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Abstract: We report design and simulation results of a high-efficiency long-wavelength cut-off 
filter realized by stepped impedance resonators. Moreover, numerical results confirm by 

modulating the length of resonator, cut-off wavelength can be easily tuned. 
 

1. Introduction 

Surface plasmon polaritons (SPPs), are surface electromagnetic waves that emerge at a metal-insulator interface 
at high frequencies. Plasmonics are considered to play a significantly important role in development of high-density 
photonics integrated circuits (PICs), because of its ability to confine light at subwavelength scale and to reduce the 
size of optical components. SPPs may further work as a platform where photonics and electronic circuits can be 
mounted on the same chip, which leads to the emergence of various applications [1- 3]. There are two types of 
SPPs-based waveguides: insulator-metal-insulator (IMI), and metal-insulator-metal (MIM). The MIM configuration 
is of great interest due to its strong mode confinement, while losses in the waveguide can be assumed to be at an 
acceptable level. There are miscellaneous conceivable applications based on the MIM waveguide structure including 
sensors [4], modulators [5], and so forth have been suggested. Examples include optical filters with widespread 
applications in wavelength division multiplexing (WDM) in optical communication systems, dispersion 
compensation by means of minimizing the chromatic dispersion, reduction of luminous systems, and remote sensing 
methods such as light detection and ranging (LIDAR). Consequently, we have designed and proposed a highly 
efficient long-wavelength cut-off filter based on stepped impedance resonators (SIRs). The new symmetric 
nanoplasmonic filter is extremely compact and functions at near-infrared (NIR) wavelengths with high-efficiency. 
The ability to tune the optical output signal is achieved by controlling the length of the step discontinuity. It is 
noteworthy to point out that the structural parameters are optimized against the size and efficiency, as well as to 
provide ease of fabrication due to its symmetric configuration. 

2. Device Configuration and Numerical Results 

Figure 1. (a) schematically displays the configuration of the suggested novel nanoplasmonic long-wavelength 
cut-off filter.  

 

 

 
 

 

 

 

 

 

 

 
Fig. 1. (a) Schematic configuration of proposed band-stop plasmonic filter. (b) Transmission spectra of the band-stop wavelength filter for W=25 
nm, e= 50 nm, f= t= 5 nm, k= 50 nm, j= 30 nm, m= 20 nm, n= 15 nm, and r= 10 nm. 

0

0.2

0.4

0.6

0.8

1

400 600 800 1000 1200 1400 1600 1800 2000

P
o

w
e
r 

R
a

ti
o

Wavelength (nm)

Transmittance

Reflectance

 
 
 



The suggested device structure is composed of two metallic layers, that are set to be silver with complex dielectric 
constant taken from experimental data by Johnson and Christy [6], while the insulator medium is set to be air.          
The following assumption are made to attain the numerical results in this letter; a dipole source is employed to 
excite the fundamental TM mode of the plasmonic waveguide. The grid size is set to be 6 nm × 6 nm, along the x- 
and y directions. As illustrated in Fig. 1. (a), two power monitors, P and Q, are located to capture the incident and 
transmitted power in the structure while the light is launched to the structure from the left port, and the transmittance 
of the device can therefore be defined as T=Pout/Pi. We have used a full-wave EM tool, CST MWS, whose 
frequency domain solver is based on the finite element method (FEM), to achieve the numerical results in this letter. 
Figure 1. (b) demonstrates the numerical results of the miniaturized and tunable cut-off filter from at NIR 
wavelengths for the physical parameters W=25 nm, (the width of the input port), f= 5 nm, (the coupling distance 
between the bus waveguide and SIR), e=50 nm (the length of the bus waveguide), and the parameters of the SIR are 
as follows; k=50 nm, j= 30 nm, m= 20 nm, n= 15 nm, and r= 10 nm, the lengths of the first- to the fifth step 
discontinuity, respectively. The widths of the SIR are shown in Fig. 1. (a) is set to have the following relation, t=f. 
The cut-off wavelength is specified as the wavelength where the transmission spectrum is 1% [7], and is found to be 
999 nm. The transmission efficiency remains less than 1% up to the wavelength of 2 µm, while the lowest value is 
found to be 0.05% at wavelength 1873.7 nm. 
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Fig. 2. The transmission profile as a function of the wavelength for the suggested long-wavelength cut-off filter with various lengths of the 
stepped impedance resonators, k. 

 
Figure 2 demonstrates the simulation results of the transmission spectra of the suggested tunable long-

wavelength cut-off wavelength filter for k= 30 nm, 40 nm, 50 nm, 380 nm, and 60 nm, while all other parameters of 
the device are kept the same as in Fig. 1 (a). The cut-off wavelengths are found to be 657 nm, 810 nm, 999 nm, and 
1060 nm, respectively. It is thus, demonstrated that by tuning the length of SIRs, the cut-off wavelength can be 
readily modulated, offering an approach to design and control the optical output signal. 

 
3. Conclusion 

 
In summary, a novel, highly compact, and tunable NIR long-wavelength cut-off filter based on SIRs is proposed 

and numerically investigated. Furthermore, compared to recent studies [8- 9], not only does the proposed structure 
provides smaller footprint, but at the same time offers higher efficiency, which may find applications in image 
processing systems and in high-density PICs. 
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