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Abstract: In this paper, a U-shaped probe with a curvature diameter of half a centimeter was implemented using 

plastic optical fibers. A layer of the outer shell of the fibers was removed by polishing to a D-section. The sensor 

was tested by immersing it in a sodium chloride solution with variable refractive index depending on solution 

concentrations ranging from 1.333 to 1.363. In this design, the sensor experienced a decrease in its intensity as the 

concentration of the solution increased. The next step The sensor was coated with a thin layer of gold with a 

thickness of 20 nm, and the sensor was tested with the same solutions which resulted in a shift in wavelengths where 

the shift in wavelength was 5.37 nm and sensitivity 179 nm / RIU. To study the effect of the thickness of the film, it 

was coated with a second layer of gold to make the total thickness 30 nm. The results showed an improvement in the 

sensitivity with increasing the thickness of the coating, to become 466.66 nm / RIU and the wavelength shift was 14 

nm.  
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1. Introduction 

Numerous fiber-optic sensing devices have been 

studied and created during the last two decades. 

[1]. Refractive index (RI) sensors, pH sensors, 

strain sensors, temperature sensors, curvature 

sensors, and humidity sensors are just a few of the 

sensing applications where optical fiber sensors 

have received significant attention [2],  

Comparing fiber sensors to various traditional 

sensors, there are a number of benefits. Fiber 

sensors are small, light, have a high resolution, 

and good stability in addition to being immune to 

electromagnetic interference and able to withstand 

high temperatures and radiation[3]. 

Due to their ease of handling and economic 

efficiency, plastic optical fibers (POF) 

manufactured of polymethylmethacrylate 

(PMMA) are receiving more attention as a viable 

replacement to silica-based fiber optic sensors, 

because POF is so flexible, any required fiber 

probe design such as tapered, side-polished, U-

bent, coiled, or any other may be easily achieved 

to get a strong evanescent field at the core-

cladding interference[4]. Nanotechnology's most 

recent advancements have resulted in new 

breakthroughs for localized surface Plasmon 
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resonance (LSPR) fiber optical sensors. The shape, 

size, substance, and refractive index of the 

surrounding medium all influence the extinction 

range generated by the LSPR phenomenon[5][6]. 

Due to their excellent optical properties, gold 

nanoparticles (Au-NPs), a sensitive coating among 

nanosized metallic materials, are frequently used 

in optical sensing applications[7]. By coating the 

optical fiber with a controlled layer of gold 

nanoparticles, a reliable LSPR-based sensor may 

be produced[8]. Because the coating thickness 

must always be less than the evanescent wave's 

penetration depth, controlling the coating 

thickness on a nanoscale scale is a crucial quality 

for sensors based on the interaction of the 

evanescent field with the coating. The evanescent 

wave absorbance heavily depends on the analytic 

concentrations, assuming no other variables 

change[7]. When the probes coated with gold layer 

with thickness greater than the evanescent wave 

penetration depth would not lose light on the 

sensing region since the film transmittance was 

negligible such that practically all the light would 

be reflected and remain inside the fiber, so that the 

thicker the layer, the smaller the sensitivity[9].  

Side-polished fiber, tapered fiber, hetero-core 

structured fiber, and U-shaped fiber are just a few 

of the fiber configurations that have been 

suggested to increase the sensitivity of fiber SPR. 

The U-shaped fiber SPR sensor has been proven to 

be more sensitive than the traditional straight fiber 

SPR sensor[10]. Part of the light from the core 

mode is coupled into the cladding and generates 

numerous sets of higher-order modes as it passes 

from the straight portion of the sensor fiber into 

the U-bent area, the guided light rays in the 

sensing region reflecting at angles closer to the 

critical angle and more optical power is decayed 

into the sensing medium this enhances the light 

matter interaction and the sensitivity increases[11]. 

Although U-shaped fiber sensors significantly 

increases sensitivity, in most cases structural 

modification techniques like tapering by polishing 

are employed to increase the sensitivity of optical 

fiber sensors. When the U-shaped outer curvature 

is removed by polishing, the evanescent field's 

power and penetration depth increase because 

when the outer curvature of the U-shaped POF is 

removed by polishing; the RI difference between 

the analytic and the inner curvature of fiber will 

decrease, leading to the increase of evanescent 

wave power, as well as its penetration depth. 

These structural modifications are used to improve 

the sensitivity better sensing performance is made 

possible by these structural changes[12]  

The interplay of the evanescent field and the 

surface electron released by the Plasmon metal is 

the basis of the SPR sensor's working theory. An 

evanescent field is produced at the U-bent area of 

the fiber by a light wave that is propagating in its 

core[9]. When the evanescent field strikes the 

metallic surface, it produces a surface Plasmon 

wave (SPW), the SPW propagates along the metal-

dielectric surface. If the frequency of the 

evanescent wave and surface Plasmon mode is 

matched, the excitation of surface Plasmon at 

metal/dielectric interface results in the transfer of 

energy from incident light to surface Plasmon 

when the energy of light photons perfectly 

matches the Plasmon’s' energy level, which 

reduces the intensity of the output light[13]. 

Typically, the bend loss of U fiber sensor is 

comparable to the intensity modulation, which is 

easily impacted by the light source and the 

surrounding environment [14].  

In this paper U shape plastic optical fiber sensor 

was built with 0.5 cm bending diameter and tested 

it with sodium chloride solutions with change in 

refractive index from 1.333 to 1.363 then coated it 

with 20 nm thickness of GNPs and retested with  

the same sodium solutions. Finally, coated the 

bare sensor with 30nm thickness of GNPs and 

tested it with same sodium solutions to study the 

effect of GNPs thickness on the sensitivity of the 

sensor.   



Saffana Z. M. et al., Iraqi J. Laser 21(2), 16-24 (2022) 
 

18 
 

 

 

2. Experiment Work: 

 Based on macro-bending fiber losses, U shape 

fiber sensor have been designed and constructed 

by using plastic optical fiber. 

 

 

 

 

 

Figure1: steps of fabrication the sensor. 

The steps of fabrication the sensor was shown in 

the figure 1. 

Plastic optical fiber (POF) with 930 µm diameter 

was made of PMMA with refractive indices 1.49 

and 1.41 for core and cladding respectively was 

used as shown in figure2. 

 

Figure2: straight Plastic Optical Fiber. 

   First, Straight Plastic optical fiber was bent in U 

shape handily with 0.5 cm bending diameter, the 

sensors were installed on a plastic graduated ruler 

and secured with thermal adhesive. 

The U-bent POF head sensor is polished using 

grinding papers to make it resemble a D shape in 

cross section, as shown in figure3(a). To ensure 

polishing perfection, the POF must be rigidly 

fixed. The upper portion of POF was mostly 

removed to roughly construct the appropriate 

probe profile using a rough polishing paper with 

bigger particles. The roughness of the exposed 

area was then further reduced using fine emery 

paper with finer particles, as can be seen in 

Figure3b 

 

 

 

 

 

Figure 3: (a) Microscope image of the cross-section 

of the sensor tip from which the clad part has been 

removed and shown shape D. (b) Microscope image 

of polished POF, bent U-shape, fiber diameter after 

polishing 680 μm. 

Finally, GNPs sputtered on the head sensor by 

using DC Plasma coating device. The deposition 

rate of the coating layer was 20nm/hour. DC 

scattered plasma technology, a vacuum coating 

process classified under Physical Vapor 

Deposition (PVD) systems and primarily used for 

the deposition of metal alloys, composite textiles 

and other materials. The gold target represents the 

cathode electrode (The gold target with a thickness 

of (1 mm) a diameter of (5 cm), and a purity of 

(99.9%)), followed by a Teflon ring to fix the 

samples to be coated, as shown in Figure 4a, and 

the parts of the complete system are shown in 

Figure 4b where sensors are mechanically fixed on 

the Teflon ring, which is stable in the vacuum 

chamber between the cathode (gold target) and the 
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anode, obtaining a coating film thickness of 20 

nm. 

Figure 4: The demonstration system of DC Plasma 

coating device. 

Figure 5 shows the sensor without coating in A 

and by coating a first layer with a thickness of 20 

nm in( b) and a thickness of 30 nm in (c). 

   

Figure5: (a) bare POF with 0.5cm bending diameter. 

(b) POF with0.5cm bending diameter was coated 

with 20nm thickness of GNPs. (c) POF with 0.5cm 

bending diameter was coated with 30nm thickness of 

GNPs. 

The coated fibers were examined under an 

electron microscope to test the size of the gold 

particles, which are shown in Figure 6, with two 

different scales of the SEM microscope. 

 

 

Figure 6: SEM (Scanning electron microscopy) 

image for GNPs in two scales (a) 500nm and (b) 

10µm. 

2.2 Experimental Setup: 

In this experiment Semiconductor Laser with 650 

nm and 5 mW was used as a source and Ocean 

2000 was used as a spectrometer to record the 

laser beam transmitted on the computer as shown 

in figure 7. 

 



Saffana Z. M. et al., Iraqi J. Laser 21(2), 16-24 (2022) 
 

20 
 

 

Figure 7: experimental setup. 

 

2.3 Refractive Index solutions: 

Sodium chloride solutions with different 

concentrations are used as samples with 

different RIs. NaCl solutions were prepared by 

taken different concentration values of the Salt 

powder dissolved in distal water at room 

temperature. Abbe refractometer measured the 

refractive index of the solutions with ranges 

(1.333-1.363). 

Table 1: The refractive indices of the sodium 

chloride solutions. 

RI     Abbreviation Concentration 

1.333     Distal water                 0 

1.339       C1                          1mg/ ml 

1.342       C2                          2 mg/ml 

1.350        C3                          3 mg/ml 

1.358        C4                          4 mg/ml 

1.363        C5                           5 mg/ml 

 

 

 

 

3. Result and Discussion:  

Intensity counts (number of photons that the 

spectrometer was detected it) was recorded to 

characterize the NaCl solutions for U bent 

POF sensor with 0.5 cm bending diameter 

without coating. 

  

Figure 8: (a) Response of U shape bare POF sensor 

with 0.5 cm bending diameter to refractive index 

change. (b) Linear fit between Intensity and 

refractive index change.  
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It is noted in figure8 a that the intensity spectrum 

of sodium chloride solution with different 

concentrations and refractive indices ranges from 

1.333 to 1.363, where there is no shift of 

wavelengths, but the intensity decreases with the 

increase in the concentration of the solutions this 

occurs because the increased concentration of 

chloride sodium solution increases absorption of 

light power by the solution resulting in decreasing 

in the intensity of light. The sensitivity of change 

the Intensity with refractive index change was -

8501∆I/RIU (∆I/RIU change in intensity per 

refractive index change) for this sensor was 

calculated from the linear fit in figure 8(b). 

  Then LSPR wavelengths were recorded to 

characterize the NaCl solution for U shape POF 

sensor with 0.5 cm bending diameter with 20nm 

thickness of GNPs shown in figure9 and U bent 

POF with 30nm thickness of GNPs shown in 

figure 10.   

It is evident from figure 9 (a) that as the 

concentration of NaCl solution increase the LSPR 

wavelength gradually move to longer wavelength 

(∆λ=5.37) with peak intensity decreasing. figure 

9c show the linearity between the LSPR 

wavelength and the refractive index change the 

sensor response was           showed to be linear 

with R
2
= 0.96  and the sensitivity of LSPR 

wavelength with refractive index change was 179 

nm /RIU. 

 

 

 

 

 

 

 

 

 

Figure 9: (a) 

Response of U shape POF sensor with 0.5 cm 

bending diameter with 20 nm GNPs thickness. (b) 

Normalized Transmission spectrum. (c) Linear 

fitting curve. 
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Figure10: (a) The response intensity of U shape 

sensor with 0.5 cm bend diameter coated with 30 nm 

thickness of GNPs immersed in different 

concentrations of NaCl solution. (b) Normalized 

transmission. (c) Linear Fitting curve. 

It can be observed in figure 10a that 14 nm red 

shift of LSPR wavelength with increase the 

sodium chloride solution concentrations at room 

temperature, the red shift of the local resonance 

wavelength get larger due to addition more 

thickness of GNPs. In figure 10 c the sensor 

response to refractive index change was found to 

be linear with R
2
=0.98 and higher sensitivity of 

466.66 nm/RIU was obtained.  This occurs 

because the increase in GNPs thickness allows 

more significant interaction between surface 

Plasmon mode and fiber mode that giving an SPR 

resonant wavelength more shift[4] [15]. These 

findings is agreement with results of the study in 

reference[16], [4] and [10] (For various RI 

solutions, the probes with increased film thickness 

show strong SPR wavelength sensitivity). 

 The change in resonance wave length with change 

in refractive index of sensing media can explain by 

the principles of SPR and the intensity decreasing 

occurs because the increased concentration of 

outside solution increases absorption of light 

power by the solution resulting in decreasing in 

the intensity of light because U bent sensor based 

on Intensity modulation. 

 The normalized transmission curves that shown in 

figures 9b and 10 b that the higher concentration 

of the solution, the greater depth of the 

transmittance curves with red wavelength shift 

because the LSPR phenomena was occurred. 

Normalized transmission curves were calculated 

from transmittance equation:    
    

   
   

Transmittance is unit less. Where Iin is the reading 

of intensity for air, Iout is the reading of intensity 

for solutions. 
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Table (1): Compering the sensitivity between some 

optical LSPR sensors. 

Sensor 

type    

Material sensitivity 

nm/RIU    

Reference 

 

D shape 

fiber       

GNPs   580 [17] 

U bent 

fiber     

MoS2 -gold 

film 

6184.4 [18] 

U bent 

fiber    

Gold 

nanoparticles    

466.66 This work 

 

4. Conclusion: 

In this study, a U-shaped fiber-optic sensor was 

built using a plastic optical fiber with a curvature 

diameter of 0.5 cm, and part of the fiber's outer 

cortex was removed in the bending region to 

become a D-shape. This sensor was tested on 

sodium chloride solution with refractive index 

change from1.333-1.363 and it was noted that the 

wavelengths do not shift, but the intensity 

decreases with increasing concentrations of the 

sodium chloride solution. When the sensor was 

coated with gold nanoparticles with a thickness of 

20 nm, a red shift of wavelengths was observed by 

5.12 nm with an increase in the concentration of 

sodium chloride solution and 179 nm/RIU 

obtained sensitivity, for coating the sensor with 30 

nm thick gold nanoparticles, a wavelength shift of 

14nm was observed with increasing concentrations 

of sodium chloride solution and a higher 

sensitivity of 466.66 nm/RIU was obtained. The 

coating with GNPs enhanced the sensitivity for the 

sensor. This sensor is simple, has good detection 

specificity and excellent reliability, it can be used 

in bio/chemical applications. 
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علً ظاهسج تسدد السنُن  Uدزاسح تاثُس سمك طلاء الرهة علً حساسُح مستشعس اللُف الثصسٌ تشكل 

 السطحٍ المىقعٍ

 سفانح ذَاب مسُس,  تشسي زشوقٍ مهدٌ

انعزاق ، بغذاد ، بغذاد جبيعت ، انعهٍب نهذراطبث انهٍشر يعٓذ  

انًهخص: فً ْذا انبذث ، تى تصًٍى ٔتُفٍذ يتذظض انٍبف بصزٌت انًعتًذ عهى ظبْزة رٍٍَ انبلاسيٌٕ انظطذً انًٕقعً 

طى. ثى  5.0بقطز اَذُبء يقذارِ   U ببطتخذاو نٍف بصزي بلاطتٍكً ٔتى عًم اَذُبء نّ عهى شكم دٍث تى تصٍُع انًتذظض

تى اختببر ْذا انًتذظض  D.  عًم صقم نزاص انًتذظض عُذ يُطقت الاَذُبء نٍكٌٕ شكم انًقطع انعزضً نهفبٌبز عهى انشكم

. ثى تى طلاء انًتذظض بجشٌئبث انذْب 3.1.1نى ا 3.111عهى يذهٕل يهخ كهٕرٌذ انصٕدٌٕو بًعبيم اَكظبر ٌتزأح يٍ 

 ٔتى اختببرِ عهى َفض يذهٕل يهخ كهٕرٌذ انصٕدٌٕو. ثى تى طلاءِ بجشٌئبث انذْب انُبٌَٕت بظًك nm 20 انُبٌَٕت بظًك

15nm  466.66نهذصٕل عهى اعهى دظبطٍت تبهغ nm/RIU  


