano process (BNP) was utilized to fabricate the nanostructure
due to the uniform protein ferritin shape and capacity.

BNP was utilized to fabricate the nanostructure and transport the hybrid of organic and inorganic
materials. Optimized conditions (ferritin concentration of 0.01 mg/ml and ammonium acetate ion
concentration of 10 mM) were used in the experiment. In order to control the separation distance (SD)
of nanoparticles (NP), polyethylene glycol (PEG) was modified on the ferritin surface. The
PEG-ferritin with molecular weight of 2k, 5k, 10k and 20k were dropped on the samples. Then, the
solution was removed by utilizing the spin coater. Finally, the NPs on the samples were observed using
SEM. To analyze the distribution of NPs, the radial distribution function (RDF: g’(r)) was introduced.
As the results show, SD increases as PEG weight increases. In solution, the PEG length is much longer
than the Debye length of ferritin, which means the repulsive force of PEG became the main reason for
SD control.

For investigation of thermal conduction by nanostructures, the effects of grain boundaries and
electric current should be avoided. Therefore, amorphous insulator material SiO,, was selected as a
thin film material. PEG20k-ferritin was chosen to fabricate nano-composite structure because the
mean free path of SiO, have a large distribution range (10 nm-1 um). After controlling th protein
distribution, SiO, was deposited directly on PEG-ferritin with iron core. The processes were repeated.
The samples within 0, 3, and 5 layers of protein were fabricated. The nanostructure was confirmed by
cross-sectional TEM images. The dots in the SiO, film show the white shell and black core which
were assumed as protein ferritin with PEG and FeOy NPs, respectively. After the setup and
optimization of the 30 measurement system, samples were evaluated for thermal conductivity in the
out-plane direction. Changes in thermal conductivity (Ak) were compared between nanostructure with
and without organic shells. The measurement results show that protein shell have an efficient effect on
phonon scattering leading to a decrease in thermal conductivity. On the other hand, thermal
conductivity increased due to NP materials which have higher thermal conductivity than the film. The
organic shell can cut off the phonons at the mean free path of the layer thickness.

According to the results, a hybrid nanostructure using BNP can control a materials’ thermal
conductivity by protein shell or different core materials. Hybrid nanostructures show excellent
performance in effectively scattering phonons leading to a significant decrease in thermal conductivity.
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