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Abstract 
In this paper inverse Gaussian apodization is applied to fibre Bragg grating  to get a narrow reflection 
bandwidth in the range of 0.2 nm to 1.2 nm. The design is based on the couple mode theory (CMT). The 
simulation is carried out in MATLAB code based on transfer matrix of the CMT by tuning the phase chirp of the 
refractive index modulation profile. The purpose of the research work is to analyze the effect of phase chirp 
tuning on parameters like bandwidth, reflectivity and side lobe in order to characterize the FBG for various 
applications including Fiber Lasers, WDM Filters, Isolation Filters, Raman Amplifiers, Temperature Sensors in 
Passive Optical Networks  
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INTRODUCTION 
Plenty of works have been carried out and reported 
on fibre Bragg grating (FBG) since 1978. 
Modifications based on inscription & different types 
of apodization functions have drawn lot of attention 
in last decade and have been proposed for variety of 
applications in the field of communication and 
sensing. In the last few years a new structure of fiber 
Bragg grating, that is the inverse-Gaussian apodized 
FBG (Lin et al., 2010) has been proposed and used 
for different application like dual-wavelength 
passband filter, dual-wavelength lasing, tunable 
microwave generation and double wavelength single 
longitudinal mode fiber ring lasers (Lin et al., 2010; 
Tjin, Jiang and Shum, 2011; Lin et al., 2010; Liu, 
Jiang, Chen and He, 2009). The aim of this paper is 
to correlate the inverse Gaussian apodized FBG for 
narrow bandwidth using phase chirp tuning, which 
can be used for multi-application depending on the 
strength of the reflectivity, sidelobe strength and the 
wavelength spacing of the bandwidth (Giles, 1997; 
Painchaud, Aube, Brochu and Picard, 2010). The 
simulated results obtained for the bandwidth are in 
the range of 0.2 nm -1.2 nm which is in the good 
range of the already many reported applications 
(Painchaud, Aube, Brochu and Picard, 2010; 
Lumeau, Smirnov, Glebov and Glebov, 2010; Liu et 
al., 2008; Navruz and Altuncu, 2011). 

 
MODELLING OF FBGS 
The operation of fiber Bragg grating is based on the 
reflection of light from grating fringes and coupling 
of the modes. In a single mode fiber Bragg grating, 
the coupling occurs between the forward and 
backward propagating fields of the same mode. The 

maximum reflectivity is obtained at the wavelength 
providing the Bragg condition (Navruz and Altuncu, 
2011): 
              λB = 2neff Λ                                             (1) 
Here, neff , Λ and λB , represent the effective core 
refractive index, grating period and Bragg 
wavelength, respectively. In a uniform Bragg grating 
having a constant grating period, the forward and 
backward propagating fields are given by “coupled 
mode equations” as (Navruz and Altuncu, 2011): 

         
	ௗோ(௭)
ௗ௭

= ෝ	ߪ݅ (ݖ)ܴ(ݖ) +                                                                  (2) (ݖ)ܵ(ݖ)݇݅	

  
ௗௌ(௭)
ௗ௭

= ෝ	ߪ݅− (ݖ)ܵ(ݖ) −                                  (ݖ)ܴ∗(ݖ)݇݅
(3)                         

         where  ܴ(ݖ) = ݖߜ)݅]݌ݔ݁(ݖ)ାܣ − థ
ଶ

)and 

(ݖ)ܵ = ݖߜ)݅−]݌ݔ݁(ݖ)ିܣ + థ
ଶ

 is the (ݖ)ܴ [(

forward mode and ܵ(ݖ) is the reverse mode, and 
they represent slowly varying mode envelope 
functions.	ߪ	ෝ  is a general “DC” self-coupling 
coefficient (Navruz and Altuncu, 2011), also called 
local detuning; and ݇(ݖ) is the “AC” coupling 
coefficient (Navruz and Altuncu, 2011) also called 
local grating strength. The coupling coefficient ݇(ݖ) 
and the local detuning ߪ	ෝ  are two important (ݖ)
parameters in the coupled-mode theory equations (2) 
and (3). They are fundamentals in the calculation of 
the spectral response of the FBGs. The general “DC” 
self-coupling coefficient  ߪ	ෝ  can be repsenetd as 

ෝ	ߪ = ߜ + ߪ	 − ଵ
ଶ
ௗథ
ௗ௭

                                                               
(4) 
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where 
ଵ
ଶ
ௗథ
ௗ௭

  descibes possible chirp of the 

grating period, and ߶ is the grating phase.   The 
wave vector detuning can be represented by 

        δ = β− π
Λ

δ = β− βୈ		  								                  (5) 

        δ = 2πnୣ୤୤ ቀ
ଵ
λ
− ଵ

λీ
ቁ                                    

(6)                                                                      
      where ߣ஽ = ௘௙௙݊߉2  is the design wavelength 

for Bragg reflectance by a very weak    grating 
௘௙௙݊ߜ) → 0) 

ߪ = ଶగఋ௡೐೑೑തതതതതതതതത

ఒ
                                                          (7) 

    where ݊ߜ௘௙௙തതതതതതതത is the background refractive index 
change. The coupling coefficient ݇(ݖ) can  be 
represented by 
(ݖ)݇  =
గ
ఒ
 (8)                              ݂(ݖ)݃(ݖ)݊ߜ	

  where ݃(ݖ)	 is the apodization function and ݂  is 
fringe visibility.  
The coupling coefficient ݇(ݖ) is proportional to the 
modulation depth of the refractive Index given by 
(Ugale and Mishra, 2011)      
Δ݊(ݖ) =   (ݖ)݃(ݖ)݊ߜ

(ݖ)݊ߜ  = (ݖ)݃(ݖ)݂݂݁݊ߜ ቂ1 + ݏ݋݂ܿ ቀଶగ௅
௸

+

 ቁቃ                 (9)(ݖ)߮

(ݖ)݃   = 1 − exp	(−4	ln2 ቀ௭ି௅/ଶ
௅/ଷ

ቁ
ଶ

           (10) 

where z is from –L/2 to l/2.                                                                                                                                                              
The reflected spectrum can be obtained and described 
by (Kashyap, 1999) 

(ߣ)ܴ									   = ௞మ	௦௜௡௛మ(ఊಳ௅)
௞మ	௖௢௦௛మ(ఊಳ௅)ିఙ	ෝ మ

          (11)               

         Where  YB=ඥ(ܭଶ −  (ෝଶ	ߪ
 In this work, the sumulations  involve analysis of 
FBG parametrs related to reflectivity, sidelobe 
srength and bandwidth which are acordance with 
equations (1), (6-8)  and (11). 

 The Fiber Bragg Grating principle satisfies both the 
conservation of energy and momentum. At the 
Bragg wavelength, σ	ෝ=0, the grating has the peak 
reflectivity, ܴ௠௔௫  , which is:  
							ܴ௠௔௫ = (஽ߣ)ܴ =      (12)       (ܮ|݇|)ℎଶ݊ܽݐ
It is seen from equation (12) that the reflectivity of 
Bragg grating increases to a value close to 1 when the 
modulation of the index and grating length are 
increased.  
 
RESULTS AND DISCUSSION 
The characteristics response of Fiber Bragg Gratings 
in general is described by various parameters like: 
centre wavelength of the grating, reflectivity, length 
of the grating, effective refractive index and the 

amplitude of refractive index modulation	Δn (Ugale 
and Mishra, 2011).  We further investigate the effect 
of phase chirp on FBG response. It is already known 
that the reflectivity and sidelobe strength increase 
with increasing grating length and the index 
modulation. Here in addition to the above, the 
reflectivity, sidelobe strength and bandwidth can be 
controlled by varying the chirping phase of the 
refractive index profile. The simulation results are 
shown in the following figures.  
  
   

                                                                                           
 

Fig.1. Reflection spectra for 8 mm grating length for 
constant index modulation and constant chirp value 

 
Figure 1 shows the reflection spectra for constant 
index modulation of 0.0004 and chirp value of 0.3 for 
grating length of 8 mm. Similarly, the spectrum for 
grating length of 6 mm and 4 mm are shown in 
figures 2 and 3. 

 
 
 

Fig.2. Reflection spectra for 6 mm grating length for 
constant index modulation and constant chirp value 
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Fig.3. Reflection spectra for 4 mm grating length for 
constant index modulation and constant chirp value 

 
The results in figures 1-3 show that the reflectivity, 
sidelobe strength and bandwidth vary for different 
grating lengths of 8 mm, 6 mm and 4 mm for a fixed 
value of index modulation and chirp value. 
The variation of the reflectivity, sidelobe strength and 
bandwidth with variation in amplitude of the index 
modulation at 0.0006, 0.0005, 0.0004, 0.0003 & 
0.0002 from the maximum peak at 1542 nm for 
grating lengths of 8 mm, 6 mm and 4 mm at constant 
chirp value of 0.4 are shown in figures 4-6. 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
Fig.4. Reflection spectra for 8 mm grating length at 
constant chirp value for different index modulation 

 
 

 
Fig.5. Reflection spectra for 6 mm grating length at 
constant chirp value for different index modulation  

 

 
Fig.6. Reflection spectra for 4 mm grating length at 
constant chirp value for different index modulation 

 
The bandwidth, sidelobe and reflectivity are different 
for different grating lengths as seen from figures 4-6. 
Now, as it is seen from the results in figures 7-9, it is 
observed that the bandwidth, sidelobe and reflectivity 
vary with the phase chirp.  
 
 
         

 
 
 

 
 
 
 

 
 

Fig.7. Variation of reflectivity, sidelobe and 
bandwidth with chirp value for 8 mm grating length  
 
 

                   
 
 
 

 
 

 
 
 
 
 
Fig.8. Variation of reflectivity, sidelobe and 
bandwidth with chirp value for 6 mm grating length  
 
    
 
     



 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (6): 921-924  (ISSN: 2141-7016)  

924 

 

0 1 2 3 4 5 6

0.0

0.2

0.4

0.6

0.8

1.0

R 
 S

L 
 B

W

Chirp value

 Reflectivity
 Sidelobe strength
 Bandwidth

 
 

 
 

 
 
 
 
 
 
 

 
 

Fig.9. Variation of reflectivity, sidelobe and 
bandwidth with chirp value for 4 mm grating length 
 

Thus, it is observed that no matter what the values of 
grating length and index modulation are the 
reflectivity, sidelobe strength and bandwidth vary with 
the chirp value as shown in figures   7-9. This means 
the variation in the chirp values can be used to tailor 
the required values of FBG parameters. 
 
CONCLUSIONS  
In this paper the simulations show that it is possible to 
design different inverse Gaussian apodized FBG 
depending on the requirement of the index modulation, 
grating wavelength and grating period for controlling 
the reflectivity, sidelobe and bandwidth by varying the 
chirp value. These types of FBGs can be made as per 
requirement for various applications in 
communication, sensing, fibre lasers and filters etc. 
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