CHARGING PROPERTIES OF THE SILICON / ZINC OXIDE NANOPARTICLE HETEROSTRUCTURE
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[. INTRODUCTION

Zinc oxide ZnO is a semiconductor with a direct band gap of 3.37 eV at room temperature, which makes ZnO
a promising material for use in many areas, such as photocatalytic water and air purification, photocatalytic
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water splitting, optoelectronics, gas sensors, gas sensors [1]. Zinc oxide also has a number of advantages
over other materials used in photocatalysis: low cost, non-toxicity, low reflectance in the solar spectrum, the
ability to create low-dimensional structures using chemical etching (amphotericity), resistance to high-energy
radiation, flexible changing of electrophysical and optical properties by doping it with various impurities and
controlling the conditions for its production [2]. The implementation of p-type ZnO is difficult because pure
ZnO with a wurtzite structure naturally occurs in the form of an n-type semiconductor. It is caused by oxygen
vacancies, excess zinc, and the presence of hydrogen atoms, [3].

On the other hand, much attention is paid to the creation and study of silicon / zinc oxide heterostructures
containing ZnO nanoparticles. This is important for the production of composite materials with a developed
surface for photovoltaics.

Il. MODEL

The Si/nanosized ZnO heterostructure was simulated using the Comsol Multiphysics software package. A
two-dimensional diffusion-drift model of the heterostructure with the solution of the Maxwell system of
equations was used. Properties of silicon [4] and zinc oxide [5], respectively, are: band gap 1.12 eV and 3.37
eV; electron affinity 4.05 eV and 4.3 eV, the lifetime of charge carriers is 10 pys and 0.79 ns; electron mobilitg
1450 cm2/(V-s) and 200 cm2/(V-s); hole mobility 500 cm2/(V-s) and 50 cm2/(V-s); impurity concentration 10’

cm™ and 10'® cm™. The real and imaginary parts of the refractive index for silicon and zinc oxide were set in
a table [6, 7]. The heterostructure is a zinc oxide nanoparticle with a size of 500x500 nm in a silicon
substrate.

[ll. RESULTS AND DISCUSSION

The height of the barrier for electrons from the silicon side in the n-Si/n-ZnO heterostructure is 0.133 eV,
after passing which they enter the region in zinc oxide enriched with electrons, thereby creating an excess
negative charge at the the oxide nanoparticle zinc boundary (width =70 nm). The barrier for holes in the zinc
oxide is 0.092 eV. In the n-Si/p-ZnO heterostructure, the barrier for electrons in silicon is 0.104 eV, and for
holes in zinc oxide it is 0.567 eV. For the p-Si/p-ZnO heterostructure, these values are 0.028 eV and 0.57
eV, respectively. There are no such barriers in the p-Si/n-ZnO heterostructure which allows electrons
generated in silicon and holes generated in zinc oxide to flow freely into another semiconductor.

Generation of charge carriers in ZnO occurs at wavelength <375 nm, in silicon at all wavelengths and it has
a peak at ~950 nm. The generation is also observed in silicon under a ZnO particle at a rate of about (1-
3)10" cm® s™ at wavelengths 375-1150 nm.
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Figure 1. Electric charge density (a) and electric potential (b) on the surface of heterostructures

Due to the redistribution of charge carriers during irradiation an excess electric charge is formed on the
surface of the heterostructures, it's bulk density p for a radiation wavelength of 500 nm is shown in Fig. 1a.
The electric potential Vs arising on the surface of the structures is shown in Figure 1b.

V. CONCLUSIONS

Simulation of the charge properties and currents in zinc oxide nanoparticle in silicon heterostructures for
cases of n- and p-types of conductivity demonstrated differences in the electric charge and potential on the
surface of heterostructures without significant differences depending on the wavelength of incident radiation.

It is shown that the silicon / p-type zinc oxide nanoparticle heterostructure provides a negative potential and
a negative surface charge on the surface of a zinc oxide nanoparticle regardless of the wavelength of solar
radiation.
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It opens up additional possibilities for the photocatalytic use of zinc oxide in a wider emission spectrum than
its own absorption spectrum.

Achieving stable p-type conductivity of zinc oxide opens up many possibilities for creating optoelectric
devices based on materials with a large conduction band. This will require better control over the natural n-
type conductivity of zinc oxide which can compensate acceptor impurities.

REFERENCES

[11 N. A. Vorobyeva, M. N. Rumyantseva, P. A. Forsh, A. M Gaskov, “Conductivity of nanocrystalline
Zn0O(Ga)”, Semiconductors, Vol. 47, pp. 650-654, 2013.

[2] C.G. Van de Walle, “Hydrogen as a Cause of Doping in Zinc Oxide”, Physical review letters, Vol. 85, pp.
1012-1015, 2000.

[3] C.Y. Tsay, W. Y. Chiu, “Enhanced Electrical Properties and Stability of P-Type Conduction in ZnO
Transparent Semiconductor Thin Films by Co-Doping Ga and N”, Coatings, Vol. 10, pp. 1069-1081, 2020.

[4] S.M. Sze, K. Ng. Kwok, Physics of Semiconductor Devices. 3" edition. Hoboken: John Wiley & Sons;
2006.

[5] U. Ozgiir, Ya. I. Allivov, C. Lui, A. Teke, M. A. Reshchnikov, S. Dogan, V. Avrutin, S.-J. Cho, Morkog H.,
“A comprehensive review of ZnO materials and devices”, Journal of applied physics, Vol. 98, pp. 041301,
2005.

[6] M. A. Green, “Self-consistent optical parameters of intrinsic silicon at 300K including temperature
coefficients”, Solar Energy Materials and Solar Cell, Vol. 92, pp. 1305-1310, 2019.

[7] O. Aguilar, S. de Castro, M. de Godoy, M. Dias, “Optoelectronic characterization of Zn;,Cd,O thin films
as an alternative to photonic crystals in organic solar cells”, Optical Materials Express, Vol. 9, pp.3638-3648,
2019.


mailto:l.trotsiuk@

