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Abstract: In this In this paper, a highly sensitive surface plasmon resonance biosensor based on a double-groove photonic
crystal fiber has been introduced. The proposed structure consists of an air-hole ring and a gold-TiN-hole ring. To increase
the sensitivity and efficiency of the sensor, two U-shaped grooves are created at the top and bottom of the structure and
a thin layer of gold is deposited on them. The combination of these materials and the designed geometry has ensured that
the phase-matching condition is properly established and the refractive index of the analyte material is detected. 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 biosensor. Numerical results show that the sensor has a high
sensitivity of 8100 nm/ Ry @nd aresolution of 1.2 X 1075 RIU. Also, the detectable refractive index range of the sensor

is 1.35 to 1.39 and its maximum FOM is 112 RIU™! . Based on the obtained results, the proposed sensor is an excellent
option for medical and biomolecular diagnostic applications.
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Extended Abstract

1- Introduction

Sensors based on the surface plasmon resonance (SPR)
effect can be applied in many detection fields because they
possess high sensitivity, simple operation, and online
detection. Different from traditional Kretschmann prism-
type SPR sensors, fiber-based sensors are widely
acclaimed due to the excellent virtues of micro—nano
dimensions, low cost, anti-interference, and ease of remote
real-time monitoring. One of the problems of conventional
fiber-based sensors is the lack of flexibility in design. In
order to overcome these limitations, photonic crystal fiber
(PCF) was introduced, which contains several holes with
a periodic structure. By changing its geometric parameters,
the behavior of light can be controlled, and depending on
the structural parameters of the PCF, many optical
properties such as nonlinearity, dispersion, effective mode
field area, and mode birefringence can be easily tuned.
Also, in order to increase the sensitivity and efficiency of
the sensor, suitable plasmonic materials such as gold, ITN,
etc. can be used. PCF-SPR sensors operate on the basis of
the interaction of matter and light (evanescent field), in
which the analyte interacts directly or indirectly with light
and changes the properties of the light. The design of these
sensors involves coupling between the core leakage mode
and the SPP mode to satisfy the resonance conditions. This
resonance condition is very sensitive to the refractive
index of the medium and the operating wavelength. Under
resonance conditions, it operates when the guided mode is
coupled to the surface plasmon (SPP) mode. When the
wavelength of the incoming light is suitable for exciting
the plasmons, its energy is absorbed by the surface
plasmon waves (SPW) on the metal surface. As a result, a
peak in the loss spectrum is observed at the resonance
wavelength. When the optical properties of the analyte
change due to differences in refractive index, stress or
strain, solution concentration, temperature, etc.

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 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 biosensor. The initial PCF design values are selected
so that the working wavelength and the detection
capability of the desired analyte are within the appropriate
range. Then, the effect of changes in geometric parameters
is investigated and comprehensively evaluated, and
finally, a sensor with parameter values that provide high
efficiency and sensitivity is selected as the optimal
structure.

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. Based on
the results obtained, the optimal values of the air hole
radius are 6 pum, pitch is 3 um, grooves depth are 3 pum,
gold layer thickness is 50 nm, gold hole radius is 0.6 pum,
and TiN hole radius is 0.55 pm. Also, the range of
refractive index detectable by the sensor is 1.35 to 1.39
with a very high sensitivity of 8100 nm/RIU. The FOM
value is 112 RIU ™! with resolution of 1.2 x 107> RIU and
the sensor performs very well in terms of linearity.

4- Conclusion

Photonic crystal fiber-based plasmonic sensors have
played a very important role in nano-photonics and
diagnostic applications due to their unique properties. In
this study, we presented a refractive index detection sensor
that used gold and TiN holes as well as two grooves with
thin gold layers to improve its performance. The detection
characteristics of the proposed sensor were investigated
using the finite element method. In order to achieve an
optimal and suitable structure, we investigated the
important parameters of the structure step by step and
analyzed the effect of their changes on the sensor
performance. According to the calculated results, our
proposed structure has a very high sensitivity of 8100
nmRIU, a maximum FOM value of 112 RIU 'and a
resolution of 1.2x 1075 RIU. Considering these
parameters, our proposed sensor is very suitable for
biomolecular and medical diagnostic applications such as
the detection of some cancer cells (PC12 and MCEF-7),
hemoglobin, blood plasma, white blood cells, liver cells,
etc.
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