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Abstract—This paper shows numerical results of the Talbot effect 
appearing behind an apodized phase mask. The field distributions in the 
self-image plane as well as in other characteristic planes are examined  
drawing on scalar diffraction theory and modified convolution approach. 
Simulation results show interesting properties of field distributions 
behind diffractive optical element with variable phase step height. The 
novelty of the article lies in examination of the self-image phenomenon 
in fibre Bragg gratings fabrication.  
 
 

The self-image (or Talbot) effect was discovered by 
H.F. Talbot in 1836 [1] and explained by Lord Rayleigh 
fifty years later [2]. When a plane wave is illuminating a 
periodic object, its replicas appear behind the structure in 
characteristic distances z= v⋅zT⋅, v – integer and zT 
denotes the self-image distance (Talbot length):  
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where d is the period of the structure and λ stands for the 
used wavelength. Until now, the self-image effect has 
been extensively analyzed both theoretically and 
experimentally [3-7]. 

Assuming the illumination of phase grating by 
monochromatic light, some interesting properties of 
Fresnel images were observed [8], [9]. For example, in 
planes z=v⋅zT/2 the intensity distribution in x-axis 
(parallel to the grating) is constant I(x, z=v⋅zT/2)=1. 
Moreover, the longitudinal symmetry around zT/2 with a 
shift of d/2 exists in field distribution behind the 
illuminated grating, according to the following formula 
I(x,z)=I(x+d/2, z+zT/2). For binary phase grating in 
planes z=(v+1/4)⋅zT and z=(v+3/4)⋅zT the binary intensity 
pattern appears and its modulation depends on the 
grating’s phase step height ϕ(x), i.e. 
I(x,z=(v+k/4)⋅zT)=1+sin(ϕ), k=1,3,5,7. The visibility in 
these planes is described by  
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In turn, in the planes z=(v+k/8)⋅zT, the appearing binary 
intensity pattern obeys the following formula [10] 
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In this paper, the intensity distribution behind an 
apodized phase mask for fibre Bragg gratings (FBG) 
fabrication is examined [11],[12]. Generally, in optics 
apodization is used for changing the intensity distribution. 
Here, “apodization” term is related to the changing of the 
intensities in particular diffraction orders. In this case an 
apodized phase mask consists of different subsections 
(phase gratings with various phase step heights), which 
are stitched together. In this way, the phase mask with a 
staircase profile is obtained, because of technological 
limitations in DOE fabrication process (for example 
electron beam lithography).  

In our simulations an incident plane wave with 
λ=244nm was assumed (double frequency of argon ion 
laser, which is commonly used for fiber Bragg gratings 
inscription). In order to obtain the Bragg wavelength of 
FBG within the third telecommunication window, we 
chose phase mask period d=1.06µm [13].   

 Intensity distributions were calculated using scalar 
diffraction theory [14], and modified convolution 
approach [15], [16]. Additionally, the illumination was 
assumed to be perfectly coherent. In Figures 1-4 there are 
presented field distributions behind various sections of 
the apodized phase mask with phase step heights π, 3π/4, 
π/2 and π/8, respectively. 

In Fig. 1a, the d/2 shift in symmetry around zT/2 is not 
noticeable, because the interference pattern’s periodicity 
in x-axis is half the period of the phase mask. Constant 
intensity distributions in planes z=(v+1/4)⋅zT and 
z=(v+3/4)⋅zT result from the phase shift ϕ=π and  
therefore null visibilities are noticeable. In addition, 
according to equation (3), V=0 in planes z=k⋅zT/8. We 
also noticed symmetries around z=q⋅zT/16 (Fig. 1c), for 
q=1,3,…,15 and z=k⋅zT/8 (fig. 1b). Summing up the 
above properties of the interference pattern for phase 
mask section with ϕ=π, it can be seen that the 
fundamental period of field intensity is zT/8 (the bottom 
graphics of the Fig. 1a). 

Figures 2a-4a show that for ϕ<π, periodicity in x-axis is 
equal to the phase mask period. This is an impact of the 
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0-th diffraction order. Its result is that, in comparison 
with the section with ϕ=π, the symmetries around 
z=k⋅zT/8, z=q⋅zT/16 cease to exist and d/2 shift at z=zT/2 
is more and more visible when the phase step height 
decreases.   

In intensity distribution behind the analyzed apodized 
phase mask, the perturbations exist. They result from 
existence of phase jumps which come from stitching 
points of phase mask subsections with different phase 
step heights [17].  

Figures 1-4 show intensity distributions behind the 
central parts of the phase mask sections, and thus 

 

 

 

 
Fig. 1. Intensity distribution behind phase mask section with ϕ=π in 

the range of:  a) 〈m⋅zT;(m+1)⋅zT〉, b) 〈m⋅zT;(m+1/4)⋅zT〉 and c) 
〈m⋅zT;(m+1/8)⋅zT〉. 

perturbations are not noticeable in interference patterns. 
The whole phase mask, which consists of a few sections, 
also exhibits some interesting properties. Firstly, in planes 
z=v⋅zT/2 null visibility planes exist. Secondly, in planes 
z=(v+1/4)⋅zT and z=(v+3/4)⋅zT the visibility distributions 

exhibit a staircase function with the shape corresponding 
to the apodization profile of the phase mask. Therefore, it 
is possible to determine the phase step height profile of 
the phase mask with variable diffraction efficiency by 
means of Fresnel images measurement [18]. 
 Presented here properties of intensity distribution 
behind the phase mask allow to assess the impact of 
optical fibre location on its quality during FBG 
fabrication. Due to the fact that the fundamental period of 
interference pattern in x-axis behind the phase mask 
section with phase step height ϕ=π (and therefore 
 

 

 

 

 
Fig. 2. Intensity distribution behind phase mask section with ϕ=3π/4 

in the range of:  a) 〈m⋅zT;(m+1)⋅zT〉, b) 〈m⋅zT;(m+1/2)⋅zT〉 and c) 
〈m⋅zT;(m+1/4)⋅zT〉. 

homogeneous phase mask) zF=zT/8 is much smaller than 
the fibre core diameter D, the impact of the position of 
the optical fibre on the average field intensity distribution 
in a fibre core is negligible. 
In contrast, in the case of apodized phase mask where the 
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phase step height ϕ∈(0;π〉, D is comparable with zF=zT, 
and thus the influence of fibre location on refractive 
index corrugation in a fibre core can be significant [19]. 

 

 

 

 
Fig. 3. Intensity distribution behind phase mask section with ϕ=π/2 in 

the range of:  a) 〈m⋅zT;(m+1)⋅zT〉, b) 〈m⋅zT;(m+1/2)⋅zT〉 and c) 
〈m⋅zT;(m+1/4)⋅zT〉. 
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