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Abstract
In this work, a biomedical fiber sensor constructed of solid core optical photonic crystal
fiber (SC-PCF)was fabricated to investigate different concentrations and the refractive
index of blood serum samples based on surface Plasmon Resonance(SPR).In this
study, the proposed structure was created by coating the first end of the photonic
crystal fiber with a gold layer of 60 nm thickness. The second end of the photonic
crystal fiber was connected to the multi-mode fiber (MMF). The obtained results show
effective sensing performances. The sensors properties were measured; as the
sensitivity equal to (11.11 µm/RIU), Signal to noise ratio (SNR) equal to 0.05and figure
of merit (FOM) equal to 18.51. The fabricated SC-PCF biosensor can be used to
measure efficiently the change in wavelength resonance caused by changing the
concentration and refractive index of chemical and biological targets.
Keywords: Photonic Crystal Fiber, Bio-Sensor, Surface Plasmon Resonance.

1

Mustansiriyah University, Iraq, ahmedahn2020@gmail.com
Baghdad University, Iraq, soudadbassam@gmail.com
3
Mustansiriyah University, Iraq, fsph@yahoo.com
2

This article has been scanned by iThenticat No plagiarism detected
Copyright © Published by Minar Journal, www.minarjournal.com
Rimar Academy, Fatih, Istanbul, 34093 Turkey
All rights reserved

93 | Ahmed H. HADI , Soudad S. AHMED & Firas S. MOHAMMED

Introduction
Based on its remarkable performance in fiber sensing based refractive index (RI), surface
Plasmon resonance (SPR) has been broadly used in numerous domains, including environmental
monitoring, bio sensing, medical development, and food safety[1].SPR in fiber optics have a wide
academics’ interest since it was created in 1993. In comparison to a standard prism SPR sensor, it
offers more advantages such as; low cost, compact size and remote sensing suitability [2].
Depend on the RI variation several measurements can be employed for estimating the values of;
bimolecular [3], pH value [4] and liquids concentration [5].When the transmitted light undergo total
reflection inside the fiber, then an evanescent field generated and reach to the thin coated layer
on the fiber's surface. Also, if the surface Plasmon wave (SPW) vector reaches the "phase
matching condition" with the transmitted light wave vectors, then the charge density can oscillate
at the metal-dielectric junction[6].Moreover, the cladding off [2], engraving [7], D-shape [8],
tapering [9] and other manufacturing processes allowed additional evanescent waves move to the
fiber surface and induce efficient SPR. Sensors built of photonic crystal fiber (PCF) have a simple
design, cheap, and have excellent sensitivity and mechanical properties. The PCF's core due to
the lack of cladding has a direct contact with the external environment and resulting in a multimode waveguide [10]. The oscillation of the electron density that accompanied with transverse
magnetic (TM) along the polarized electromagnetic waves propagates parallel to
the metal/dielectric contact [11].For SPR stimulation, the dielectric medium and the thin coated
layer of metal overlaps the transmitted light has the same energy and velocity as the SPW. The
energy of the photons and the metal electrons were connected to produce a substantial resonant
drop in light intensity. The surrounding medium's RI is highly linked to SPW's propagation
constant[12].To raise the evanescent wave, partial or total optical fiber cladding is eliminated in a
standard SPR optical fiber sensor. Furthermore, the structural strength of the fibers was
decreased by removing the cladding, thus the mechanical characteristics decreased. Moreover, to
avoid fiber structural disturbance, sensitive SPR optical sensors can be created by employing
grating structures. [13]. In this study, the properties of SC-PCF sensor have improved depending
on coating the first end of the PCF with a gold layer and connecting the second end of PCF to the
MMF. The fabricated PCF biosensor expected to be used to measure the concentration and RI of
chemical and biological targets.
1. Photonic crystal fiber sensor concept
The optical fiber SPR sensor structure can be excited in different ways, including phase
matching, polarizing the light parallel to the surface of metal, and sensing area inside the
evanescent field. Typical evanescent field about 100–200 nm deep that decline exponentially from
the junction of the fiber–gold layer. The light incidence angle, core and cladding RI are affected the
evanescent field "penetration depth" (d) [14] as calculated in eq. (1):
…(1)

Where, λ is the wavelength of the incident light,n1 and n2 are the RIs of the fiber core and
cladding respectively. The surface Plasmon polariton (SPP) propagation constant is stated as
Represents the angle of incidence [15]:
=

…(2)

Where εm and εs are the relative dielectric constants of gold layer and surrounding environment
close to metal surface, respectively, c is the speed of light in vacuum and is the angular
frequency of light. As a result, the phase-matching could be written as follows:[16]
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…(3)
where i is the fiber mode's order number of the propagation constant.
The resonance wavelength changes when the RI (or dielectric constant) of the surrounding
environment changes, according to Eqs. (2) and (3). As a result, the sensing function may be
possible to implement the performance aspects that will be evaluated include sensitivity, figure of
merit, signal to noise ratio, and resolution. Sensitivity in spectral interrogation is defined as the
change in resonance wavelength per unit change in the RI of the sensing material, and it is stated
as [16]:
.

…(4)

The change in resonance wavelength is represented by
represented by

,while the change in RI is

. The unit of sensitivity determined from this equation is nanometers per RI unit

(nm/RIU).The breadth of the SPR spectral curve is inversely proportional to the figure of merit
(FOM) and signal to noise ratio (SNR), as shown in [16]:
.

...(5)
…(6)

=
Where

is the width of the spectral curve.

The sensor resolution known as a detected variation in RI, and it is given as [17]:
…(7)

.
Where (

) is the spectrometer's spectral resolution.

2. Experimental work
The experimental setup is illustrated in Fig.(1). It consist of light source (halogen lamp), PCF
(Thorlabs Co.),MMF, coupler, optical spectrum analyzer (OSA)(Thorlabs Co.) and computer. An
OSA collects and analyzes the output spectrum, which is recorded and assessed by the computer.

Computer

Light source
Couple
r

OSA

PCF
Sensing
region

(a)

(a)

September 2021, Volume 3, Issue 3
p. 92-100

95 | Ahmed H. HADI , Soudad S. AHMED & Firas S. MOHAMMED

OSA

Computer

Light source
Coupler

(Halogen lamp)

Sensing region

(b)

Figure 1. (a) Experimental setup, (b) Block diagram, of the proposed PCF sensor's structure based
on SPR.

The optical fiber sensor preparation follows the following steps:
2.1 Optical fiber cleaning
The PCF is cut with a cleaver (CT-30) and the optical fiber connector (the end facesurface)
cleaned with alcohol effectively, to avoid further contaminating the surface and provide the best
possible result.
2.2 Optical sensor coating
The end surface of the fiber is coated with a gold layer of (60 nm) thickness by using the (IonCoater device) [COXEM: Model KIC-1A] that illustrated to make the PCF sensor. With a (20 mA)
current and a (177 seconds) deposition time, the gold was deposited to a thickness of 60 nm.
Fig.(4), depicts how the thicken works the thickness of the metal layer and it can be calculated by
eq. (8([19]
d=KIT

…(8)

Where d is the measured thickness. I is the current (20mA), K is the Constant number
(0.17)and Tis the sputter time in second we made it (177 Sec.) for 60 nm layer.

Figure2.The thickness of the coated gold layer as a function of time (sec.) [20].

The MMF is welded to a PCF by an ARC Fusion Splicer (Model: Fsm-60s)that used to join the two
pieces.
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2.3 Optical sensing implementation
The sensitive part of the sensor is subjected to a several sugar/water solutions of various
concentrations, resulting in a range of refractive indices (n). An Abbe refract meter was used to
determine the solutions' refractive indices.
3. Results and discussion
The performance of the sensor is estimated by immersing the coated end surface of PCFin the
sugar/water solution to determine the solutions' refractive indices. Several solutions were prepared
and their refractive indices were measured to be used as a reference for the sensing process .The
linear relationship between RI and solution concentration is depicted in Figure 3.

Figure 3.Sugar/water solutions' RI as a function of the concentration.

.
The sensing process done by using optical fiber sensor of 10mm length, the thickness of
coated metal layer (d) of 60nm, varying RI values of (1.3426-1.3471) and PCF diameter
(D)=125.3μm). As shown in Figure 6, the spectra are created by recording the transmission light
curves (T) via an optical fiber. T can be calculated from dividing the optical signal intensity (Io)
measured in the absence of a sample (sensing medium) by the intensity (I) measured in the
presence of a sample (sensing media). The transmission (T) can be used as a function of
wavelength (nm). The
at a certain wavelength is labeled on the SPR curve, which is a Twavelength curve. When the incident light's energy is transferred to the metal's electrons, T
decreases dramatically, decreasing the intensity of the reflected light. The RI of the sensing
material specifies when this dip occurs (n).The
increases as the RI of the sensor medium
increases. It generated from the resonance between and the SPR wave and the incident light.
Moreover, as the energy level declines, the abrupt dip in the
shifts to the longer wavelength
side (red shift). It is illustrated that the higher the RI, the greater the
is )1.3426(, and at the highest RI, the

.Also, at the lowest RI, the

is )1.3471 (as illustrated in Figure 4.
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Figure4.The RI of a gold-coated sensor as a function of

variation.

The sensor's SPR curves are shown in Figure 7. From the SPR response curve, it can be seen
that for each sample there is different width and dip position i.e. any sample RI differ from the next,
and the variation is clear in the regression position.

λres=59

λres=593

0

C=7.892

(a)

(b)

λres=596

λres=595

C=8.133

C=8.033

(c )

(d)

September 2021, Volume 3, Issue 3
p. 92-100

Minar Journal, 2021, Volume 3, Issue 3

| 98

λres=598

λres=605

C=8.213

C=8.663

(e)

(f)

λres=610

λres=615

C=8.933

C=9.2333

(g)

(i)

(h)

λres=630

λres=640

C=10,133

C=10.733

(j)

Figure 5. SPR curves of the proposed sensor without etching for different samples of blood serum.
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Where the figure shows that the dip position of each SPR response curve is differed with the
difference of the samples, i.e. with difference of the refractive index from one sample , and the
difference is clear in the position of the regression, As the refractive index increases, the
amplitude of the change in the dip position increases. When the resonance wavelength and
refractive index of the sensing medium change, so do the performance characteristics, which are
reliant on the surface Plasmon resonance (SPR) curve, shifting value, and dip position. The
refractive index increases as the concentration of samples increases, and the lengths of the
resonant wavelengths increase as a result, resulting in a strong shift to the red wavelength
Table (1) illustrates the values of the sensor's performance parameters.
The metal coating improve the sensitivity effectively, compare with PCF sensor with holes
Metal

Sensitivity ( )
[µm/RIU]

(SNR)

(FOM)

Au

11.11

0.05

18.51

Resolution
[RIU]

1.8x

based on SPR [21]. The proposed SC-PCF can be used as a good biosensor due to its high
sensitivity and resolution, as it agree with [22].
4. Conclusion
As the refractive index rises, the resonance wavelength rises (strong shift to the red
wavelength) due to an increase in the concentration of sugar in blood serum. The reason for this is
that the sensing medium's refractive index is quite high because the real part of the wave vector of
a surface Plasmon wave is higher than imaginary part. Thus, the resonance condition is fulfilled at
longer wavelengths. It is clear from the results that for the optical fiber based on (SPR) sensor with
a 60nm thick Au metal film and 1cm of exposed sensing region, success was achieved in
obtaining effective performance parameters such as:the sensitivity is approaching 11.11m/RIU,
SNRis 0.05, FOMis 18.51and the Resolutionis 1.8×10 -4 RIU. The proposed SC-PCF can be used
as a good biosensor.
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