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Application a spiral phase plate (vortex lens) is an effective method for creating a vortex beam, charac-
terised by its helical wavefront. This is achieved by transforming the wavefront of a standard Gaussian beam 
into a helical shape. By using a phase modulation device that imparts varying phase delays at different angular 
positions θ, the planar wavefront is reshaped into a helical form. A spiral phase plate, a type of optical element, 
facilitates this transformation [11].

Another approach involves the use of a fork-shaped grating (see fig. 2, а), a diffractive element with a specific 
fork-like profile. As a Gaussian beam pass this grating, in the diffraction pattern in the first order direction in 
the far field a vortex beam is formed. The topological charge of the vortex beam is determined by the number 
of grating splits. Due to their ease of fabrication and cost-effectiveness, fork-shaped gratings are widely used 
for vortex beam generation [12]. The simplest method of obtaining such a fork-shaped grating is to record a static 
hologram, which is formed as a result of interference of singular and plane waves. Such a hologram was used in 
the paper to obtain an optical vortex. 

Photorefractive crystals
Photorefractive crystals are a class of nonlinear electro-optic materials known for its ability to dynamically 

record volume holograms. Their significance lies in their application within holographic storage solutions, playing 
a pivotal role in the development of advanced optical systems. These materials are integral to a wide are used 
in range of technologies including adaptive interferometry, associative memory systems, optical amplification, 
and the field of holographic recording and data management. The underlying mechanism of hologram formation 
within photorefractive crystals revolves around the spatial redistribution of electric charges under the influence 
of the light field in the interference pattern. This redistribution occurs between different parts of the crystal, as 
a result of which they acquire different optical properties under the action of the light field. Notable examples 
of photorefractive materials include lithium niobate (LiNbO3), barium titanate (BaTiO3), bismuth silicon oxi
de (BSO), and bismuth germanium oxide (BGO) [13]. 

The focus of this study is recording holograms of singular beams in sillenite-type photorefractive crystals. 
Sillenites have garnered significant attention in the photorefractive domain due to their exceptional sensitivity 
and minimal energy requirements for pulse recording ∼1–10 mJ ⋅ cm–2 [14; 15]. In sillenite crystals, the photo
refractive effect arises from the activity of both electrons and holes, contributing to the demonstration of two types 
of photoconductivity. Although electron-driven conductivity predominates, the presence of hole migration 
tempers the resultant space charge field from the electron grating, leading to a dynamic equilibrium between 
the two types of charge carriers.

Experimental setup and results
To study the processes of recording dynamic holograms in photorefractive crystals, an experimental setup 

was assembled, the scheme of which is shown in the fig. 3. The second harmonic of pulsed Nd : YAG laser 1 
with wavelength λ = 532 nm and a pulse duration of 20 ns was used as a recording source. Then the laser radiation 
is divided into two identical beams by a semi-transparent mirror 8. A plate 9 with an already recorded hologram of 
a singular beam in photopolymer was placed on the path of one of the beams. Mirror 3 directed the reconstructed 
singular beam to the crystal as a signal beam. Another beam from semi-transmitting mirror 8 was also directed to 
the crystal by mirror 4 as a reference wave. As a result of interference of these beams in the crystal a hologram 
was formed.

The resulting hologram was reconstructed using a continuous helium-neon laser 11. To determine the topo
logical charge, both the transmitted and diffracted beams of this laser were used in the interference scheme. 

Fig. 2. Photography of the interference pattern of beams recording the hologram (a),  
beams restoring the hologram (b) and computer modelling (c)


