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Abstract. The article discusses the principle of operation and the structure of chirped and uniform gratings. It presents the method of producing gratings 

with monotonic apodisation characteristics, and compares the spectral features of produced gratings with the those obtained by mathematical modelling. 
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ŚWIATŁOWODOWE STRUKTURY BRAGGA O MONOTONICZNEJ 

CHARAKTERYSTYCE APODYZACJI 

Streszczenie. W artykule omówiono zasadę działania i budowę siatek chirpowych oraz siatek jednorodnych., przedstawiono sposób wytwarzania siatek 

o monotonicznej charakterystyce apodyzacji, porównano charakterystyki spektralne siatek wytworzonych z charakterystykami uzyskanymi metodą 
modelowania matematycznego. 
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Introduction 

Sensors using fibre-optic Bragg gratings as measuring 

transducers enable non-invasive measurements in medicine 

and industry [6]. Due to their small dimensions and insensitivity 

to the external electromagnetic field, the area of application 

of this type of sensors is constantly increasing [2, 3, 10]. Research 

on their applications has been going on for several decades. 

The most frequently used method of producing Bragg 

structures on optical fibres is the phase mask inscription method. 

It is a well-known method, the advantages of which are the small 

number of elements necessary to produce the grating and low 

vibration sensitivity. The disadvantage, however, is the cost 

of phase masks and the inscription of the structure to a specific 

wavelength. 

The conducted works allow to determine the possibility 

of shaping the spectral characteristics of structures, and thus 

influencing the metrological properties of sensors based on them. 

This is important because the commercially available Bragg 

gratings are characterised by a limited range of available 

parameters. Such structures are often optimised for use 

in telecommunications. 

Some types of Bragg gratings, such as tilted fibre Bragg 

gratings, are not commercially available. Due to the sensitivity 

to temperature and stress, Bragg gratings are used as sensors 

of these physical quantities [1, 16]. The most frequently used 

phenomenon is the shift of the Bragg resonance wavelength under 

the influence of temperature or stress [12, 13, 17]. 

There are many types of Bragg gratings, the most important 

of which, due to the geometric distribution of the refractive index, 

are: uniform fibre Bragg gratings (FBGs), tilted fiber Bragg 

gratings (TFBGs), chirped fiber Bragg gratings (CFBGs) and 

long-period gratings (LPGs). 

Each type of grating can have different distribution profiles 

of the refractive index change along the length of the grating, 

i.e. apodisation. Grating apodisation changes its spectral 

characteristics and the potential area of its applications 

[8, 9, 13, 18]. 

Figure 1 shows examples of the spectral transmission 

characteristics obtained from numerical calculations in the 

OptiGrating Optiwave Systems Inc. environment. Figure 1a shows 

the spectral characteristics of a uniform grating with an 

apodisation profile described by the constant function f(x) = 1, 

Figure 1b shows the spectral characteristics of a grating with 

a Gauss apodisation profile. 

a)  

b)  

Fig. 1. Spectral characteristics of gratings with different apodisation functions: 

a) apodisation by f(x) = 1, b) apodisation by Gaussian function 

For the apodisation described by the constant function 

f(x) = 1, the transmission characteristic shows sidebands which 

are strongly damped on the Gauss-type transmission 

characteristics. The most commonly used apodisation profiles 

in the production technology of Bragg gratings are presented 

in the form of equations (1-5). 
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hyperbolic tangent profile: 

𝑇 =  

{
 
 

 
 1

tanh (𝑎)
𝑡𝑎𝑛ℎ(

2𝑎(𝑧+(
𝐿

2
))

𝐿
)           −

𝐿

2
≤ 𝑧 < 0

1

tanh (𝑎)
𝑡𝑎𝑛ℎ (

2𝑎(−𝑧+(
𝐿

2
))

𝐿𝑔
)             0 ≤ 𝑧 ≤

𝐿

2

 (4) 
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Parameter a is used to control the shape of the apodisation 

profile, z is the axis along which the grating is written, L is the 

length of the grating. Unfortunately, the main problem in the 

selection of apodisation is the inverse relationship between the 

FWHM parameter and the noise characteristics of the group delay 

ripple (GDR), because apodisation reduces the reflectance and 

reduces the effective length of the grating [18]. Smoother and 

more concentrated, with larger values in the middle, the 

apodisation profile for chirped gratings reduces the spectral 

reflectance and the value of the half-width of the grating [4]. 

1. Modification of the distribution 

of the apodisation function 

The apodisation characteristic is one of the main parameters 

influencing the spectral properties of the optical Bragg grating. 

It results from the magnitude of changes in the refractive index 

along the length of the entire structure, affecting the effective 

refractive index in the optical fibre core [5]. One way to obtain 

a specific apodisation is to use a spatially differentiated 

distribution of the radiation intensity of the laser beam used to 

produce Bragg sieves. Changing the distribution of the apodisation 

function enables the elimination of unfavourable spectral 

properties such as, for example, sidebands [7, 19], as well 

as enables the shaping of the spectral characteristics of the 

produced grating and its modification for a specific application. 

The transverse distribution of the laser beam is described by the 

Gauss function. Modification of this type of profile in order to 

obtain a monotonic apodisation function is possible through the 

use of a slit and a selective selection of a part of the radiation 

intensity distribution characteristic of the rising or falling slope. 

An uncomplicated method of controlling the apodisation shape 

of the produced periodic structures was developed. A method has 

been proposed in which the change of the apodisation profile can 

be easily achieved by placing a slot in the laser beam that records 

the structures. Such a slit should cover the laser beam in a strictly 

defined place. Figure 2 shows the method of controlling the 

apodisation shape of the produced periodic structures. The laser 

beam is 12.5 mm wide, while the produced Bragg structures, after 

using the slit, have a length of 5 mm. 

 

Fig. 2. Modification of the apodisation profile 

The aperture that modifies the intensity distribution of the UV 

laser radiation has the ability to change its position along the mask 

as shown in Figure 2. It is located between the phase mask and the 

source of UV radiation. On the characteristic showing the 

distribution of the intensity of the UV laser radiation, this aperture 

is located on one of the slopes of this characteristic (Fig. 3a and 

Fig. 3b). As can be seen, the shape of the radiation intensity 

distribution of the entire laser beam is described by the Gaussian 

curve, while selecting the appropriate part of the beam, a 

monotonic profile of radiation intensity changes is obtained. 

 

a)  

b)  

Fig. 3. Change of apodisation by means of a slot of adjustable width located on 

a) rising profile of the laser beam marked as L, b) falling profile of the laser beam R 

With the help of appropriate masks, uniform or chirped 

gratings are obtained. The principle of the chirped grating is that 

waves of different length are reflected in different parts of the 

grating depending on the period of change of the refractive index. 

In this way, shorter wavelengths are reflected in the part of the 

grating where the period is smaller and similarly longer waves are 

reflected in the part of the grating where the period is longer, 

as shown in Figure 4a. For comparison, the grating without chirp 

is shown in Figure 4b. 

a)  

b)  

Fig. 4. Scheme and principle of operation of a fibre Bragg grating: a) with chirp, 

b) without chirp 
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In the described case, the distance travelled by shorter waves 

is smaller than in the case of longer waves. The opposite case can 

be obtained by changing the direction of the optical signal input 

(input on the right), then longer waves will be reflected earlier, 

thus they will travel a shorter distance. The measure of the phase 

mask chirp used to produce the chirped grating is the change 

in the period of the mask in relation to its length and is expressed 

in the unit nm/cm. For a mask with a length of 25 mm, a 1 nm/cm 

chirp and a central period of the mask, e.g. 1060 nm, the period 

at the beginning of the mask is 1.25 nm lower than 1060 nm, 

and at the end of the mask is 1.25 nm higher. For the produced 

gratings, their chirp will assume half the chirp value of the phase 

mask. This type of grating is produced by changing the period 

along the length of the optical fibre or by changing the effective 

refractive index depending on the length of the grating, and by 

both of these effects simultaneously, as shown in equation 6. 

 λB(z)=2neff(z)Λ(z) (6) 

The simplest chirped gratings are those whose period changes 

linearly according to the equation below: 

 Λ(z)=Λ0+Λz, (7) 

where Λ0 is the initial period and Λ is the linear change of the 

period along the fibre length z. 

2. Obtained results 

Research has been carried out on the influence of changes 

in the period of the gratings on their spectral characteristics. 

For this purpose, models of Bragg structures were built without 

chirp and corresponding to the chirp values of phase masks 

provided by the laboratory, i.e. 0.05 nm/cm, 0.5 nm/cm and 

5 nm/cm. Then, their spectral characteristics were determined 

numerically (Fig. 5, Fig. 6) and compared with the actual spectral 

characteristics of the gratings that were produced (Fig. 7). 

The value of the refractive index modulation amplitude 

determined by the equation was adopted for the calculations: 

 ∆nAC =
λB∙atanh (√Rmax)

πLΓ
, (8) 

where Rmax is the maximum value of the grating reflection 

coefficient, L is the grating length, and the parameter Γ determines 

what part of the energy is propagated in the fibre core; this 

parameter takes a value from 0 to 1 and is described by the 

equation: 

 Γ =
π2d2N2

λB
2+π2d2N2

, (9) 

where d is the diameter of the core and N is a numerical aperture. 
For the SMF-28 fibre, the parameter Γ takes the value of 0.7, 

which means that 30% of the energy is propagated in the cladding and 

70% in the core [15]. 

In order to analyse the influence of changing the grating’s 

physical parameters on its spectral characteristics, numerical 

calculations were performed in the OptiGrating Optiwave Systems 

Inc. environment. The analysis concerned parameters such as 

chirp and grating apodisation. OptiGrating is an environment 

that enables the design and analysis of sensors based on fibre 

Bragg gratings. Figure 5 shows the transmission characteristics 

of the gratings obtained by mathematical modelling with the use 

of the OptiGrating software. Gauss apodization profile was used 

for uniform gratings without chirp, with 0.05 nm/cm chirp, 

0.5 nm/cm chirp  and 5 nm/cm chirp. Gratings chirp have been 

matched to the appropriate masks provided by the laboratory 

in order to easily compare the parameters of the simulated 

and produced gratings. 

a)  

b)  

c)  

d)  

Fig. 5. Spectral characteristics of grids with Gauss apodisation profile, a) without 

chirp, b) with a 0.05 nm/cm chirp, c) with a 0.5 nm/cm chirp, d) with a 5 nm/cm chirp 

Gauss apodisation shortens the effective length of the grating 

and affects the shape of the spectral characteristics, it is visible 

for gratings with a higher chirp value (Fig. 5d). For gratings 

recorded with chirp masks, a shift in the central Bragg resonance 

length for the L and R positions is visible. The shift is the greater 

the greater the chirp value of the phase mask used. The smallest 

Bragg resonance shift value was obtained for gratings with 

a 0.05 nm/cm chirp, this shift is 0.09 nm, for gratings with 

a 0.5 nm/cm chirp the shift is 0.8 nm, while for gratings with 

a 5 nm/cm chirp the shift is the largest and amounts to 5.36 nm. 
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Figure 6 shows the transmission characteristics of the gratings 

obtained from mathematical modelling with the use of the 

Optigrating software. The apodisation profile described by the 

function f(x) = 1 was used for the calculations. 

a)  

b)  

c)  

d)  

Fig. 6. Spectral characteristics of grids with apodisation profile f(x) = 1, a) without 

chirp, b) with a 0.05 nm/cm chirp, c) with a 0.5 nm/cm chirp, d) with a 5 nm/cm chirp 

The effective length of the grating recorded with apodisation 

with the profile f(x)=1 is the same as the slot, i.e. 5 mm. There 

is a visible decrease in transmissivity for the Bragg resonance 

wavelength. The shift for the L and R edges for gratings with 

a chip is greater than for a Gaussian grating. The shift is the 

greater the higher the chirp value of the phase mask used, similar 

to the case of Gaussian gratings. The smallest Bragg resonance

shift value was obtained for gratings with a 0.05 nm/cm chirp,  his 

shift is 0.11 nm, for gratings with a 0.5 nm/cm chirp the shift is 

1.1 nm, while for gratings with a 5 nm/cm chirp the shift 

is the largest and amounts to 11 nm. 

a)  

b)  

c)  

d)  

Fig. 7. Spectral characteristics of gratings produced in the laboratory, a) without 

chirp, b) with a 0.05 nm/cm chirp, c) with a 0.5 nm/cm chirp, d) with a 5 nm/cm chirp 

The spectral characteristics of the produced gratings are 

similar to those of the gratings modelled with the f(x) = 1 profile. 

For the gratings with a 0.5 nm/cm chirp, the identical shift 

for the L and R slopes was obtained, amounting to 1.1 nm, 

for the gratings with a 5 nm/cm chirp, the difference between 

the produced and modelled gratings was 1.2 nm, while for 

the gratings with a 0.05 nm/cm chirp, the difference was 0.17 nm. 
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3. Summary and conclusions 

For gratings recorded with chirp masks, a shift in the central 

Bragg resonance length is visible for the L and R positions, i.e. 

the rising and falling slopes. The shift is the greater the higher 

the chirp value of the applied phase mask. The smallest Bragg 

resonance shift values below 1 nm were obtained for gratings with 

a chirp of 0.05 nm/cm, which is related to a small change 

in the period of the phase mask along its length. The greatest 

change in wavelength, amounting to a dozen or so nanometers, 

was obtained for gratings with a chirp of 5 nm/cm. When 

inscription uniform gratings – without chirp, no shift in the Bragg 

resonance wavelength for the L and R slopes was demonstrated. 

The above method of modifying the apodisation profile 

can be used to shape the spectral characteristics as well as to 

control the central Bragg resonance wavelength. The correct 

position of the slit relative to the phase mask as well as the slit 

width can change the shape of the spectrum as well as the Bragg 

resonance wavelength. 
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