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Development of Random Network Photonic Device
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The four-coordinated random network structure (PAD structure) with a photonic
band gap (PBG), which we recently discovered, was fabricated with the size of a terahertz frequency
region. First, the structure was fabricated by a laser beam lighography using acrylic resin containin?
alumina particles. Then, it was dewaxed at 600 and sintered at 1500 . By these procedures, we finally
obtained the PAD structure of alumina rods.

For the purpose of clarifying the formation mechanism of PBG in PAD, we constructed five- and
six-coordinated random network structures on computer, and investigated numerically the PBG formations in
them. No clear PBG formations were observed in these structures, indicating that the four-coordination in
PAD plays an essential role in the PBG formation in PAD.



r =0.26d
3 n>25 3D-PBG
(3D-PBG)
[4]
3D-PBG
9.5
2008 100nm 10%
(PAD «C )
3D-PBG 3 (URM-HP301) 2(a)(b)
[1] 325nm
(A 10mm) 3D-PBG 285y m
[2] 3D-PBG 5.3x5.3x2.0mm?3 20
g m 0.005mwW
3mm/s
3D-PBG 600 2
3D-PBG 1500
PAD
PAD PAD
[3]

Computer Graphics

PAD

3D-PBG
i)
iii)3D-PBG

iii) 3D-PBG
5 6

3D-PBG

(b)

nre

i) -

R
- 3%
2 (@)
(b)
(2)5 6
3D-PBG
4
PAD 3D-PBG 4
3D-PBG
5 6

1)
;



Wooten,Winer,Weaire
Continuous Random Network(CRN)

[5]
1000 initial model
5

5 initial model

Keating potential

5 6
Chan [6]
@
3@ PAD
@
® @
(b)
3
20U m

PAD
® @

4 PAD (a,b)
© @b
©
100nm
4(a)(b) PAD
® @
PAD
3.1x3.1x1.2mm°
20.5%
170nm 3D-PBG 0.5THz
10% 50%
4(c)
) PAD
()
FDTD
PAD
n=2.5
4
PBG
PBG 0.55THz



PBG

.
01 4
g
2
T
=
E oot
2
e
i
1E-3 o
1E-4 4
1E15
1E14 o
L6l
o
o
[
1E13 o
1E12 +—— b - .!‘

. —
[els] 01 0z 03 04 05
Frequency(THz)

@ PAD
(b) FDTD

PAD

(b)

@) 5 6

50%

n=2.0

20%

(2)5 6
3D-PBG
(@) (b) 5 6
(@)(b)
(RDF)
RDF 1

(a)

RDF

(b)

RDF

(@)(b)

1E134
1E12+
1E11
T
3 o.

(@)

PDOS

2

(b)

PDOS

1E14 of
1E13
1E12 o

T

T T T T T d
03 04 05 06 07 08
Frequencllwa/2x o

0.0 01 02

PDOS

T T T T u J
03 04 05 06 07 08
Frequency{wa/2x <)

T
00 01

@)

( )PAD

T T T J
0z 03 04 05
fd/c

5 6



(@) (b) 5 6
() PAD
5
6
PAD
PAD
4
@ @

[1] K. Edagawa, et a.: Phys. Rev. Lett., 100,

013901 (2008).

[2] S. Imagawa et al.: Phys. Rev. B, 82, 115116
(2010).
[3] S.Imagawaet a., Appl. Phys. Lett. 100,

151103 (2012)
[4] S. Kirihara et al.: Ferroelec. 387, 102 (2009).
[5] F. Wooten, K. Winer and D. Weaire, Phys.

Rev. Lett. 54, 1392 (1985).

[6] C.T Chan et d., Phys. Rev. B 61, 16635
(1995)

2
Photonic crystals, amorphous materials, and
quasicrystals, K. Edagawa, Sci. Tech. Adv.
Mater., vol. 15, 2014, 034805, DOI:
10.1088/1468-6996/15/3/034805,

, , vol. 48, pp. 341-354,
2013,
10
70 ) , 2015
3 22
2015 , , 2015

, 74

, , 2013
9 18
, ., 2014
, 2014 9 7
3 3 61
2014 3 18
t] 68 t
2013 3 28
, 2013 .
2013 3 14

Photonic Band-Gap and Defect Sates in a
Photonic Amorphous Material, K. Edagawa,
Extended Defects on Semiconductors 2012, June
24-29, 2012, Thessaloniki, Greece,

High-Q Resonant Cavities in a Photonic
Amorphous Diamond, S. Imagawa, K. Edagawa,
M. Notomi, The 3rd International Symposium on
Advanced  Microscopy and  Theoretical
Calculations, May 15, 2012,

http://ww._edalabo.iis.u-tokyo.ac.jp/

¢y

Keiichi Edagawa



