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Abstract: Improvement  of  tapered  fiber  sensor  by  introducing  gold  thin  layer  for  
facilitating surface plasmon resonance (SPR) generation has been studied. The 
particular interest in this problem is the conditions that determine the formation of 
evanescent field and the interrogation of the transmission intensity change due to the 
evanescent field absorption. The fabrication of the tapered fiber was conducted by a 
technique based on flame brushing using a homemade fiber tapering rig. The heat 
source comes from an oxy-butane torch.  The gold nanolayer was then deposited onto 
the surface of tapered fiber by sputtering technique. The results suggest that a compact 
sensor based on this structure may be useful for biochemical sensors. 

  
 
 
1. Introduction 

Surface Plasmon Resonance (SPR) is a common method 
for the analysis of biomolecular interaction. SPR is 
sensitive to the changes in the refractive index occurring 
at the interface between a thin metal film and a dielectric 
medium. Binding events are detected as changes in the 
solute concentration in proximity to the sensor surface, 
e.g. for binding to a surface immobilized protein. 
Surface plasmon resonance takes place if the wave 
vector of the incident light parallel to the conductor 
surface kx matches the wave vector of the surface 
plasmon ksp, whereas the wave vector of the surface 
plasmon ksp is sensitive to the refractive index of the 
dielectric medium in contact with the sensor surface[1]. 
Therefore the wave vector of the light kx can be 
approximated by  

 

(1) 

where  is the dielectric constants of the dielectric 
medium, whereas  is the real part of the dielectric 
permittivity of the metal. If excitation of surface 
plasmons occurs, it will resulting a dip in the intensity of 
the reflected light. Therefore, this dip varies 
approximately with the refractive index of the dielectric 
medium in contact with the sensor surface. When 

molecules in the sample binding to the sensor surface, 
the concentration, and therefore the refractive index, at 
the surface changes and the shift of the SPR dip suited to 
provide information is detected.  

In the past few years, the collaboration of optical fiber 
technology and SPR has been a subject of intensive 
research. Importantly, the sensitivity enhancement has 
been a critical research issue in the area of fiber optic 
SPR based sensor. Several theoretical as well as 
experimental studies have been carried out. Tapered 
fiber offer an advantage of the ease of integration with 
conventional single mode fiber (SMF) as well as the 
access to the evanescent field provided by tapering since 
the light is guided by the boundary between the taper and 
the external environment. Also its because fast, highly 
sensitive and low cost tapered optical fiber biosensor that 
enables the label free detection of biomolecules[2]. This 
is owing to their unique optical guidance properties that 
include a relatively low loss, strong evanescent fields, 
tight optical confinement, and controllable waveguide 
dispersion. They possess large refractive index contrast 
which is able to provide tight field confinement that 
makes tapered fibers particularly suitable for nonlinear 
optical applications[3]. 

In the present instrument the dip is detected by the use of 
a convergent light from Reflectometry System (Nanocalc 
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2000 Ocean optics). What the SPR instrument actually 
measures is reflected light intensity that corresponds to 
the energy gets adsorbed by the plasmons.  

2. Experimental Details 

Tapered fiber fabrications have been demonstrated by 
using a wide range of techniques, in this paper we use 
the flame heating technique which has proven to be one 
of the most versatile, which can fabricate tapered fiber 
with good physical properties. The fabrication employs 
an oxy-butane torch. Fiber optic heated while being 
pulled slowly. Since borosilicate glass melts at a high 
temperature we are using oxy-butane torch at 800 .  

 

Figure 1.  Tapered fiber. 
 

Figure 1 shows a picture of tapered fiber produced by 
this method taken with Dino capture 2.0 microscope. 
Next we try to give metal layer of thickness 50 nm to the 
tapered fiber. We try using sputtering methods. 
Sputtering is a process where particles are ejected from a 
solid target material because of bombardment of the 
target by high-energy particles.  

 

Figure 2.  Tapered fiber with 50 nm gold layer. 
 

Figure 2 shows tapered fiber made by flame brushing 
technique and metal layer deposited using sputtering 
technique.  

The Reflectometry System (Nanocalc 2000 Ocean 
optics) was used to excite light into one end of the 
tapered fiber sensor and monitor the reflection spectrum 
from the same end of the tapered fiber. For a typical test, 
air was used to evaluate the performance of the tapered 
fiber. The intensity of light reflected internally from the 
metal film was measured. Experimental SPR set-up can 

be seen in Figure 3. The reflection spectrum of air was 
recorded for comparison. 

 

Figure 3.  Experimental SPR set-up. 
 

The comparison between the initial reflection spectrum 
on air (red), reflection spectrum dipped in ethanol (blue), 
and reflection spectrum dipped in sugar solution (black) 
was shown in figure 4. There was an obvious shift. A 
change in refractive index at the surface of the gold layer 
causes the shift. At 589 nm standard refractive index 
measurements taken, refractive index of water is 1.00, 
refractive index of 10% glucose solution in water is 1.33, 
and refractive index of ethanol is 1.36. It was found 
experimentally that the bigger the refractive index could 
shift reflection spectrum to the right and it matches our 
experiment result. 

However, the experimental result showed small changes 
in profile and intensity. There might be some reasons for 
this. First, the tested tapered fiber sensor was not as ideal 
as we hoped for. Second, there might be physically 
adsorbed solution which also changed the properties of 
the tapered waveguide.  

600 700
0

50

100

150

580 600 620 640 660 680 700 720
0

50

100

150

600 700
0

50

100

150
 ethanol

Wavelength

 Sugar Solution

Re
fle

ct
io

n

 Air

shift

 

Figure 4.  A shift in SPR dip caused by changes in 
refractive index. 

 
3. Conclusion 

The excitation of surface plasmon waves in the gold 
metal-air interface was examined, and a dip in reflected 
intensity was observed. The performance of SPR 
refractive index sensor was investigated by using air, 
ethanol, and sugar solutions. It is noted that the SPR 
reflectance curve shifts. It is inferred that if the SPR dip 
in the reflectance is used as a basis for the detection of 
variation in solution, a reasonably high sensitivity is 
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achieved over a wide range of refractive index 
measurement. 

Acknowledgement 

The authors are grateful to Dr. Herman and Dr. Hendro 
for fruitful discussions. The authors are thankful to 
Program Riset Kelompok Keahlian ITB 2013 for 
financial assistance with contract no. 122.57/AL-
J/DIPA/PN/SPK/2013.  

References  
[1] Probing the structure and activity of proteins by 

surface plasmon resonance (SPR), Lecture Notes, 
Biozentrum, University of Basel, 
Klingelbergstrasse 50-70, 4056 Basel, Switzerland 

[2] Y. Tian, W. Wang, N. Wu, X. Zou, and X. Wang, 
“Tapered optical fiber sensor for label-free 
detection of biomolecules,” Sensors (Basel) 11(12), 
3780–3790 (2011) 

[3] S. W. Harun, K. S. Lim, C. K. Tio, K. Dimyati, and 
H. Ahmad, “Theoretical analysis and fabrication of 
tapered fiber,” Optik, vol. 124, no. 6, pp. 538–543, 
2013.I. Akkurt, A. Elkhayat, The effect of barite 
proportion on neutron and gamma-ray shielding, 
Annals of Nuclear Energy 51 (2013) 5-9. 
DOI:10.1016/j.anucene.2012.08.026 

[4] Fang, Z., Chin, K. K., Qu, R. and Cai, H., 
[Fundamentals of Optical Fiber Sensors], Wiley, 
New Jersey, 395-426, (2012).I. Akkurt, Nuclear 
Physics, 2nd ed., Prentice-Hall, Englewood Cliffs, 
NJ, 2014 

[5] El-Sherif mahmoud, Bangsal Lalitkumar, Yuan 
Jianming, “Fiber Optic Sensors for Detection of 
Toxin and Biological Threats” Sensors 12/2007; 
7(12). DOI:10.3390/s7123100 

[6] Navina Mehan, Vinay Gupta, K Sreenivas & Abhai 
Mansingh, “Surface plasmon resonance based 
refractive index sensor for liquids” Indian Journal 
of Pure & Applied Physics Vol. 43, November 
2005, pp. 854-858 

 [7] A.A. Jasim, K.S. Lim, M.Z. Muhammad, H. Arof, 
H. Ahmad, S.W. Harun “Transmission 
characteristic of multi-turn microfiber coil 
resonator” Optics & Laser Technology 44 (2012) 
1791–1795 

[8] Karlsson, Olof (GE Healthcare Bio-Sciences AB, 
Bjorkgatan 30, Uppsala, S-751 84, SE); BERLING, 
Henrik (GE Healthcare Bio-Sciences AB, 
Bjorkgatan 30, Uppsala, S-751 84, SE) 2016 
Method to Determine Solvent Correction Curves 
GE Healthcare Bio-Sciences AB (Bjorkgatan 30, 
Uppsala, S-751 84, SE) WO/2016/066591 

[9] Fabio Vega ; Cesar Torres ; Leonardo Diaz and L. 
Mattos " Simple method of fabrication tapered fiber 
", Proc. SPIE 8785, 8th Iberoamerican Optics 
Meeting and 11th Latin American Meeting on 
Optics, Lasers, and Applications, 87852D 
(November 18, 2013); doi:10.1117/12.2025275 

[10] Hsing-Ying Lin, Chen-Han Huang, Gia-Ling 
Cheng, Nan-Kuang Chen, and Hsiang-Chen Chui, 

"Tapered optical fiber sensor based on localized 
surface plasmon resonance," Opt. Express 20, 
21693-21701 (2012) 

[11] Rajneesh K. Verma, Anuj K. Sharma, B.D. Gupta 
“Surface Plasmon Resonance Based Taper Fiber 
optic Sensor with Different Taper Profiles” Optics 
Communications Volume 281, Issue 6, 15 March 
2008, Pages 1486–1491 

[12] F. Gao, H. Liu, C. Sheng, C. Zhu and S. N. Zhu “A 
refractive index sensor based on the leaky radiation 
of a microfiber” Optics Express 05/2014; 22(10). 
DOI: 10.1364/OE.22.012645 

 
 

3 
 

http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.2025275&Name=Fabio+Vega
http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.2025275&Name=Cesar+Torres
http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.2025275&Name=Leonardo+Diaz
http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.2025275&Name=L.+Mattos
http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.2025275&Name=L.+Mattos
http://www.sciencedirect.com/science/article/pii/S0030401807011844
http://www.sciencedirect.com/science/article/pii/S0030401807011844
http://www.sciencedirect.com/science/article/pii/S0030401807011844
http://www.sciencedirect.com/science/journal/00304018
http://www.sciencedirect.com/science/journal/00304018
http://www.sciencedirect.com/science/journal/00304018/281/6
https://www.researchgate.net/journal/1094-4087_Optics_Express

	1_700

