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A X A e B BRI A 5. SH A A
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Fig. 1. Real part of the effective index ne versus

the refractive index n of the insulator in a slit MIM
waveguide structure for different incident wavelengths
of A = 550, 950 and 1550 nm [26].
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(4) S i Fw 43 B it T HP A 7 1) PR R D 8 SR AN
BT EE. BT AR A R R R A R MIM 3 %,
MAp =qgMa. =as. HF@)XFp =cn/em,
e = [k3(cin — em) + K)Y2, e Mey 20 5 A A
JRR & J B A L E B B AR PRLR AR (4) R
H B K e, WA BT S e nee = real(B/ko) =
(em + (k/ko)?)Y2. HIILAT1H9% G b SPPs (16 4%

B Aspps = Ao/Re(nesr), Re(nes) A R 5 % o PR MIM g S5 by
H@;%B E 1 qu%él%ﬁg w = 50 nim, ﬁ;ﬁ ?ﬁﬁj‘ Fig. 2. 2D Structure schematic of two slits MIM SPPs
Zn L1 K HE 13 1.7, RBP4, waveguides with a ring resonator.
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i l‘i’ out/ mr 7 EP’ Fig. 3. (a) The transmission spectrum of MIM SPPs

waveguides with a ring resonator. The contour profiles
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SN, Poav, NP DNZERAT x 77 17 7 & d =10 nm, and n = 1.
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Fig. 4. The transmission spectrum of the structure for

different n.
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25 1201 3 T (10 5 F TR0 5 4R s 445 ) 1100 55 88 1 A
S AL B Mode 1, Mode 2 F1 Mode 3 ) = Ff
RT3 R AL B R BUE 4 N 1476.25, 732.92,
483.75 nm/RIU. FEE5 K JUFT S AT 5L T, 3%
ATT45 H B SR8 B 3T S AR IR R R A e . AR
AW 73 Fr A 8 S Fr it 2N & on S HT i
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Fig. 5. (a) The three peaks of transmission spectrum ver-
sus the refractive index m; (b) shift in the three resonance
peaks as a function of the refractive index change (dn). Here,
R =200 nm, w = 50 nm, and d = 10 nm.
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SR M ZR LA 45 R, rTOUE W, AR et T LLE
I R IR i o R 25 5 . T H BB 6 (b)
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B A TR, X W A 9 K AT BATE A 4 K A3 LY
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Gb, ZEER TR RSEN, RGBT T
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Fig. 6. (a) Transmission spectra of the structure for
different R; (b) relationship between the three reso-
nance peaks wavelengths and the radius of ring cavity.

Here, d = 10 nm, and n = 1.
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Fig. 7. Transmission spectra with different d. Here,
R = 200 nm, w = 50 nm.
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Refractive index sensor and filter of
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Abstract

Continuous improvement in nanofabrication and nano-characterization capabilities have changed projections about
the role that metals could play in developing the new optical devices. Surface plasmon polaritons are evanescent waves
that propagate along a metal-dielectric interface. They can be laterally confined below the diffraction limit by using
subwavelength metal structures, rendering them attractive to the development of miniaturized optical devices. A surface
plasmon polariton refractive index sensor and filter which consist of two metal-insulator-metal (MIM) waveguides coupled
to each other by a ring resonator embedded by cross structure are proposed. And the transmission characteristics of
surface plasmon polaritons are studied in our proposed structure. The transmission properties of such a structure are
simulated by the finite element method, and the eigenvalue wavelengths of the ring resonator are calculated theoretically.
The sensing characteristics of such a structure are systematically analyzed by investigating the transmission spectrum.
The results show that there are three resonance peaks in the transmission spectrum, that is, three resonance modes
corresponding to the eigenvalue solutions of the first, second and third-order Bessel eigen-function equations, and each
of which has a linear relationship with the refractive index of the material under sensing. Through the optimization of
structural parameters, we achieve a theoretical value of the refractive index sensitivity (S) as high as 1500 nm/RIU, and
the corresponding sensing resolution is 1.33 x 10~% RIU. More importantly, it is sensitive to none of the parameters of our
proposed structure, which means that the sensitivity of the sensor is immune to the fabrication deviation. In addition,
by the resonant theory of ring resonator, we find a linear relationship between the resonance wavelength and the radius
of ring resonator. So the resonance wavelength can be easily manipulated by adjusting the radius and refractive index.
In addition, the positions of transmission peaks can be easily modulated by changing the radius of the ring, which can be
used to design band-pass filter for a large wavelength range. Moreover, the transmission intensity and the transmission
bandwidth decrease as spacing distance between the MIM waveguide and ring cavity increases. These results would be
helpful in designing the refractive index sensor of high-sensitivity and band-pass filters, and have guiding significance for

biological sensor applications.
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