
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Indium Antimonide Based Terahertz Plasmonic
Ring Resonator Filter
To cite this article: Sherin Thomas and M.N. Satyanarayan 2023 J. Phys.: Conf. Ser. 2426 012012

 

View the article online for updates and enhancements.

You may also like
Pulsed terahertz tomography
S Wang and X-C Zhang

-

Photonic terahertz technology
Alvydas Lisauskas, Torsten Löffler and
Hartmut G Roskos

-

Random Frequency Accessible Broad
Tunable Terahertz-Wave Source Using
Phase-Matched 4-Dimethylamino-N-
methyl-4-stilbazolium Tosylate Crystal
Hiromasa Ito, Koji Suizu, Tomoyu
Yamashita et al.

-

This content was downloaded from IP address 69.58.12.161 on 19/09/2023 at 15:12

https://doi.org/10.1088/1742-6596/2426/1/012012
/article/10.1088/0022-3727/37/4/R01
/article/10.1088/0268-1242/20/7/E01
/article/10.1143/JJAP.46.7321
/article/10.1143/JJAP.46.7321
/article/10.1143/JJAP.46.7321
/article/10.1143/JJAP.46.7321
/article/10.1143/JJAP.46.7321
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuQVEYpxjf-Pl65UJBFC957_t9HYK-B0BDVT5HIEylmT77B1_1y-0etK8f5GC1q-_CpfDwNoHxnZuF6p5agFlqdycLWh5fcES_kPhvIe9OB0Iue0RRr4en09-PRtO_S1B7CMIK7yA82-nFfFpj3KhWQIc2q-P6m2ktRu0bbUq7jH4TlaX5PpYBc9zKWysKzDVG-vrijO91Eby4sXCaVERK0LSLoVkv0taLGlwGfg0CL3NCfd4bXIY-Wp-aH1LSV6LVfOE8ow4DPYfm2eWi8ml1sTltJYDhSJgRXgEFtIQ0aqOIeneO4&sai=AMfl-YTiuXJM7JVIeaVe-fR3MDxoCG-3W1XLw1kXgHH_GSLiJhkkBgRqynNzNthCLgDdE6oMbv8fV3zH1452lrE&sig=Cg0ArKJSzFDRJDgYkp_L&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/244/registration%3Futm_source%3D244Registration%26utm_medium%3DIOP%26utm_campaign%3D244Reg%231677251741763-50b756b8-9560


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICCTPP-2022
Journal of Physics: Conference Series 2426 (2023) 012012

IOP Publishing
doi:10.1088/1742-6596/2426/1/012012

1

Indium Antimonide Based Terahertz Plasmonic Ring

Resonator Filter

Sherin Thomas and and M.N.Satyanarayan

Optoelectronics Laboratory, Department of Physics, National Institute of Technology
Karnataka, Surathkal, Mangalore – 575025, INDIA

E-mail: satya mn@nitk.edu.in

Abstract. This paper proposes a tunable filter composed of a semiconductor-insulator-
semiconductor (SIS) waveguide with a ring resonator at terahertz(THz) frequency. The two-
dimensional study of the proposed structure has been done using the finite element method.
It is observed that the device can be used for filtering THz frequency within the range of 0.4
THz to 0.9 THz by varying the structural parameters. The simulated structure is a promising
candidate for an integrated optical circuit and terahertz devices as a filter. The results of the
simulations are discussed in detail.

1. Introduction
The well flourished micro and nanofabrication technology and the theoretical knowledge are
driving the innovations in the designed structure system. This provides useful electromagnetic
and optical properties. The research community is getting attracted to the manipulation of
electromagnetic properties of different structural designs on different materials. This includes
a wide variety of interdisciplinary applications such as plasmonics, photonics, biosensors, etc
[1]. Plasmonics is one of the attractive fields in which the electromagnetic response of metallic
and semiconductor systems is studied. Focusing and confining the electromagnetic waves to
the subwavelength dimension is the most interesting feature observed in plasmonic systems
[2]. When the metals are excited with electromagnetic radiations of frequency lesser than the
plasma frequency, free electrons gas behavior comes into the picture. This leads to the collective
oscillation of free electrons on the surface, basically the surface waves. When this surface wave
resonates with the external electromagnetic wave, the surface plasmon polaritons (SPP) are
produced. Materials that show metal-like properties in the terahertz(THz) regime can support
SPPs at THz frequencies [3].

Plasmonic waveguides are attractive because of the confinement of electromagnetic energy at
the metal-dielectric interface. Usually, waveguides are electromagnetic waveguiding structures
with reduced loss. In the initial days, plasmonic waveguides emerged as the alternative
to conventional dielectric waveguides. The topology of the metal surface determines the
propagation of 2D electromagnetic wave modes with limited propagation length [4].

Plasmonic devices have different kinds of applications such as filters [5], absorbers [6], splitters
[7] and sensors [8]. Among these, sensors have got good attention because of their size and
compatibility compared with fiber sensors and other silicon-based sensors. Here, in the sensing
field, plasmonic resonating structures have been studied due to their tunability. By changing
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the structural dimensions, it is possible to change the resonance frequency thereby sensing.
There are different types of resonating structures. In that, ring and stub resonators are of great
interest because of their simplicity in structure and good sensitivity in resonance. Zang et al.
proposed plasmonic refractive index sensors using concentric ring resonators associated with a
bus waveguide achieving a sensitivity around 1060 nm/refractive index unit. This waveguide
and the resonating structures are designed on a silver surface and the resonating wavelengths
are a few micro-meters [9].

Over the past decades, the scientific community got attracted to terahertz technology by the
wide variety of its applications such as THz imaging [10], biomolecule sensing [11], nondestructive
testing [12], and communication [13]. To fulfill these applications, efficient and well-functioning
devices are designed based on plasmonics and metamaterials in the range of 0.1 to 10 THz [14].

This paper introduces a frequency filter composed of a straight waveguide and a ring resonator
in the terahertz frequency regime. Microring resonators and optical ring resonators are well
explored by researchers but terahertz ring resonators are not studied well. Thus, we present a
THz frequency filter that works between 0.4 to 0.9 THz. The frequency tuning is achieved by
varying the structural parameters.

2. Device modeling and analysis
The basic plasmonic waveguides are composed of metals and insulators. This metal-
insulator-metal waveguide shows the response in the visible and IR frequency spectrum [15].
Semiconductors that have a negative real part of permittivity can support SPP propagation
through the semiconductor-insulator interface. Among the semiconductors, indium antimonide
(InSb) shows a better response toward SPP at THz frequencies [16].

Figure 1 represents the designed filter structure, which is composed of Air and Indium
antimonide (InSb). The structural parameters R, W, and g are the radius of the outer ring, the
width of the waveguide, and the space between the ring resonator and the straight waveguide
respectively. The InSb takes complex relative permittivity values at different frequencies
according to the Drude model [17].

Figure 1: Designed filter structure with straight waveguide and ring resonator with parameters
w=40 um, R=90 um, and g=2 um.

ϵ(ω) = ϵ∞ −
ω2
p

(ω2 + iγω)
(1)

where ϵ∞ is the high frequency permittivity. It is a constant for the material medium. For InSb
ϵ∞=15.6. ω is the working frequency and γ is the damping coefficient of the material. ωp is also
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a material property called the plasma frequency and it is defined by the equation. [18]

ωp =

√
Ne2

meϵ0
(2)

ωp depends on the number of free electrons of the material N , charge of electron e, effective mass
of electron me, and the permittivity of free space ϵ0. The frequency dependent permittivity of
indium antimonide at 0.7 THz is -101.75+i6.808 and the relative permittivity of air is one.

The transmission study for the above device has been done with dimensions R=90 um, W=40
um, and g=2 um is given in figure 2. COMSOL Multiphysics is the simulation tool that works
on the finite element method (FEM). All the boundaries in the simulation domain are treated as
perfect electric conductors and an electromagnetic wave frequency domain study have performed.
The maximum power is obtained when the width of the waveguide matches the width of the
ring resonator.

Figure 2: Frequency response of ring resonator with w=40 um, R=90 um, and g=2 um.

The incident and transmitted power are measured by two power monitors Pin and Pout. Hence

the transmittance is given by T =
Pout

Pin
. The transmission of the device is studied in the range

of 0.4 to 0.9 THz frequency.
The frequency coupling of the ring resonator at the resonance frequency is given in equation

3. [9],
Nλ = Re(neff )Leff (3)

Resonance wavelength λ depends on the effective index of the medium neff and the effective
path length Leff , which can be found by taking the average of the inner and outer perimeter
of the ring. In equation 3 N is an integer that represents the mode number. At the resonance
frequency, transmitted power will be limited or lowered to zero. From figure 2 the resonance
frequency of the ring resonator of dimension w=40 um, R=90 um, and g=2 um is 0.58 THz.

The background mechanism of the ring resonator can be found by studying the field
distribution through the device. Figure 3 shows the field distribution inside the ring resonator at
a resonating and a non-resonating frequency. At the resonance frequency transverse magnetic
(TM1) wave got coupled to the ring resonator and the majority of the field got confined in
the ring. Then less amount of field coupled back to the straight waveguide results in a lower
transmission. At a non-resonating frequency, the whole signal gets coupled back to the straight
waveguide.
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(a) (b)

Figure 3: (a) z component of magnetic field (Hz) at 0.58 THz (resonating frequency) (b) Hz at
a at 0.7 THz (a non resonating frequency).

3. Geometric parameters evaluation
The main parameter that is directly related to the resonance frequency is the ring radius. The
effective path length of the device will add up by increasing the outer radius of the ring resonator.
As a result, the resonance frequency gets shifted to the left side of the frequency band and it
is shown in figure 4(a)[19]. The resonance frequency values for different outer radii are plotted
in figure 4(b) and it shows a linear behavior. It is important to study the full width at half
maximum (FWHM) values of the device for these different radius values because it decides the
filter’s quality factor (Q) [20]. The quality factor is calculated by equation 4 [21].

Q =
f

FWHM
(4)

where f is the resonance frequency and FWHM is the full width at half maximum for the
resonance frequency. By varying the R values starting from 80um to 100um the FWHM takes
values of 0.0133, 0.0115, 0.0105, 0.0094, and 0.0092 THz respectively. We obtained a maximum
quality factor of 63 for an outer radius value (R) of 95um.

(a) (b)

Figure 4: (a) Transmission corresponds to different values of outer radii. (b) Variation of
resonance frequency with change in outer radii.
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Figure 5: Transmission corresponds to different values of the width of the waveguide.

The frequency selection is achieved by changing the width of the waveguide. Leff will
decrease by increasing the width by keeping the outer ring radius the same. As a result, the
resonance frequency gets shifted to the right side of the frequency band as shown in figure 5. The
FWHM values are varying between 0.0108 THz and 0.0095 THz. A maximum Q value of 70 has
been obtained by changing the width of the straight waveguide. The shift in resonance frequency
values is less as compared with that figure 4. But without affecting the transmittance much,
it is possible to change the resonance frequency values. These studies show, the investigated
structure can be treated as a THz frequency filter and can be used for different THz applications.

4. Conclusion
In conclusion, the transmission spectrum associated with a ring resonator coupled with an SIS
waveguide is studied in detail. The device can be used as a THz frequency filter that works
within the frequency range of 0.4 THz to 0.9 THz. The tuning of the proposed filter can be done
by varying the geometrical parameters. Hence the designed device is a promising candidate for
THz circuits and also can be used for sensing.
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