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Design of the Aperture Coupled Multi-functional Asymmetric Semi-circular
Cavity Filter Based on Surface Plasmon Polaritons
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Abstract: A metal-insulator-metal asymmetric structure filter is proposed based on the aperture coupled
method, which is composed of two semi-circular cavities, a waveguide and two rectangular apertures
connecting the semi-circular cavities and the waveguide. The finite element method is used to simulate
and calculate its magnetic field distribution, transmission spectra, bandwidth and edge steepness
distribution curves. The results show that the obvious red shift or blue shift phenomenon will be occurred
in the transmission curve when the structure parameters are adjusted. and the transmission curve is very
smooth. Its pass-band’s transmittance can reach 0.95, its stop-band has the flat characteristics and the
transmittance is as low as 0.001. Besides, its pass-band and stop-band all have a wide bandwidth. After
optimizing the structure parameters, the filter can realize a similar function of the rectangular filter and
the filtering function of channel selection of the three optical communication windows at
telecommunication regime. The proposed filter can be well applied in the micro / nano optical integrated
devices, especially in optical communication systems.
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Fig.1 Schematic diagram of the aperture coupled asymmetric semi-circular cavity MIM filter
A BRIT (Finite Element Method, FEMD f/j L COMSOL Z3 #7157 1t MIM 45 84 ) % i 45 18, o
WA PE 2 R (e, 0w =1.0) . & B R (Ag) , HAHXS A L H 5 e, RIFRME Drude B4, J)

Q)

A, JETF XA RO e =3.7, B FRMIR o, = 9.1 eV, L TR y= 0.018 eV [, It

0423003~ 2



ER A A BT R AR B MO Y AR HE A 2 D Rg A X AR R R I AR T

AL BURLS SUSP S Wk CNPUR LSS U
—s=— Single semi-circular cavity structure

2 ﬁ% Eﬁﬁ 'l‘i 1H E -Q—:IFI: % ﬁ *ﬁ —e— Symmetrical semi-circular cavity structure

1.0 —— Asymmetric semi-circular cavity structure
A B2 ] 250 X BRI (D =0 nm) 45
F LTS5 4 B 3 5T L I 2R AT 6T L L = 2 4 R 08
548 0 A 2 K0 2, B 2 %4 H T 2. 30 0
2 [5E J Xof R 45 449 114 325 SF S5 Y . L B 2 () Js 235 4 1Y &
55 5 ARG L AELBELAY 045 96 ) 9 K4 I BE D K o4
S 200 nm B, & T B 38 X AR B S 250 T 19 i 5 0.2
LA T IR IR P 4% . 5 53 S0 W0 b 45 44 4 b 3% oY
S il 2 SN B TR R BT S I BE Y L 58 A %o 1000 1400 1s00 2200
S L g LR AT B SRR 55 A AR X RR A R #/nm
MIM 45 #3322 40 LU AR £2 45 4 ok g pilie17-1020] |/ B2 ZMFE MIM & # % % 28 % 5 % &5 1
A B IR BN B SR A LR H A E A Fig.2 Comparison of the transmission spectra of the three

different MIM structures

R H T BLR PR PEXT LA R LR 1.
F 1 TERKBERS L

Table 1 Comparison of the transmission characteristics of different filters

Structure Transmittance/  Transmittance/ Max passband Max stopband Reference
max min bandwidth/nm bandwidth/nm
Asymmetric semi-circular cavity 0.94 ~0 >190 =>700 /
Ring resonator ~0.57 ~0.05 <150 <600 [16]
Nanodisk resonator ~0.82 ~0 <60 / [17]
Trapezoid resonator ~0.90 ~0 <320 <40 [19]
Rectanglecavity ~0.95 ~0.07 <200 <20 [20]
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Fig.3 Magnetic field distribution of the single semi-circular Fig.4 Magnetic field distribution of the asymmetrical
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circular cavities structureat different wavelength different wavelength

0423003~ 3



P/ R S 4

2SS AT T 98 38 0T AW 5| A7 B 3 A 1 3 it A 3 s TR G & T DAl SPPs I 1) AT 235015 16 < 3 1
PSR i A D S e A A B I AR AR T A PRI O G il 2ok B A L A Al 3(b) .Y
“REAS RS FORE BN — o R o R 0 G I U R A v A% B R S I R L 3 (oo 6 R P TR 4
Farh SPPs I (AL 55 28 L T B [ i 25 44 vf SPPs I A A% 48 o DX AE 1 X5 R X0F [ 25 4 vf SPPs I 149 1% 46 16
FIE AR AL 53 P B 2 56 T8 ARt AR IR , 2800 — @ AR 36K BE IS - 2 IR D 1428 10 59 19 I8 5 00 2 28 v £
A AT 28 s 224 0 F AR ST AR 5 PR I 3 S il 28 Hh B A L BT 3 Ce) o T 224 0 A A 57 28 0 2% 14 s 3 S5 1l 4% 1
BRI 0, G PR 3 (D X H ] 2 Hp e [ Ml 6 ) 5k AR 2 T i 4 R 1 3 Bl 2L R DLk BRTE AR TR S O
TR [R5 ) 1) 375 S 3R 8 /N T B R s 3 S R A RO EDIE T R A A T IR A

T LY (B I 5 R B e 1Y) ST LG X R (B 25 A BEL AT 58 DL B2 SPPs I 7E AN [R) 45 44 vh i A2 R 4 50 % D
RN A 200 nm DASHE SR B Jis AR 2 5 i 45 40 1 00 A TR 4 SRy sk o 38 9 SR R N I8 K Ak 1) i 3 oy A
ROt A 37 SRR 4 () IR 0.72, ] 4 (b) L (D 43 5l 0 10 375 55 3% J I8 0 U0 Ak 38 45 335 S 3 0 e {1 L L%
TR 0.95.0.92, F 4(c) () ITRIHN 0.5, B 4D AT RIN 0. 7EJE X FR A B Jis 2544 vh SPPs I 1AL 3% 25U T
Xt FR 2 8 s 25 4, S [A] Z Ab 78 T SPPs BV I P A i 40 55 — B VAR 40 i — 30 0 ik ABE — A2 IR
RIG LS AEREE RS D J5 245 AN DR E A A 2K B A5 B SPPs % 78 35 X FR 21 B JEs 45 44 vh 1 1%
T A% T LA AR TR R A B2 [ s 5 ) B Xt R 21 [R5 ) BEL 5 7 9 41 B 19 I PR X6 EL TR 4 (D AR 3 (b) AT LA
BB A 5 A 2L, OIS 56 — A 202 IS 1) H 5 D02 15 e 3 285 vl 10 £ B It R A S A T 18 % . A Tl R A A AH
TH ARG QB 4Co) L (o) s B8 A 2 18 s 1) W 25 2 7 80 0 B L B e 5 00 S 48 v I O R A — R B T A
T B LRl L3 5 BEA 5 5. B 3.4 6 3 40 A o1 DUAE H AR SO B 25 4 1k B T BT R TN L 3 T R
2 (B 1 45 A FRIDGT R 21 [BR Ji 45 ) 0 I8 45 10 a5

3 HHESHZmMON

Iyt — 2 TR IR P AR BRI T AT A S B - (D VA W A B R P R L P2 AT, BT Y
MIM X Bk 2 159 1 445 ) U8 20 4 14 375 29 3% 2 28 (00T A TES D 0 4%« EL A 0 Al 378 S5 3 g 0 BEL A 7 JE A0 R 4 O
TG Ml S W5 R B A RIBEL AT 1 OQ R L E SO BE (B L)« S AT A S Ry AL A S L KT 0.8 F A
T B B (S i i 3 A 4 Oy R U Ak 3 A ) BELAY Y B A B A HE /N T 0.05 B I E S O3 A .
TR B S L TR RR BT B BE I BE S S5 H 2B OC AR L R R T CHEN Xi fE 77 86 K B Ui 2
(SOEHE X :S:;=0.6/S,, H S, HFEHFH 0.8 (0.2)F] 0.2(0.8) Z A1 T R (L THE) I 9 0.6
ST 0.8 5 0.2 292, Sy WAL pm LIE L S AT U M B R b TR AT U BE R R A R/, S B
R BE U B R
3.1 FEBEEE r MERSENZME

FEFT B9 MIM 4544 o R - HEE 2 BR R RTR (E A 28 (D =200 nm, A =40 nm) . 411& 5Ca) , B
Hor BB R L B A ZE A B AR, HL Al R BE A A 58 IR R RL 5 () s 1 Al K B A A B
5280 BRI R B AT BT 0 R - 53 T A0 (E BELAT A A D0 B - A T R AL . 185 (o)
BB SEMIEL LIS T BT BEN BE R SC R LB ~ AOHE R, T R U A B O RE R /) L B T A BEE A JEE
JLT A,

1.0 —a— =80 nm

0
600 1000 1400 1800 2200
A/nm
(a) Relation between the transmission spectrum and parameter »

0423003~ 4



ER A A BT R AR B MO Y AR HE A 2 D Rg A X AR R R I AR T

900 —=— Pass-band
700
600
E
< 500
<
400
300
200
80 90 100 110 120
r/nm
(b) Relationship between the bandwidth and parameter »
A 5
Fig.5

B BE D X 4% 5 1 59 2 0

Sy/um’!

6 r
—=— Falling edge
—e— Rising edge
5 -
4 L
3 i \
80 90 100 110 120
r/nm

(c) Relationship between the steepness and parameter »

D =200 nm, A =40 nm B, 2 # r X8 ¥ E & WAL NP

Influence of parameter » on the transmission characteristics of the filter when D =200 nm, A =40 nm
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