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This doctoral thesis presents research relatingpeéoconstruction of new types of thin-
film photovoltaic (PV) cells - devices based on s®mductors, titanium oxide and copper
oxide. A thematically coherent series of publicasipresents theoretical calculations obtained
using simulation tools that are based on self-cansdd models and the results of practical
experiments leading to the production of such desvic

The first stage of the work is a review and analydithe literature, which revealed the
current state and global achievements in the téldyer composition, structure, and material
properties depending on the technology used far ilmplementation. It presents the detailed
physical and chemical properties of copper oxided #hree varieties of titanium oxide —
anatase, rite, and brucite, as well as a listlahal PV devices manufactured so far on based
these compounds. It presents their production nasthmethods used for constructing the
contacts, and the electrical parameters of lighsi#@e PV structures.

In the second stage of the work, theoretical models proposed and computer
simulations of TiQ/CuO and TiQ/Cw0 cells are performed using the Solar Cell Capacéda
Program (SCAPS) program. The goal of the simulatias primarily to theoretically verify
of the potential of the PV structures based omitita oxide and copper oxide, and to
compare the results obtained with those in thealitee. The energy conversion efficiency
obtained in the SCAPS program for an ideal striectmas: 22.4% for Tig)CuO and 13.7%
for TiIO,/Cw0. In addition, analyses were performed to deteentiive effect of the operating
temperature and the contact material, as well agttect of defects on the energy efficiency
of the cells. On the basis of capacitance-voltaGeV) simulations, the Mott-Schottky
characteristic was plotted and the built-in voltégg) determined.

In the next step, the parameters of the processiesntined on the basis of simulations
and reports in the literature allowed us to prodineefirst titanium oxide and copper oxide
PV cells using a reactive direct current magnespattering method with physical vapor
deposition equipment from PREVAC.

However, the first prototypes exhibited no PV effelcie to the inadequate material
parameters of the layers. Therefore, in the neagjestdetailed studies of single layers of

titanium oxide, copper oxide, and PV structures evperformed. The properties were



evaluated by X-ray diffraction (XRD). The morphojogross-sections, EDS spectrum, the
topography, roughness and optical properties weatyaed. In addition, the current-voltage
(I-V) and capacitance- voltage (C-V) characterssticere measured for the structures based
on titanium oxide and copper oxide. These testewadl us to determine the process
parameters at which it is possible to obtain ational PV device. The process parameters of
the structures were modified and improved accortlinthe experimental results. As a result
of this work, a TiQ/CuO cell exhibited a PV effect with the followimgaximum parameters:
open circuit voltage ¥c = 0.14 V, short circuit currengd = 0.06 , fill factor FF = 27%, and

an energy conversion efficiency 9t 0.24%.



