Ha2k a2l
20154E 2 H

H Mmook
CHINESE JOURNAL OF LASERS

T MIM 458955 55 1A 0k B mﬁiﬁ"%s
THA KT FRB A K EEE T
e et

VLR K2R P22 e, YL 0% 214122
ﬂ%:

b

FRISBETT T 7 AR I LR SOrs /975 il 42 8 - I - 4 JE (IO 3% 5 285 40, 0 6 01 Al s 225 4 s il 2 v 45 785 1k
VA B A TO A 1 1) % B o S A BRI 3 22 43 (FDTD) 32 3 55005 A el B0 B0 25 4 1) BI85 R 5 K O
%%fr%ﬁiﬂ”ﬁﬁ& K 5 A2 40 D5 3 ) % 1D R T ' 2 P T ) 5% T, 2 00 000 R0 M U 5 5 ) EL AT A v 1 R T LAAE
SR AL E I RO . T LR ENR BT U B I A, S R TS B R I AE i S b
67\% B S A T A R o G R B BSR4 06 SR SRR A K R X
A H (R, 7E DG A G TR O AR B A A5 Ty THLA 5 4 1 L I 55

KW S REFE TR 8- -4 8 450; LIS 6Bk I
hESES TN256 XEEARIRED A

doi: 10.3788/CJ1.201542.0217001

3 b
A F i L M U T OGAR 5 i S

Directional Couplers Based on MIM Plasmonic Waveguide Stuctures
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Abstract The metal
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Sun Lin
insulator— metal (MIM) based bending waveguide structures with a quadrant ring
resonator (QRR) are presented in theory. Those structures can control the directional propagation of
plasmonic waves in waveguide cross junctions. The transmission of various wavelengths in straight waveguide
with a quadrant ring resonator based on finite— different time—domain (FDTD) method is studied, and optical
properties of the barrier thickness between quadrant ring resonator and communication waveguides are also

studied. The simulation results demonstrate that the waveguide structure can achieve higher transmission, and
resonator

communication, information processing

achieve the filtering effects at the specific wavelength positions. In addition, three and four waveguide
plasma wave in the waveguide bends, such as beam splitting, total reflection. The structures have the effects of

.

branches structures are proposed. The structures can obtain the effects of directional transmission of surface
reflection. Those design structures have an

strong beam binding, nanometer- scale transmission, and can solve the problem of signal transmission and
OCIS codes 230.3990; 240.6680; 250.5403
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important application prospects in optical integration
Key words optical devices; surface plasmons; metal— insulator— metal structure; optical waveguide; optical
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(d) m=2, A, =1127 nm, (¢) m=3, A, =783 nm; (f) A, =1550 nm

Fig.2 Transmission spectra for bend structure of structure 1, field distributions (IH.1) at five different wavelengths; (b) m=1,
A, =2265 nm; (¢) m=2, A,=1165 nm; (d) m=2, A, =1127 nm, (¢) m=3, A, =783 nm; (f) A, =1550 nm
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Fig.3 Real part of effective index of refraction versus width of a MIM slit waveguide structure
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Fig.5 Field distributions (IH.l) of structure 3, 4, 5 with different incident ports at the same incident wavelength of 780 nm

4 % B

T LIS X R 5 (9 SE R L, B T — AT A 5 B S5 4 0 % SPPs i i e B 1 R
BRI 5 B v 52 B [ L 091 11 43 SR80SR, O T 306 38 06 00 L 1 9 L P T 9 T S T R AE A LS
Ji BRI LR 28 10 4 B 44 K 0 S 454 TR O AL BRI L AN T 3B S o A 1 LR RS [ 268 9 35 B RSt L IR
T LA R R 45 40 A . N SEIR B LT T 4 M B 0 O, R 45 SR 5 FDTD B4 A A 10 TR
B o AE 5 B AD S AEAE AT GO 4 TR S Bl 2 75 0 % g T SR 42 B S 4 LI AL SPPs i B0 T 1
SR L R 4 R T oD 0 T4 B T AR U A0 R R VR B I N o T A R A R L 4% S B S A4

0217001-6



S I S
BRCR LU AL T 3R T A R AR A S S5 R TR B 2 S R I 5 R R S B 22 B T o A A Y 3R
T 25 8 TR P 0 o 3BT T AR R R TR 5 K A R O I 4 1 R X Ol A M R R o B B n T4
ARBGAWHE L, 1% 45 F REA R VT B 2 e v 1 U AR G006 T 48 18, Al DR 1 D015 5 1) B S A2 fi TR0t e D 42
DGR OGAF B Ak BT Ty AT ) (4 B AT

2 & X
1 Hansik Y, Lee S Y, Kim K Y, et al.. Hybrid states of propagating and localized surface plasmons at silver core/silica shell
nanocubes on a thin silver layer[J]. Opt Express, 2014, 22(7): 8383-8395.
2 Liu Liu, Han Zhanghua, Sailing H. Novel surface plasmon waveguide for high integration[J]. Opt Express, 2005, 13(17): 6645-6650.
3 Wang Bing, Teng Jinghua, Yuan Xiaocong. Inelastic scattering of surface plasmons in scillating metallic waveguides[J]. Applied
Physics Letters, 2011, 98(26): 263111.
4 Helsey K N. Plasmons: Theory and Applications[M]. New York: Nova Science Publishers, 2010. 235-239.
5 Yao Xiankun. Wavelength demultiplexing in metal-insulator—-metal plasmonic waveguides[J]. Modern Physics Letters B, 2014, 28
(4): 1450025.
6 Ren Fanghui, Jeremy C, Wang Xiangyu, et al.. Enhancing surface plasmon resonances of metallic nanoparticles by diatom biosilica
[J]. Opt Express, 2013, 21(13): 15308-15313.
7 Neutens P, Lagae L, Borghs G, et al.. Plasmon filters and resonators in metal-insulator-metal waveguides[J]. Opt Express, 2012, 20
(4): 3408-3423.
8 Moreno E, Rodrigo S G, Bozhevolnyi S 1, et al.. Guiding and focusing of electromagnetic fields with wedge plasmon polaritons|J].
Physical Review Letters, 2008, 100(2): 023901.
9 Zhang Gaofeng, Yang Rongcao, Xue Wenrui. Filter characteristics of a sinc—shaped surface plasmonic filter in the visible light band
[J]. Chinese ] Lasers, 2014, 41(s1): 105004.
ik = U4, A S R BV SCH . Sine B 2% T AE B T U8 I AR AE T IO Dk B 8 B AR PELT]. RO, 2014, 41(s1): 105004,
10 Little B E, Chu S T, Haus H A, et al.. Microring resonator vhannel fropping gilters[J]. Journal of Lightwave Technology, 1997,15(6):
998-1005.
11 Sanshui Xiao, Liu Liu, Min Qiu. Resonator channel drop filters in a plasmon—polaritons metal[J]. Opt Express, 2006, 14(7): 2932~
2937.
12 Amir Hosseini, Yehia Massoud. Nanoscale surface plasmon based resonator using rectangular geometry[J]. Applied Physics Letters,
2007, 90(18): 1811021.
13 Tongbiao Wang, Wenwen Xie, Pingyin Cheng, et al.. The transmission characteristics of surface plasmon polaritons in ring resonator
[J]. Opt Express, 2009, 17(26): 24096.
14 Ren Wenzhen, Dai Yanmeng, Cai Hongbing, et al.. Tailoring the coupling between localized and propagating surface plasmons:
realizing Fano-like interference and high—performance sensor[J]. Opt Express, 2013, 21(8): 10251-10258.
15 Zhang Qin, Xu Guanghuang, Xian Shilin, et al.. A subwavelength coupler—type MIM optical filter[J]. Optics Express, 2009, 17(9):
7549-7555.
16 Chen Quansheng, Tong Yuying, Zhuang Yuan, et al.. Unidirectional excitation of surface plasmon based on metallic slit-groove
Structure[]J]. Chinese J Lasers, 2014, 41(5): 0510001.
WRAsIE, 18 A2, Bl S BT 6 e A 1M1l 20 K B0 i) 5 3 TS5 P AT, R RO, 2014, 41(5): 0510001
17 Yun Binfeng, Hu Guohua, Cui Yiping. Resonant mode analysis of the nanoscale surface plasmon polariton waveguide filter with
rectangle cavity[J]. Plasmonics, 2013, 8(2): 267-275.
18 Zayats A V, Smolyaninov I I, Maradudin A A. Nanooptics of surface plasmon polaritons[J]. Physics Reports, 2005, 408(3-4): 131-314.
19 Lee T W, Gray S K. Subwavelength light bending by metal slit structures[J]. Opt Express, 2005, 13(24): 9652-9659.
20 Wang Yueke, Zhang Xueru, Wang Jicheng, et al.. Manipulating surface plasmon polaritons in a T-shaped metal-insulator-metal
plasmonic waveguide with a joint cavity[J]. IEEE Photonic Technology Letters, 2010, 22(17): 1041-1135.
21 Wolf I, Knoppik N. Microstrip ring resonator and dispersion Measurement on microstrip lines[J]. Electronics Letters, 1971, 7(26):
779-781.
22 Liu Jianlong, Fang Guangyu, Zhao Haifa, et al.. Plasmon flow control at gap waveguide junctions using square ring resonators|J].
Journal Physics D: Applied Physics, 2010, 43(5): 055103.
EE&RE: 5 %

0217001-7



