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GST-based Plasmonic Nano-switch with Equivalent Circuit Model
in Near-infrared Region
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Abstract-In this paper, a plasmonic nano-switch that is composed of a silver nanodisk located on the GST layer is
designed and simulated in the near-infrared region. The GST phase change material adjusts the structure by changing
the temperature. Due to the significant change in the GST bond, when it varies from amorphous state to crystalline one,
its refractive index increases remarkably. A change in the absorption spectrum between amorphous and crystalline
states leads to switching capability with the extinction ratio of10.3 dB at the wavelength of 1564 nm. In order to
optimize the structure performance, the effects of GST thickness,nanodisk radius size and incident angle are
investigated. Also, the equivalent circuit method is derived to confirm the simulation results. The obtained results
demonstrate the high capability of using phase change materials specially GST, as a suitable material for use in various
energy-efficient switchable photonic devices such as absorbers, multi-level memories and color devices at optical
frequencies.

Keywords: Equivalent Circuit Model, Phase Change Material GST, Plasmonic Switch, Surface Plasmon.
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1.Introduction

Plasmonics is a special part of fascinating field of
nanophotonics and it is related to the interaction of
electromagnetic waves and oscillations of free
electrons of metal nano-structures [1]. When the
interface of metallic structure is large enough,
surface plasmons (SPs) can propagate, which are
called propagating surface plasmons (PSPs),
otherwise they oscillate at their own place as
localized surface plasmons (LSPs) [2].

In recent years, research in plasmonics has
attracted great attention due to easy access to
fabrication methods especially for implementation
of nanostructures [1]. A lot of plasmonic structures
have been proposed and investigated due to their
potential applications in switching [3], nanosensing
[2], optical modulation [4], etc.

The most common techniques for SP excitation are
utilizing charged particles or highly focused beams
and various optical techniques for phase-matching
such as prism and grating couplings. The excited
wavelengths of PSPs and LSPs are very sensitive
to the geometrical parameters of plasmonic
nanostructures [1]. For excitation of SPs, it is
necessary to use high efficiency materials. Gold
and silver are the most common metals for
effective excitation. Combination of noble metals
with some new materials can increase the
excitation of SPs. Utilizing phase change materials
(PCMs) such as chalcogenide, vanadium oxide,
and liquid crystalprovide a possibility for new
plasmonic devices in a wide range of optical
frequencies. After structural transition, PCMs
exhibit a large change in their dielectric constant.
Thus, PCMs can make photonic structures
adjustable [5]. GST (germanium-antimony-
tellurium or Ge,Sb,Tes) is another PCM that has
amorphous and crystalline states. The GST film is
initially in amorphous state. When it is annealed
above 160 °C, it turns into crystalline state [6].
Based on this unique features, GST can be used in
various switchable photonic devices such as
absorbers [7], chiral metamaterials [8], and color
devices [9].

In this paper, a plasmonic nano-switch based on
adjustable material of GST with more than 95%
absorption proposed in the

near-infrared region. The effects of geometrical

efficiency is

parameters on the absorption and switching
performances are investigated. Also, the analytical
method of equivalent circuit model is studied to
verify the simulated results of the proposed
plasmonic nano-switch.

2. Structure Geometry and Simulation
Method

The three dimensional (3D) schematic view of the
proposed nano-switch is shown in Fig. 1. It
consists of three layers over the metallic substrate.
The GST layer is separated from the substrate by
the SiO, layer. A silver (Ag) nanodisk with
thickness of h=30 nm and radius of =200 nm is
placed on the GST layer. The dielectric constant of
GST is chosen according to Ref. [3] and the
experimental data of Refs. [10] and [11] are used
for the Ag substrate and SiO, layer, respectively.
The other parameters of the structure are given as
follows: t,,=200 nm, t=10 nm, tgsr=10 nm, P,=
Py= 600 nm.

tost

Bl GST
v ) B SiO,
2 A s —
(a) (b)
Fig. 1: Schematic view of a unit cell of the proposed
GST-based plasmonic nano-switch. (a) 3D view and
(b) top view.

To simulate the proposed structure, the CST
Microwave Studio software based on the finite
element method (FEM) with tetrahedral mesh has
been used. A x-polarized plane wave stimulates the
structure along the z-axis. The open boundary
condition along the z direction and periodic
boundary condition (PBC) along x and y directions
have been used. The absorption (A) can be
calculated by A=1-R-T [12], where R and T are the
coefficients,

reflection and transmission

respectively.
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3. Results and Discussion

Figure 2 illustrates the absorption spectrum of the
proposed structure with a nearly perfect absorption
peak at A=1564 nm in amorphous state. According
to Fig. 2, when GST is in amorphousand
crystalline states, the absorptions above 95% and
near-zero are achieved, respectively. Thus, by
changing the temperature, this structure can be
considered as a switch with the extinction ratio of
n=1010g(4, o / A o) =10.3 dB.4,gsr and Ac.gsr

are the absorption values at amorphous and
crystalline states, respectively.
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Fig. 2: Absorption spectra of the proposed
GST-based plasmonic nano-switch.

The electric field distributions of the proposed
structure at A=1564 nm, which corresponds to the
resonance wavelength in amorphous state of the
GST layer are shown in Fig. 3. When GST is in the
amorphous state, the LSPs are created at the
interface of silver and dielectric film. While GST
is in the crystalline state, the LSPs are more
concentrated in the GST layer. This phenomenon
leads to a large difference in their effective
refractive index and the switching performance of
the GST-based structure can also be seen.

Here, the absorption spectrum of the proposed
structure for different values of structural
parameters is studied. According to Fig. 4, by
increasing the thickness of GST layer (tgsr), the
interaction of LSPs between the GST layer and Ag
film and so the absorption are decreased.
Although, by decreasing tgsr the absorption peak
reaches almost one, but in the crystalline state, the
absorption increases and the extinction ratio
decreases. As a result, the thickness of the GST
layer cannot be considered too small. Increasing
the radius of nanodisk (r), results in larger

resonator size in the structure. Therefore, the
resonance wavelength shifts to the higher value.

(b)

Fig. 3: Electric field distributions of the proposed

GST-based nano-switch when GST changes from
(a) amorphous state to (b) crystalline state.
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Fig. 4: Absorption spectra of the proposed GST-based
nano-switch for different values of (a) GST layer
thickness (tgst) and (b) nanodisk radius (r).
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Moreover, the absorption spectra for different
incident angles (@) are shown in Fig. 5. It is
obvious that the structure is almost insensitive to
the incident angle up to 50°. After that, the
absorption peak decreases.
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Fig. 5.Absorption spectra of the proposed GST-based
nano-switch for different incident angles.

4. Equivalent Circuit Model

The method of equivalent circuit model has been
studied to verify the simulated results of the
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proposed plasmonic nano-switch. The extracted
equivalent circuit model is shown in Fig. 6. The
dielectric parts of the structure are modeled by the
transmission line with the characteristic impedance
of z=p,/\ » the propagation constant of

f =2r/ A, and the electrical length of E=2/xt,

where 7,, 4,, & , and rare the free space

guided relative

permittivity and thickness of the dielectric layer,

impedance, wavelength,

respectively. The impedance of the Ag layer can be

obtained from 7z =R, + joL, = /‘2"_/‘ (1+ /)
o

formula, where o and ux are conductivity and
permeability of the metallic layer, respectively
[12]. A parallel branch is used to model the
nanodisk and air.

Input Port l—i_l— TL-1 TL-2

Fig. 6: The equivalent circuit model for proposed
structure.
The initial values of the circuit model parameters
are shown in Table I. According to Fig. 7, there is
a good agreement between the simulation and
circuit model results.

Table I. The parameters values of the equivalent
circuit model of the proposed structure.

Parameter Value Parameter Value
Ryq 329Q Z 258.48 Q)
Lyg 0.334 fH E; 6.71°
Z, 95.62 Q E, 18.15°
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Fig. 7: The simulated and circuit model absorption
spectra of the proposed structure.

5. Conclusion

In this paper, a GST-based plasmonic nano-switch
including silver nanodisk located on the GST layer

has been proposed. The switching performance of
the suggested structure is based on the change in
the absorption spectrum, when the GST state
changes from amorphous to crystalline. An almost
good switching performance has been achieved
with the extinction ratio of 10.3 dB at A=1564
nm.Also, the equivalent circuit model has been
derived to confirm the simulation results.
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