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ABSTRACT 
An intensivetemperature sensor based on liquid filled Photonic crystals (PhC) has been demonstrated for measuring the 
temperature of the environment. The PhC of the structure was filled with chloroform and in order to make the effective sensitivity. 
Ourproposed structure is based on two dimensional photonic crystals (PhC) on Silicon on Insulator (SOI) technology.Theproposed  
aim is mainly focused on thermo optic co-efficient of chloroform, using which we can analyze the temperature dependent 
characteristics of the design, and they are examined for various radius and different lattices of PhCand are reported in this paper. 
We also obtain comparable thermal and optical results using PhC based temperature sensor device. 
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INTRODUCTION 

 

In the temperature sensor field, optical temperature sensor shows a many advantages such as high 

sensitivity, large temperature detecting range, stability, and so on. Fiber-optic temperature sensors are the most 

popular in optical sensing.  Srivastava [4] demonstrated a temperature sensor with sensitivity of 70 pm/0C based 

on PhC waveguide with metal layer, where the temperature range from 00C to 527 0C. An optical fiber 

temperature sensor based of Colloidal quantum dot luminescence was showed based on the colloidal-core PCF 

with the sensitivity of 70pm/0C, where the temperature detecting window is 850C [1]. 

A compact temperature sensor based on fiber loop mirror combined with an alcohol-filled-high-

birefringence PCF was proposed and the sensitivity reached to 6.6nm/0C,but the temperature detecting window 

was just 140C[6]. Besides, several works have been demonstrated using various possibilities to make the high  

sensitive and large temperature sensing range of sensor by using alternative materials for designing, such as 

telluride glasses, chalcogenide glasses and liquids, thus allowing efficient sensor. 

Even several authors have reported the different techniques for temperature sensing with high sensitivity at 

low distance in wide window. To design highly sensitive compact temperature sensor, the liquid which has high 

temperature sensitivity is the important characteristics for the liquid filled PhC. Compare several liquids, 

chloroform have a special for the development of liquid, and whose refractive indices are highly dependent on 

temperature. Also, the chloroform liquid has wide transmission window from visible to mid IR regime which 

will used to improve the detecting range of temperature. 

In the present work, first, we design the temperature sensor with 2D PhCs, which are filled with 

chloroform, the chloroform liquid has wide transmission window from visible to mid IR regime which will help 

to improve the detecting range of temperature section 2.1. From the proposed structures, the essential optical 
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properties, namely, effective refractive index and loss characteristics are determined, and its sensitivities also 

obtained. 

 

Design And Analysis: 

2.1. Modeling of proposed structure: 

Our proposed structure was fully based on the Silicon on Insulator Technology (SOI). Here, we are mainly 

focusing on the PhC along with Si slab by enhancing the resonance. The device consists of a silicon layer on an 

SOI, with the PhC structure in the center. The PhC structure consists of two dimensional (2D) Square arrays of 

air holes with the geometrical parameters of a period (a) of 0.01µm, radius (r) of 0 .001µm and slab thickness 

(d) of 0.1µm.  The membrane PhC structure supported on ridges of oxide, which allows for large area PhC 

slabs. 

Our proposed temperature sensor was constructed by filling the temperature sensitive liquid into the air hole 

of PhC that has a refractive index of 1.45 at room temperature (250C). Its refractive index is tunable between 

00C and 600c. Depending upon the temperature, refractive index of the PhC can be varied. In order to making 

the effective sensitivity we can use three different ways, namely (i) Varying the radius of air holes (ii) Varying 

the lattice constant and (iii) Varying the circular shape of air holes are modified to elliptical. 

 

 
 

Fig. 1:Proposed structure 

 
Table 1:Specification Of The Structure 

Parameter Value 

Thickness of Bottom Si 0.1 µm 

Thickness of Si slab 0.1 µm 

SiO2  Ridges 0.05 µm 

PhC section 
a) Radius 

b) Lattice constant 

 
0.001µm 

0.01 µm 

 

2.2.1. Optical analysis of the PhC structure: 

The optical properties of the PhC structure was analyzed by 3D finite difference time domain method. An 

incident plane wave was excited from the top surface of the computational domain. Fig.3 and shows the 

resonance spectrum of a PhC. Thus the resonance spectrum, (Fig.3), shows sharp resonance peaks. These peaks   

represent the quasi-guided resonant characteristics of the slab. For further analysis, 3D finite difference time 

domain (FDTD) calculations were carried for different positions of slab. We observed three optical resonances, 

for different positions of slab. Thus the three optical resonances, are the normalized values which approximately 

0.5, 1& 1.5 and their corresponding wavelengths are 1.15µm, 1.25µm, 1.45µm respectively. 

 
Fig. 2:Field distribution of PhC section along with Si slab 
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Fig. 3: Wavelength vs normalized resonance peak 

 

2.2.2. Effect of radius: 

We can calculate the slight changes in radius. Depending on the radius,effective index was decreased. As 

temperature increases, the refractive indices of temperature sensitive materials decreased thus the effective 

refractive index also decreased.  temperature decreases with increasing frequency its shown in Fig.4. 

 

 
(a) 

 

 
(b) 

Fig. 4: Wavelength vs temperature dependent effective index for different radius (a) R=0.01µm (b) R=0.02 µm 

 

The effective refractive index of liquid-PhC mode will be affected more than unfilled mode by changing the 

liquid materials. When increasing the radius of the liquid filled PhC, reduced effective refractive index for 

different concentrations are much closer. 

The impacts of diameters changes of all the holes that reflects in loss spectrum. The losses of PhC mode 

will be changed by filling temperature sensitive materials. Depending on the operating wavelength with the 

temperature changing from 200C to 600C. The intensities at the phase matching point decreases as temperature 

increasing. 
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                                               (a)                                                                          (b) 

Fig. 5: wavelength vs loss for different radius (a) R=0.01µm (b) R=0.02 µm 

 

Fig.5, shows that loss spectrum for different radius according to the wavelength, thus the loss spectrum of 

various temperatures are blue shifted in which when the radius increases spectrum was broader. 

 

2.2.2. Effect of lattice constant: 

In order to achieving the more sensitivity we can analyze the different lattice constants. By changing the 

lattice constant from 0.001µm to 0.002 µm and the temperature can be varied from 00C to 600C. 

 
                                              (a)                                                                         (b) 

 

 
 

Fig. 7:wavelength vs loss for two different modes in elliptic PhC (a) mode1 (b) mode2 

 

Fig: 6. wavelength vs loss for different lattices (a) a=0.001µm (b) a=0.002 
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In which lattice constant increases, losses also increased according to the different temperature. Each 200C 

wavelength was shifted to 0.1µm. 

 

2.2.3.Effect of lattice type: 

The elliptical PhC is placed instead of the circular PhC to enhance the sensitivity of temperature sensor. In 

the case of circular PhC major and minor radii are equals, and for elliptical type, the major radius is differed 

from minor radius due to that two modes are existed. 

 
In mode1 200C and 400C have a maximum peak on 1.5µm, but comparing with mode2, mode1 have a less 

loss for different temperature ranges of 00C to 600c according to the wavelength of 1.2 µm to1.7 µm. 

 

2.2.4. Sensitivity: 

The sensitivity of the sensor can be measured by the shift of peak wavelength for various temperatures. 

Thus the sensitivity depends on the size of the PhC, lattice type and lattice constant (a) and refractive index of 

liquid which plays a major role in sensitivity. 

Sensitivity of the temperature sensor can be calculated by 

 

S=dλpeak/dt          (1) 

 

In above case, by increasing the wave length, the effective refractive index was reduced which depend on 

the temperature. 

The fitting curve of λpeak dependence on temperature for different radius, different lattices and elliptic PhC 

is shown in Fig.8. 
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Fig. 8: Sensitivity curve a). For different radius b).For different lattice constant c).For elliptic PhC in two modes 
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In the case of two different radii like 0.01µm and 0.02µm sensitivities also varied as shown in Fig 8. (a) In 

the case radius increases sensitivity also decreased. For r=0.01µm has the sensitivity of 69.76 nm/0C. By 

increasing the radius into 0.02µm it reach the sensitivity of 55.81nm/0C depending on the temperature. 

For the case of varying lattices in Fig.8.(b) the sensitivity also get varied for the proposed structure at 0.001 

µm lattice 00C temperature, the maximum peak wavelength have a value of 1.6 µm and sensitivity of  55.81 

nm/0C for the same temperature and 0.002 µm lattice peak wavelength reaches 1.5 µm and their sensitivity 

48.83nm/0C. 

By analyzing the sensitivity we have change the circular PhC into elliptic PhC is shown in Fig.8. (c). for 

each 200C wavelength was shifted to 0.1 µm.  Elliptic PhC have two modes, comparing these two modes mode1 

have a better sensitivity of 34.88nm/0C and the sensitivity of mode2 was 20.93 nm/0C. 

 

Comparision Of Sensitivities: 

3.1. Effect of change in radius: 

 
Table 2:Sensitivity For Different Radius 

Radius(µm) Sensitivity(nm/0C) 

0.01 69.76 

0.02 55.81 

 

3.2. Effect of change in lattice constant 

 
Table 3:Sensitivity For Different Lattice Constant 

Lattice constant(µm) Sensitivity(nm/0C) 

0.001 55.81 

0.002 48.83 

 

3.3. Effect of change in lattice: 

 
Table 4:Sensitivity For Different Lattice 

Type  of lattice Sensitivity(nm/0C) 

Circular 69.76 

Elliptic 

a)mode1 

b)mode2 

 

34.88 

20.93 

 

Conclusion: 

We proposed a highly sensitive compact temperature sensor using liquid filled PhC. A temperature-

sensitivity material is poured   into the air hole of PhC. Hence, we have introduced different radius of crystal 

and different types of lattice whose optical performances are studied by using simulation. The results of 

simulation shows that the temperature dominates the filled chloroform whose effective index is sensitive to the 

changes of the chloroform RI, it can used to achieve temperature sensing. A red shift of spectrum will be 

obtained with the increase of the temperature, And the lower temperature exhibit a higher sensitivity. In the 

proposed structure, we can obtain the highest sensitivity of 69.76nm/0C. 
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