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Abstract: A miniaturized and efficient tunable wide flat-top band-pass filter at NIR is proposed in a MIM plasmonic
waveguide. Furthermore, numericalresults illustrate that tunability is readily attained by varyinglength of right-angle
trapezoid resonator.

1. Introduction

Surface plasmon polaritons (SPPs), provide a platform thatcan incorporate electronics and photonics circuits on the
same chip, leading to significant reduction in size, energy consumption, and higher efficiency. The plasmonic-based
devices, carrying both optical and electrical signals and offering to manipulate and confine light at the nanometer
scale, haveattracted considerable amount of attention. Indeed, there are two waveguide configurations based on the
SPPs; metal-insulator-metal (MIM) and insulator-metal-insulator (IMI), where the first type is favored for photonic
integrated circuits (PICs), due to its great mode confinement, while its losses are regarded to be within the accepted
level [1- 3]. Therefore, various optical structures based on the MIM plasmonic waveguides including highly-sensitive
biosensors for detecting human blood group [4], a compact all-optical plasmonic switch [5], light absorption
enhancement [6],and so forth have been suggested and numerically investigated. Among them, optical filters that are
an integral part in many components and applications ranging from wavelength division multiplexing (WDM),
machine vision systems, to laser experiments, and light detection and ranging (LIDAR), play a vitally importantrole
in the performance of the entire system. Hence, we design and propose a new compact andefficient tunable wide flat-
top band-pass filter at the near-infrared (NIR).

2. Device Structure and Numerical Results

(a)

-
Pur[ Slia

Transmittance;

Reflectance

1000 1150 1300 1450 1600

Wavelength (nm)

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=185 nm.

Figure 1. (a) schematically illustrates the device configuration of the proposed tunable plasmonic wide flat-top band-
pass filter at NIR. As shown in Fig. 1(a), the device structure consists of an insulator layer thatis chosen to be Silica,
whose dielectric constantis 2.5, which is sandwiched between two metallic layers, assumed to be silver. Experimental
data provided by Johnson and Christy [7] was used in the simulation. The wide band-pass is realized by an efficient
coupling between the bust waveguide and the right-angle trapezoid resonator. In the following, we describe the steps
that were taken to obtain the simulations results; the fundamental TM mode of the MIM waveguide is excited by a
dipole source. The light is launched from the left port, Port I, as displayed in Fig. 1. (a). The gird sizes are set to be 7
nm x 7 nm along x andy, which ensures accuracy in the results. Next, two power monitors P and Q, are set to record
the incident and transmitted power in the device, and the transmittance can therefore be specified by as T=Pout/Pin. A
full-wave EM tool, CST MWS, with frequency domain solver which is based on the finite element method (FEM) is
utilized to study the optical properties of the filter [8]. The simulation result of the transmittance andreflectance profiles
of the filter is exhibited in Fig. 1. (b) for the physical parameters W= 80 nm, as the width ofthe input port, d= 40 nm,
illustrating the distance from the input port to bus waveguide, e= 160 nm, asthe distance from the left bus waveguide



to the right-angle trapezoid resonator, f=b= 35 nm, accounts forthe lengths opposite to the right side and the right-angle
of the trapezoid,a= 50 nm, displays the width of the resonator,and k=185 nm, indicates the distance from the trapezoid
to the right bus waveguide. Consequently, one can see that a wide flat-top band-pass occurs from wavelengths 892 4
nm to 1147.5 nm, with an efficiency that is higher than 80%, while the absorption remains less than 6.5% within that
range.
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Fig. 2. The transmission spectraas a function ofthe wavelength for the plasmonic wide flat-top band-pass filter with different lengths ofthe
right-angle trapezoid resonator.

Figure 2 demonstratesthe numericalresults of the suggested flat-top band-passfilter as a function of wavelength for
different lengths of the right-angle trapezoid resonator, while other structural parametersare kept the sameasin Fig.
1. (a). The transmission profile illustrates that by increasing the length of the resonator, not only does the flat-top
band-passmove tolongerwavelengths, butit also flattens the pass-band. Indeed, with b=25 nm, the flat-top bandwidth
with an efficiency of atleast 80% goes from wavelengths 855 nm to 1170 nm, and with b= 45 nm the wide band-pass
is reduced to the wavelength interval 954. 5 nm- 1119.4 nm. We therefore have shown that by simply adjustinga
structural parameterof the filter, the flat-top band-pass spectrum can be readily tuned, which offers more degrees of
freedom to design and fabricate nanostructures.

3. Conclusion

In conclusion, a highly-compact and efficient tunable wide flat-top band-passbased on MIM plasmonic waveguide at
NIR is suggested, and simulation results demonstrate that the transmission spectrum can be modulated by tuning a
structural parameter. As a result, due to its miniaturized size, good out-of-band rejection, and high-efficiency
compared to similar studies [9- 11], it may find applications in tunable optical wireless communication systems and
in on-chip integration.
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