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Abstract—--In this study, a planar D-shape optical fiber 

sensor based on Surface Plasmon Resonance phenomenon using 

two different excitation methods has been demonstrated. The 

proposed bio-sensor uses Amplitude-Wavelength hybrid 

detection technique to determine the change in urine refractive 

index that depends on resonance parameters. The analysis 

employs finite element method to investigate the optical 

properties of the proposed sensor. From the results it can be 

evident that Otto configuration offers greater amount of reflected 

light intensity dip for a particular urine refractive index in 

comparison with Kretschmann configuration. For an example, 

for Otto configuration the dip of reflected light intensity 

measured in terms of reflectance which attains a value 0.5 for ns 

(urine refractive index) of 1.489 while Kretschmann 

configuration provides a dip of  0.65  for the same value of ns. 

Results also show that the sharpness of reflectance is 

comparatively higher for the sensor using Otto configuration in 

comparison with Kretschmann configuration in case of 

wavelength interrogation. Thus, Otto configuration offers better 

performance in comparison with Kretschmann configuration. 

Keywords— Surface Plasmon Resonance (SPR), optical fiber 

sensor (OFS), Kretschmann configuration, Otto configuration, 

Amplitude- Wavelength hybrid detection; 

I.  INTRODUCTION 

Acute chronic renal disease, dehydration, nephropathy may 
cause severe health risk and ultimately lead to renal damage, 
heart stroke and death. Hence early detection of renal function 
state and dehydration status are essential for prevention and 
treatment of aforesaid diseases [1].  For this purpose, specific 
gravity and osmic pressure of urine can play an important role 
to identify both renal function state and dehydration status [2]. 
Both of them can be measured through measuring urine 
refractive index as there is a correlation that exists between 
total amount of solids dissolved in the urine sample and its 
refraction. Urinometer and Refractometer are two 
commonplace means of measuring solids dissolved in the urine 
sample and its refraction [3]. 

Resonance based optical sensing technique can be used for 
efficient monitoring of molecular binding in real time for 
applications such as biological and chemical sensing [4].  It is 
widely used in the field of medical diagnosis, chemical vapor 
detection, food safety measurement and environmental 
monitoring due to its superior refractive index sensing property 
[5]. Sensitivity of SPR biosensor is the fundamental reason to 
use it for such applications [4]. SPR technology is based on the 
electromagnetic field component of incident light that 
penetrates tens of nanometers into the surface of a material [6]. 
Due to transfer of energy between evanescent wave and surface 
plasmon, coherent electron oscillation occurs at metal-
dielectric interface. As a result a stimulated resonance 
condition occurs at the interface that causes a sharp reduction 
in reflected light intensity [7]. There are two configurations 
used to excite surface plasmon wave at the metal-dielectric 
interface: One is Otto configuration [8] and another one is 
Kretschmann configuration [9]. Both of the configurations use 
attenuated total reflection method (ATR) to excite surface 
plasmons [10]. Kretschmann- Raether configuration is less 
complex to fabricate compared to Otto configuration. But 
Kretschmann- Raether configuration offers a fixed dielectric 
gap sandwiched between two other dielectric mediums that 
eventually affects the sensitivity of measurement [11]. On the 
other hand, Otto-configuration involves a bit complex 
fabrication process but provides better sensitivity than 
Kretschmann configuration [12]. An improvement in the 
sensitivity of both type of SPR sensor can be introduced 
through exploiting gold nanoparticles that functionalizes at the 
metal- dielectric interface [4]. In this paper, a theoretical study 
using both of the configurations has been done with the help of 
numerical approaches to investigate the change in optical 
properties of light wave dependent on the variation of 
refractive index of dielectric medium [13]. The proposed 
optical fiber sensor is suitable for embedding in public toilets. 
Elderly people can take the advantage out of it as they often 
have to experience urinal infection and need to go for a regular 
checkup. Therefore, the proposed device can act as an initial 
indicator to identify possible health issues through urinalysis. 

In this paper, Wavelength- Amplitude Hybrid detection 
scheme has been followed to establish a   fundamental 
relationship between the resonance parameters and refractive 
index variation of urine sample (over the range of 1.3300-
1.3489) by dint of using a D-shape optical fiber sensor based 
on SPR technology [14]. Both Kretschmann- Rathether and 
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Otto configurations used for Surface Plasmon excitation have 
been optimized with a metal coating [15]. A metal coating of 
Au layer is deposited in between two dielectric mediums in 
case of Kretschmann configuration. Likewise, an Au layer is 
placed at the outer layer of SPR sensor for Otto configuration. 
Real part of dielectric constant of Au layer must change sign 
along with metal- dielectric interface to give rise to SPR 
excitation. Chemical stability and linear behavior with the 
change of the refractive index of sensing medium have made it 
one of the promising materials to be used while designing a 
biosensor [16]. Surface plasmon resonance phenomenon occurs 
only when the wave-vector matches between an incident light 
wave and plasmonic wave at the metal-dielectric interface at a 
particular combination of incident angle, phase, wavelength of 
incident light and dielectric functions of metal and dielectric 
sensing medium [17-18]. The phenomenon has received 
enormous popularity in measuring bimolecular interactions in 
various reagents and binding agents [19].The detection process 
that uses Surface Plasmon Resonance phenomenon for 
determining human health parameters is precisely controlled 
through maintaining a guided flow of urine-sample solutions 
[20]. Finally, a study has been made to analyze the change in 
urine refractive index with the variation of incident angle and 
wavelength of incident light for both Otto and Kretschmann- 
Rathether configuration [3]. 

This paper demonstrates the following sections. Firstly, 
introduction part covers a brief explanation of SPR technique 
and its usage in determining change in refractive index of 
sensing medium with the change in resonant parameters. 
Secondly, design oriented issues of the proposed D-type optical 
fiber sensor based on SPR technique are incorporated in the 
design concept and device arena. Thirdly, results and 
discussions part reveals a comparison between SPR sensors 
based on Kretschmann and Otto configuration in terms of 
magnetic field distribution at metal-dielectric interface, 
amplitude interrogation and wavelength interrogation. Finally, 
conclusion of the paper provides a brief discussion about the 
overall outcomes obtained from this work. 

II. METHODOLOGY 

In this work, a 2D structure of a SPR based D-shaped 
optical fiber sensor has been presented considering both 
Kretschmann and Otto configurations. The Fresnel equations 
analysis method has been employed in Comsol Multiphysics 
version 4.4 to investigate both of the two configurations used to 
excite surface plasmon wave. For this purpose, finite element 
method (FEM) has been used to study the optical behavior of 
proposed fiber sensor [21]. The finite element method (FEM) is 
a comprehensive tool for various physics and engineering 
applications, especially coupled phenomena, or multi-physics. 
It is a simulation platform to calculate resonant angles as well. 
TM (transverse magnetic) or parallel polarized light wave 
having a wavelength of 632.8 nm and an incident angle of 
67.25˚  is used to cause the coherent electron oscillation at 
metal- dielectric sensing medium and a thin gold film layer 
with a thickness of 50 nm has been used for optimal excitation 
of Surface Plasmon Wave [22]. The resonance condition is 
established when the frequency of light photons matches the 
natural frequency of surface electrons oscillating against the 
restoring force of positive nuclei. Wavelength of incident light, 
incident angle, metal layer properties and geometry of the 
sensing device have a great influence on the coupling of 
evanescent wave with surface plasmon wave. For the terms 
which describe the electronic surface plasmon to exist, the real 

part of the dielectric constant of the metal must be negative and 
its magnitude must be greater than that of the dielectric. In this 
phenomenon, smaller values of incident angle are responsible 
for causing greater number of reflections per unit length of the 
device [23]. Resonance condition depends on the type of 
material used as a sensing medium that further allows 
characterization of SPR phenomenon.   

III. DEVICE CONCEPT AND DESIGN 

The paper mainly investigates the Amplitude-Wavelength 
hybrid detection technique in order to detect the change in 
urine refractive index in accordance with the change of incident 
angle and light wavelength. In Fig. 1. a planar waveguide of 
proposed optical sensor has been shown with core dielectric 
constant 2.28, cladding dielectric constant 2.12, metal dielectric 
constant -25+1.44i [10] and metal thickness 50 nm, urine 
refractive index ranges from 1.3374-1.3489. Through 
symmetrical removal of a portion of cladding, the proposed 
SPR technology based D-type optical sensor has been 
designed. 

 

Fig. 1. Schematic Diagram of D-shape fiber optic sensor based on surface 

plasmon resonance using Kretschmann configuration 

In the above schematic diagram a planar waveguide has been 

designed using Kretschmann configuration where a metallic 

layer (gold) has been sandwiched in between two dielectric 

medium [24]. In similar fashion, Otto configuration can be 

designed by interchanging the position of metal and sensing 

dielectric medium. 

IV. RESULTS AND DISCUSSIONS 

Urine samples having different refractive indices are 

considered as sensing medium. Reflectance profile of the 

proposed sensor for both Kretschmann- Rathether and Otto 

configurations have been investigated by dint of Amplitude 

and Wavelength interrogation. Results obtained from 

simulation work reveals the full potential of SPR biosensor: 

when wavelength shifts and amplitude of reflected light wave 

varies in accordance with the variation of sensing medium 

refractive index.  Refractive index of urine sample ranges 

between 1.3374-1.3489 [2], pointing as a possible indicator for 

determining health related problems. The resonant angle of the 

proposed sensor computed here is 67.25˚ that complies with 

both of the configurations. In this paper a comparison between 

two of the configurations has been made through investigating 

magnetic field distribution, reflectance profile through varying 
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angle of incidence, wavelength of light. The results confirms 

its suitable usage as a diagnosis tool of urinalysis to detect 

possible health issues. 

A.  Magnetic field distribution at the surface of SPR: 

The distribution of magnetic field in the aforesaid 

structures at resonant angle are shown in Fig 2(a) and Fig. 2(b) 

below. At resonant angle for Kretschmann- Rathether 

configuration magnetic field intensity experiences an 

exponential decay at the gold-sensing dielectric interface [25]. 

On the other hand, an exponential decay is encountered at 

prism - sensing dielectric medium interface. For same design 

parameters Otto configuration offers slightly better magnetic 

field intensity compared to Kretschmann configuration. For 

wavelength of 632.8 nm the respective peak values of 

magnetic field intensity for both Otto and Kretschmann- 

Rathether configuration are respectively given as 1218×103 

A/m and 1215×103 A/m.   

 

 

Fig. 2. (a). Magnetic field distribution at resonance condition for 

Kretschmann-Raether configuration. 

In this paper, z-component of magnetic field (A/m) has 
been shown for both of the SPR configurations. Classical 
eletromagnetic field theory considering eleltromagnetic wave 
reflection, transmission and absorption for materials consisted 
of multiple layers can be used to get a close insight into SPR 
phenomenon [6]. Surface plasmon resonance formed at 
resonance condition propagates along the metal-dielectric 
interface and the magnectic field distribution has a great 
influence  to depict the surface plasmon resonance effect on 
electromagnetic field. Thus it is essential for characterization of 
surface associated phenomenons required to investigate  bio-
molecular interactions between reagents and analytes. 
Commercial deployment of SPR technology for measuring 
surface contaminents at a nano-scale range has witnessed a 
major breakthrough in the development of medical science. 

 
 

 
Fig. 2. (b). Magnetic field distribution at resonance condition for Otto 

configuration. 

B. Amplitude Detection: 

Fig. 3 (a) and Fig. 3(b) show a sharp decline in the 

reflected light intensity for higher values of refractive index of 

urine sample at a resonant incident angle of 67.25˚ for both of 

the configurations at a wavelength of 632.8 nm. A few 

samples of urine reflective indices are taken to identify 

“healthy group, “sick-group” and “treated group” [14]. For 

Kretschmann configuration the dip of reflected light intensity 

drops from 0.92 to 0.65 as the refractive index approaches 

towards higher values ranges from 1.3374 to 1.3489. In case 

of Otto configuration the dip in reflected light intensity 

declines from 0.90 to 0.50 when there is an increase in urine 

refractive index holding values of 1.3374 to 1.3489.  

 

Fig. 3. (a). Reflectance as a function of incident angle for Kretschmann 

configuration. 

Therefore, these results state a relationship between urine 

refractive index and incident angle which dramatically affects 

the optical properties of the proposed sensor [24-25]. Thus, a 

change in reflected light intensity can be used as a measure of 

change in refractive index of sensing medium. Eventually, the 
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value of urine specific gravity (USG) can be determined 

through knowing the urine refractive index (RI). 

 

Fig. 3. (b). Reflectance as a function of incident angle for Otto configuration. 

C. Wavelength Detection: 

In case of Wavelength detection the wavelength of 

incident light wave is varied in between 200 nm to 1600 nm 

that covers the wavelengths fall into visible spectrum (400 nm 

to 700 nm) and infrared region. A wavelength shift heading 

towards smaller wavelengths can be observed when the 

refractive index of the sensing medium increases from 1.3374 

to 1.389, applicable for both of the configurations.  

 
 

Fig. 4. (a). Surface Plasmon Resonance spectra at different values of urine 

refractive indices for Kretschmann- Rathether configuration. 

From Fig. 4(a) and Fig. 4(b) it can also be evident that for 

Otto configuration at 67.25˚ incident angle FWHM (full width 

at half maximum) values of incident wavelength attain 

comparatively smaller values in comparison with FWHM 

values obtained from Kretschmann- Rathether configuration 

for a change in urine refractive index. For example, in case of 

Kretschmann- Rathether configuration approximately 550 nm 

FWHM value can be figured out at a urine refractive index of 

1.3489. Likewise, Otto configuration provides a value of 350 

nm for urine refractive index of 1.3489.  Hence, the following 

figures depict that sharper curves provide higher sensitivity. In 

this regard, sensor designed using Otto configuration offers 

better sensitivity compared to Kretschmann- Rathether 

configuration as because the narrower the line width the 

higher the sensitivity. For a specific value Au thickness the 

measurement sensitivity of the proposed sensor can be further 

improved to a great extent. 

 
 

Fig. 4. (b). Surface Plasmon Resonance spectra at different values of urine 

refractive indices for Otto configuration. 

IV. CONCLUSION 

The simulation work presents a SPR based optical sensor with 

two different configurations of surface plasmon wave 

excitation. From the results, it can be observed that the urine 

refractive index has a great influence on resonance angle and 

resonance wavelength. With the increase in urine refractive 

index the dip of reflected light intensity falls from 0.92 to 0.65 

for Kretschmann- Rathether configuration. Whereas Otto 

configuration exhibits a decrease in the reflectance dip holding 

values from 0.90 to 0.5 for an increase in refractive index of 

urine sample. Both of the results are obtained for amplitude 

interrogation. Likewise, in case of wavelength interrogation 

resonant wavelength of incident light wave attains shorter 

wavelengths as the refractive index of urine sample 

approaches toward higher values. In this work, Otto 

configuration exhibits smaller full width half maxima values 

for a particular refractive index compared to Kretschmann 

configuration. Thus, urine refractive index can be detected 

through amplitude measurement and wavelength interrogation 

using both of the configurations. It can also be said that Otto 

configuration provides higher dips in reflected light intensity 

as well as narrower FWHM values with respect to urine 

refractive index variation compared to Kretschmann 

configuration though Kretschmann is comparatively easy to 

fabricate than Otto configuration. In our future work, we 

would like to fabricate the proposed optical sensor by means 

of implementing both of the configurations. 
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