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Abstract: Currently, the study of the influence of impurity atoms on the electrical 

properties of semiconductor materials is of particular importance [1-11]. This paper 

presents the results of studies of the electrical properties of p-Si<Cu> samples. Single-

crystalline silicon of the KDB-0.3 grade, grown using the Czochralski method, was used 

as the initial sample. Diffusion was carried out at temperature T=1473 K for t=1.5 hours. 

 

Figure 1 shows the dependences of the resistivity - ρ of p-Si<Cu> samples with fast 

(200 K/s) and slow (1 K/s) cooling at a temperature T = 80÷320 K. As you can see, the  
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value of ρ in slowly cooled samples with increasing temperature from 80 K to 120 K 

ρ gradually increases and reaches 35 Ohm·cm (Fig.1, curve 2). In this temperature range 

the value of ρ in rapidly cooled samples, p-Si<Cu> remains almost unchanged (Fig.1, 

curve 1). When the temperature increases from 120 K to 240 K, in slowly cooled samples 

a sharp decrease in the value of ρ is observed by almost 1 order of magnitude, and in 

samples with rapid cooling the value of ρ also decreases to 0.8 Ohm·cm. With a further 

increase in temperature to 320 K, the value of ρ remains almost unchanged. 

 

Fig.1. Temperature dependence of resistivity of p-Si<Cu> samples. 

1- rapid cooling, 2- slow cooling. 

In Fig.2 shows the temperature dependence of the charge carrier concentration – n for p-

Si<Cu> samples with fast and slow cooling. As can be seen in the temperature range T = 

80÷120 K in samples with rapid cooling,  the value of n almost does not change and 

amounts to 5·10 
15 

cm
-3 

(Fig.2, curve 1). In this temperature range, in samples with slow 

cooling, the value of n decreases by almost 7 times (Fig.2, curve 2). With a further 

increase in temperature to 320 K, for samples with both slow and fast cooling, an increase 

in the value of n is observed. In samples with rapid cooling it increases by 13 times, and in 

samples with slow cooling it increases by almost 20 times. 
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Fig.2.  Temperature dependence of charge carrier concentration in p-Si<Cu> samples. 

1- rapid cooling, 2- slow cooling. 

Thus, the nature of the change in the values of ρ of p-Si<Cu> samples with slow cooling, 

at temperatures T = 80 ÷ 320 K, is mainly associated with the formation of various 

impurity accumulations with the participation of Cu and B atoms during the cooling of the 

samples after diffusion, which are in an electrically neutral state. With an increase in 

temperature from 120 K to 320 K, the observed decrease in the value of ρ of the samples 

occurs due to an increase in the concentration of charge carriers, as well as an increase in 

their mobility. 

 

References: 

1. Chang Sun, Hieu T. Nguyen, Fiacre E.Rougieux, Daniel Macdonald М (2017). 

Precipitation of Cu and Ni in n- and p-type Czochralski-grown silicon characterized by 

photoluminescence imaging, Journal of Crystal Growth, 460, 98-104. 

 

 

“NAZARIY VA AMALIY FANLARDAGI USTUVOR ISLOHOTLAR            

VA ZAMONAVIY TA’LIMNING INNOVATSION YO’NALISHLARI” 

Vol.1 №5 (2024). May 

https://www.sciencedirect.com/science/article/pii/S1876610216305240#!
https://www.sciencedirect.com/science/article/pii/S1876610216305240#!
https://www.sciencedirect.com/science/article/pii/S1876610216305240#!
https://www.sciencedirect.com/science/article/pii/S1876610216305240#!
https://www.sciencedirect.com/science/journal/00220248


www.innovativepublication.uz  306 
 

 

2. Michelakaki E., Valalaki K., Nassiopoulou A.G. (2013).  Mesoscopic Ni particles and 

nanowires by pulsed electrodeposition into porous Si, Journal of Nanoparticle Research, 

15(4), 1-9. 

3. Saring Ph. and Seibt M. (2021). Recombination and charge collection at nickel silicide 

precipitates in silicon studied by electron beam-induced current, Phys. Status Solidi B, 

258(10), 2100142(1-8). 

4. Lindroos J., Fenning D.P., Backlund D.J., Verlage E., Gorgulla A. et al. (2013). Nickel: 

A very fast diffuser in silicon, J.Appl.Phys. 113(20), 204906(1-7). 

5. Turgunov N.A., Berkinov E.Kh. (2020). Structures of inclusions of impurity nickel 

atoms in silicon monocrystals // International journal of engineering and advanced 

technology, 9(4), 1436-1439. 

6. Turgunov N.A., Mamajonova D.Kh., Berkinov E.Kh. (2021). Decay of impurity 

clusters of nickel and cobalt atoms in silicon under the influence of pressure, Journal of 

nano- and electronic physics, 13(5), 05006(1-4).  

7. Turgunov N., Zainabidinov S., Berkinov E., Akbarov, Sh. (2020). Influence of the 

clusters of impurient nickel atoms on the crystalline silicon structure, Euroasian Journal 

of Semiconductors science and engineering, 2(5), 19-21.  

8. Turgunov N.A., Berkinov E.Kh., Turmanova R.M. (2022). Influence of heat treatment 

on the electrical properties and morphology of impurity accumulations of silicon doped 

with nickel. Science and world, 4(104), 25-29. 

9. Турғунов Н. A., Беркинов Э.Х., Мамажонова Д.Х. (2020). Влияние термической 

обработки кремния, легированного никелем, на его электрические свойства. 

Прикладная физика, 3, 40-45 

10. Turgunov, N.A., Berkinov, E.Kh., Turmanova, R.M. (2023). Accumalations of 

impurity Ni atoms and their effect on the electrophysical properties of Si. E3S Web of 

Conferences, 402, 14018  

11. Turgunov, N.A., Berkinov, E.Kh., Turmanova, R.M. (2023). The effect of thermal 

annealing on the electrophysical properties of samples n-Si<Ni,Сu>. East European 

Journal of Physics, 3, 287–290 

“NAZARIY VA AMALIY FANLARDAGI USTUVOR ISLOHOTLAR            

VA ZAMONAVIY TA’LIMNING INNOVATSION YO’NALISHLARI” 

Vol.1 №5 (2024). May 

https://www.scopus.com/authid/detail.uri?authorId=55508459800
https://www.scopus.com/authid/detail.uri?authorId=57221634581
https://www.scopus.com/authid/detail.uri?authorId=57254176300
https://www.scopus.com/authid/detail.uri?authorId=55508459800
https://www.scopus.com/authid/detail.uri?authorId=57221634581
https://www.scopus.com/authid/detail.uri?authorId=57254176300

