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with different parameters like wavelength, grating lengths and induced index change. 
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I. INTRODUCTION 
 
A fiber Bragg grating (FBG) is a type of distributed 
Bragg reflector constructed in a short segment of 
optical fiber that reflects particular wavelengths of 
light and transmits all others. This is achieved by 
creating a periodic variation in the refractive index of 
the fiber core, which generates a wavelength specific 
dielectric mirror. A fiber Bragg grating can therefore 
be used as an inline optical filter to block certain 
wavelengths, or as a wavelength-specific reflector. 
Optical fiber gratings are important components in 
fiber communication and fiber sensing fields. The 
FBGs are used extensively in telecommunication 
industry for dense wavelength division multiplexing, 
dispersion compensation, laser stabilization, and 
Erbium amplifier gain flattening, simultaneous 
compensation of fiber dispersion, dispersion slope 
and optical CDMA [2]. 
FBG-based sensors have been developed for a wide 
variety of mechanical sensing applications including 
monitoring of civil structures (highways, bridges, 
buildings, dams, etc.), smart manufacturing and non-
destructive testing (composites, laminates, etc.), 
remote sensing (oil wells, power cables, pipelines, 
space stations, etc.), smart structures (airplane wings, 
ship hulls, buildings, sports equipment, etc.), as well 
as traditional strain, pressure and temperature 
sensing. The FBG works on the principle that when 
ultraviolet light (UV) illuminates a certain kind of 
optical fiber, the refractive index of the fiber is 
changed permanently, this effect is called 
photosensitivity. 
 Sensors and transducers based on Fiber Bragg 
Gratings (FBGs) have numerous significant 
advantages over more conventional electrical sensor 
technologies: They are Tolerant of Harsh 
Environments, Electrical Immunity, Remote Sensing, 
Long term Stability, Miniature Size, Multiplexing, 
Ease and Cost of Installation 
 
 

 
The first in-fiber Bragg grating was demonstrated by 
Ken Hill in 1978 [1]. Initially, the gratings were 
fabricated using a visible laser propagating along the 
fiber core. In 1989, Gerald Meltz and colleagues 
demonstrated the much more flexible transverse 
holographic inscription technique where the laser 
illumination came from the side of the fiber. This 
technique uses the interference pattern of ultraviolet 
laser light[2] to create the periodic structure of the 
fiber Bragg grating. Fiber Bragg gratings are created 
by "inscribing" or "writing" systematic (periodic or 
aperiodic) variation of refractive index into the core 
of a special type of optical fiber using an intense 
ultraviolet (UV) source such as a UV laser. Two main 
processes are used: interference and masking. The 
method that is preferable depends on the type of 
grating to be manufactured. Normally a germanium-
doped silica fiber is used in the manufacture of fiber 
Bragg gratings. The germanium-doped fiber is 
photosensitive, which means that the refractive index 
of the core changes with exposure to UV light. The 
amount of the change depends on the intensity and 
duration of the exposure as well as the 
photosensitivity of the fiber. To get a high reflectivity 
fiber Bragg grating directly in the fiber the level of 
doping with germanium needs to be high. [1] 
There are a number of parameters on which the 
spectra of FBG has shown dependency such as 
change in refractive index, bending of fiber , grating 
period, mode excitation conditions,  and fiber Bragg 
grating length etc. 
This paper organized as follows. In Section I, we 
discuss the basics of the Fiber Bragg Grating and the 
evolution of this technology over a period of time.  
 In Section II, we study the concept of Fiber Bragg 
Grating & types of grating when coupling occur 
between two modes, this depends upon the simple 
solutions of the reflection and transmission concept. 
In section III, we study the concept of coupled mode 
theory as coupled-mode theory is a vital tool for 
understanding the design of Bragg gratings. This is 
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also required to understand the concept for design the 
spectral characteristic of Fiber Bragg Grating.  
In section IV, we present the result of our simulation 
that is how the reflectivity of FBG changes according 
to different parameters like wavelength, grating 
length and induced index change.  
 
II. THEORY 
 
2.1: Concept of Uniform Fiber Bragg Grating 
Normal optical fibers are uniform along their lengths. 
In a simple fiber Bragg grating, the refractive index 
of the fiber core vary periodically along the length of 
the fiber, as shown in the following figure 1.[4]  

 
 
 
 
 
  
 
 
 

Fig.1Schematic diagram of Fiber Bragg Grating [4] 
 
 Fiber Bragg Grating and Transmission of Light 
As shown in the above Fig 1, the refractive index of 
the fiber core is modulated with a period of Λ. When 
a light with a broad spectrum is launched into one end 

of fiber containing a fiber Bragg grating, the part of 
the light with wavelength matching the Bragg grating 

wavelength will be reflected back to the input end, 
with the rest of the light passing through to the other 
end. This reflection phenomenon is explained in the 

Fig.2.                                                                                                                    

 
 

Fig.2 reflection phenomena of Fiber Bragg Rating [4] 
It is important to know the term “Uniform Fiber 
Bragg grating”. A grating is a device that periodically 
modifies the phase or the intensity of a wave reflected 
on, or transmitted through, it [7]. The propagating 
wave is reflected, if its wavelength equals Bragg 
resonance wavelength, λ

Bragg
, in the other case is 

transmitted. The uniform means that the grating 
period, Λ, and the refractive index change, δn, are 
constant over whole length of the grating. The 
equation relating the grating spatial periodicity and 
the Bragg resonance wavelength is mentioned as 
below.  
  λBragg=2neff Λ ,Where n

eff 
is effective mode index 

A typical layout of uniform fiber Bragg gratings with 
input and output signal indicated is shown in Fig. 3.     

 
Fig.3. Uniform fiber Bragg grating [4] 

 
2.2:  Types of uniform fiber grating 
     Fiber gratings can be broadly classified into two 
types: (a)Reflection or  Short-period gratings in 
which coupling occurs between modes traveling in 
opposite directions [5].Fig. 4(a) illustrates reflection 
by a Bragg grating of a mode with a bounce angle of 
into the same mode traveling in the opposite direction 
with a bounce angle of . Since the mode propagation 
is constant.  
 

 
Fig.4 (a) Core-mode Bragg reflection by a Fiber Bragg Grating 
 
(b) Transmission gratings or long-period gratings in 
which the coupling is between modes traveling in the 
same direction. If the two modes are identical, we get 
the familiar result for Bragg reflection: Diffraction by 
a transmission grating of a mode with a bounce angle 
of into a co-propagating mode with a bounce angle of 
is illustrated in Fig.4. (b). 
 

 
 

Fig.4. ((b) Cladding-mode coupling by a fiber transmission 
grating [5] 

 
III. COUPLE MODE THEORY FOR 

UNIFORM FBG 
 
Coupled mode theory (CMT) is a concept that 
allows one to solve physical problems involving 
systems in vibration of different kinds: mechanical, 
optical, electrical and others. The system is made of 
different "resonating sub-components" that interact 
together. The coupled mode theory allows getting 
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solutions for the oscillating and propagating waves 
[6]. Coupled mode theory has had a lengthy & 
diverse development. It was initially introduced in the 
early 1950’s for microwave devices & letter applied 
to optical devices in the early 1970s.the theory’s 
appeal was its usefulness in analyzing devices & 
predicting fundamental characteristic by simple 
analytical means, tractable to computational devices 
of the time. Coupled-mode theory is a good tool for 
obtaining quantitative information about the 
diffraction efficiency and spectral dependence of 
fiber gratings. While other techniques are available, 
here we consider only coupled-mode theory since it is 
straightforward, it is intuitive, and it accurately 
models the optical properties of most fiber gratings of 
interest. In the ideal-mode approximation to coupled-
mode theory, we assume that the transverse 
component of the electric field can be written as a 
superposition of the ideal modes labeled j[5](i.e., the 
modes in an ideal waveguide with no grating 
perturbation), as equation 1. 
Et(x,y,z,t)=∑ [Aj(z)exp(ißz)+Bj(z)exp(-
ißz)].ejt(x,y)exp(-iwt)    (1) 
Where Aj(z)  and Bj(z) are slowly varying amplitudes 
of the jth mode traveling in the +z  and -z directions, 
respectively. The transverse mode fields ejt(x,y) 
might describe the bound core or radiation LP modes 
or they might describe cladding modes. While the 
modes are orthogonal in an ideal waveguide and 
hence, do not exchange energy, the presence of a 
dielectric perturbation causes the modes to be 
coupled such that the amplitudes Aj(z ) and Bj(z) of 
the jth mode evolve along the z axis according to 
equation 2 & 3. 

AJ=i∑ (Ak(Kkj
t+Kkj

z)exp[i(ßk-ßj)z])+i∑ (Bk(Kkj
t-

Kkj
z)exp[-(ßk+ßj) (2) 

 
 BJ=-i∑ ( Ak(Kkj

t-Kkj
z)exp[i(ßk+ßj)z])-

∑ (Bk(Kkj
t+Kkj

z)exp[-i(ßk-ßj)])  (3) 
In equation (2) and (3), Kkj

t(z)  is the transverse 
coupling coefficient between modes[5]. Now using 
this coupled mode equations that we describe fiber 
bragg grating spectra below. So for single mode FBG 
the simplified couple mode equation can be expressed 
as below equations (equation 4 and equation 5). [5] 
 = i 휎1R(z) + ikS(z)   (4) 

 = -i 휎1S(z) – ik* R(z)   (5) 
where the amplitudes R and S are R(z)=A(z)exp(i 훿z-
Ǿ) and S(z)=B(z)exp(-i 훿z+Ǿ)respectively .In these 
equations k is the “AC” coupling coefficient and is 
휎1 a general “dc” self-coupling coefficient they are 
defined as equation 6 and equation 7.[5] 
K=k*= 휗 훿1 neff   (6) 

 휎1=훿 + 휎-  Ǿ         (7) 
 
Here   휎=  훿1 neff  

The detuning 훿  , which is independent of for all 
gratings, is defined below in equation 8. 
 
훿=ß- 

Â
 = ß- ßD=2πneff (  -

λ
)  (8) 

 
Where  λD=2neff Â is the design wavelength .  
For uniform grating along z, then 훿1 neff is a 
constant and Ǿ=0, thus k, 휎1, 휎 are constants. So 
equations (4) and (5) are coupled first-order ordinary 
differential equations with constant coefficients. By 
applying boundary conditions R(-L/2= 1) & S(L/2= 
0),we got the analytical expression of amplitude (휌) 
&                    power reflection (r)[5]. 
Now amplitude can be mentioned as below 
mentioned equation  
 
   (휌)= √

√ √Θ √Θ
  (9) 

Here 훩= K2- 휎12    
Power reflection( r ) can be mentioned as equation 10 
and equation 11.    
 
r=| 휌  |2,     (10) 
 
Here  훼 = ( )

( )      
 
r= sinh2(  √훩퐿)/(cosh2(√훩퐿)- 훼2)  (11) 
      
The group delay of the reflected light can be 
determined from the phase of the amplitude reflection 
coefficient 휌 in equation 9.if we denote  Əp=phase 
(휌). 
Thus the delay time 휏p for light reflected off of a 
grating is mentioned in below equation 12. 
휏p=

Ə =- ( ) λ 2 Ə                                     (12) 

 
IV. RESULT & DISCUSSION 
 
The model describes the reflectivity of uniform FBG 
impinged by wavelength, grating length, induced 
index change. The parameters used in our simulation 
fig 5 are neff=1.45, L=grating length=1mm, design 
wavelength λD =1.559*10^-6m =1559nm, 휗 훿1 neff 
=induced index change=8*10^-4.this shows in fig 5 
that the reflectivity is highest at the design 
wavelength. 

 
Fig. 5 Reflection spectrum of uniform FBG at L=1mm 
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Fig.6 demonstrates the reflection spectrum of uniform 
FBG at L=4 mm. 

 
Fig.6 Reflection spectrum of uniform FBG at L=4 mm. 

 
Comparing Fig 5 and Fig 6, we notice that as grating 
length increases from 1 mm to 4 mm, the reflectivity 
increases, keeping the design wavelength constant, 
the spectral properties of uniform grating in both the 
cases resemble the sin C function. Also when L 
increases, the side lobes of the reflection spectrum 
also increases. 
 
As mentioned in the Fig 7, the reflectivity of uniform 
FBG increases as the grating length increases. Hence 
the reflectivity of FBG shows better performance in 
higher grating length. 
 

 
 

Fig 7 relation between uniform FBG reflectivity and grating 
length 

 
 
Fig.8 –Reflection spectra of uniform FBG when 
induced index change (휗 훿1 neff) =2*10-4 

 
Fig.9–Reflection spectra of uniform FBG when induced index 

change (흑 휹ퟏ 퐧eff) =4*10-4 

 
Fig.10–Reflection spectra of uniform FBG when induced index 

change (흑 휹ퟏ 퐧eff) =6*10-4 

 
Comparing Fig 8, Fig 9 and Fig 10, we notice that 
when induced index change (휗 훿1 neff)  increases 
from 2*-4 to 6*-4 , the reflectivity also increases from 
0.14 to 0.7, keeping the design wavelength constant, 
the spectral properties of uniform grating in both the 
cases resemble the sin C function. 
 
As shown as the below mentioned Fig.11, we find 
that at the weaker grating (1*10^-4) the reflectivity is 
low but at stronger grating (8*10^-4) the reflectivity is 
high. 
 

 
 

Fig 11 Relation between uniform FBG reflectivity and induced 
index change 

 
CONCLUSION 
 
The results of our Fiber Bragg Grating simulation 
shows that spectral properties of grating depends the 
wavelength, grating length, and induced index 
change. The reflectivity is high at the design 
wavelength .The reflectivity shows better 
performance or increases when the grating length & 
induced index change increases & vice versa. 
 
ACKNOWLEDGEMENT 
 
I would like to express my thanks to Prof. Mrs 
Manisha Chattopadhyay for overall support and 
valuable guidance.  
 
REFERENCES 
 

[1]. Fiber Bragg grating (FBG) – Wikipedia,  
[2]. Abdallah IKHLEF, Rachida HEDARA, Mohamed CHIKH-

BLED, Uniform Fiber Bragg Grating modeling and 



International Journal of Electrical, Electronics and Data Communication, ISSN (p): 2320-2084, Volume-1, Issue-, July-2013 

 Spectral Characteristic Of Uniform Fiber Bragg Grating Using Couple Mode Theory 
 

44 

simulation used matrix transfer method, IJCSI, Vol. 9, Issue 
1, No 2, January 2012 ISSN (Online): 1694-0814  

[3]. FBG sensing advantages, smart fiber sense the future, Smart 
Fiber Ltd.uk 

[4]. What is FBG, fiber optic tutorial & training, March 19, 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5] T. Erdogan, “Fiber grating spectra,” J. Lightw. Technol., vol. 
15, no. 8, pp. 1277–1294, Aug. 1997 

[6]. Coupled .mode theory- Wikipedia,   
[7]. Ing. Radek Helan, Uniform Fiber Bragg Gratings Properties, 

Doctoral Degree Programme (1) Dept. of Microelectronics, 
FEEC, BUT. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


