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Abstract In this work we want to compare performances of different plasmonic
sensors, obtained by different polishing processes of D-shaped Plastic optical fibers
(POFs). Three D-shaped POF plasmonic sensor configurations, obtained by three
different polishing processes, have been created and experimentally tested. The pro-
posed devices are based on the excitation of surface plasmons at the interface between
the under test medium and a thin gold layer directly deposited on plastic fiber core
(D-shaped area). The experimental results have shown that the performances are
influenced by surface roughness variations in the D-shaped POF region.
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1 Introduction

Optical fiber sensors based on surface plasmon resonance (SPR) are today widely
proposed for applications in different areas of bio-chemical and chemical sensing
[1-4]. Among them, SPR sensors based on plastic optical fibers (POFs) can offer
advantages due to their low cost, flexibility, robustness and simplicity of fabrication.
Authors reported several bio-chemical applications [5-7] based on an SPR sensor
platform in D-shaped POF [8].
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In this work, we compare the optical performances of different hand polished
D-shaped POF platforms SPR sensors, in order to establish a mechanical polishing
procedure. In particular, three D-shaped POF-SPR sensor configurations, obtained
by three different polishing processes, have been created and experimentally tested.
In the first case we used only 1 pm polishing paper to obtain the sensor, in the second
one only 5 wm polishing paper and, finally, in the last case, we used both 5 pm and
1 wm polishing papers (first 5 wm, then 1 pm).

2 Optical Sensor Configurations

The adopted D-shaped fabrication procedure is based on the insertion of a portion of
the POF fiber (about 10 mm long) in a resin support and on a successive hand grinding
of the fiber surface. This procedure guarantees an easy and low-cost effective strategy
for the removal of the cladding layer in the POF sensing region and for the reduction
of the exposed core. In the end, a thin gold film (60 nm thick) can be deposited on
the flat hand ground D-shaped POF core, by sputtering process, for exciting SPR
resonance at the metal/external medium interface. Figure 1 shows the outline of the
D-shaped SPR sensor.

For all three considered platforms, mentioned above, the total depth of the D-
shaped POF region and the thickness of the gold film are the same. This analysis
is interesting because the performances are influenced by small variations in the
morphology of the D-shaped region (i.e. roughness and total depth) resulting from
the manual process used for the preparation of the sensor [9, 10].

The proposed devices are characterized by exploiting a halogen lamp
(HL-2000-LL, Ocean Optics) to illuminate the optical fiber sensor, observing the
transmitted spectra by a spectrometer (FLAME-S-VIS-NIR-ES, Ocean Optics) and
normalized to the spectrum transmitted when the outer medium is air [8].

Fig. 1 Outline of the SPR Gold film
sensor based on a D-shaped Adqueous "V /
POF :
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3 Experimental Results

Figures 2, 3 and 4 report, for the three different D-shaped sensors, the experimental
SPR transmission spectra (normalized to the spectrum recorded with air as the sur-
rounding medium) referring to five different water-glycerine solutions, with refrac-
tive index ranging from 1.332 to 1.380.

In the first case (Fig. 2) we used only 1 pm polishing paper to obtain the sensor,
in the second one (Fig. 3) only 5 pwm polishing paper and, finally, in the last case
(Fig. 4), we used both 5 um and 1 wm polishing papers.

The experimental results indicate that the configuration created by both polishing
papers (Fig. 4) shows better performances.

Table 1 reports the sensors’ sensitivity and the detectable refractive index range,
obtained by the slopes of the linear fittings of the data (resonance wavelength shift
versus refractive index) obtained by the three different polishing processes. Only in
the last case (5 wm and 1 wm polishing papers) the linear fitting is a representative
fitting of the data (R* =0.99) in all the refractive index range.
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Fig. 2 SPR spectra of the sensor created by 1 pm polishing paper
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Fig. 3 SPR spectra of the sensor created by 5 um polishing paper
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Fig. 4 SPR spectra of the sensor created by 5 um and 1 pm polishing papers
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Table 1 Parameters of the linear fittings of data

Polishing paper (Slope of linear fitting) Detectable refractive index
S = 3\/dng (R%) range
1 pm 822 [nm/RIU]J, (R? =0.78) 1.35-1.38
5 pm 205 [nm/RIU], (R? =0.55) 1.33-1.35
1 pm+5 pm 1437 [nm/RIU], (R? =0.99) | 1.33-1.38
4 Conclusions

The experimental results indicate that the configuration created by exploiting both
the polishing papers shows better performances. In the future, a mechanical polishing
procedure will be set-up starting from these experimental results.
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