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Theoretical Study on Quasiperiodic Surface Plasmons Bragg Gratings
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Abstract A kind of dual- band surface plasmons (SPs) Bragg reflectors, based on metal- insulator— metal
(MIM) waveguides, is proposed. By adjusting the width of the insulator layer periodically, a quasiperiodic SPs
Bragg grating is achieved in the MIM waveguide structure. According to projection theory, transmission
spectrum of SPs produces two band gaps, in which SPs’ propagation is prohibited under the suitable structure
parameters. When inserting the defect layer of appropriate length into the structure, two SPs defect modes
appear, whose center wavelengths are respectively located at around 1310 nm and 1550 nm. Because of the SPs
Fabry- Perot effect, the center wavelengths of the defect modes change periodically as the change of defect
layer length. The electromagnetic simulation is conducted by commercial software Comsol to verify the design.
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Fig.1 (a) and (b) Schematics of quasiperiodic MIM waveguide structure with two components A and B; (c) real part of effective
refraction index Re(n.) versus wavelength A for layer widths w, and w;

&l 2(a) 2 F1 H Comsol HL# 47 FL A (TH58 X BA 58 BE 2 19500 nm, (5 FE 2 350 nm B 5B 5 03T e /N
764 6 nm s WIS ) FH RIS 30 5 2% 0 s A6 a1 B A2 A, A SRR Sk T ) 5 FASE 401 %) o &) 30 1 B3
ME SPs A Pk S 5 00 175 533 , 7638 15 9% BE 1310 nm F1 1550 nm BT 1 BE G280 0 T SPs i 45 b £
WS, B AR A 2 S RN, R T I BR AN, AT AR SPs A5 0T B 3R 7 AR ) MIM 45 44 44 i
AL R S 880, & 2(b)F1(e) 23 B2 A ST % K A,=1310 nm F1A,=1550 nm 1Y 52 25 /8 3% 20 A6 &, B R oa] DL B
H SPs AR I WL AE (A2 3% . IR 2(d) T, Y A B I K A=1418 nm I}, SPs #E R A7 T 54 v, AR 25 5 18 3 v J 401
1 MIM 2545 o BT DL AR 984552 #38 , mT LA it th B O ) Aot SR A A 9 RS A P& B4 -

(@) (®) g 01 ég
0.6 5-0.1 :
-10 -5 0 5 10
=1 2 /um
S04l
g 5-0.1 02
é 0.2l -10 -5 0 5 10
= 2 /um
e e I
12 13 14 15 16 17 18 §—0.1 :
Wavelength A /um -10 -5 0 5 10
2 /um

Pl 2 (a) o JEL AT 4 MM 385 v i 3o 3R 5 A SRR A IS 2R (B), (), (d) ASHBERARIK A 13101550 F1 1418 nm Hi (1 #1477 38 1 B
Fig.2 (a) Transmission of quasiperiodic MIM waveguide versus incident wavelength A; (b), (), (d) electric field intensity IEl of incident
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Fig.3 (a) Schematic of quasiperiodic MIM waveguide structure with a defect layer; (b) transmission of quasiperiodic MIM

waveguide versus incident wavelength A with length of defect layer L=5230 nm
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Fig.4 (a), (b) Electric field intensity |EI of incident wavelengths 1310 nm and 1560 nm with a defect layer, respectively;
(¢), (d) distribution of IE| along z axis on the line x=0 of 1310 nm and 1560 nm, respectively
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