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Tunability offers in the optoelectronic properties of TCOs open up the way to advanced applications in the field
of photovoltaics. However, the conductivity of p-type TCOs remains an unresolved problem. In this work, an
advantage of RF magnetron sputtering is employed to obtain polycrystalline CuO film at room temperature with
better conductivity and optimum bandgap by controlling nitrogen gas pressure. Doping of N5 gas pressure has a
significant influence on the morphology of CuO films, resulting in improved electrical and optical properties of
films at room temperature. The variation of structural characteristics with respect to N3 gas pressure is discussed
in detail using XRD, AFM, SEM, and EDX measurements, and these results confirm nitrogen’s impact in
improving the property of the fabricated film. The results show that the crystalline size, as well as the crystalline
quality of the film, was found to increase with the increase in N gas pressure at room temperature. Atomic force
microscope (AFM) shows that all the deposited films are well adherent and grains are uniformly distributed over
the surface of the substrate. The simultaneous effect of doping and grain boundary migration of nitrogen atom
into CuO lattice increases crystallinity and the mobility of charge carriers at room temperature. This experi-
mental strategy made CuO a good p-type material with mobility of 2.17 x 10%cm?/Vs and bandgap of 2.44eV at
Ny gas pressure of 2 x 10~2mbar and resistivity is decreased due to high mobility obtained by tuning Ny gas
pressure. These results suggest that the electrical and optical properties of CuO thin films can be modulated by

optimizing the carrier concentration and thus mobility by controlling the N, gas pressure.

1. Introduction

The research interest in the transition conducting oxides (TCOs) has
continued owing to its wide variety of applications especially in the field
of photovoltaics [1,2]. Researchers are very keen on exploiting the
properties of oxides to enhance the efficiency of photovoltaic devices.
For this fabrication of highly stable p and n-type oxide material is
essential. To achieve high efficiency for PV cells, the material should
possess good electrical conductivity and bandgap. But the simultaneous
occurrence of these properties in the same material is incompatible. The
majority of the TCOs in use and under research are n-type owing to their
ease in creating lattice defects such as oxygen vacancies, proton in-
terstitials, and their properties can be further tailored by the process of
substitutional doping [3]. When compared to n-type TCOs, p-type TCOs
are limited due to their lower conductivity [4,5]. In p-type TCOs their
majority carriers are positively charged holes, due to their large effective
mass they exhibit lower carrier density and mobility, also the difficulty
associated with p-type doping limits their carrier concentration which
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also lowers its conductivity. So the growth of high-quality p-type ma-
terial is essential for high efficient p-n junction devices. In p-type TCOs it
is very difficult to obtain good mobility due to their lower carrier con-
centration. Carrier mobility is one of the major factors which influence
the conductivity of thin films that depend upon defects formed at the
crystal lattice due to doping. Scattering of charge carriers results in
decreasing mobility if carrier concentration increases beyond a certain
limit. Hence an optimization between carrier concentration and
mobility is essential to achieve higher conductivity.

Cupric oxide (CuO) thin films have sparked a great deal of interest
among transition metal oxides and several studies on copper oxides have
been published in recent years, owing to their unique electronic, me-
chanical, magnetic, and optical properties, which makes them useful
semiconductor materials for device applications including solar cells,
lithium-ion batteries, gas sensing, supercapacitors, diodes applications,
etc. [6-15]. The conductivity of thin films can be increased either by
increasing the carrier concentration or the mobility of charge carriers.
One of the efficient approaches to improve conductivity is by increasing
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