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Abstract 

This paper proposed the mathematical model of Bragg grating ring resonator. A quarter secession of ring resonator is 

alternated by the periodic slabs waveguide with varied refractive index called a planar Bragg grating. The model is analyzed 

by using the principle of multilayer transfer matrix for photonic crystal and then applied to the micro-ring resonator. The 

proposed model is simulated for all of the parameters, regarding the bio-sensor applications. The simulation results were 

shown and discussed. Furthermore, Bragg grating ring resonator can be a good condition to become a Nano bio-sensor in the 

near future.    
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1. Introduction 

An application of planar Bragg grating has been used as an optical devices world wide. One of a planar Bragg 

grating consists of a periodic modulation of the refractive index such as an optical fiber grating. The dominate 

property of a planar Bragg grating is the localization some specific wavelength which we want to investigat. It 

functions like a spectral filter that reflected light over a limit range of wavelength and transmitted the others 

along its path. If the refractive index of the grating is varied, the transition wavelength ranges also changed; 

therefore, we can apply the phenomena to be the optical sensor [1, 2, 3] base on the varied in refractive index. In 

the past few years, The study of the grating inside micro ring resonator has been demonstrated by L. Goddard, 

et.,al. [4, 5], with the used of semi-analytical model base on an analysis of the distributed Bragg reflector in a 

micro ring resonator.   

In this paper, we presented the mathematical model of Bragg grating in ring resonator by using a directional 

analysis base on multilayer transfer matrix modeling. The analytical model is shown and demonstrated. The 

refractive index of the planar brag grating is varied, then the relationship between the refractive index and the 
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wavelength spacing is presented and discussed. The simulation results show that the model could be applied to 

be the optical Bio-sensor base on refractive index change. [6, 7, 8] 

2. Mathematical Model 

The mathematical model of Bragg grating ring resonator consist of two parts one is a general ring resonator, 

and the second part is a periodic layers planar Bragg grating located at a quarter part of the ring resonator 

waveguide which functions as a sensing region. For the mathematical modeling, we analyze  each structure 

separately and then recombined it together for the whole system, and the schematical diagram is show in figure 1    

For the first part, the ring resonator, we apply the optical field (Ein) of Gaussian pulse into the model. The 

operating wavelength () range is set between 0.500 – 3.000 m, and the center wavelength (0) is 1.550 m, 

which is defined by 
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Fig. 1. The schematic diagram of Bragg grating ring resonator 
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where E1, the optical field, is coupler into the ring;  is the fractional coupler intensity loss;  is the coupling 

coefficient, and E1G is the field before entering to Bragg grating; L = 2R is the waveguide length,  is an 

attenuation, and kn = 2/ is the wave propagation number in vacuum. After that, the optical field propagates 

into the Bragg grating; the optical field is calculated by the multilayer transfer matrix, where E2G is the optical 

field leaves of the Bragg grating. Then the optical field is in the form of 1T GM E ,Where TM  which is the 

transfer matrix of multilayer, and Eout is the optical field leaves of the ring. 

In the second part, the periodic high-low layers of refractive index functions as the planar Bragg grating, the 

multilayer transfer matrix is used for mathematical analysis. The relation of the optical field at boundary of layer 

in Bragg grating could be written in the form of matrix equation. The transfer function of the planar Bragg 

grating is the combination of high-low layer (nL and nH) refractive index matrix representation, which is defined 

by 

...T H L H L HM M M M M M                      (6) 

where MT is transfer function matrix; MH and ML are the transfer high(nH) and low(nL) refractive index 

matrix which is defined by 
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 , t is the thickness of periodic layer in Bragg grating. 0 0H Hn    

and 0 0L Ln   , 0 and 0  is permittivity and permeability in free space.  

The normalized output of the light field is the ratio between the output and input field which is defined by 
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where Eout and Ein is the optical field leave and enter to the ring and Z1 = 
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For the mathematical model simulation, The value of each parameters simulation is used as follows: the 

refractive index of ring resonator n0 = 3.34. (The material is InGaAsP/InP ) which the length of the ring L= 3.10 
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m. LB is the length of Bragg grating which is located at a quarter part of ring resonator, LB = L/4. The Bragg 

grating consists of the periodic high-low refractive index, 17 multilayers. High refractive index (nH) is 3.34, and 

the low refractive index (nL) is varied, from 1.20 – 1.80; i.e.,  optical Bio-sensor region. The wavelength of 

Bragg grating reflection is defined by the relationship, B = 2neff   where neff  provides the effective index, and  

is the period of the grating. The simulation result is plotted and shown in Figure 2. 

3. Simulation and discussion 

The simulation results of the mathematical model with periodic refractive index for 17 layers of Bragg 

grating is shown in Figure 2. The high refractive index of nH is set as 3.34. The relationship between Intensity 

and Wavelength is shown and indicates that (a) when the refractive index of nL is 1.30, the wavelength spacing is 

0.407 m. (b) when the refractive index of nL is 1.40, the wavelength spacing is 0.384 m. (c) when the 

refractive index of nL is 1.50, the wavelength spacing is 0.359 m. (d) when the refractive index of nL is 1.60, the 

wavelength spacing is 0.335 m. (e) when the refractive index of nL is 1.70, the wavelength spacing is 0.312 

m., and (f) when the refractive index of nL is 1.80, the wavelength spacing is 0.292 m.    
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Fig. 2. For the relationship between Intensity and wavelength, the refractive index is varied as followes: (a) the refractive index nL is 1.30, the 

wavelength spacing is 0.407 m.  (b) the refractive index nL is 1.40, the wavelength spacing is 0.384 m. (c) the refractive index nL is 1.50, 

the wavelength spacing is 0.359 m. (d) the refractive index nL is 1.60, the wavelength spacing is 0.335 m. (e) the refractive index nL is 

1.70, the wavelength spacing is 0.312 m. ,and  (f) the refractive index  nL is 1.80, the wavelength spacing is 0.292 m 

Figure3. Shows the relationship between the refractive index and the wavelength spacing. The simulation 

results from Figure 2 presented the linear relationship between Intensity and Wavelength. When the low 

refractive index of nL is increased, the wavelength spacing is then decreased.  
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Fig. 3. The relationship between the refractive index and the wavelength spacing 
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4. Conclusion  

In this paper, we proposed the model of Bragg grating in ring resonator and its application. The mathematical 

model is then analyzed. The simulation results show that the relationship between the refractive index and the 

wavelength spacing for each parameter varies in low refractive index of periodic layers , has the linearity 

relationship, the least square R
2
 = 0.9993 approaching unit. That means it is a good sensing performance. This 

model can be an application of the optical Bio-sensor device in the near future. 
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