\,,' Islamic Azad University , Shiraz Branch
f’ bﬁbh,hbd‘ds[ﬁ;i&amwﬁ

D —
\/’ /\ Journal of Circuits, Data and Systems Analysis
e

@ sanad.iau.irfjournal/jedsa

Numerical analysis of midinfrared dual-side polished and
double elliptical cut PCF-based SPR sensor for broad-range
refractive index sensing applications
Seyed Hossein Moayed' , Mojtaba Sadeghi?*, Zahra Adelpour?

! Department of Electrical Engineering, Shi.C., Islamic Azad University, Shiraz, Iran
moayyed.electronic@gmail.com
2 Department of Electrical Engineering, Shi.C., Islamic Azad University, Shiraz, Iran
mojtaba.sadeghi@iau.ac.ir
3Department of Electrical Engineering, Shi.C., Islamic Azad University, Shiraz, Iran
zahra.adelpour@jiau.ac.ir

Abstract: In this paper, a surface plasmon resonance nanosensor based on photonic crystal fiber is introduced, which is
capable of detecting high refractive indices and at the same time has appropriate sensitivity. The proposed structure
consists of an air hole ring and a hole ring made of gold and TiN. In order to increase the sensitivity and efficiency of the
sensor, two elliptic-shaped grooves are created at the top and bottom of the structure and a thin layer of gold is placed on
them. Also, the two sides of the structure are polished and a thin layer of ITO is placed on them. The combination of
these materials and the designed geometry has caused the phase matching conditions to be established properly and to
detect the desired refractive indices of the analyte. The finite element method has been used for numerical simulation,
mode analysis, and investigation of the surface plasmon resonance characteristics of the photonic crystal fiber sensor.
Numerical results show that the sensor has a very good wavelength sensitivity of 6000 nm/RIU, a resolution of
1.6 X 107> RIU, and a range sensitivity of 572 RIU 1. The detectable refractive index range of the sensor is between 1.4
to 1.6, which is a high value. Based on the results obtained, the proposed sensor is an excellent option for medical and
chemical diagnostic applications.
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Extended Abstract

1- Introduction

The field of optical sensing has witnessed remarkable
advancements in recent years, driven by the increasing
demand for high-sensitivity, real-time, and label-free
detection systems. Among the various optical sensing
techniques, surface plasmon resonance (SPR)-based
sensors have emerged as a powerful tool for refractive
index (RI) sensing due to their exceptional sensitivity and
ability to detect minute changes in the surrounding
medium. SPR sensors leverage the excitation of surface
plasmons—collective oscillations of free electrons at the
interface between a metal and a dielectric—to achieve
highly sensitive detection of analytes. The mid-infrared
(mid-IR) region, spanning wavelengths from 2.5 to 25 um,
has garnered significant attention for SPR sensing
applications due to its unique advantages, including deeper
penetration depths, reduced scattering losses, and the
presence of characteristic molecular absorption bands,
which enable enhanced specificity in chemical and
biological sensing. Photonic crystal fibers (PCFs) have
revolutionized the design of SPR sensors by offering
unparalleled flexibility in tailoring optical properties such
as birefringence, dispersion, and mode confinement. The
integration of SPR with PCFs has led to the development
of compact, highly sensitive, and versatile sensing
platforms. In particular, elliptical structures have gained
prominence due to their ability to facilitate efficient
coupling between the core-guided mode and the surface
plasmon mode, thereby enhancing sensor performance.
Additionally, the incorporation of dual-side polished in
PCF designs has been shown to improve sensitivity and
broaden the operational range of SPR sensors by
optimizing the overlap between the evanescent field and
the analyte. This paper presents a novel mid-IR dual-side
polished and double elliptical cut PCF-based SPR sensor
designed for broad-range refractive index sensing
applications. The proposed sensor architecture leverages
the unique properties of mid-IR light and the advanced
structural features of PCFs to achieve high sensitivity and
a wide detection range. The dual-side polishing technique
ensures efficient light-matter interaction, while the double
elliptical cut design enhances the sensor's ability to detect
variations in the refractive index of the surrounding
medium. By operating in the mid-IR region, the sensor
capitalizes on the inherent advantages of this spectral
range, including reduced background noise and enhanced
molecular specificity. The primary objective of this study
is to demonstrate the feasibility of the proposed sensor for
broad-range RI sensing, with potential applications in
environmental monitoring, biomedical diagnostics, and
chemical analysis. Through numerical simulations and
theoretical analysis, we evaluate the sensor's performance
metrics, including sensitivity, resolution, and detection

range. The results highlight the potential of the proposed
design to address the limitations of conventional SPR
sensors and pave the way for the development of next-
generation optical sensing platforms. This work
contributes to the growing body of research on mid-IR
SPR sensors and underscores the importance of innovative
PCF designs in advancing the field of optical sensing.

2- Methodology

The proposed structure consists of two hexagonal rings,
the outer ring containing a series of air holes and the inner
ring containing four holes made of TiN and two holes
made of gold. Also, in order to increase the efficiency of
the sensor, two grooves coated with a thin layer of gold are
created at the top and bottom of the structure. The two
sides of the structure are polished and a thin layer of ITO
is placed on them. The finite element method (FEM) has
been used for numerical simulation, mode analysis, and
investigation of the surface plasmon resonance
characteristics of the photonic crystal fiber nano-sensor.

3- Results and discussion

In this study, we have investigated the effect of changing
the structural parameters on the confinement loss step by
step and have obtained the optimal values of the
parameters according to the confinement loss. Numerical
results show that the sensor has a very good wavelength
sensitivity of 6000 nmRIU, a resolution of 1.6 X
1075 RIU, and a range sensitivity of 572 RIU™!. The
detectable refractive index range of the sensor is between
1.4 to 1.6, which is a broad range.

4- Conclusion

In this research, we present a refractive index sensor
whose performance is enhanced by incorporating gold and
TiN cavities, as well as two slits with thin gold layers,
along with dual-side polishing of the structure and the
deposition of an ITO layer. The primary advantage of our
proposed sensor is its ability to detect a wide range of
refractive indices (1.4 to 1.6) with suitable sensitivity.
Another advantage of this sensor is its operation in the
mid-infrared (MIR) wavelength range, which enhances its
efficiency. To achieve an optimal and suitable structure,
we systematically examined the key parameters of the
design and analyzed the effects of their variations on the
sensor's performance. Based on the calculated results, our
proposed structure exhibits a high sensitivity of 6000
nm/RIU, a maximum figure of merit (FOM) of 67 RIU™,
a resolution of 1.6x10~° RIU, and an amplitude sensitivity
of 572 RIU. Given these parameters, our proposed sensor
is highly suitable for diagnostic applications involving
high-refractive-index chemical substances, such as
industrial oils and petroleum products, as well as medical
applications.
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