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Background NS

~— Photonic crystal (PhC) nanocavity

Optical signal h

: Cavity-QED
Advantage processing
v High Q & extremely small V @ e
. . V*“‘{ T’:.‘:‘:::'-":'- :output
= Useful for nonlinear experiments /‘*‘ﬁ

Disadvantages
v" Coupling to fiber is poor

v' Collection efficiency is low - ranabe, ot oW prve. T, Yoshie, of o, Nature 432,
k Lett. 96, 101103 (2010). 200-203 (2004). )

~— Coupled cavity system w/ PhC nanocavities _
Advantage Optical buffer ~ DYnamic control

of coupling
v Complex functions achievable :
I. . optical buffer, optical memory

Disadvantage CEET L -
v Requires advanced fabrication A O I 2 S0 o0000e
technique e
M. Notomi, et al., Nat. Photon. Y. Sato, et al., Nat. Photon. 6,
\_ 2, 741-747 (2010). 56-61 (2012). )
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Nanofiber assisted reconfigurable PhC nanocavity NS

Fiber coupled PhC nanocavity (FCPC)

v" Is reconfigurable

v @ = 5.1 x 10, coupling efficiency (CE) of 39%
(Highest value for reconfigurable PhC nanocavity)

v Q = 6.1 %103, CE of 99.6% (higher recorded value)

Curved-microfiber

T. Tetsumoto, et al., Opt. Express 23,

Ju-Young Kim, et al., Optics 16256-16263 (2015).
Express 17, 13009 (2007).
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Objective & overview NS

Motivation

Demonstration of reconfigurable coupled cavity
with high coupling efficiency
using FCPC platform

Overview

v General properties of FCPC
v' Experimental formation of coupled cavity using FCPC



Principle of cavity formation NS
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Experiment NS

Setu p TLD: Tunable Laser Diode, VOA: Variable Optical Attenuator,
PC: Polarization Controller, PM: Power Monitor
TLD — VOA — PC — i PM

™.

XyZ Sta/ga

PhC waveguide(w0.98)

Fabricated with 248nm KrF stepper exposure
Lattice constant: 420 nm,

Air hole diameter: 253 nm,

Slab thickness: 210 nm

Nanofiber On-resonance
about 800nm Off-resonance
m o p—
Insertion loss of nanofiber: Ry, o ‘
Typically 10dB, '
Best 1dB _ L :
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Measurement of Q and CE of FCPC N

Maximization of Q Maximization of CE
1o°;ﬂ-'\' s 10 ~Reference ..
—_ : — 7 j
= : 3 / _
% 9.8x10" NS " f} /
Q. A1
e e Qioaqa = 6.7 X 10° g 10 Qioaa = 6.1 X 10°
£ : (CE 6.6%) £ (CE 99.6%)
I | | 0 = 6.8 x 105 £ Qint = 1.1 X 10*
5 i Qcoup = 3.9 x 107 S ool Qcoup = 1.3 x 10*
= 9.4x10‘1§ Data - Data
., = —Fitting; ' ,  — — Fitting’
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Resonant wavelength tuning

- Method
/ Nanofiber PhC.
- waveguide
l xXyz Stage
Moves 100 nm
downwards

Fixed

Cavity length is shortened
=Blue shift of resonant
wavelength

Copyright © Keio University | 8

Transmittance (a.u.)
o o

0

O
©

<

—

oo

o

Initial state
fe— 100 Nnm down

6 o 200 nm down '
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Tuning sensitivity
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Stage shift

= 0.27 pm/nm

1540.6




Output power (a. u.)

Multiple cavity formation

Multi resonat peaks

1T W """"" m """"""""" B
: Average FSR of 0.24 nm Multi-coupled cavity system
05l =It’s too short for FSR of | should be formed

= longitudinal mode of single cayity

1534 1535 1536 1537 1538 1539 1540 1541
Wavelength (nm)
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Multiple cavity formation >3

Output power (a. u.)

Multi resonat peaks

N § W """"" m """"""""" T
Average FSR of 0.24 nm - Multi-coupled cavity system
wl  =lts too shortfor FSR of | should be formed
= longitudinal mode of single cayity

1534 1535 1536 1537 1538 1539 1540 1541
Wavelength (nm)

Surface of PhC waveguide Infrared image

was observed
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Resonant wavelength tuning of multi modes NS

1 : : :

3 o ——re T .
& 0.8 B L . o .
® Cavity 1|  Cavity 2
S o7 |
g 0.6 ® Initial state * %
= ' A —— 100 nm down A
T 200 nrm down *
£ 05 " 300 nm down
E 400 nm down
- — 500 nm down

| L i , I , i . .

1539.0 1539.5 1540.0 1540.5 Cavity 2 is more
sensitive for fiber
Wavelength (nm) moving

‘ Amount of shifts are different for each modes
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Coupled cavity formation

=27 _

08 L i

Output power (dB)

ad Initial state |
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© A\ 3
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Coupled cavity formation

22 , . , .
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2 28k i
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O - Initial state_
230 B ! .Mlt}, 2
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Numerical model of coupled cavity system NS

Model of coupled cavity

Model1 Model2
Nanofiber g,, Nanofiber 8

w

SiTL & Viw d W Sout Sin y1p
o s Y2i Vi~ PhC waveguide £, 5y,

Cavity 1 Cavity 2 Cavity 1 Cavity 2

a : Amplitude of light in a cavity y: decay rate, s;,,: amplitude of input light

f: propagation constant

Vi

<

‘ Coupled mode equations

da; Y1ii T 2Viw + 211 ]

E = w141 — : ZW < a; +ViwSin t el'Bd\/VZWylwaZ
+€i’8pd,/)/2p)/1paz

da, Y2i + 22w + 2Y2 - -

dt = lwyAy — l ZW : a + VZWeleSin + el'gd\/)/lWVZWal

fpd
+e'Frd | a
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Numerical model of coupled cavity system N

(w/o PhC wavequide)

Parameters

Qioka = Q7 + @it fh@ @ Qo
Qll\iJ—) i@zt

Q; = 6.7 X 10°, Q1, = 3.0 X 107, Q,; = 3.3 x 10°, Q,,, = 7.7 X 10°
A1, = 1537.87 — 0031 x steps nm, 1; = 1537.77 — 00051 X steps nm, e'f% =,
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Numerical model of coupled cavity system N

(w/o PhC wavequide)

Parameters

Qioka = Q7 + @it fh@ @ Qo
Qll\iJ—J i@zt

Q; = 6.7 X 10°, Q1, = 3.0 X 107, Q,; = 3.3 x 10°, Q,,, = 7.7 X 10°
A1, = 1537.87 — 0031 x steps nm, 1; = 1537.77 — 00051 X steps nm, e'f% =,

When w; = w,

T 3 T T T l‘\ T T T T
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) i \\\ f v‘ Step2 1.00
—_ . \ Step3 — I 1
5 2.0 _ j Y Step4 = 0.95 W r
S 18 ) L Step5 L | ]
@ ' Step6 e - ]
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c X € 090}

1.6 \ '
© N ©
£ | Y | & No splitting
E 14 N =
S _ \ & 085} -
8 12 : &
- . | =
= Y Y 1 F osol “ .

1.0 \ - |

| Y V-
! | ! | ! | “l | ! | : 075 N | " | 1
1537.60 1537.65 1537.70 1537.75' 1537.80 1537.85 “1537.90 1537.70 1537.75 1537.80 1537.85
Wavelength (nm) Wavelength (nm)
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Numerical model of coupled cavity system N
w/ PhC waveqguide

Parameters

Qroaa = (@71 + 0,1 + @t fh@ ;i Qzw
Q 1J_J KQ 21

Q'y; =1.4x%x107, Qq, = 3.0 x 107, Qzl—63><105 QZW—77><106
A, = 1537.87 — 0031 X steps nm, A; = 1537.77 — 00051 x steps nm, ef4 =, ,
Q1p = 7.0 X 10°, @y, = 7.0 X 10°
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Numerical model of coupled cavity system
w/ PhC waveqguide

NS

Parameters

Qroaa = (@71 + 0,1 + @t fh@ ;i Qzw
Q 1J_J KQ 21

Q'y; =1.4x%x107, Qq, = 3.0 x 107, Qzl—63><105 QZW—77><106

A, = 1537.87 — 0031 x steps nm, A; = 1537.77 — 00051 X steps nm, e?f4 =i, |

Q1p = 7.0 X 10°, @y, = 7.0 X 10°

2.2

Transmittance (a.u.)
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Summary NS

v Properties of fiber coupled PhC nanocavity
> Obtained a highest Q of 6.7 x 10°
» Controlled CE from 6.6% to 99.6%
(Corresponds t0 Qoyp = 3.7 X 10”7 and 1.3 x 10%)

» Demonstrate tuning of resonant wavelength
(resolution of 0.27 pm/nm)
v" Coupled cavity formation based on FCPC
» Achieved g/2m =0.94GHz (g = y)
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