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Abstract— Surface plasmon resonance (SPR)  biosensor is one of the optical sensor that exploits the specific properties of 
electromagnetic waves. SPR biosensors have been generally utilized in the field of environmental sciences for a real-time 
monitoring. It is a label-free technique that is utilized to recognize biological analytes and analyze the binding interactions 
between a liquid sample with a biomolecular recognition element immobilized on the SPR sensor surface. we propose a 
vertical tiny  finite thickness metal-insulator-metal(MIM) surface plasmon resonance based optical sensor that is placed on a 
silicon waveguide .The proposed waveguide structure act as a Fabry-perot resonator . The proposed biosensor is modeled 
and simulated by using RSoft CAD tool and the channel property of the device is investigated by Finite difference time 
domain (FDTD) solver in RSoft tool. 
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I. INTRODUCTION 
 
Sensor based on surface plasmons exhibit high 
sensitivity which does not require the need for 
labelling of molecules[1]. It is highly employed in the 
field of science which act as powerful tool for the 
characterizing and studying the interaction of 
biomolecule. Although conventional SPR sensors are 
simple ,compact ,robust and highly sensitive  prism 
coupled the device dimensions and its optical 
components are too large  that they are not suitable 
for the miniaturization and integration[2][3], thus 
making it out of lab on chip application. 
Advancement in the development of high sensitive 
optical fibre and waveguide based surface plasmons 
as resulted in the development of a sensor based on 
silicon which is a high refractive index material 
system .Also  multianalyte plasmonic systems has the 
capability to increase the  speed of operation and also 
capable of shrinking the device dimension for the 
future integration of circuits. The proposed work aims 
at developing a Metal-insulator-metal(MIM) 
plasmonic waveguide that provides a high light 
confinement that is suitable for the sensing 
application. Sensor is created  and simulated using an 
RSoft tool which is based on finite difference time 
domain which is a numerical tool that provides 
solution to the Maxwell's equation 
  
II. SCOPE AND MOTIVATION 

 
In order to study the interaction between  immobilized 
biomolecule and an analyte by using conventional 
technique such as fluorescence or ELISA (enzyme 
linked immuno-sorbent assay) requires special 
characteristics and labels (Radioactive or 
Fluorescent)[6]. where as an SPR which is based on a 
surface sensitive technique provides the real time 
monitoring of binding interaction of  proteins and their 

affinity on to the sensor surface without the need of 
reporter molecules. In this the measurements are 
based on refractive index change. Thus there is need 
to develop such a biosensors though the traditional 
prism coupled sensor developed is simple and  robust 
in nature and provides high sensitivity it cannot be 
integrated. Thus developing the senor that can be 
easily miniaturized and integrated is necessary and 
should also operate in multi-analyte mode. Thus we 
have created a dual channel based sensor using  high 
refractive index  material such as silicon so that the 
device can be miniaturized and integrated for sensing 
application. 
 
III. SURFACE PLASMONS 
 
conductive materials consist of a large density of free 
electron the collective oscillation of these electrons 
are called as plasmons which is when confined to 
propagates at a metal dielectric interface they are 
known to be surface plasmons. These surface 
plasmons results in a strong electric field which is  
normal to the plane of interface. 
 

 
Fig 1 structure showing the metal-insulator-metal  interface that 

can support the surface plasmon wave. 
One of the benefits of coupling light from free space 
into surface plasmons, is that you can significantly 
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reduce the wavelength of the light. Taking this design 
one step further, by placing a second metal layer 
above the dielectric layer as well as below, one can 
fabricate a metal-insulator-metal (MIM) waveguide. 
These structures allow extremely high modal 
confinement of light. 
 

 
Fig 2  dispersion graph that shows the momentum mismatch 

issue which is plotted using MATLAB 
 
As it is seen from the from the above Fig 2. As we 
notice that the propagation of surface plasmons 
through a metal/ dielectric/metal interface is much 
faster when compared to the momentum of free 
photons which is travelling through a dielectric 
medium therefore we cannot excite the surface 
plasmon directly by shining the light onto the surface 
of the metal plate. By using the process of total 
attenuated diffraction or reflection one can increase 
the speed of light that can be matched to the surface 
plasmon. This results in the coupling between a 
surface plasmon and an incident light. In our design  
we have used waveguide as a coupling source which 
has the capacity to increase the wavevector of the 
incident light source to match that of  surface 
plasmons. The waveguide is created using silicon 
which is a high refractive index material. The light 
propagates in the form of  this guided mode is 
concentrated in the waveguiding layer where as 
portion of field propagates as an evanescent wave in 
the low refractive index medium surrounding the 
waveguiding layer. As the light from the source 
penetrates the region of the waveguide which contains  
layer of metal, results in the excitation of  plasmons  
that generates evanescent wave at the boundary of the 
metal plate.  
When the two waves that is plasmon wave and the 
incident light wave which is given by the equation 
below are equal then coupling takes place between the 
guided mode and plasmon mode. 

β = Re{β} 
When the guided mode from source penetrates inside 
the layer of waveguide structure that is created, 
resonance matching condition occurs when the wave 
vector of both the wave that is incident light wave 

inside the waveguide structure and that of surface 
plasmon wave are matched with each other were the 
above equation is satisfied. This results in the 
excitation of electrons in the metal plate as a result 
there is a decline in the intensity of the transmitted 
spectrum at a specific wavelength known as a 
resonant wavelength.  
 
IV. IMPLEMENTATION 
 

 
Fig.3 The MIM plasmon waveguide  created using the RSOFT 

tool. 
 
The design of vertical coupled metal-insulator-
metal(MIM) surface plasmon sensor is shown in the 
Fig 3.The device composes of two metal plates 
separated by a dielectric medium. this vertically 
integrated  on a high refractive index medium like 
silicon membrane above which a layer of silica is used 
as supporting layer. When the gold layer is 
illuminated by a TM or P-polarized mode from the 
light source is guided along the slab waveguide made 
up of silicon results in the creation of evanescent field 
of the si waveguide will be coupled into a f-MIM 
plasmonic waveguide structure acting as a Fabry-perot 
resonator. The sensor that we modeled is divided into 
three sections Input section, Waveguide section, and 
Output section. The light is made to pass through the 
input section which is further guided on the silicon 
membrane as it propagates through the length of the 
section it excites the gold plate in the waveguide 
section where the sensor surface is sensitive to the 
refractive index change due to the change the 
surrounding environment[8] such a change can be 
measured as a shift in the wavelength across the 
output section of the guiding device. 
 
The senor which is shown in the figure is constructed 
using the silica with refractive index of 3.45 and sio2 
with RI of 1.44 with their thickness of 1µm and 
2µm.The refractive index of the test region is 1.33 and 
the length of the sensor is 8.14µm. 
 
The optical setup for the excitation and interrogation 
of SPs requires a broadband P-polarized optical signal 
with the range of about 550nm-850nm which is 
applied at the input section of the senor. Fig.4 shows 
the flow of the project 
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Fig.4 Project Flow 

 
In order to monitor the binding interaction that exists 
between a biological molecules a thin film of bio-
recognition element will be placed on the surface of 
the gold plate then the layer will be probed by the 
evanescent wave which is generated by the  excitation 
of surface plasmons on the metal plate. The wave that 
is generated will be in contact with the dielectric 
medium where the analyte molecule tend to bind to 
the  recognition element placed on the sensor surface 
which results in the change in the refractive index δn 
of the surrounding metal surface this results in change 
in the propagation constant δβ and consequently 
changes the coupling condition of the surface 
plasmons. Therefore, the molecular binding events 
can be detected by measuring variations of the 
characteristics of the light wave coupled to the SP.  
we are  the measuring such a change in the 
propagation constant in terms of shift in the 
wavelength. This determines the changes in the 
quantity of bound analyte and subsequently the 
amount of the analyte present in a sample medium. 
 
V. RESULTS AND ANALYSIS 
 
RSOFT CAD tool is a photonic component design 
suite that allow the user to design and simulate the 
photonic devices that can be used for the optical 
communication. The RSOFT tool contains 
FULLWAVE as one of the simulation engine which is 
based on FDTD method .For the structure designed it 
computes the electromagnetic field distribution with 
respect to time and space to a given excitation. 

Fig 5 The FDTD simulation window of the 퐇퐲 component with 
the monitor result 

FDTD is a numerical method for solving the maxwells 
equation.Most of the integrated optic structures that is 
designed involves this as a technique to solve the 
propoagation of wave.It proceeds by segmenting the 
structure and the surrounding space into a three-
dimensional mesh composed of a number of 
rectangular unit cells then numerically solving these in 
a software[9].It computes the electric field and 
magnetic field components at points on a grid and 
these fields are interlaced with eachother the 
computed magnetic field using the simulation 
software is as shown in fig 5.  

 
Fig. 6 Due to the change in the refractive index of the medium 
we observe the minimum in the intensity of the transmission 

spectrum along with the wavelength shift. 
 
Fig 6 shows the graph of transmission spectrum of 
power  versus the wavelength, with a refractive index 
of 1.33we see dip in the curve at 1.55nm wavelength 
indicated the matching condition between the 
wavevector of surface plasmon and incident light[11]. 
Further if the  analyte refractive index is varied from 
1.3 to 1.32 will results in the shift in the wavelength 
from 1.55nm to 1.56nm. we observe the change in the 
minimum position of the transmission spectrum as a 
function of the refractive index of the analyte in the 
sample medium this ensures the proper functioning of 
the device which is designed.  
 
CONCLUSION 
 
In this paper a waveguide based surface plasmon 
resonance biosensor is designed and simulated using a 
FDTD solver in RSOFT. The structure involves  
multianalyte configuration which is suitable for the 
application where the simultaneous detection of 
analyte is required. with the proper selection of 
structural parameters  the designed sensor can achieve 
a sensitivity of 400nm/RIU[7]. 
 
FUTURE SCOPE 
 
The analysis above is carried  is carried out by varying 
refractive index which is  resulted in the proper 
functioning of the device by producing the shift in the 
wavelength thus making the proposed design compact 
and relatively easy to fabricate using optical 
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lithography as compared to the conventional SPR 
sensor. 
Also metal which has a complex refractive index and 
as a result though SPR waveguide produces large 
confinement it suffers from propagation loss. Thus 
there is  need to develop different plasmonic 
waveguide and has to identify the best waveguide 
design that can be used for the various application.   
 
REFERENCES 
 
[1]. Sensitivity- "enhancement methods for surface plasmon 

sensors", laser and photonics Rev 5,571-606,A sharabney 
I.abdulhalim. 

[2]. J. Homola, S. Yee, G. Gauglitz, "Surface plasmon  resonance 
sensors: review", Sens. Actuators B, vol. 54, pp.  3–15, 
1999. 

[3]. S. Toyama, N. Doumae, A. Shoji and Y. Ikariyama, “Design 
and fabrication of a waveguide-coupled prism  device for 
surface plasmon resonance sensor”, Sens.  Actuat. B 
65, 2000, pp.32-34. 

[4]. X. D. Hoa, A. G. Kirk, and M. Tabrizian, "Towards 
integrated and sensitive surface plasmon resonance 

biosensors: A review of recent progress," Biosensors & 
Bioelectronics, vol. 23, pp. 151-160, 2007.  

[5]. M.A. Ordal, L.L. Long, R.J. Bell, S.E. Bell, R.R. Bell, 
R.W.Alexander, J. Ward, C.A. Ward, optical properties of 
metals Al, Co, Cu, Au, Fe, Pb, Ni, Pd, Pt, Ag, Ti, and W in 
the infrared and far infrared, Appl. Opt. 11 (1983) 1099–
1119. 

[6]. Website, http://www.biacore.com/lifesciences/index.html. 
[7]. S.G. Nelson, K.S. Johnston, S.S Yee, High sensitivity surface 

plasmon resonance sensor based on phase  detection, 
Sensors and Actuators B 35–36 (1996) 187–191.  

[8]. Y. Sun and Y. Xia, “Increased sensitivity of surface plasmon 
resonance of gold nano shells compared to that of  gold solid 
colloids in response to environmental changes”, Anal. Chem. 
74, 2002, pp.5297-5305 

[9]. X..L. Yu, D.X. Wang and Z.B. Yan, “Simulation and  
analysis  of surface plasmon resonance biosensor 
based on  phase  detection” Sens. Actuat. B 91, 2003, 
pp.285-290. 

[10]. Debackere P, Scheerlinck S, Bienstman P and Baets R, 
”Surface plasmon interferometer in silicon-on insulator:novel 
concept for an integrated biosensor”, Optics Express, 14, 
pp.7063-7072 (2006) 

[11].  J. Homola, H. Vaisocherová, J. Dostálek, and M. Piliarik, 
“Multi- analyte surface plasmon resonance 
biosensing,”  Methods 37(1), 26–36 (2005). 

 
 
 
 
 

 


