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Introduction 
Optical vortex (OV) beams [1] are effectively used in the capture 

and manipulation of microparticles [2] and optical communications [3]. 
In these applications, for example, when multiplexing optical 
information transmission channels [4], it is necessary to simultaneously 
form several OV beams of different orders. 

Recently, there have been several publications initiated to 
research of the formation and dissemination of optical vortices [5]. 

In this work, on the basis of numerical simulation, we study the 
diffraction of vortex beams on curved fork-shaped gratings, including 
those outside the focal plane. 

Simulation of vortex beam diffraction 

A phase-optical element with a complex transfer function was 
chosen to create “curved fork” gratings. This element looks like this [6]: 

𝜏(𝑟, 𝜑) = 𝑒𝑖𝛼𝑟+𝑖𝑚𝜑𝑒𝑖𝛽𝑟𝑐𝑜𝑠(𝜑), 𝑟 < 𝑅      (1) 

where 𝑒𝑖𝛼𝑟+𝑖𝑚𝜑  is the helix axicon that forms the m-order of the 

Bessel vortex beam; 𝑒𝑖𝛽𝑟𝑐𝑜𝑠(𝜑) =  𝑒𝑖𝛽𝑥  is a prismatic constituent, which 
satisfies to the linear bearing. It deviates the beam from the optical axis. 

In further simulation results, we will apply the binary equivalent of 
the diffractive element (2). It is characterize as follows: 

𝜏(𝑟, 𝜑) = 𝑒𝑖
𝜋

2
(𝑠𝑔𝑛[𝑐𝑜𝑠(𝛼𝑟+𝛽𝑟𝑐𝑜𝑠(𝜑)+𝑚𝜑)]−1)

, 𝑟 < 𝑅.  (2) 
In [41], the shaping of a kit of vortex conical beams was considered 

using a DOE with a complex transmission function (2). In this article, we 

analyze the diffraction by DOE (2) of vortex beams of the form 0im
e


. In 

this case, when modeling, a field of the form is considered as an input 
field: 
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r r e
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The succeeding parameters were taken in the simulation: incident 

radiation wavelength λ=532 nm, element radius R = 1 mm, lens focus f 

= 800 mm. Simulation results of vortex beam diffraction on binary 

curvilinear gratings described by equation (2) are shown in Table II. 

Calculation options: m=1,   =  mm–1,   =  mm–1, as well as the 

results of the construction calculated by (3) for m0 = 1. 

TABLE I.  OUTCOMES OF SIMULATION THE DIFFRACTION OF VORTEX BEAMS ON 

CURVILINEAR DIFFRACTION GRATINGS FOR M= 1 AND M0= 1 

 Amplitudes and phases 

of the field ( ),r   at 

different z 

Amplitudes and phases 

of the field ( )* ,r  at 

different z 

z=  
400 
mm   

  
z= 
1000 
mm   

  
z= 
2000 
mm   

  
In Table I, we observe a correlation peak.  In this case, the 

calculated grating makes it possible to detect the availability of a 
vortex phase in the illuminative beam of the 1st order from the 
correlation peak. 

Conclusion 
Scrutinize of the diffraction of vortex beams on binary 

curvilinear diffraction gratings showed the possibility of 
detecting the vortex order outside the focal plane. We can 
understand from the outcomes that correlation peaks are 
observed only for odd positive values of m0. This is due to the 
well-known fact that binary gratings form only odd diffraction 
orders [7] if the band widths are the same. 
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