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E0 = 1 and polarized along the OY axis. Note that the mapping of the internal field distribution is obtained in 
the planes defined by the partition grid, which corresponds to the number of partitions used. Therefore, it is 
usually possible to get the NFD and IFD not in the exact geometric center of the cylinder, but only near this 
exact center. In this paper, a cylinder with a refractive index n = 1.73 is presented. The geometric 
dimensions of the particle were: d=100nm, l=1500nm. The wavelength of electromagnetic radiation is 
600nm. The sections ZOX, ZOY, YOZ are considered. The value of the maximum intensity gain is kmax=0.86. 

 

Figure 1. NFD and IFD for a single cylinder with n=1.73 and λ=600nm 

 

Figure 2. NFD and IFD for a single cylinder with n=1.73 and λ=400nm 

Comparing Figures 1 and 2, it can be observed that, with a decrease in the wavelength of electromagnetic 
radiation from 600 nm to 400 nm, the NFD and IFD change. Namely, for λ = 600nm, the non-monotonic 
change in the intensity of the field along the entire length of the cylinder is much weaker than for λ= 400nm. 
There are also field intensity modulations along the length of the cylinder, attenuating along the direction of 
propagation of electromagnetic radiation. The modulation of the internal field in the cylinders is more 
pronounced, the shorter the wavelength of electromagnetic radiation. kmax is also reduced to 0.8. 

III. CONCLUSIONS 

In this paper, we conducted a comparative study of the NFD and IFD was carried out for individual dielectric 
cylinders with n = 1.73 with a change in the wavelength of electromagnetic radiation. 
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I. INTRODUCTION 

Recently, many new technologies for solar cells have appeared that make solar energy even cheaper. One 
promising direction is the use of photovoltaic converters based on organometallic perovskites, the use of 
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which promises to solve the whole range of complex problems, combining, ultimately, low manufacturing cost 
and high conversion efficiency [1,2]. 

The perovskite semiconductor triiodide methylammonium lead (CH3NH3PbI3) has a high carrier mobility and 
a long carrier lifetime. It allows light to generate electrons and holes that can move far enough to reach 
electrodes and generate current in an external circuit, rather than participate in recombination processes with 
energy loss in the form of heat. The energy zones of the perovskite photoconversion structure ensure the 
separation of charge carriers generated by absorption of photons (Figure 1). 

In the process of creating solar cells based on organometallic perovskite, it is important to choose such 
modes of perovskite layer formation, which ensure obtaining the minimum electrical resistance and a high 
level of photocurrent. Analysis of the literature showed that the formation of the surface morphology of 
perovskite films with a uniform grain structure meets such requirements in the first place. 

 

Figure 1. Zone diagram of a perovskite photoconverter structure 

The effect of annealing temperature in the range from 80 to 150 °C on the surface morphology and 
photoelectrical characteristics of perovskite films, both after annealing and after solvent application to the 
perovskite film, was investigated. N-methylpyrrolidone was used as the solvent for application to the 
perovskite film. 

II. RESULTS AND DISCUSSION 

According to the results of optical investigations the crystal sizes after the application of the film of 
organometallic perovskites at 80, 90, 100 and 110 °С were determined and their values were 8.2x9.6, 
9.3x11.0, 15.1x17.8 and 11.7x13.4 μm respectively. It was found that after treatment with solvent at 
temperature the film becomes more uniform and pronounced round-shaped germs can be seen on the 
surface. The dimensions of such germs were 10.3x12.3, 15.9x16.7 and 16.4x17.8 μm after solvent treatment 
at 80, 90 and 100 °C, respectively. The results of the measurements show that the germs sizes are larger 
than the crystals of organometallic perovskites. This indicates that the resistivity of such films will be lower 
than before the solvent treatment. This effect can be explained by a decrease in the number of interfaces 
that act as defects, which leads to a decrease in resistivity. It was found that the temperature treatment at 
110 °C formed an almost completely uniform surface morphology of the perovskite film without germs 
formation. Organometallic perovskite film with such morphology makes it possible to create the most efficient 
solar cells with a maximum photocurrent of 270 µA and higher.  

Samples with higher temperature treatment were also investigated: 120, 130, 140 and 150 °С. According to 
the results of the studies, the crystal sizes after applying the film of organometallic perovskites at 120, 130, 
140 and 150 °C were determined, which were 32.9x50.7, 31.5x67.0, 29.3x34.3 and 6.9x8.2 μm, respectively. 
It was found that the size of crystals increased with increasing temperature and only at T = 150 °C crystals 
significantly decreased in size. This effect was explained by the fact that the thermal influence becomes so 
large that the atoms become very mobile and, as a result, they cannot form crystals of larger size. After this 
solvent treatment, even more germs are formed in the film compared to the lower treatment temperature. 
However, this can have an undesirable effect on the resistance of the films and the final quality of the solar 
cell. It is shown that solar cells based on such perovskite films are the least efficient and show a 
photocurrent of 5 to 20 µA. 

III. CONCLUSIONS 

As a result of studies it was found that the most optimal treatment temperature of perovskite films based on 
CH3NH3PbI3 is 110 °C. Films obtained at this temperature have a uniform morphology and relatively low 
resistivity. 
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I. INTRODUCTION 

In diffraction fields of dielectric particles, with the dimensions of the wavelength order, the areas formed in 
their vicinity are characterized by the increased intensity of the wave field, with a subwavelength size of the 
photon flux, called the photonic nanojets. This feature is of particular importance for practical applications in 
nanophotonics, biology, medicine, nanoelectronics, and data storage systems [1].  

II. METHODS AND RESULTS 

Based on a rigorous solution of the two-dimensional wave field diffraction problem for the dielectric cylinder, 
the structure of photonic nanojets has been investigated. The dielectric permeability of the cylinder material 
is equal to 2 and that of the environment to 1. The section dimensions at wavelengths are equal to     
        It has been established that, on propagation of the exponential flat wave along the diagonal of 
the square, the increased intensity area of the wave field is formed near the angle vertex from the outer side 
of the surface, i.e., at the edge of the surface. Maximal excess of the intensity for the incident wave is 
approximately equal to 4. When deviation of the particle shape from the regular one is minor, as shown in 
the figure, a decrease in the cross-sectional size of a photonic jet is observed. Further improvement of the 
photonic jet parameters is achieved by exposing the dielectric particle to superposition of two flat waves and 
we have 

                                                          

A peak intensity of the diffraction wave field exceeds the intensity of the incident wave field by more than a 
factor of seven. The figure shows the geometrical shape of a particle and the two-dimensional distributions of 
a relative intensity of the diffraction wave field         |      | |       | ⁄   , inside and outside the 
particle at a wavelength distance from the surface (area            ) as well as at the diagonal 

normalized to the wavelength l, where     ⁄ ,    ⁄ .  

   

a) b) c) 
Figure 1. The geometrical shape of particle (a), the diagonal (b) and two-dimensional (c) distributions of a 

relative intensity of the diffraction wave field inside and outside the particle at a wavelength distance from the 
surface 


