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Abstract
silver (Ag), a low refractive index dielectric layer of SiO, and a two-dimensional photonic crystal layer, is proposed.

A kind of three-tier hybrid plasmonic photonic crystal which is respectively constituted by a metal layer of

A clear plasmonic transverse-magnetic (TM) bandgap can be formed in this hybrid plasmonic photonic crystal. The
defect cavity is constituted by introducing a unit cell defect in the center of the two-dimensional photonic crystal
layer. The volume of the hybrid plasmonic photonic crystal micro-cavity is based on nano-scale, which is much less
than the conventional optical micro-cavity, and the photon energy is well confined in the low index layer, so light can
be limited at deep sub-wavelength scale. With some different structure parameters, the numerical analysis method of
three-dimensional finite difference time domain (3D-FDTD) is used to analyze the characteristics of this hybrid
plasmonic photonic crystal. The analysis indicated that this kind of nano micro-cavity has an ultra-small mode volume
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of 0.0141 (A/n)* and an ultra-high Q/V.
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Fig.1 Schematic diagram of structure parameters of the hybrid plasmonic photonic crystal micro-cavity. (a) Schematic of

the structure; (b) structure parameters of the hybrid; (c¢) schematic diagram of the defect cavity and the changing

size of surrounding air holes
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(b) effects on the mode volume; (c) effects on the quality factor; (d) effects on the Qi » Q> Quns

P 5 () il 3 114 2 e B Jrs ] ] 2 AL AL AR 1 22
Xt TR R . 425 ALEAR 0. 250 72
PEE] 0. da i AR BUAT B/ 3G R i 3, T 24
i 0. da AR B 2 080/, 7 B3k =Fh s
FLALAR AL DL T 0 B R BB BB R 32
e 5 Js A L s AL R 2 T %ok A R A o o PR ) 5
Wi QP 5 (o) B 2 R B o S [l 23 AL AL A28 0. 4a
I ZORBORE 9 Al B IR 7 Q IR B R . HBEH =
SALAYEAR N 0. da T Bk /NI 20 K BB A o It A
THEBEZ 08/ o T bR B FS R L i T B A
1000 fs PY Bk BE i o O 19 A7 i 45 21 19122 Bk B S 114

ity 5T PR T o H 23T R 3 BT — A BRI ] P AR
B A G 1 19 A7 i DRI A T B R 22 L X I = i i L
T A TR R ZEREE AR 5 (o fras. A E O
T T R F R IR 2R LE 0. da B e/ BEEE AT
BRZEN £0.39327, 4 [ A9 25 ALY 2 42 BUE L
0. da Ay HEAE, JH Bl AY 25 L 38 R e /N ik s i Jot [
TSR 25 LA Bl 3 R TR 2 N e R (EH R
114,782,

Bl 5 Cd) Jir 7 g ik B g A [T 25 AL AL AR i A2 Ak
X A PR S AL Qo o 8 S B i 5 IR 1 Qo S IR
PFE A BTN 1 QuBIFE I . 1] LA . 68 B IR

0905009-4



moOYLAE .

TRA LT il A5 B T WOT 90K U

PR SEA R AL 1 Quua M9 AS AL B B2

WA YR A A A 0 B A AL R =
160 nm B, 3R A5 40 K B s 19 & ot BBl Ok 141, 426,
B ARF A 0. 0141 (A/n)* s NG 45 2 B IR & 45
) Q/V=10101.86 (X/n) °, T4 )&% j&—Fb
SER (0 FRORE R S A S T DL B T R BERY RS AL X T
T8I b A% 1 1 2 18 55 B T AR B A AR R I W A
PR 0H 5 O o 35 TR0 45 5 G I 016 2 U 1 o o A
T Q#ARML . M KK )2 0SS FIRERIZ A
R 5 PR T 5 3k 5092, 76, {HL J2 G I i R R A R
OB M AR R k1. 9239, 45 MM QV =
2647.1 (O /m) %, DG, 3 I AR A S5 A X T
BT UHARZ AR AL BT R R B
LA B Q/V EI S 4 524 .
3.3 HithS#HX FREEEXNEITE

S3IESE T R TR B S AL FE A0 B 3 O
FVICTT I 28 )2 J58 B8 X F R A 445 4 R A s o 1 1) %
W] o X R 563 ] L £ 8 4> 2 AL b 43 S0l B S AN [ £ 4T
SRR EAT T BUE S, 25 SR I 6 BTOR . BES
14V IR 0 K 5 ] 1B 2 ARFL I TS 9 A0 Jo A 7 e R S 2R
PEIC R B AT LS 2o 8 ] [l s AL 3 R A
T G 3 ARAS BT R . R R AR B T Ok
F18 it JOT PR R S 3 00 0GR AT DA HE GO 1Y o I
72 B A T ST BT 5 R i3 Kamwh . B 7 4y
B 7 b M 37 5 2 SIO, J2 1 J58 BE X T 35 B 1 i o
N F AR B R R 52 . F 78 v AR T 2 2%
205 3 A AE B 5 43 A AR A AR
PR AT 5 2 2 0 B B A A Al o U T LR
AR AR 25 S10, 2 J5 2 (1 38 i 38 K [R) st %
B SO, JZ 5 B 1 A48 A i B R F Q T s,

1595¢ = waa‘igetl;?gtltl .
- quality factor -

E1590- . s
£ 1585 T 1100
= 1580 = g
B | SN &
g 1575} . B
' g
= 1570 |

1565}

1560F -

10 12 14 16 18 20
Refractive index
6 TR MARHIT S 2 0 AN [R5 00 A 3 R RS R
NSRRIV ES
Fig. 6 Quality factor and resonance wavelength as a
function of different refractive index of filling

material

0.14F =~ mode volume
-+ quality factor
2 012
S o.10] — 7
s =
° ./ . 4100 S
5 0.08} S
y S
'S 0.06f B
) <
é 0.04+ C:;
0.02}

%1020 30 40 50 60 70 80 90
Thickness /nm
7 AR 5 322 B0 52 B X i BT AL 1 A
R A B 52
Fig. 7 Quality factor and mode volume as a function of
different thicknesses of the low refractive index

layer

4 & ©

3 1 1 R 4 A A TR D K 1 2 g R
S TR LA R S AR A5URE R/ O PR %K
(0 T 454 2 5500 T 0% 9 0 T 7 2
IR K 9 5 0 £ 388 125 D B 9 PRI B0 T v 1
5% I T VR IE K B0 . IR 06 T
{255 B T B T 1 S B OGBS 1 SR O L
V26 B8 T SOT O U T3S 4 HE 5 B FOT I P
5 {5 TE 6 27 BT i, A 7T LA AE IR 37 49 2%
o2 o {1 AT 488 2% BH L 1 101 InGaAsP T B 5 A5 Fl
TR SRR LA 6 A LA T S B S B T
TEICUE . TR 4 5 G X Hhy A B A S i
Tl s 45 g T LA 52 B AE 2 IR 4% R R RO K T
s,

& & X #

1 Xiaoling Wang, Naiguang Lv, Qiaofeng Tan, e al..
Investigation of biosensor built with photonic crystal microcavity
[J]. Chin Opt Lett, 2008, 6(12); 925—927.

2 G T Kiehne, A E Kryukov, J B Ketterson. A numerical study of
optical second-harmonic generation in a one-dimensional photonic
structure[ J]. Appl Phys Lett, 1999, 75(12);: 1676 —1678.

3 Han Lihong, Liu Liming, Guo Xuan, et al.. Research and design
of L3 square air holes photonic crystal cavity[J]. Acta Optica
Sinica, 2013, 33(11): 1116005.

SRR, XISEB, B B, SF. IE 5B AL L3 ALE T RO AR
v BT 5 0], e 2EdR, 2013, 33(11): 1116005,

4'Y Jie, J. Ding, Jacob B Khurgin. Resonant raman scattering in
GaN single crystals and GaN-based heterostructures: feasibility
for laser cooling[J]. Chin Opt Lett, 2013, 1(11); 011901.

5 E Kuramochi, M Notomi, S Mitsugi, e al.. Ultra-high-Q
photonic nanocavities realized by the local width modulation of a
line defect[J]. Appl Phys Lett, 2006, 88(20); 041112.

6 M Notomi, E Kuramochi, T Tanabe. Large-scale arrays of
ultrahigh-Q coupled nanocavities[ J]. Nature Photonics, 2008, 2
(12) . 741—747.

0905009-5



H |

# ot

7 X Luo, T Ishihara. Surface plasmon resonant interference
nanolithography technique[ J]. Appl Phys Lett, 2004, 84(23):
4780—4782.

8 V Georgios, Zhangfu Yu, K Sukru Ekin, e al.. Metal-dielectric-
metal plasmonic waveguide devices for manipulating light at the
nanoscale[ J]. Chin Opt Lett, 2009, 7(4): 302—308.

9 R M Ma, R F Oulton, V J Sorger, et al.. Room-temperature
sub-diffraction-limited plasmon laser by total internal reflection
[J]. Nat Mater, 2011, 10(2): 110—113,

10 Luo Xin, Zou Xihua, Wen Kunhua, e al.. Narrow-band filter of
surface plasmon based on dual-section metal-insulator-metal
structure[ J]. Acta Optica Sinica, 2013, 33(11): 1123003.

11 Feng Chen, Feng Guoying, Zhou Hao, e al.. Characteristic
analysis on photonic crystal laser cavity with one-dimensional
photonic bandgap[J]. Chinese J Lasers, 2012, 39(8): 0802009.
oo, mEY, FOR. & 4T BOR T R IR ORI

e Ay BT ). P EREOG, 2013, 39(8) : 0802009.

12 A Mizrahi, V Lomakin, B A Slutsky, e al.. Low threshold gain
metal coated laser nanoresonators[ J]. Opt Lett, 2008, 33(11):
1261—1263.

13 P Xu, Q Huang, Y Shi. Silicon hybrid plasmonic Bragg grating
reflectors and high Q-factor micro-cavities [ J ]. Optics
Communications, 2013, 289, 81—84.

14 P Xu, K Yao, J Zheng, et al. . Slotted photonic crystal nanobeam
cavity with parabolic modulated width stack for refractive index
sensing[ J]. Opt Express, 2013, 21(22): 26908 —26913.

15 X Yang, A Ishikawa, X Yin, et al.. Hybrid photonic plasmonic
crystal nanocavities[ J]. ACS Nano, 2011, 5(4); 2831—2838.
16 P B Deotare, M W McCutcheon, I W Frank, et al.. High quality
factor photonic crystal nanobeam cavities[ J]. Appl Phys Lett,

2009, 94(12). 121106.
=EERE % 4

0905009-6



