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Abstract: In this paper we have designed and analyzed step 
impedance resonator based ultra wide-band (UWB) band pass 
filter using plasmonic MIM waveguide. The UWB band pass filter 
has been designed by introducing a shot-circuited stub to 
implement the shunt inductance between two quarter wavelength 
(λ/4) step impedance resonators. There is a strong coupling 
between the stubs. The plasmonic UWB band pass filter has been 
designed at E band (1360-nm to1460-nm) optical wavelength. The 
band width of plasmonic ultra wide-band band pass filter is very 
effective compared to narrow-band band pass filter. The reflection 
and transmission characteristics, variation of reflection and 
transmission coefficents by varying the dimensions of  UWB, field 
distribution of plasmonic UWB has been realized using full wave 
simulation by using commercially available CST microwave 
studio software. The UWB band pass filter can further used for 
the development of photonic integrated circuits (PICs). 
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I. INTRODUCTION 

Nano plasmonics offers an extensive awareness as a new 
technical innovation to overcome the diffraction limit for 
reducing the size of the photonic integrated circuits into 
nano-scale [1]. The limitations of the light wave in 
subwavelength scale lead through the localization and 
surface plasmons propagation along the interface of 
metal-insulator-metal (MIM) wave guiding structure. Metals 
are dealt with lossy plasma, which can be different from the 
idea of lossy conductor or ideal conductor principles used at 
GHz frequencies. The mode of the wave is identical to TEM 
mode; thus the supporting structures are designed by an 
equivalent transmission line. 
Surface Plasmon Polaritons (SPPs) are the EM-waves that 
propagate along the metal-insulator interface. The MIM is the 
most promising technique as it guides the light at nano-scale 
mode. The research on nanoplasmonic metal-insulator-metal 
(MIM) waveguides [2-3] confirmed to be a best technique for 
guiding the light at nano-scale. Plasmonic MIM waveguide 
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based band-pass filters have been studied and reported in 
[4-5]. Different nanoplasmonic wave guiding structure s have 
been designed to achieve the PICs like 
insulator-metal-insulator (IMI) wave guiding structure , 
metal-insulator-metal (MIM) wave guiding structure  [6] and 
directional coupler [7]. Because of its subwavelength nature 
and the maximum degree of light internment, MIM wave 
guiding structure has been identified perfectly suitable such 
systems [8]. Several surface Plasmon polaritons (SPPs) based 
MIM wave guiding structure devices have been demonstrated 
numerically, such as tooth shaped filters [9], bends [10], 
antenna [11], Mach-Zehnder interferometers [12], Bragg 
reflectors [13], plasmonic switches [14], and multiplexers 
[15]. 

 

 

Fig. 1. Circuit structure of proposed step impedance 
resonator based UWB band pass filter using MIM 

waveguide. 

The circuit structure of proposed step impedance resonator 
based UWB band pass filter using MIM waveguide has been 
shown in Fig. 1.  The structure is designed with the help of 
two λ/4 step impedance resonators (SIR). SIR is the most 
promising structure for the designing of band stop and band 
pass filters at optical wavelengths. By using SIR the 
resonance can be easily changed over a frequency range by 
simply changing the structural parameters.  

Recently UWB filters has drawn much attention in the 
wireless communication technology. There are lot of 
attractive benefits using UWB systems in the wireless 
communication system with required lower transmit power 
and higher data rates. There are lot of challenges that need to 
be addressed while designing the UWB filter, among them 
band width plays an important role. The UWB filter using 
split mode resonator is the most promising concept for the 
designing and implementation of UWB at optical 
wavelengths. 

The band width of the UWB can be realized by the 
following equation: 
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)(. LUWB          (1) 

Where U  is upper wavelength and L  is lower wavelength 

II. DESIGN AND ANALYSIS OF SIR BASED UWB BAND PASS 

FILTER USING PLASMONIC MIM WAVEGUIDE 

 
Fig. 2. Geometry of step impedance resonator based UWB 

band pass filter using MIM waveguide. 

Fig. 2 represents the geometry of SIR based UWB band pass 
filter using MIM waveguide. The proposed UWB band pass 
filter has been designed using most promising SIR structure. 
The UWB band pass filter is designed with the help of two 
λ/4 SIRs. The two λ/4 SIRS are separated by a gap G as 
shown in Fig. 2. The width and lengths of the λ/4 SIR is 
equal. The ports are parallel to each and with equal widths 
and lengths. 

The proposed UWB band pass filter has been designed 
with the concept of MIM waveguide at optical wavelengths. 
The proposed UWB band pass filter using MIM waveguide 
has been designed with silver as an optical metal described by 
drude model [16] and the relative permittivity of the silver is 
given by  
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Where ε∞ = 1.38 × 1016 radian/ second, and Ƭ = 2.73 × 10

13 
radian/sec.  

SiO2 (Silica) has been utilized like an insulator (εd = 2.5). 
We carried out a full-wave simulation with a perfect 
boundary conditions. The mesh size is 5 x 5 and time step of 
Δt = Δx/2c, where c is the velocity of light in vacuum. 

Full-wave simulation has been carried out using CST 
micro-wave studio. 

The dimensions of UWB band pass filter with fixed widths 
w1 = 66 nm, w2 = 106 nm, w3 = 70 nm, length L1 = 240 nm, L2 
= 550 nm, L3 = 175 nm, L4 = 109 nm and coupling gap G = 42 
nm. Fig. 3 represents the UWB response of proposed 
plasmonic UWB band pass filter using SIR. The response is 
observed at optical wave lengths which ranges from (1260 
nm-1675 nm). The reflection and transmission characteristics 
has been designed at optical wavelength E band (1412 nm). 
The proposed UWB band pass filter act as band pass filter 
from wavelength 1296(nm) to 1439 (nm). Thus the band 
width of proposed UWB band pass filter is B.W = 143. Thus 
this device can be used in the wireless communication 
systems. 

 

 
Fig. 3. Reflection and transmission coefficent of step 

impedance resonator based UWB  band pass filter using 
MIM waveguide. 

The variation in reflection and transmission characteristics 
of UWB band pass filter has been analyzed using the 
parametric width w3.  Fig.4 represents the variation in 
reflection and transmission coefficient with respect to width 
w3. As the width w3  increases the waveform shifts from left to 
right it means further it can be designed at any wavelength by 
changing width w3. The gain of UWB band pass filter is 
minimum of 22dBi and maximum of 25dBi. 

 

 
Fig. 4. Variation in reflection and transmission 

coefficients with wavelength as a function of width w3. 

The variation in reflection and transmission characteristics 
of UWB band pass filter has been analyzed using the 
parametric width w2. Fig.5 represents the variation in 
reflection and transmission coefficient with respect to width 
w2. As the width w2  decreases the gain of the UWB band pass 
filter increases, further w2 can be used for the changing gain 
depending on the requirement. Thus this UWB band pass 
filter acts as a universal device which can be used for multiple 
wireless applications. Fig. 6 represents the field distribution 
of UWB band pass filter using plasmonic MIM waveguide at 
λ = 1412 (nm). 
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Fig. 5. Variation in reflection and transmission 

coefficients with wavelength as a function of width w2. 
 

 
Fig. 6. field distribution of step impedance resonator based 
UWB  band pass filter using plasmonic MIM waveguide at 
wavelength λ = 1412 (nm). 

III. CONCLUSION 

We have numerically analyzed step impedance resonator 
based UWB band pass filter using plasmonic MIM 
waveguide in this article. The ultra wide-band (UWB) band 
pass filter has been designed by introducing a shot-circuited 
stub to implement the shunt inductance between two quarter 
wavelength (λ/4) step impedance resonators. As the width w2 

 decreases the gain of the UWB band pass filter increases, 
further w2 can be used for the changing gain depending on the 
requirement. As the width w3  increases the waveform shifts 
from left to right it means further it can be designed at any 
wavelength by changing width w3. The field distribution of 
UWB band pass filter is also observed in this article. The 
plasmonic UWB has been realized using full wave simulation 
by using commercially available CST microwave studio 
software. The UWB band pass filter can further be realized in 
the development of wireless communication systems and 
photonic integrated circuits (PICs). 
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