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ABSTRACT
In this paper, we purpose a two dimensional photonic crystal based optical sensor for
salinity measurement. The salinity percentage of is sea water changes as we go down the sea
water surface. This gives change to the index of refraction of the sea water at the different
levels. Thus the salinity percentage of sea water can be detected by measuring this change in the
effective refractive index of sea water. In this paper, the effective refractive index method has
been used for the detection of the salinity concentration from (0-40%). The slab waveguide is
designed and the effective refractive changed is captured. Even as the refractive index change
for the change in salinity of the sea water, is very small, the effective index change is visible,
making the sensor very sensitive.
I. INTRODUCTION
The photonic sensing technology has emerged as the innovative technique to explore
the complicated system such as underwater environment. The underwater environment is
difficult to explore since it presents uncertain conditions and difficult monitoring and
measurement conditions. The corrosive nature of sea water, uncertain pressure conditions and
very scarce source of energy impose difficulties for sensing and monitoring sea water
environment. The photonic sensing technology provides ways to overcome these limitations
and enable sensing and monitoring of the underwater environment.
Conventional way of measuring the salinity of a solution is to use a portable
conductivity meter (EC meter)[1]. This enables instantaneous salinity readings to be obtained.
The ‘electro-conductivity’ of the solution increases with the concentration of the salts. The
common of troubles in obtaining good results with conductivity monitoring equipment are
linked to electrode fouling and insufficient sample circulation. The photonic crystal based
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sensor provides solution to the problems of salinity measurement. This optical sensor promises
to be cheap and easy to manufacture, essential features for a replaceable probe.
In this paper, we purpose a two dimensional photonic crystal based optical sensor using
the effective refractive index method for salinity percentage detection in the sea water.
II. THEORY
The optical sensor’s ability to act as a sensor for salinity measurement is based on the
fact that the different levels of sea water samples have refractive index as the salinity
concentration change. As a result, the change in index of refraction modifies the propagation of
electromagnetic waves that pass through the photonic crystal. Thus, the salinity concentration
can be detected by capturing the change in refractive index. The different methods employed in
photonic sensing technology are fluoresce, optical imaging, spectroscopy, band gap method,
effective index and other methods.
In this paper, the effective index method is used for the sensing of the salinity which is
simple and efficient to implement.
The slab waveguide is used in this method and a layer of sample is applied to over the
waveguide. The applied sample of sea water changes the light propagation through the slab
waveguide, thus changing the overall index of the waveguide. As a result, by detection of the
overall refractive index of the waveguide the change in salinity can be observed. In these
structures, the guidance is nearly a slab waveguide in one dimension with a small perturbation
to index or core thickness that achieves guidance in the other dimension.
The effective index method begins by analyzing the structure for each segmented slab
waveguide section and assigning effective indices for each section. Next, the effective indices
for each slab segment are used to solve for the resulting slab waveguide geometry in the slightly
perturbed dimension [4].
III. DESIGN
The slab waveguide design is shown in figure 1. Using the dispersion equation [7], the
dispersion curve can be obtained. By using the dispersion curve equation the effective index
value is calculated. In this project the photonic crystal is placed at the core of the slab
waveguide.
Bio layer

Figure 1: Slab waveguide
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Photonic crystal is an optical analogue to the crystal structure of electronic materials. In
the crystal structure, in conventional electronic materials, the atoms and molecules are
periodically arranged. In photonic crystal the atom and molecules are replaced by macroscopic
media with differing dielectric constants, and the periodic potential is replaced by a periodic
dielectric function.
The band structure obtained for the photonic crystal help to determine the effective
refractive index of the core. The slope the band is calculated from the band diagram obtained
and the inverse of slope is the group velocity. The group index is nothing but the speed of light
divided by group velocity. This group index of photonic crystal is used instead of core in the
slab structure and thus calculating the effective refractive index.
Source code for modeling and designing of photonic crystal waveguide is developed
with MEEP and MATLAB software. The MEEP tool uses scripting language and the
simulation is carried out by this tool. This tool is used for finding the field distribution of
electromagnetic wave.
IV. RESULTS
The frequency values, constitutes the band structure, is obtained as one of the output of
MEEP design. After the calculations, the effective index values are obtained. These values are
then plotted using MATLAB to obtain the change is refractive index against effective index,
shown in Figure 2. From the figure 2, it can be observed that even for the slightest change in
refractive index, the change in the effective index in more, making the designed sensor highly
sensitive and selective.
In figure 3, the percentage salinity is plotted against the effective index. It can be
observed from the figure that the effective index decreases exponentially as the salinity
increases.

Figure 2: Change is Refractive Index against Effective Index
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Figure 3: Salinity (%) against Effective Index

V. CONCLUSION
The slab waveguide sensor is designed for salinity measurement. The designed sensor is
very sensitive even to the smallest change in refractive index, thus making it sensitive to change
in the salinity percentage of the water. The photonic crystal core in the slab waveguide structure
make is easier to fabricate and its compatibility with the optical cable enables it to create
network in underwater environment.
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