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Using plastic optical fiber with multimode (MPOF), an optical fiber sensor
(OFS) based on Surface Plasmon Resonance (SP.R) was created and put into
use. The sensor is used to determine performance metrics including signal

to noise ratio (SNR), Sensitivity (S), Figure of merit (FOM), and

Keywords:

Citric acid

Surface Plasmon resonance
Plastic optical fiber

Optical fiber sensor

Resolution(R) in addition to detecting and measuring the refractive index of
different concentrations of citric acid. With a sensing region exposed to 50
nm of gold (Au) metal layer, the optical fiber-based SPR sensor was found to
have a sensitivity value of 1250nm, an SNR of 0.27, a figure of merit of 93.3
and a resolution 8x107%,
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1. Introduction

Glass or plastic fibers are examples of optical fibers.
The idea of total light reflection permits light waves
to propagate via optical cables with minimal loss.
Optical fiber is widely used in practical applications
such as optical sensors and optical communication
[1]. Novel photonic sensors have also been developed
as a result of advancements in fiber optics and
optoelectronics technology. These sensors are simple
to use, offer real-time information, and, in certain
cases, perform Dbetter than their electronic
equivalents. Intensity, evanescence, spectrum, and
interference via fiber optic sensors are the main
types of these sensors [2]. In addition to accounting
for the disadvantages of traditional detection
techniques, optical fiber sensors offer a number of
benefits including great durability, corrosion
resistance, remote control, online monitoring, low
cost, easy operation, anti-electromagnetic
interference, and high sensitivity [3, 4]. Optical fiber
sensors using surface plasmon resonance are one of
the most notable types of optical fiber sensors. This
is due to the numerous benefits of SPR technology:
Real-time detection, temperature self-calibration,
high refractive index sensitivity, high refractive
index resolution, and no requirement for label

sampling [5]. As a result, SPR technology has been
used in numerous domains, including biochemistry
[6], optoelectronics [7], etcetera. Surface plasmon
resonance SPR-based analytical sensors are
incredibly sensitive to molecular interactions at the
metal-dielectric interface [5]. SPR sensors based on
prisms in particular Make complete use of the
characteristics that enable the detection of tiny
changes in the amplitude or phase of reflected light,
which can be used to discriminate between analytes
that are near to metal [8,9]. Surface Plasmon waves
(SPWs) are created when a sample and a thin layer
of reflecting metal (such as gold or silver) are linked
by use of a highly refractive substrate [10,11]. It
happens when surface Plasmon Resonance (SPR)
and polarized light undergo a large-scale oscillation
of density at a metal-die electrical interface below
the appropriate phase [12-14]. An optical sensor
established on SPR can be utilized for applications
such as biomedical and chemical diagnostics,
environmental safety, electrochemistry sciences,
and life sciences [15, 16]. This work aimed at
sensing and calculating the refraction value of citric
acid by using the grade plastic optical fiber sensor
established on SPR.
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2. Materials and Methods

The dimensions of the multimode optical plastic
fiber are as follows: diameter of 1000um, a core of
980um, a numerical aperture of 0.51 pm and
cladding of 20um. Within a block of resin, plastic
optical fiber was placed, and the D-shaped
waveguide was created by turning off half of the
diameter of the plastic fiber padding. A polishing
technique was then applied. To remove the cladding
components and core, 5um polishing paper was used
in the polishing process. Following a Figure of "8,"
as seen in Figure 1, after 20 complete strikes. The
polishing process was then carried out. After the
removed clad portion had been cleaned with distilled
water, sputtering was used to deposit gold metal
with a thickness of around 50 nm. Gold was used
because it is chemically neutral. The sputtering
process schematic diagram appears in Figures 1 and
2 for the treated grade plastic optical fiber. Table 1
presents the gold coating parameter as displayed on
the Quorum screen (150 RES).
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Figure 1. Cross section of the system sensor.
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Figure 2. The schematic diagram of sputtering
process.

Table 1. The Specification of the Quorum- Q 150R
ES sputtering apparatus.

The vacuum chamber's diameter 165 mm
Present range 1-80 mA
Time range for spraying 1-3600 sec

Using a very practical experimental setup that is
inexpensive and simple to use, highlights the layer
metal efficiency in this configuration. The optical
spectrum analyzer, a plastic optical fiber, and a
light source of a halogen torch made up the
experimental setup. A computer is linked to the
OSA. As demonstrated in Figures. 3 and 4, the SPR
bends and data can be seen and stored online.
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Figure 3. The overview of the plastic optical fiber
experiment
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Figure 4. The experimental setup of the surface
Plasmon resonance.

3. Performance Parameters for surface Plasmon
Resonance

Performance characteristics to be studied include
sensitivity, signal-to-noise ratio, figure of merit,
and resolution. In the «case of spectral
interrogation, sensitivity can be defined as the
change in resonance wavelength per unit change in
the refractive index of the sensing medium, and it
can be written as [17]:

AA
§=—"% (1)

Ang

where AAd,., and Ang are the change of the
resonance wavelength and the change of refractive
index, respectively. From this equation, the unit of
the sensitivity is nanometers per refractive index
unit in nm/RIU. Signal to noise ratio (SNR) and
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figure of merit (FOM) are inversely proportional to
the width of SPR spectral curve and can be written
as [17]:

SNR(n) = [Mres] )
n) = My ..(2)
where A4, 5 1s the width of the spectral curve.
FOM = ~(3)

Ados
The resolution of the sensor can be defined as the
minimum of change in refractive index that is
detectable by the sensor, and is given as [18]:

R=2" az )
- Alres. RD ee
where AApg is the spectral resolution of the
spectrometer.

3. Results and Discussion

In the numerical experiment, the following
parameters were used: numerical aperture of optical
fiber (N.A=0.51), core diameter of fiber D = 980 um;
L = 10 mm for the longitude detection, thickness of
metal layer d = 50 nm gold; Varied solutions of
sucrose/water with varying concentrations and thus
varied (ns) refractive indices shield the sensor's
sensitive area. A refractometer was used to
determine the solution's refractive index (Abbe). The
correlation between the solution concentration and
refractive index is displayed in Figure 5.
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Figure 5. The sucrose solution's refractive index
varies with the concentration of the solution.

And various values (1.34, 1.351, 1.354, 1.361 and
1.37) for the sucrose-water solution's refractive
index. The proportion of the measured intensity (I)
when using an optical connection and a sample, The
amplitude of the optical signal (Io) obtained in the
air was utilized to produce the spectra and record
the light propagation curves T (transmission). The

wavelength in nanometers (nm) determines the
transmittance (T). The SPR curve is referred to as
the wavelength curve or the resonance wavelength
at a specific wavelength. Since the light energy at
the incident is transferred to the metal's electron
and reduces the intensity of reflected light, there is
a noticeable, sudden dip in T. The refractive index
(n) of the sensing medium determines this dip
position. The resonance wavelength increases as the
solution's  refractive index increases. This
phenomenon occurs due to a loss in energy, as
shown in Figure 6, which results in the sudden dip
in the sine wavelength being transferred to the sine
wavelength side, or redshift.

15

y = 0.0008x + 1.2419
R*=0.996

143

142

147

L6

145

Refractive index (RIL)

144

143

142
230

250 270 290 310 330

Resonance Wavelensth(nm)
Figure 6. The refra.ctive index considering
resonance wavelength.

Figure 7 displays the surface Plasmon resonance of
the gol,d (Au) layer at particular refracctive index
values of the citric acid sample sensiing de.vices.
Since every sample has a distinct refractive index, it
is clear that each SPR re,.sponse curve's width and
dip position vary depending on the sensor.
Additionally, as Adjusted SPR curve with width, the
magnitude of the sh.if.ting increases. These
modifications take place as a result of variations in
the spectral curve's breadth, refractive index, and
resonance wavelength that affect performance
characteristics. As the sensing medium's refractive
index and resonance wavelength shift, so do the
shifting's value and the dip's location. When the
refractive index RI of the detected region rises, the
resonance wavelength abruptly falls and moves
toward longer wavelengths (redshift). The resonance
wavelength will sharply decline when the energy
diminishes, shifting to the longer wavelength side as
a result redshift.
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Figure 7. SPR curve of the layer metal (gold) optical
fiber sensor for various citric acid samples: (a) Citric
acid concentration 10%, (b) Citric acid concentration
20%, (c) ¢ Citric acid concentration 30%, and (d)
Citric acid concentration 50%.

The experimental performance parameters for the
manufactured and simulated layer (gold) sensor are
presented in Table 2. Table 3 provides the
concentration and values for the refractive index for
each citric acid at various wavelengths of reflection.
Longer wavelengths are used for resonance because
the refractive index rises with solution
concentration. According to (Table 3), the resonant
wavelength for each concentration is determined,
and thus the refractive index for each sample is
determined through (Figure 7).

Table 2. The Performance parameters based on
surface plasmon of the gold layer.

4. Conclusions

In this work, we have reported the ability of a low-
cost (SPR-POF) sensor to be exploited in chemical
applications. The systems of (SPR_POF) sensor are
easy to use, of small size and low cost. The change in
the SPR response curves for each sample was
reported which showed a dip in the resonance
position. For each increase in the refractive index
and thus for various values of the concentration of
citric acid, a variation in the resonance wave occurs.
This dip shift occurs for different types of solutions.
The sensitivity of the resonance of plastic optic
fibre-based surface Plasmon, with the 50 nm thick
Au multi-layer of metal film exposed sensing region,
had a value of 1250 nm/RIU, while the signal-to-
noise ratio was 0.27.
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