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The optics of the surface plasmon resonance has been known for a long time. In the configuration 

multilayer, the optical coupling of a wave incident to collective oscillations of electrons along an 

interface between a metal and a dielectric is governed by the thickness of metal and gap layers. The 

surface Plasmon excitations excited by an electromagnetic wave in the visible band (λ= 633 nm). For 

the metal, in particular a frequency on their dielectric permittivity dependence and described by the 

Drude-Lorentz model and Using the effective-index approach and an explicit expression for the 

propagation constant of gap surface plasmon polaritons (G-SPPs) obtained for moderate gap widths. 
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1. INTRODUCTION 

 

Surface plasmon polaritons (SPP) are electromagnetic excitations propagating at the interface between 

a dielectric and a conductor (usually metal) material possessing opposite signs of the real part of their 

dielectric permittivities, evanescently confined in the perpendicular direction. These electromagnetic 

surface waves arise via the coupling of the electromagnetic fields to oscillations of the conductor’s 

electron plasma. Taking the wave equation as a starting point, this section describes the fundamentals 

of surface plasmon polaritons both in metal /dielectric multilayer structures (IMI and semi-infinite MIM 

waveguides) [1, 2].  

The TM polarized SP mode is uniquely characterized by its magnetic field lying in the plane of the 

metal-insulator surface and perpendicular to the wave propagation direction. The metal commonly used 

to excite surface plasmon polaritons (SPPs) is silver (Ag) due to their remarkable optical properties 

described by the frequency dependent complex permittivity εm(ω) = εm
r (ω) + i εm

i (ω) in the Drude-

Lorentz model(εm
r < 0, |εm

r | ≫ εm
i ). Since the SPR is the resonance phenomenon corresponding to an 

energetic transfer from incident light to SPPs.  
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The E7 [3, 4], nematic liquid crystals mixture contains cyanobiphenyl and cyanoterphenol components, 

at a specific composition, which possess relatively high birefringence and positive dielectric anisotropy. 

Due to these properties, it is widely used in polymer dispersed liquid crystals [5].  The specific 

composition is critical to ensure physical properties and characteristic of the liquid crystal. The specific 

composition is critical to ensure physical properties and characteristic of the liquid crystal. Even small 

changes can have pronounced effects on factors such as the nematic to isotropic transition, and glass 

transition temperatures. E7 is used as the dielectric εd in the temperature 25 c0 on MIM configuration. 

We wish to clarify that we are working under conditions of plasmon wave excite the surface polariton 

by an electromagnetic wave in the act of taking the negative real part of the dielectric permittivity of the 

metal. The characteristic parameters of the guide are the depth of propagation of electromagnetic waves 

in the metal medium, the permittivity of the metal and the middle of the opening, the dimensions (length 

and width) of the guide, the relationship of the dispersion depends mainly the effective index, and the 

cutoff frequency. In this work, we developed a geometry of the waveguides for confining propagating 

resonant modes. The main feature of the dimensions is the wavelength sub-length scale with respect to 

the wavelength λ of the excitation wave. In their simplest form, the light guides consist of layered 

material media. For that light energy can be propagated and confined through the guide, the indices of 

these media are recorded by optical usual conditions [19, 20]. 

2. THE DRUDE-LORENTZ MODEL: 

Drude-Lorentz model often used for parameterization of the optical constants of metals. In addition to 

the conduction electrons, the Drude-Lorentz model takes into account the bound electrons. The interband 

transition of electrons from filled bands to the conduction band can significantly influence the optical 

response. In alkali metals, these transitions occur at high frequencies and provide only small corrections 

to the dielectric function in the optical domain. These metals are well described by the Drude model. On 

the other side, in noble metals a correction must be made to the dielectric function. It is due to transitions 

between the bands d and the conduction band s-p. The contribution of bound electrons to the dielectric 

function can be described by the Lorentz model. To the above Drude dielectric function, a Lorentzian 

term is added [23]: 

εDL(ω) = εD(ω) + εL(ω)                                                                                                                       (𝟏) 

Vial et al. [13] suggested a single oscillator leading to a single Lorentzian additional term to well describe 

the permittivity of gold in the optical range compared with the classical Drude model. In this case, the 

relative dielectric function is [6]: 

εDL(ω) = 1 −
f0ωp

2

ω2 −  i ω Γ0
+ ∑  

fj ωp
2

Ωj
2 − ω2 + i ωΓj

                                                                             (𝟐) 

k

j=1

 

 

where wPthe plasma frequency, k is the number of oscillators with frequencyΩj, strengthfj, and life 

time1
Γj

⁄ . 

 



Exp. Theo. NANOTECHNOLOGY 2 (2018) 1–10 3 

 
ωp = 9.01 f2 = 0.124 f4 = 0.840 

f0 = 0.845 Γ2 = 0.452 Γ4 = 0.916 

Γ0 = 0.0 48 Ω2 = 4.481 Ω4 = 9.083 

f1 = 0.065 f3 = 0.011 f5 = 5.646 

Γ1 = 3.886 Γ3 = 0.065 Γ5 = 2.419 

Ω1 = 0.816 Ω3 = 8.185 Ω5 = 20.29 

 

Table 1 Optimized parameters of the Drude–Lorentz model for Silver metal. [4], ωp, Ωj and Γj are in 

electron volts, fj has no units. 

 

In Figure 1 we have plotted the real and imaginary parts of the dielectric function of silver as tabulated 

in [6], as well as the description achieved using the DL model. The metal has a negative real 

component of the permittivity in the visible and infrared wavelengths but at shorter wavelengths εr 

becomes positive. 

 

 
Figure.1: The real and imaginary components of the permittivity of Ag 

 

 

3. SURFACE PLASMONS IN MIM-STRUCTURE (METAL GAP): 

An important extension of the simple metalsurface is a three-layer system sometimes also called 

heterostructure [7], where each of the layers has an infinite extension in two dimensions. Two basic 

heterostructures can be distinguished, a dielectric gap in a metal, or MIM (metal-insulator-metal) system 

and a metal film surrounded by two dielectrics, or IMI (insulator-metal-insulator) system [8, 9]. Dionne 

and colleagues [14] extended the investigation to SP’s propagation in a Ag-SiO2-Ag plasmonic (slot) 

waveguide and determined dispersion relation, energy density and localization for the symmetric and 

anti-symmetric gap plasmons with respect to the middle plane. One advantage of a MIM-structure is the 

strong confinement of the field in the dielectric, which is due to a small penetration depth (~ 20 nm) into 

the metal on each side of the gap. For the same structure propagation lengths of 10 μm are supported 

with localization of the field in the gap of ~20 nm. Dionne et al. [14, 15] also pointed out the additional 

benefit of those structures for simultaneous use with conventional electronic devices. We consider the 

gap is the E7 nematic liquid crystal.  
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Figure. 2: The refractive index of the liquid crystal (E7) as a function of wavelength between 450-656 

nm [3]. 

 

Figure 2 shows the refractive index of E7 as a function of wavelength between 400 and 650 nm, which 

refractive index decrease with increasing of wavelength. We consider the dielectric is the E7 nematic 

liquid crystal at T=25 c°. The complex dielectric function εd and the complex index of refraction n̂ are 

defined as [10]: 

εd = ε1 + i ε2 = n̂2 = (n + i k)2                                                                                                                         (𝟑) 

At T=25 c° and λ=633 nm, ne=1.7305, n0=1.5189, [3]. 

n̂ = n + i 0 = n =
ne+2 n0

3
= 1.58943 and εd = ε1 = n2 = 2.5263. 

In this section we consider two infinite metal planes separated by a gap filled with a E7 nematic liquid 

crystal in which a film plasmon propagates constitute a MIM [16, 17, 18, 19, 20, 21, 22] (metal-insulator-

metal) or simply a slot waveguide. We consider the SPP modes in the symmetric MIM configuration of 

a thin dielectric layer with the thickness w being sandwiched between two metal surfaces. When two 

identical SPP modes start overlapping with each other for small layer thicknesses. The dispersion relation 

for the metal gap can be written for the symmetric field distribution as [1, 11]. 

tanh(kz
(d)

 
w

2
) = −

εd kz
(m)

εm kz
(d)

  and   kz
(m,d)

= √β2 − ε(m,d) k0
2                                                               (𝟒)        

where β denotes the propagation constant of the fundamental gap surface plasmons polariton (GSPP) 

mode with the transverse field component Ez having the same sign across the gap, εm,d the permttivities 

of metal and insulator (E7). For sufficiently small gap widths (w→ 0), one can use the approximation 

tanh(x) ≈ x resulting in the following expression [1, 11]: 
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β ≈ k0√εd + 0.5 (
α

k0
)

2

+ √(
α

k0
)

2

(εd −  εm +  0.25 (
α

k0
)

2

)                                                             (𝟓)      

with α = −
2 εd

w  εm
 and k0 =

2 π

λ
 Here, k0 is the wave vector of incident light, λ is the wavelength, 

α represents the GSPP propagation constant in the limit of very narrow gaps (w→ 0). The imaginary 

part of the propagation constant is associated with the attenuation and propagation length of the surface 

plasmon in the direction of propagation.  The propagation constant is related to the effective index  neff, 

propagation length L and attenuation b [2, 12] as: 

neff =
Re(β)

k0
 , L =

1

2 Im(β)
 and  b =

0.2

ln (10)
 Im(β)                                                                 (𝟔) 

where Re{} and Im{} denote the real and imaginary parts of a complex number, respectively; 

the attenuation b is in dBcm-1 if β is given in m-1. 

 

 
Figure 3 Schematic of MIM plasmonic waveguide. 

 

The schematic structure of the Ag–E7–Ag plasmonic waveguide (PW) is shown in Fig. 3. This 

waveguide consists of a low-index E7 stripe (nE7 = 1.58943) sandwiched between a rectangular a silver 

film (λ = 633 nm, εAg=-14.4688-i 1.09378[6].) The E7 stripe has dimensions of w nm width. The 

thickness of the silver film is taken as 150 nm largely to ensure that there are no effects of the silver film 

thickness on the plasmonic mode inside the E7 stripe. Coupling between the cavity resonator and input 

waveguide depends on the thickness of the metallic gap between the sketched pieces of Ag metal. 
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4. RESULTS AND DISCUSSION  
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Figure 4 The effective index neff, propagation length Lp, and the attenuation b, as functions of width of 

the gap of the E7 w for λ=633 nm (MIM plasmonic waveguides Ag/E7/Ag,εd = 2.5363 and silver 

metalεAg = −14.4688 − i 1.09378.) 
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Figure. 4 shows the mode effective index neff and the propagation length Lp and the attenuation b of SPP 

mode as functions of the thickness w of the E7 stripe, where the width w of the E7 was chosen as 633 

nm. The effective index, propagation length and attenuation could be acquired by numerically solving 

Eq. (4). We observed that increasing the width of the E7 stripe reduces the mode effective index and the 

attenuation and increases the propagation length. However, for E7 thinner than 400 nm, the fundamental 

mode turns progressively into a plasmonic wave that propagates along the interface (neff =1.61), leading 

to poor vertical confinement. 

 

The SPP dispersion curves for Ag-E7-Ag MIM structures with various E7 layer thickness are illustrated 

in fig. 5 calculated with the OptiFDTD [24].  The result show decreasing film thickness and the MIM 

symmetric mode exhibits a cut-off for core films. 

 
  Figure 5 Geometry and characteristic tangential magnetic field profile Hy for the seme-infinite MIM 

wave guide core insulator thickness w. The propagate along the positive Z direction. 
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Figure 6 (a) Surface plasmon magnetic field profile of silver-E7-silver guide (λ=633nm, 2w=0.1 µm), 

and (b) the transmission spectrum. 
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In figure 6, in (a) the magnetic field profile is presented in the plane (x, z) for λ=633 nm (in vacuum) 

and for a symmetric MIM configuration with permittivity’s εd = 2.5363 and εAg = −14.4688 −

i 1.09378. Thus, the transverse magnetic field Hy(x), which is continuous at the interface, the gap 

plasmons can be excited in phase, hence the magnetic field component Hy is symmetric with respect to 

the middle of the gap. As the operation wavelength increases, the delocalization of the two peaks of the 

SPP mode in the two metal-dielectric interfaces causes more power be concentrated in the E7-core of 

the gap waveguide. In (b), shows the transmission as a function of the wavelength, calculated with the 

OptiFDTD [24] method for the optimized gap distance of 50 nm and length l = 100. It is observed that 

the maximum of the transmission is 0,7 µm. 

5. CONCLUSIONS 

The optics of the surface plasmon resonance has been known since long. In this paper, we discuss the 

use of a metal-insulator-metal (MIM) structure to generate plasmon surface polaritons. In a first step, we 

study the influence of the gap thickness on the resonance SPP. In a second step, we present the analytical 

results of the effective index, attenuation and propagation length as a function of wavelength for disposal 

which are excited by an electromagnetic wave in the visible band (λ=633 nm). We take the gap for E7 

whitch is the nematic liquid crystals mixture. For metal, we took a particular frequency dependence on 

their dielectric permittivity Ag (). We finally find the basic characteristics for SPP.  Based on the results, 

we have shown that the guide modes depend on its shape (dimensions). This dependence provides a 

means to control the propagation length depending on the thickness. 
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