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Abstract: A surface plasmon resonance biosensor, using graphene layers coated over the multilayer base of the plastic
optical fibre (POF) has been analyzed. The force of adherence between sputtered gold and POF was increased using
Microposit S1813 photoresist buffer layer. The photoresist increase the sensitivity of the SPR and graphene layer
enhance the adsorption of the biomolecule from sensing medium. A setup with a broadband halogen light source was
considered. An optimized performance was obtained for geometry with 40nm gold layer, buffer layer of 1500nm and two
graphene layers. The sensitivity was improved in comparison with the value reported in literature for the POF based
SPR biosensor.

Keywords: SPR, POF fiber (plastic optical fiber),numerical simulation, sensitivity, biosensor, graphene.

1. INTRODUCTION

Surface plasmon resonance (SPR) has become a popular tool for large sensing applications including physical,
chemical, biological parameters of interest monitoring [1]. A plasmonic phenomenon refers to collective
oscillations of electrons. It has a contribution in the dynamic responses of electron systems and forms the basis of
research into new optical metamaterials, enabling potentially optoelectronic and photonic sensors based
applications.

In the last decade a large interest in developing fibre-based plasmonic sensors by using different shapes optical
fibres (ex. H-shaped [2] or D-shape [3]) template was encountered. The alternative large used prism-based
configuration has a number of drawbacks such as: large size, high costs due to the positioning system, which makes
it unsuitable for miniaturized applications and remote sensing. Recently the graphene-based photonic devices, such
as ultrafast photodetectors [4], optical modulators and tunable surface plasmon polariton devices, have experienced
rapid development due to graphene's strong ability to confine light strongly and thus to obtain field-controlled
optical response benefit. Graphene is a material with good electrical and optical properties. The structure consists
of a single sheet of carbon atoms organized in a honeycomb lattice.

Because the reported performances of tunable-graphene-based plasmonic devices are still looking more

promising than those of the simple metal-based structures [5-10], this paper works deals with exploiting graphene
1
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as part of a plasmonic sesing area in order to obtain a sensitivity parameter enhancement. We explore the plasmonic
response of a PMMA fiber based (POF) biosensor in the visible range. It is used a graphene, gold and buffer
multilayer stack, in different dimension configuration, coating the sensing area. The gold metallic layer is preferred
because of its low oxidation feature in comparison with silver. In this paper it was considered the graphene
thickness dg=0.34nm that was reported in [11]. The spectral interrogation method configuration, using a broadband
light source was used. The Microposit S1813 photoresist buffer layer enhanced the field intensity of the excitation
light at the sensing surface and increase the sensitivity of the SPR sensor. The simulation has been carried out for
different configuration and thickness of multilayer structure (photoresistor or silicon, gold and graphene layer) in

order to report an optimized structure.

2. SIMULATION AND OPTIMISATION OF THE SENSOR STRUCTURE
The SPR probe is considered a multi-layer system consisting of a D-shape PMMA fiber core coated by different
stack geometries, in two basic configurations (with and without buffer layer of about 1500nm) , gold and graphene

layers. The configuration is depicted in Figure 1.
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Figure 1. Schematic view of the second geometry of the POF based, SPR sensor.

The D-shaped can be easy obtained by polishing procedure at half circumference of a 10mm long surface
of an ordinary POF fiber with 980um diameter [12]. POF is preferred to the glass multimode fiber since the
dimensions of the samples can be easily controlled. Numerical aperture (NA) is 0.46 with PMMA[13] core and
n=1.41 refractive index for the 20um fluorinated polymer cladding. As reference for data normalization, the
spectrum-acquisition with no analytes (air) is considered.

The analyts consist of different glycerin concentration solution (with different refractive index, ranging from 1.332

to 1.372). The analyt is placed in contact with graphene layer. The graphene is a good absorbent of biomolecules. A



International Journal of Education and Research Vol. 1 No.11 November 2013

monolayer of graphene absorbs Mx2.3% of white light where M=number of the grapheme layers. The complex

refractive index of graphene is given as [15]:
ng =3+i *%A 1)

The refractive index of silicon layer is a function of wavelength:

-2 2

n=A+Ae" +Ae? (2)

where:
A;=3.44904, A,=2271.88813, A;=3.39538, t;=-0.058304 and t,=0.30384.

The field associated with SPR wave has maximum value at the metal-dielectric interface and decays in dielectric
and metal layer. The P-polarized light component, incident to the sensing interface has great contribution for the
surface plasmon phenomena. The resonance condition appears when the propagation constant of the generated
evanescent wave becomes equal with that of the plasmonic wave according with the Eq 3.
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having the following notation:

& real part of the metal dielectric constant,

metal ~

n refractive index of the sensing layer.

sensing

For theoretical design, the transfer matrix formalism was used [14].
The power at the fiber’s output at a specific wavelength can be approximated by integrating the product of the

whole light reflectance with the angular power distribution corresponding to the light source used (Eq 4).

1 0, N 0, N 4
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where:

N (5)
Dtan(@)

is the number of reflections within the sensitive area, that is calculated as a function of L (the length of the
sensitive area), D (the diameter of the fiber) and the angle interval [ .;;ic:90].
The sensitivity was calculated using Eq. 6:

g = s | MM (6)
sn, | RIU
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3. RESULTS AND DISCUSSION

There was considered a few number of design parameters of the sensors that may affect its performance, such as
thickness and refractive index of different layers (gold, buffer, graphene and biomolecules sensing medium). The
comparative results of a two analyzed structures are depicted in Fig 1 (without buffer) and Fig 4 (with buffer layer),

for a resolution of An=0.001 RIU, for a number of M=2 layers of graphene (thickness=M*0.34).
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Figure 2. Normalized Transmitted Light Intensity graphic as a function of wavelengths [nm] — without buffer.
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Figure 3. A). Normalized Transmitted Light Intensity at resonance as a function of refractive index— without buffer.

B. Resonance Wavelength as a function of refractive index
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Fig 4. Normalized Transmitted Light Intensity graphic as a function of wavelength[nm] — with buffer
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Figure 5. A. Normalized Transmitted Light Intensity graphic as a function of refractive index— with buffer. B.
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Table 1
Buffer Resolution Sensitivity[nm/RIU] | Number of graphene
range: n=1.332-1.372 layers
Yes An=0.001 2.8*10° 2
No An=0.001 1.18*10° 2
Yes An=0.0004 0.8*10° 2

L
1.348

For the biomolecule it was chosen An=0.001 RIU and An=0.0004 RIU, to study the biosensor response.

optimized value for gold layer in literature [3][12] was mentioned for 40nm of gold. At the same thickness, using
graphene layer it is obtained more than two times improved value of the sensitivity. The decrease in the thickness of
the gold layer can be correlated with the addition of graphene layers (required for the complete transfer of energy in

biomolecule sensing medium).

4. CONCLUSIONS

Two sensors configuration based on SPR in plastic optical fiber (with and without a buffer layer between fiber core
and gold

film), have been numerically simulated. The sensing devices have been analyzed by considering a broadband
halogen lamp to illuminate the optical fiber and the normalized transmitted spectra have been calculated. The
results indicate that the configuration with buffer and grapheme layer shows a better performance (more than two
times) in terms of sensitivity, in comparison with previous reported SPR based POF geometry. Work is in progress

to extend the analysis to larger types of POF configurations.
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