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Investigation toward realizing high-Q nano-cavities in 3D photonic crystals

Ishizaki, Kenji

3,200,000

Si

Realization of arbitrary 3D manipulation of photons are expected to be a key
for 3D integration of various photonic devices and obtaining high functionalities. In this work,
nano-cavities in 3D photonic crystals, which ideally enables all-directional confinement of photons,
are studied toward high light confinement characteristics. The high-precision 3D stacking
technology of Si-related materials are developed, and the design and analysis of coupled 3D
waveguide - nano-cavity system, which enable us to access the cavity embedded inside 3D structure
from the outer space, are performed. The nano-cavities with a few resonant modes, which agree well
with the analytical results, are successfully observed in experiment, for the first time.



3
3
3
Q
3
3
3
D
2 3
2 2
1(a) 3
2
nm
3
3
1(b)
St R )
/
& |
B I
+IHIES
3 KA
2. -
HRBOLTRES —HORBERELTER
Q
1
Q
FDTD




3

@ 3

3 3
15um
600 nm

1)
3
3 1
2 4 8
(i) SOIT T/ (i) 182—=24 (iii) B EHE

PR HRBE
s ;?—‘Jfﬁii

/

SiiR

(vi) FERL

(V) FbE - HE9& (v) TEEMRE

®

@

Si

Q
Q
Q Q
Q
Q
Q
16 2x10*
107
(a)
Ehkd ]
(b) HEE—N
107 T T T
g .
al” Qupen 1
?,% 105} l
uﬂ% 1ot \ BRE—F
g 103
* 2 L 1 1
101.0 2.0 3.0 4.0 5.0
PERE d (a)
(a) (b)
30-50°
4

32



<10°
2.5

30%

(o} 50 nm 30 150 nm

@ 3

5(a)

5(b)

5(c)

36 40 nm

Image recognition and
misalignment detection

NIR-infrared cameras [ ] [] = |

—

Sample stage Computer

(fixed)
Sample stage
(movable).

x-y-0 positional feedback
(Controlled by electrical signals)

. |
Parallelism __,.Q

compensator
Load sensor
z-axis stage -

(100-nm stepping motor)

White lamp

(b) 14.00 pm 14.05 um
. .

) —

500 1

(c

Measured shift (nm)
— [3°3 (%3 B
(=3 (=3 (=3 (=3
= = -] (=]

<
T
L

0100 200 300 400 500
Intentional shift (nm)

5. (a)
(b)SOI

©w
S
S

[
S
S

1=y
S

-100

Measured misallignment (nm)

SOI
Si0,

(©

SOl
Xy 2
1
50 nm

5(a)
0

Automatic alignment
OFF H ON

| intentional

—o— x direction 3 ©
—o—y direction =
L

5 10 15 20
Repeat count (times)
SOI
3 SOI
SOI
1 pm
SOI

I
600 nim

2

600 nm

2 um

Si



30 mm

®

Transmittance

Transmittance

104

16

5000

42~0.29 nm

0
1431

1437

Wavelength (nm)

104

ol
1559

42~0.41nm-

1565

Wavelength (nm)

83

Transmittance

log,(N)

5(a)

36 110 nm

150 nm

1400
Waveength (nm)

32 ~200 nm

6

K. TIshizaki, K. Suzuki, and S. Noda,
“Fabrication of 3D photonic crystals toward
arbitrary manipulation of photons in three
dimensions,” Photonics, , vol. 3,
2016, 36.
https://doi.org/10.3390/photonics3020036
K. Kitano, K. Ishizaki, K. Gondaira, Y.
Tanaka, and S. Noda, “Light propagation in
ultra-thin gap in 3D photonic crystals,”
Photonics and Nanostructures- Fundamentals
and Applications, , vol. 24, 2017,
58-62.
https://doi.org/10.1016/j.photonics.2017.03.0
03
K. Gondaira, K. Ishizaki, K. Kitano, T.
Asano, and S. Noda, “Control of radiation
angle by introducing symmetric end
structure  to  oblique  waveguide in
three-dimensional photonic crystal,” Optics
Express, , vol. 24, 2016,
13518-13526.
https://doi.org/10.1364/OE.24.013518
K. Gondaira, K. Ishizaki, M. Koumura, T.
Asano, and S. Noda, “Role of surface mode
on light out-coupling characteristics of
waveguide in three dimensional photonic
crystals,” Journal of Lightwave Technology,

, vol. 33, 2015, 4531-4535.
https://doi.org/10.1109/j1t.2015.2477439
K. Kitano, K. Suzuki, K. Ishizaki, and S.
Noda, “Three-dimensional photonic crystals
fabricated by simultaneous multidirectional
etching,” Physical Review B, , vol.
91, 2015, 155308.
https://doi.org/10.1103/PhysRevB.91.155308
K. Suzuki, K. Kitano, K. Ishizaki, and S.
Noda, “Three-dimensional photonic crystals
created by single-step multi-directional
plasma etching,” Optics Express, ,
vol. 22, 2014, 17099-17106.
https://doi.org/10.1364/OE.22.017099



15
4‘3
n > 2014 75

17a-P14-8 2014 9 17
4‘3

” 2015 62

12p-A10-14 2015 3 12
3
” 2015 76

15a-PA4-1 2015 9 15
3
an » 2016 63

20p-P4-19 2016 3 20 .
K. Gondaira, K. Ishizaki, K. Kitano, T.
Asano, and S. Noda, “Improvement of
out-coupling of the oblique waveguide in
three-dimensional photonic crystals by
introducing a symmetric end structure,”
2016 IEEE Photonics Conference (IPC),
Hawaii, USA, 2-6 Oct. 2016.
3
{Imy” 2016 64

14p-P7-1 2017 3 14

o
ISHIZAKI, Kenji



