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In this doctoral thesis, the electrochemical deposition (ECD) of p-type CuxZn,S,
CupZnSnS4x0Ox (CZTSO), FeSiOy thin films were studied. These films are
environment- friendly and toxic free material, which are promising candidates as either

transparent conduction film or solar cell.

We introduce a brief background on thin film, the different thin films deposition
technique, explain the advantages of the ECD technique. The ECD techniques are
classified according to the nature of applied bias, and the cyclic voltammogram is
explained. Finally we introduce basic properties of Cu,S, CuyZnSnS,, and FeS,, which

are basic constituents of the films deposited in this work.

CuxZn,S thin films were deposited on the indium-tin-oxide (ITO)-coated glass
from solutions containing Na»S;03, CuSO4 and ZnSO, by the ECD and photochemical
deposition (PCD) methods. Films with different Zn/Cu ratios were deposited. The




CuyZnyS thin films had a wide band gap of 3.0-3.6 eV. The CuxZn,S film showed p-type
conduction and photosensitivity in the photoelectrochemical (PEC) measurement.
Moreover, we fabricated ZnO/ Cu,Zn,S/ITO heterojunction, and rectification properties
were confirmed. We annealed CuyZn,S in a nitrogen atmosphere for an hour at different
temperatures up to 400°C. The optical transmission increased with increasing annealing

temperature, whereas the bandgap did not vary significantly.

CZTSO thin films were deposited on the ITO substrate by the DC and two-step
pulsed ECD methods from aqueous solutions containing CuSO4, ZnSO4, SnSO4, and
NayS,03. The films deposited by pulsed ECD contained smaller amount of oxygen than
those deposited by DC ECD. The films had band gap energies in a range from 1.5 eV
and 2.1 eV. By a PEC measurement, it was confirmed that CZTSO films showed p-type
conduction and photosensitivity. CZTSO/ZnO heterojunctions exhibited rectification
properties. CZTSO thin films deposited by pulsed ECD were sulfurized at 300°C. After
the sulfurization, the oxygen amount decreased clearly. The optical transmission
became higher, but the bandgap did not change clearly. Relatively strong X-ray
diffraction (XRD) peaks of CZTS were observed, and weak photovoltaic effects were

confirmed for heterojunction with ZnO.

FeS,Oy thin films were fabricated by the ECD method. The composition was Fe:S:0
~ 1:1:1 when the FeSQ4 concentration was 40 mM, Na,S,03 concentration 100 mM,
and the deposition temperature 15 ~ 40°C. In the PCE measurement, the deposited
FeSxOy film showed p-type conduction and photoconductivity. The band gap was
estimated to be 1.2 eV. The Raman spectra results showed that Fe atoms in FeSxOy are
bonded to both O and S atoms so that new vibrational bands are formed. Moreover, a
ZnO/ FeS4Oy heterostructure was fabricated, and rectification properties were
confirmed. After annealing at 100 ~ 400°C in a nitrogen atmosphere for an hour, the Fe
content did not vary significantly, while O and S contents depend on the annealing
temperature. The optical transmission and the bandgap increased with increasing
annealing temperature. After the 400°C annealing, the XRD peaks of Fe;O; were
observed and the conduction type was changed to n-type.

We give conclusion of this work and suggestions for the future works.
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