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туркумига кириши аниқланди. Шунингдек уни керамика саноатида енгил суюқланувчан флюс 

сифатида ишлатиш мумкинлиги ҳам аниқланди. 

Ключевые слова: Гидрослюдистая глина, легкоплавкая глина, легкоплавкий флюс,  

керамическая масса, химико-минералогический состав. 

В результате комплексного исследования характеристики глины Кулатауского месторождения 

расположенного в Нижнеамударьинском регионе установлено что, Кулатауская глина относится к 

классу сильноспекающегося сырья с низкотемпературным спеканием. Также установлена пригодность 

в керамической промышленности в качестве легкоплавкого флюса. 

Key words: Hydromica clay, low-melting clay, low-melting flux, ceramic mass, chemical and 

mineralogical composition. 

As a result of a comprehensive study of the characteristics of the clay of the Kulatau deposit located in 

the Lower Amudarya region, it was established that the Kulatau clay belongs to the class of highly sintered 

raw materials with low-temperature sintering. It has also been shown to be suitable for use in the ceramics 

industry as a low-melting flux. 
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Introduction. Quite a lot of works have been 

devoted to the preparation and investigation of 

heterostructural compositions based on (Cu2ZnSnS4) 

CZTS [1–3]. Most of them are devoted to the study 

of structures based on heterostructures of CdS / 

Cu2ZnSnS4 compositions. This is due to the fact that 

CdS is an interesting composite layer for obtaining a 

barrier transition in solar cells (SC), has a high optical 

absorption coefficient and a suitable band gap. 

It is known that in the formation of 

semiconductor heterostructure composite materials, 

the choice of the matrix material is of great 

importance. In most cases, researchers use various 

types of glass, quartz and sapphire to obtain thin 

composite layers of CZTS, as a matrix. At the same 

time, it should be noted that glass and the above 

materials are far from ideal as a matrix for industrial 

designs of solar cells, which is due to a number of 

reasons. Firstly, glass is a rather fragile material, 

which is especially pronounced when synthesizing 

solar modules with a large area, the thickness of the 

glass substrate is at least 1 mm, which significantly 

increases the weight of the solar cell, and secondly, 

accurate control of alkaline fillers in the glass 

substrate is almost impossible. Alkaline fillers impair 

process reproducibility. In addition, being an 

amorphous substance, glass has poor adhesion to 

many metal films used as back contact. 

Silicon is the most common semiconductor 

material in electronics and photovoltaics. More than 

85% of the world's solar panels are produced on its 

basis. However, the main problem for reducing the 

cost of solar cells based on monocrystalline silicon is 

the high cost of the technology for its production. 

Therefore, the use of cheap polycrystalline silicon is 

relevant. Effective SCs with p – n junctions based on 

polycrystalline silicon have been obtained [4]. 

Recently, there has been a growing interest in 

semiconductor heterojunction composite materials 

(HPCM) due to a number of their advantages over 

homojunction composite materials. Currently, 

HPCM are actively used in photovoltaics, electronics, 

and lasers [5, 6]. It is of great interest to study the 

electrical properties of HPCM based on 

polycrystalline silicon and CZTS. The use of 

polycrystalline silicon as a matrix makes it possible to 

reduce the cost of solar cells. 

Object selection and technology. In this 

work, we study the creation of anisotypic HPCM 

Cu2ZnSnS4 / Si, on a matrix of polycrystalline Si. 

The formation of a thin CZTS composite layer 

on a Si matrix was carried out in two stages. At the 

first stage, the base layers of the composite 

components were formed on a polycrystalline Si 

matrix by the method of vacuum deposition. The 

process was carried out on a VUP-5M installation, at 
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a vacuum of (2-5) 10-5 mm Hg. The ratio of the 

components of the compositions in the base layer was 

taken in accordance with the stoichiometric 

composition of the compound. The latter was 

calculated based on the atomic weight of the 

components and the layer thickness of each 

component of the composition. 

At the second stage, the base layer was 

sulphurized from an unlimited source, in a closed 

volume. For this, samples of polycrystalline Si with 

the components of the compositions deposited on the 

surface were placed in a vacuum pumped to (1-3)∙ 10-

5 mm Hg. vacuum quartz ampoule. To ensure uniform 

sulphurisation and prevent the evaporation of sulfur 

from the formed film, sulfur was placed in the 

ampoule, in an amount providing the required 

pressure inside the ampoule. The formation of the 

CZTS composite layer was carried out by thermal 

annealing of samples with base layers in an SUOL-4 

furnace. To study the process of the formation of 

CZTS layers on Si, the components of the 

compositions were deposited sequentially or in 

parallel; during sequential deposition, the sequence of 

deposition of the components of the composition was 

varied. The thickness of the films after each stage of 

deposition was controlled by the metallographic 

method. Thermal firing of the components of the 

compositions was carried out at temperatures of 400 

– 620 0C, the firing time was within 15 - 90 minutes. 

The heating rate was 15 - 30 deg / min. After firing, 

the samples were cooled to 200 0C at a rate of 10 - 15 

deg / min, and then brought to room temperature by 

removing the ampoules from the oven or together 

with the oven. 

Results and research. The study of the 

morphology of the grown layers of the composites, 

depending on the preparation mode, showed that a 

smoother surface is provided when the components 

are deposited in the sequence tin - zinc - copper and 

annealing temperatures of 550-565 0C (Fig. 1). With 

other sequences of spraying of components and an 

increase in the annealing temperature, some 

roughness of the surface of the films is observed, 

which, apparently, is associated with the 

volatilization of individual components of the 

compositions. Taking this into account, further 

thermal annealing was carried out at a temperature of 

560 0C. 

 
Figure 1. Micrograph of the surface of the czts layers 

of the compositions 

 

Studied the X-ray reflection spectra in the 

layers of the CZTS compositions. The spectra exhibit 

peaks corresponding to planes (112), (200), (312), 

(008). The intensities of these peaks differed 

somewhat depending on the temperature and time of 

sulfonation. The largest peaks of the (112) planes 

corresponded to the samples that underwent thermal 

annealing at 550-560 0C for 30 minutes or more. The 

study of the microstructure of the films showed that 

the sizes of crystallite grains depend on the annealing 

temperature and the quenching mode. With an 

increase in the annealing temperature and the cooling 

rate of the samples, an increase in the size of the 

crystallite grains is observed. 

Measurement of the electrical parameters of 

the obtained compositions showed that all samples 

obtained without special doping have a hole-type 

conductivity. This is apparently due to the fact that the 

formation of layers of the CZTS composition results 

in the formation of such structural defects as a 

vacancy of copper atoms – VCu and the substitution of 

a copper atom for the zinc site –CuZn. These defects 

with shallow acceptor levels determine the type of 

conductivity of the formed layers of the composition. 

The ionization energy VCu is ~ 0.02 - 0.08 eV, the 

ionization energy of CuZn is ~ 0.10 - 0.15 eV [7]. The 

surface resistance of the CZTS films was in the range 

of 30-55 Ohm sq. 

The effect of the applied voltage on the current 

through the created Cu2ZnSnS4 / Si HPCMs was 

measured at room temperature. Ohmic contacts to the 

structures were obtained by applying a eutectic 

composition of an indium-gallium alloy. The forward 

and reverse branches of the dependences of the 

current on the applied voltage I (V) of heterostructural 

composite materials are shown in Fig. 2. It can be 

seen from the figure that heterostructural composite 

materials have pronounced diode characteristics. 
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Figure 2. Effect of the applied voltage on the current 

of the Cu2ZnSnS4 / Si HPCM at T = 300 K 

 

Moreover, the flow direction in all HPCMs is 

observed when the positive polarity of the external 

bias is applied to the CZTS composite layer, which is 

consistent with the band model of the studied HPCM 

[8]. Other compositions were previously explained by 

this model [9, 10]. Straightening coefficients in the 

best structures for | V | = 1−2 V were reached up to K 

= 65−110. The relatively small K values obtained are 

apparently associated with imperfections in the 

transition region of the heterojunctions. 

The temperature dependence of the resistivity 

of the composite CZTS layer on a silicon matrix in 

the temperature range of 300-450 K. was studied. 

Depending on the specific resistance from the 

temperature, in the temperature range above 350 K, 

there is a certain increase in the value of the 

resistivity, apparently, this is due to a decrease in the 

mobility of carriers with an increase in temperature. 

To measure the mobility of holes in 

polycrystalline composite layers of CZTS, the Hall 

coefficient and resistivity were measured. The Hall 

mobility of holes in CZTS polycrystals with a hole 

concentration of about 1016 cm-3 was in the range of 

17-23 cm2/Vꞏs. 

Thus, the analysis of the results of the study of 

the basic electrical properties shows that the results 

obtained in the work are, in general, in good 

agreement with the literary results 

Conclusions. Thus, a composite CZTS layer 

on a silicon matrix was formed by the method of 

thermal vacuum evaporation and subsequent 

sulfonation in a closed volume and Cu2ZnSnSe4 / Si 

HPCM were created. The best structures are obtained 

at an annealing temperature of 550-5600C for 45 

minutes.
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Abstract. Anisotypic heterojunctions based on the Cu2ZnSnS4 / Si composition have been obtained by 

sulfonation of base metal layers previously deposited onto a polycrystalline silicon matrix. The mode of 

obtaining the Cu2ZnSnS4 / Si heterojunction is established. The dependences of the current on the voltage of 

the heterostructure compositions have been studied and their main parameters have been determined. 

Аннотация. Анизотипические гетеропереходы на основе состава Cu2ZnSnS4 / Si были получены 

сульфированием слоев основного металла, ранее нанесенного на матрицу поликристаллического 

кремния. Установлен режим получения гетероперехода Cu2ZnSnS4/ Si. Исследованы зависимости тока 

от напряжения составов гетероструктур и определены их основные параметры. 

Annotatsiya. Cu2ZnSnS4 / Si tarkibiga asoslangan anizotipik getero-o`tishli polikristal kremniy 

matritsiga metall qatlamlarini sulfirlash orqali olingan. Cu2ZnSnS4 / Si getero-o`tishni olish rejimi o'rnatildi. 

Elektr toki oqimining geterostrukturali kompozitsiyalardagi kuchlanishiga bog'liqligi o'rganiladi va ularning 

asosiy parametrlari aniqlanadi. 
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