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Abstract: This paper presents design and simulation results of a super-compact and efficient plasmonic cut-off filter
based on an asymmetric E-shaped resonator. Moreover, by modulatinglength of the resonator, cut-off wavelength can
be easily adjusted.

1. Introduction

Surface plasmon polaritons (SPPs), which are surface electromagnetic waves at a metal-dielectric interface at high
frequencies coupled with free electron movement of the plasma gas, give rise to guide and confinement oflight beyond
the diffraction limit, and enable integration of electronics and photonics on the same chip, which would lead to
development of energy-efficient and miniaturized optical circuits. The plasmonic waveguide structure can be
categorized as metal-insulator-metal (MIM) and insulator-metal-insulator (IMI), though, the first type is more
attractive forinclusion in photonic integrated circuits (PICs), because of strong mode confinement and losses that are
within acceptable levels[1- 3]. Hence, researchers have proposed different components based on the MIM waveguide
like high-speed modulators [4], nanoscale refractive index sensing [5], light absorber [6], and so on. Some of them
havebeen experimentally realized. Although optical filters play a significantrole in a variety of applications including
light detection and ranging (LIDAR), dispersion compensation, fluorescence microscopy, and spectroscopy, their
development might have been overlooked. Accordingly, we report the design and numericalinvestigations of a highly-
compact yet efficient tunable long-wavelength plasmonic cut-off filter based on MIM waveguide.

2. Device Configuration and Simulation Results
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Fig. 1. (a) Schematic configuration of the suggested wide flat-top band-pass filter at NIR. (b) Transmittance and reflectance spectra of the
wavelength filter for W=80 nm, d=40nm, e=160nm,f=b=35 nm, a=50 nm,and k= 185nm.

The new structure, which functionsasa long-wavelength cut-off filter, is schematically demonstrated in Fig. 1. (a). The
proposed device is composed of a layer of insulator thatis set to be 4/,0,, whose refractive index is found to be 1.75

[7], which is located between two metallic layers that are made of silver, where the complex dielectric constant tabulated
by Johnson and Christy [8] was used in the simulation. We have employed a full-wave EM software tool, CST MWS,
with frequency domain solver that makes use of the finite element method (FEM) to achieve the numerical results
presented in this paper[9]. The width of'the input port is chosen much smaller than the wavelength of the incident light
to ensure that only the fundamental TM mode propagates in the structure. A dipole source was utilized to excite the
waveguide. The grid sizes are chosen to be 6 nm x 6 nm along the x andy directions. To achieve the transmittance of
the filter, two power monitors P and Q are located to capture the incident and transmitted light, from which follows that
the transmittance can be described as T=Pout/Pin. The long-wavelength cut-off filter is obtained because of coupling
between the bus waveguides and the asymmetric E-shaped resonator. The transmittance and reflectance spectra of the
suggested cut-off filter is illustrated in Fig. 1. (b) for the structural parameters W= 20 nm, the width of the input port,
f= 80 nm, the length of the bus waveguide, m= 10 nm, the coupling distance between the left waveguide and the



resonator, n= 30 nm, the coupling distance from the right waveguide to the cavity. The sizes of the different segments
of the E-shaped resonator are as follows; I=k= 90 nm, as the length and width of the resonator, respectively, d=t= 10
nm, define the distance between the upper and middle tooth and the depth of the tooth, a=20 nm, shows the length of
the tooth, and b= 60 nm, as the width of the middle arm. The cut-off wavelength, defined as where the transmission
reaches 1%[10], is revealed to be 928.6 nm. It worth to mention that the ultra-wide cut-off occurs from the near-infrared
(NIR) to the wavelength of 2 um. In this wavelength interval, the transmission is constantly less than 1%.

1=80 nm
08 —— =20 nm
@
2 =100 nm
Eoos | 1=110 nm
R
E
8 04
g
= 02
’ \
0
600 800 1000 1200 1400 1600 1800 2000

Wavelength (nm)
Fig. 2. The simulation results of the transmission profile forthe long-wavelength cut-off filter for different values ofthe length of the resonator.

Figure 2 displays the simulation results of the suggested long-wavelength plasmonic cut-off wavelength filter for
different lengths of the E-shaped resonator, whereas all other parametersareunchanged and havethesamevaluesas
in Fig. 1. (a). The transmission spectra for I= 80 nm, 90 nm, 100 nm, and 110 nm, shown in Fig. 2, reveal that by
reducing the value of the resonatorlength the cut-off wavelength is moved towards longer wavelengths, whereas by
increasing the length of the E-shaped cavity, the cut-off wavelength moves to shorter wavelengths. In fact, for I= 80
nm, the cut-off wavelength is found to be 962. 6 nm, whilst for = 110 nm, it is 887.5 nm. As a result, by simply
choosing the appropriate length of the resonator, one can readily tune the cut-off wavelength of the structure.

3. Conclusion

In summary, a super-compact yet efficient tunable long-wavelength plasmonic cut-off filter is realized based on
asymmetric E-shaped resonator. Numerical results confirm that tunability of the transmission profile can be realized
through controlling the length of the resonator. Compared to recent studies [9- 12], the new device offers smaller
footprint and/orhigher efficiency, which makesit an attractive candidate in high-density on-chip integration.
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