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It was determined that when In0.999 Ag0.001Se crystals are irradiated with 50 krad dose -quanta, centers with a depth of 

0.17 eV are formed in the forbidden band. Before irradiation, in the prohibited band there are uncontrollable centers with the 
location depth Ev + 0.1 eV.  Centers resulting from irradiation compensate for uncontrolled Ev +0.1eV centers. With this, the 
concentration of charge carriers and electrical conductivity decreases. As the radiation dose increases, new centers are not 
formed, the concentration of previous centers increases. The difference between the electrical conductivity of unirradiated 
and radiated crystals also increases with decreasing temperature. 

Keywords : -quanta , irradiated crystals, perfect crystals, industrial electronics, chalcogenides, perfection of crystals due to 

radiation. 

PACS: 71.20.Nr   Semiconductor compounds 72.20.Fr Shipping and handling in low areas. 

INTRODUCTION 

InSe belongs to the group of AIIIBVI layered 

crystals. Despite having  high defectivity, these 

crystals are used in the production of various devices 

in industrial electronics, solar cells [1,2], optical 

modulators [3,4], X-ray radiation detectors [5,6], 

radioactive measuring devices in nuclear reactors [7], 

pressure transmitters [ 8] are used in preparation. 

Various effects are used to control the physical 

properties of these crystals. In the current study, 

different doses of -radiation were used as an external 
effect. 

Semiconductors are irradiated with high-energy 
particles, changes in their crystal structure occur. This 

affects the physical properties of crystals. Since the 

effect of radiation on different crystals is different [7, 

9, 10,11], the nature of radiation, kinetics and stability 

of their formation during the interaction of high-

energy particles with solid bodies have been studied. 

In layered semiconductors, like most semiconductor 

materials, electrical conductivity changes significantly 

depending on the radiation dose during interaction 

with  -quanta [12,13]. 
Purpose of conducting experiments; Irradiated 

with doses of  50 and 100 krad  consists of 

determining the temperature dependence of the 
electrical conductivity of In0.999Ag0.001Se crystals, the 

depth of the centers formed depending on the radiation 

dose, and the temperature dependence of the relative 

change of their electrical conductivity.  

DISCUSSION OF EXPERIMENT AND 

RESULTS  

                                                                 

In InSe, the coordination number of In atoms is 

4, and the coordination number of Se atoms is 3. 

Accordingly, a 4-coordinated In atom forms a 
tetrahedral bond with a 3 - coordinated Se atom, and 1 

In atom hybridizes at the sp3 level [14,15]. The above 

allows us to conclude that the nature of the chemical 
relationship between indium and silver monoselenides 

is similar, and to determine the formation of solid 

solutions between InSe and AgSe. 

In this study, homogeneous In0.999Ag0.001Se 

samples were taken to study the electrophysical 

properties. For this purpose, In-In 000, Se B-3 and 

Ag-999.9 branded elements were used. Chemical 

elements In, Ag, Se were chopped and filled into a 

quartz ampoule, air was sucked up to a pressure of 10-

4 Pa. For this, the direct synthesis method was used. 

Single crystals of In0.999Ag0.001Se were grown by the 
vertical Bridgman method. The speed of movement of 

the ampoule in the oven was 0.3 cm/h. The resulting 

crystals were studied by differential thermal analysis 

(DTA), X-ray phase analysis (RFA) and 

microhardness measurements. Silver paste was used 

as ohmic contacts. The contacts are placed opposite 

the opposite surfaces of the samples. The sample is 

made in the form of a parallelepiped and the size 

shown below is 10x4x2mm3 . The samples were 

irradiated with a Co60 source (direct-acting radiation 

chemical unit) РХУНД-20000 with an energy of 1.25 

MeV, a flux density of 1.41011 quant/s cm 2 and a 
radiation power of ~ 50 rad/s in the radiation zone at 

room temperature. radiation doses of -quanta 0; 50; 

and was 100 krad. Samples for the experiment were 
placed in a special cryostat. The temperature of the 

samples was measured by a chromel-alumel 

thermocouple located on their surface. It was 

determined that In0.999Ag0.001Se solid solutions have n-

type conductivity according to the sign of thermo-eq. 

The electrical conductivity of In0.999 Ag0.001Se samples 

in the temperature range of 142-294K was measured 

in a constant electric field. First, the temperature 

dependence of the electrical conductivity of the non-

irradiated crystal was measured. Then, the temperature 

dependence of the electrical conductivity of crystals 
made of In0.999Ag0.001Se crystals irradiated with 50 and 

100 krad dose quantums was measured. Based on the 
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results obtained from the experiment, the temperature 

dependence of electrical conductivity before and after 

irradiation was established in Arrenus coordinates, 

and for both cases, the location depth of the centers 

located in the forbidden zone was calculated. When 

the sample is irradiated with a dose of 50 krad, the 

electrical conductivity decreases compared to the non-

irradiated sample. This is because when the crystal is 

irradiated with a dose of 50 krad, radiation centers 
with a depth of 0.17 eV are formed. The electrical 

conductivity decreases because the uncontrolled defect 

centers with a depth of 0.1 eV are compensated by the 

radiation induced defect centers. As a result, the 

concentration of charge carriers decreases. As the 

radiation dose increases, new centers are not formed, 

the concentration of previous centers increases. The 

dependence of electrical conductivity on the radiation 

dose VIn occurs with the accumulation of acceptor 

defects. Experimental results of this phenomenon are 
shown in figure 1. 

Fig. 1.  - effect of irradiation on the electrical conductivity of  In0.999 Ag0.001Se monocrystals: the 1st curve refers to the 

non-irradiated samples, the 2nd curve to the samples irradiated with a 50 krad dose , and the 3rd curve to the 
samples irradiated with a 100 krad dose. 

Fig.2. Temperature dependences of electrical conductivity of In0.999Ag0.001Se single crystals: 1 curve refers to non-    
           irradiated samples, 2 curve refers to samples irradiated with a dose of 100 krad. 

It can be seen from the figure that the electrical 

conductivity varies exponentially depending on the 

temperature, and as the temperature decreases, the 

difference between the electrical conductivity of 
unirradiated and irradiated crystals increases. This 

situation becomes more pronounced when the crystal 

is irradiated with a dose of 100 krad. 

To find the relative change in electrical 

conductivity, the difference between the electrical 
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conductivity of the sample irradiated with a dose of 

100 krad and the non-irradiated sample was used. 

Figure 3 shows the temperature dependence of 

the relative change of electrical conductivity of non-

irradiated and irradiated samples with a dose of 100 

krad. 

In0.999Ag0.001Se samples with a dose of 100 krad, 

the difference between the electrical conductivity at 

appropriate temperatures was determined using the 

following formula 
𝜎𝛾− 𝜎0

𝜎0

Here, σ0 is the electrical conductivity of non-irradiated 

 𝜎𝛾   In0.999Ag0.001 Se samples irradiated with a dose of

100 krad . 

Fig 3 . Temperature dependence of the relative change of electrical conductivities of In0.999Ag0.001Se crystals irradiated 

with a dose of 100 krad and not irradiated. 

RESULTS 

      It was determined that when In0.999Ag0.001Se 

crystals are irradiated with g-quanta with a dose of 50 

krad, radiation centers with an energy of 0.17 eV 

appear in the forbidden band and the electrical 

conductivity decreases. The reason for this is that 

uncontrolled defects with energy Ev+0.1eV are 

compensated by defects caused by radiation. As a 

result of compensation, the concentration of charge 

carriers decreases. As the radiation dose increases, 

new centers are not formed, the concentration of 
previous centers increases. The dependence of the 

electrical conductivity on the radiation dose occurs 

with the accumulation of acceptor defects. It was 

determined that as a result of a dose of 100 krad, the 

crystals undergo a purification process, which allows 

the crystals we have studied to be successfully used in 

various fields of industrial electronics. 
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