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Development of structural optimization method for thermoelectric conversion and
novel heat transfer materials

Hori, Takuma

3,200,000

An optimization method for thermal conductivity of nanostructured silicon
thin films is developed. The optimization is realized by combining the phonon ray tracing and
simulated annealing method. More specifically, the nanostructured thin films consisted of square
lattices is gradually varied in each step. Phonon mean free path of each structure, which is the
dominant factor for thermal conductivity, is evaluated by the ray tracing simulations. The new
structure is accepted when its mean free path is closer to the optimum; 1f not, it is also accepted
according to probability to avoid local optimum solution. The validity of the developed method is
confirmed by comparing the results with those obtained by a brutal search. The influence of the
parameters of the simulated annealing method on the predicted optimal structure is also verified,
indicating that the parameter tuning leads to more efficient optimization.



)
4
Silicon on Insulator >
7-9
@ NX Ny 2
(=Lu)
Abdy 10,11
Abdy
Abdy
Abdy Abdy
n=n=5 25
5
(b) Abgy
5,000
25 (2%°=33,554,432
(© Abay
At
(d)

1/1000



(a) (b)

Solid

z X

1 I I I
1000 2000 3000 4000 5000

Hot bath nlL, Cold bath Number of Trial
(© (d)
1.2 450
= T —O— Exhaustive search
11 X g5t
I_ 77| —/— Simulated annealing
=
Lo 2 40.0F
S 09 2
3 § 375
< 0.8 -§
S 35.0
0.7+ o
g
0.6 E 32.5
1 1 1 1 1 ; 1
030 02 04 06 08 1.0 040 02 04 06 08 10
Aeft Acst
@ (b)
Abgy 5 (©
Adt vy (d)
< >

=

Y. Lan et a., Structure Study of Bulk Nanograined Thermoelectric Bismuth Antimony Telluride. Nano

Letters, 9, 2009, 1419.

2. J. Tang et a., Holey silicon as an efficient thermoelectric material. Nano Letters, 10, 2010, 4279.

3. R. Venkatasubramanian et a., Thin-film thermoelectric devices with high room-temperature figures of
merit. Nature 413, 2001, 597.

4. A.McGaughey et al., Phonon properties and thermal conductivity from first principles, lattice dynamics,
and the Boltzmann transport equation, Journal of Applied Physics, 125, 2019, 011101.

5. J.Yuet al., Reduction of thermal conductivity in phononic nanomesh structures. Nature Nanotechnol gy,
5, 2010, 718.

6. M. Nomuraet al., Impeded thermal transport in Si multiscale hierarchical architectures with phononic
crystal nanostructures. Physical Review B, 91, 2015, 205422.

7. J,Maireet al., Thermal conductivity reduction in silicon fishbone nanowires. Scientific Reports, 8, 2018,
4452,

8. K. Parrish et al., Phonon-boundary scattering in nanoporous silicon films: Comparison of Monte Carlo
techniques. Journal of Applied Physics 122, 2017, 125101.

9. A. Cocemasov et a., Phonon-engineered thermal transport in Si wires with constant and periodically
modul ated cross-sections: A crossover between nano- and microscale regimes. Applied Physics L etters,
107, 2015, 011904.

10.T. Hori et al., Effective phonon mean free path in polycrystalline nanostructures. Applied Physics L etters,
106, 2015, 171901.

11.T. Hori, Role of geometry and surface roughnessin reducing phonon mean free path and lattice thermal

conductivity of modulated nanowires. International Journal of Heat and Mass Transfer, 156, 2020,
119818.



Hori Takuma 11

Structural optimization of silicon thin film for thermoelectric materials 2021

Scientific Reports 22648
DOI

10.1038/s41598-021-01855-6

Nagaya Hayato Cho JunHee Hori Takuma 130

Thermal conductivity of single-walled carbon nanotubes under torsional deformation 2021

Journal of Applied Physics

215106 215106

DOl
10.1063/5.0073709

Takuma Hori

Prediction of phonon mean free path in polycrystalline nanostructures based on mean square displacement

7th Micro and Nano Flows Conference

2021

58

2021




2021

2021

, Dames Chris

59

2022

Hayato Nagaya, Junhee Cho, Takuma Hori

Influence of torsional deformation on thermal conductivity of single-walled carbon nanotube bundles

The 31st International Symposium on Transport Phenomena

2020

Takuma Hori

Prediction of optimized silicon nanostructure as thermoelectrics by exhastive search

The 31st International Symposium on Transport Phenomena

2020




2022

2022

12

University of California,
Berkeley




