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Optimization of high-performance wedge-type waveguides to use three-dimensional phon
onic crystals
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We have investigated elastic waves in three-dimensional (3D) phononic crystals whic
h achieve no-phonon environment and edge modes in a wedge-type waveguide whose thickness is varying as a p
ower function of the distance from the top of the wedge. The 3D phononic crystals are composed of arrays o
f silica spheres with face-centered cubic and hexagonal close-packed structure which are called "synthetic
opals®™ and we used an FDTD method to calculate the dispersion relations of elastic waves. As a result, we
found band gaps in both the structures. However, the gaps disappear with the increase in sintering parame
ter which represents the overlap of the adjacent spheres. In wedge-type waveguides, we found that, the inc
rease in the power makes the elastic waves localize to the edge part of the wedge strongly and the dwell t
ime of the edge modes increases. Our results will give valuable information for the realization of high-pe
rformance waveguide mode.



@
FDTD
(FCO) (HCP)
Krylov @
FDTD
X
h(x)=¢ex® Krylov  WKB
s>2
S
€
Krylov




@

Timoshenko

@3

L e e e e e e e B B A
2

— h(x)=x o

3

— h(x)=x

4
h(x)=x

phase time v,/L

® 3
FDTD

Timoshenko

X 4 3




olL/v,

g ; h(x)=x2
C A ]
E = h(x)=x
- * -
L A *
A *
A *
A -
AAAA . i S
> *
— .. —
. i
-.. A * )
L °® 0 B
. .!0 f@
lse®
:'5 20, ¥ o 0..9.9 3

PETTT EETTTT | sod 3 sl suual

k"L

okl o
0 25 510

10" 10° 10° 10* 10
relaxation time L/v,

£ n1=0.00001 £ n=0.001 En-001] £ n-003

——

25

N

Mo 3 R ] )] e L

FCC

3

T. A. Kélf, Y. Tanaka, O. Matsuda, E. M.
Larsson, D. S. Sutherland, and O. B. Wright,
Ultrafast vibrations of gold nanorings,

, Nano Letters, 11, 3893-3898(6 pages),
2011

S. Danworaphong, T. A. Kef, O. Matsuda,
M. Tomoda, Y. Tanaka, N. Nishiguchi, O. B.
Wright, Y. Nishijima, K. Ueno, S.
Juodkazis, and H. Misawa, Real-time
imaging of acoustic rectification, ,
Appl. Phys. Lett. 99, 201910 (3pages), 2011

Y. Tanaka, T. Murai, and N. Nishiguchi,
Rectification of elastic waves in athin plate,
, J. Appl. Phys. 111, 024507 (7 pages),

2011
14
, 2014 3 18
, 60
) )1
2013 3 28
1 ’ 12
48 /9

( ),2013 1 10



( ),2013 1
10

Katsunori Toda, Yukihiro Tanaka and
Norihiko Nishiguchi, Temparature
dependence of therma conductivity in
nanowires due to interaction between
two-level systems and phonons, ,
The 3rd Hokkaido Univ. - Chungbuk
National Univ. Joint Symposium on
Sustainable Engineering, (
,2012 8 29

Daichi Kono, Yukihiro Tanaka and Norihiko
Nishiguchi, A diode for acoustic waves,

, The 3rd Hokkaido Univ. -
Chungbuk National Univ. Joint Symposium
on Sustainable Engineering, (

,2012 8 29

Nobuharu Okashiwa, Yukihiro Tanaka and
Norihiko Nishiguchi, Interfacial Elastic
Waves Propagating along the interface in a
Dua Two-dimensional Phononic-Crystal
System, , The 3rd Hokkaido Univ.
- Chungbuk National Univ. Joint Symposium
on Sustainable Engineering, (
,2012 8 29

Shogo Kobayashi, Yukihiro Tanaka and
Norihiko Nishiguchi, A three-dimensional
acoustic-wave  rectifier using conica
scatterers, , The 3rd Hokkaido
Univ. - Chungbuk Nationa Univ. Joint
Symposium on Sustainable Engineering,

( ,2012 8 29

( ), 2012
, 33
), 2012
33
),2012 11 15
, 2
, 32
11 10
0
o 0
o 0

http://ssp-ap.eng.hokudai .ac. jp/

€Y

@

®

11

11

15

(

15

Tanaka Yukihiro

00281791

), 2011



