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where teff — the effective lifetime of carriers, tb — the volume lifetime, ts — the surface lifetime. Thus,
measuring the effective lifetime of carriers in a plate is the main tool for controlling the quality of its
surface. A complementary type of measurement to identify the nature of surface states associated with
defects is infrared spectroscopy, including Raman spectroscopy.

HIT solar cells are the market leader in solar energy in terms of "price/quality”. Laboratory samples
achieve an efficiency of up to 26.7% [5-9]. The record results were the result of optimization and research
of the structure of the HIT solar cell [10,11]. Optimization can be carried out in three directions:
improving materials and production methods, optimizing the internal parameters of the solar cell
(thickness, layer concentration) and changing the design [12].

Early studies have demonstrated the effectiveness of self-conducting amorphous silicon in surface
passivation of crystalline silicon wafers. The built-in layer of amorphous conduction silicon is used in the
HIT photocell for passivation of heterojunction defects, however, the presence of this layer leads to
undesirable consequences for the photocell, namely, due to the qualities of the amorphous material itself,
there is a drop in the diffusion length of charge carriers in the section and, as a result, a decrease in the
efficiency of the photocell. One of the possibilities for further improving the efficiency of a heterojunction
silicon solar cell is to increase the length of the diffusion path of charge carriers in the region of the
heterojunction [1,12,13,14].

Experiment and results. At the first stage of the work, the thickness of the embedded layer of
amorphous silicon of its own type of conductivity in a heterojunction silicon solar cell of the HIT structure
is optimized by computer modeling. The model of the photocell was optimized using the software package
FORS-HET [1,2]. The software package is designed for modeling heterojunction solar cells based on
crystalline and amorphous silicon, and includes a database of parameters of these materials. The detailed
principle of operation of the software package FORS-HET is described in [15-18]. In addition to the
numerical calculation, real samples of solar cells were grown and their optimization was performed
experimentally based on the thickness of the embedded layer of its own conductivity. Comparison of the
obtained data with the results of the experiment showed that the optimal value of the experimental
thickness of the amorphous layer (7 nm) does not coincide with the numerical calculation data (1 nm).
However, further research has shown that passivation of surface states on a crystalline silicon substrate is
better the thicker the thickness of the amorphous layer. It is shown in [19] that the lifetime of non-basic
charge carriers increases with increasing thickness of the amorphous silicon layer.

At the second stage of the work, using the PECVD method, amorphous silicon films with a thickness
of 7, 30 and 50 nm were grown on a single-crystal commercial silicon substrate on both sides. Then, the
lifetime of non-basic charge carriers was measured using the contactless Sinton method on these
structures, which confirmed the qualitative dependence of the results [19, 20]. Further, the samples were
examined by photoluminescence at room temperature. Using this method, it was possible to obtain the
dependence of the concentration of non-equilibrium charge carriers on the intensity of photoluminescence
radiation. These dependences showed that the intensity is lower on samples with a lower thickness of
amorphous silicon than in samples with a higher thickness of the amorphous layer. These results are in
good agreement with the previous ones.

One of the most important factors affecting the efficiency of the solar cell of the HIT structure is the
passivation of surface States on the plate of the crystal substrate. To study the effect of passivation of
crystalline silicon by an amorphous silicon film using the PECVD method, amorphous silicon films with a
thickness of 7, 30 and 50 nm were grown on a single-crystal commercial silicon substrate on both sides.
Then a non-contact method of Synton measurement was used on the manufactured samples to determine
the lifetime values of non-basic charge carriers. The results of measuring the characteristics of samples are
shown in the table 1.

Table -Results of measurements of the life time of the NNZ by non-contact method of single-crystal
silicon wafers with a resistance of R = 1.5 Ohmsecm, covered with an amorphous film with a thickness
of 7 nm (for samples kz 12 — kz_15), 30 nm (for samples kz 02 — kz 05) and 50 nm (for samples
kz 06 —kz 11)
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