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Interests on transparent oxide semiconductors (TOS) have been increasing tremendously for
wide range of technological and environmental applications. In particular, these TOS materials act as
an integral part in the fabrication of p-n heterojunctions solar cells because of their fascinating
optical, structural, and electrical properties. In this doctoral thesis, several n-fype oxide
semiconductors; namely, SnO,, Ga-O, and Fe-O thin films have been explored and investigated by
employing electrodeposition at room temperature. Fabrication of heterostructures based on these
materials along with the known p-fype materials such as tin sulfide (SnS) and copper oxide (Cu,0)
are also demonstrated to elucidate their potentials in solar cell fabrication.

Tin oxide (SnO,) thin films are electrodeposited on indium tin oxide (ITO) substrate from
strongly acidic (pH < 1) aqueous solution containing SnSO,4. Oxygen bubbling is employed either
before or during deposition. Transparent films are electrochemically produced from oxygen-bubbled
solutions. Nearly stoichiometric ratios are attained for both as-deposited and annealed films. The
n-type conductivity and the photosensitivity are evaluated and confirmed from photoelectrochemical
(PEC) measurement. The electrodeposited SnS/SnO, superstrate structure with 250°C-annealed

SnO, exhibits an open circuit voltage (Voc) of 40-90 mV and a short circuit current density (Jsc) of




1.5-9.7 mA/em’. The highest solar conversion efficiency for electrodeposited SnS/SnO,

heterostructure is estimated to be 0.148%. The valence band offset is determined to be
approximately 1.85 eV. Using this value and the band gaps of individual layers, the conduction band
minimum of SnQ, is predicted to be higher than that of SnS by 0.65 eV.

Ga-O based thin films are electrodeposited on fluorine-doped tin oxide (FTO) substrate at
room temperature from aqueous gallium sulfate solution with hydrogen peroxide (H,0O,) as oxygen
precursor. Effects of different deposition parameters such as deposition voltage, amount of H,O, and
deposition time are investigated. Nearly smooth and crack-free morphologies are attained at -1.0 (V
vs SCE) deposition potential. As-deposited films have shown O to Ga ratio of 2.0, which signifies
GaOOH formation. Thermal annealing in ambient air at 500-600°C reduces the O/Ga ratio and
retains the morphology. As-prepared films with ~ 0.2 um thickness have 80% transparency in the
visible wavelength range. The SnS/GaOOH and Cu,0/GaOOH heterojunctions have been fabricated
via electrodeposition. In SnS/GaOOH, the rectification property is confirmed but not the
photovoftaic characteristics. On the contrary, for the first time, the Cu,0/Ga-O heterojunctions (with
as-deposited and annealed GaOOH) display rectifying and photovoltaic characteristics. The solar
cell parameters (Voc = 0.15 V, Jsc= 0.35 mA/cm2) and (Voc = 0.22 V, Jsc= 0.45 mA/cm2) are
attainéd for Cu,0/Ga-O heterojunctions with as-deposited and 400°C-annealed GaOOH layers,
respectively.

y-FeOOH films are electrodeposited on the ITO substrate from oxygen-bubbled aqueous
FeSO,4-KCl solution at room temperature. Potential values near -0.7 (V vs SCE) are chosen to
electrodeposit the films. A mixture of a-Fe and y-FeOOH is achieved at more negative potential than
-0.90 V and intense aggregation is favored at longer deposition time. Raman shifis at 252, 384, 538,
and 664 cm” signify the characteristics of y-FeOOH. The as-deposited y-FeOOH film is
nanocrystalline with crystallite size probably an order of nanometers. The n-fype conductivity and
photoresponse under illumination of y-FeOOH film are confirmed from PEC measurement. The
homogeneity of the anions in the solution is achieved by using sodium sulfate (N2,SO4) and the
deposition current is enhanced by stirring. The y-FeOOH films exhibit band gaps between 2.2 - 2.6
eV. A transformation of y-FeOOH thin films to a-Fe,O; is attained by thermal annealing at 400°C in
air. In SnS/FeOOH fabricated by buffering the SnS solution, the rectifying behavior is demonstrated
but not the photovoltaic properties. Interestingly, for the first time, the rectifying and photovoltaic
properties of Cu,O/FeOOH with as-deposited and 400°C-annealed FeOOH layers are successfully
done by employing potentiostatic-galvanostatic electrodeposition techniques. The highest solar cell
parameters (Voc = 0.11 and Js¢c = 0.95 mA/cmz) are obtained for the Cu,O/FeOOH heterostructure
with 50 nm-thick as-deposited FeOOH layer.
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