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The coupling coefficients of two parallel metal-insulator-metal (MIM) plasmonic waveguides are investigated using the analysis 

of the coupled-mode equations. The frequency characteristics of the power transmittance of a MIM waveguide coupled with a 
resonant cavity are also studied and compared with the simulation results obtained from the FDTD method into which motion 
equations of free electrons are installed. 
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I. INTRODUCTION 

urface plasmon polaritons (SPPs), which are 
transverse-magnetic waves that propagate along the 

metal and dielectric interface, have attracted much interest 
due to their ability to manipulate light at a subwavelength 
scale. Planar SPP devices mainly consist of two types of 
configurations, metal-insulator-metal (MIM) and insulator 
-metal-insulator (IMI). Among these structures, MIM 
configurations have been attracting much attention because 
they have advantages due to their strong field localization 
and easiness of fabrication. According to this, various MIM 
plasmonic devices have been proposed so far, such as ring 
resonators [1], Bragg gratings [2], splitters and 
demultiplexers [3], filters utilizing cascaded transverse 
cavities [4] and so on. Analytical modeling of resonant 
cavities for MIM waveguide junctions has also been 
investigated [5]. Most of these studies have utilized FDTD 
simulation to investigate the characteristics. 

In this study, we deal with a MIM resonant cavity coupled 
with a MIM waveguide by using the coupled-mode theory 
[6] which can analyze the characteristics while saving the 
computer resources. The frequency characteristics of the 
power transmittance of a MIM waveguide coupled with a 
resonant cavity are also studied and compared with the 
simulation results. The simulations are carried out by using 
the FDTD method into which motion equations of free 
electrons (Drude model) are installed [7]. 

 
II. METAL-INSULATOR-METAL WAVEGUIDE 

Figure 1 shows a MIM waveguide coupled with a 
resonant cavity. Here, it is assumed that the cavity has the 
same width (2a) as the waveguide and the length along the 
propagation direction is L. 

First, we describe the fundamental propagation modes of 
a MIM waveguide which consists of silver and air. In this 
study, we deal with silver as ideal metal which has the 
dielectric function of the undamped free electron plasma. 

When we consider the fundamental transverse-magnetic 
(TM) mode of the MIM waveguide, the electromagnetic 
fields of each region are described by the following 
equations: 

 
 

 
Fig.1. MIM waveguide coupled with a resonant cavity. 
 

 

𝐻𝐻𝑦𝑦 = A𝑒𝑒−𝑘𝑘2𝑥𝑥𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 

𝐸𝐸𝑥𝑥 = A
𝛽𝛽

𝜔𝜔𝜀𝜀0𝜀𝜀2
𝑒𝑒−𝑘𝑘2𝑥𝑥𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 

𝐸𝐸𝑗𝑗 = 𝑗𝑗A
𝑘𝑘2

𝜔𝜔𝜀𝜀0𝜀𝜀2
𝑒𝑒−𝑘𝑘2𝑥𝑥𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 
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for 𝑥𝑥 > 𝑎𝑎 and   
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for 𝑥𝑥 < −𝑎𝑎, and   
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for − 𝑎𝑎 < 𝑥𝑥 < 𝑎𝑎,    
 
where ki and ε i (i=1, 2) represent the wavenumbers along 

the x axis and the relative permittivity, respectively, of each 
region. 

III. COUPLING COEFFICIENTS 

The coupling coefficient of the two parallel MIM 
waveguides is given by [8]  
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where 𝐻𝐻1𝑦𝑦  in each region is calculated from the equations 
(1)-(3) and 𝐻𝐻2𝑦𝑦 is equal to A𝑒𝑒𝑘𝑘2(𝑥𝑥−D)𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗.  

Figure 2 shows the coupling coefficients as a function of 
the incident wavelength. Here, the half width of the 
waveguides a = 25[nm]. We have confirmed that the 
coupling coefficients coincide with the ones which are 
obtained from the propagation constants of even and odd 
modes [8]: c = (β even - β odd) / 2. 
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Fig.2. Coupling coefficients as a function of incident wavelength.  
 

IV. CHARACTERISTICS OF TRANSMITTANCE 

 
Fig.3. Field amplitudes at boundaries. 
 

The field amplitudes of the forward and backward waves 
are defined as shown in Figure 3. The amplitudes are related 
to each other as [9] 

 

 𝒂𝒂+(𝐿𝐿) = 𝑒𝑒−𝑗𝑗𝑗𝑗𝐿𝐿𝐅𝐅�(𝐿𝐿)𝒂𝒂+(0) 
𝒂𝒂−(0) = 𝑒𝑒−𝑗𝑗𝑗𝑗𝐿𝐿𝐅𝐅�(𝐿𝐿)𝒂𝒂−(𝐿𝐿). (5) 

 

The components fij(L) (i,j=1,2) of the transfer matrix 
𝐅𝐅�(𝐿𝐿) are calculated by using the coupling coefficient as 
follows: f12 (L) = f21 (L) =− j sin cL , f11 (L) = f22 (L) = cos cL.  
By using a2

+(L) and a2
+(0), the power transmittance |T|2 is 

calculated as 
 

 |𝑇𝑇|2 = �
𝑎𝑎2+(𝐿𝐿)
𝑎𝑎2+(0)�

2

=
cos2 𝑐𝑐𝐿𝐿 �1 − Γ2𝑒𝑒−𝑗𝑗2𝑗𝑗𝐿𝐿�2

|1 − Γ2 cos2 𝑐𝑐𝐿𝐿 𝑒𝑒−𝑗𝑗2𝑗𝑗𝐿𝐿|2 , (6) 
 

where, 𝛤𝛤 is a reflection coefficient which is calculated by 
assuming the plane wave reflection at the boundaries 
between the cavity and the metal. 
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Fig.4. Power transmittance as a function of incident wavelength. 
 

Figure 4 shows the power transmittance as a function of 
the incident wavelength. The results are obtained from the 
coupled mode analysis and the FDTD simulation, 
respectively. Here, the structural parameters are chosen as 
follows: a = 25[nm], D = 80[nm], L = 600[nm]. In the 
FDTD analysis, 5[nm] × 5[nm] square meshes are used and 
the PML absorbing boundaries are utilized to truncate the 
computational domain. 

It is understood from this figure that the bandstop 
filtering characteristics, which have several stopband 
frequencies, can be obtained. It is also confirmed that the 
results from the coupled mode analysis and the FDTD 
simulation show a good agreement with each other. 
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