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ABSTRACT

Metal oxide semiconductors are known for their exceptional chemical and
thermal stability, making them ideal for a wide range of applications,
including optoelectronics, energy harvesting, and catalysis. Their inherent
structural robustness, resistance to environmental degradation, and tunable
electronic properties enable their integration into high-performance electronic

and photonic devices.

This thesis focuses on the growth and application of metal oxides for X-ray
and ultraviolet (UV) detection, with additional investigations into their
potential use in power devices and photoelectrochemical water splitting. The
interaction of incident light with semiconductor materials leads to the
generation of electron-hole pairs, a fundamental process that underpins both

photodetection and energy conversion applications.

The first phase of this research explores the growth and characterization of
ZnGay04 epilayers synthesized via metal-organic chemical vapor deposition
(MOCVD) for direct hard X-ray detection. The results demonstrate that
ZnGay04 exhibits a remarkably high sensitivity of 2.87x10°2 uC Gyairlcm=2 to
X-rays, attributed to its high density and strong absorption capabilities.
Furthermore, an in-depth analysis of the dose-dependent response reveals
that ZnGa>O4 enables efficient low-dose X-ray detection, significantly
outperforming Ga>0O3, which failed to achieve the same level of sensitivity.

Notably, ZnGazO4 exhibited an enhancement of nearly four orders of



magnitude compared to Gax0s3;, underscoring its potential as a superior

material for X-ray sensing applications.

In the second phase, ZnGa,0, thin films were utilized to fabricate thin-film
transistors (TFTs) to further investigate their optoelectronic properties. A
systematic study on the influence of device geometry, specifically varying the
source-to-drain distance from 20 to 40 um, revealed that shorter channel
lengths facilitated faster charge carrier collection, enhancing the material’s
photodetection capabilities. Conversely, longer channel lengths exhibited a
breakdown voltage of approximately 656 V, making them suitable for high-
power applications. Additionally, enhancement-mode and depletion-mode
TFTs were successfully fabricated by controlling the epilayer thickness from
85 nm to 135 nm, with thinner films exhibiting E-mode characteristics due
to complete depletion across the channel. The Inductively coupled plasma
etched sample showed responsivity and rejection ratio at 240 nm was 128.5
A/W and 105 at a gate voltage of -10 V. To optimize the performance of
ZnGa,04-based phototransistors, the role of defect engineering was explored
through neutral ion beam etching. This process effectively minimized sidewall
leakage and improved response times, leading to enhanced device stability
and performance. The use of neutral ion beam technology showed an
improvement in the phototransistor responsivity up to 296.8 A/W (at 240 nm)
@ 5.6uW cm=2. The combination of high sensitivity, low defect density, and
superior phototransistor performance highlights ZnGa,0O, as a promising

candidate for UV-C photodetection.
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The optical and electrical properties of metal oxides play a crucial role in their
functional applications. In the following work, the properties of ZnGa,O.were
systematically modified using swift heavy ion irradiation. The ZnGa,O, film
was exposed to 120 MeV gold ions with varying fluence from 10!2 to 1013 ions
cm™, and the resulting structural and electronic changes were analyzed. The
findings confirmed the radiation resistance of ZnGa,0O., demonstrating its
stability under high-energy ion exposure. A notable reduction in the bandgap
was observed, decreasing from 4.91 eV to 4.21 eV, indicating enhanced optical
tunability. Additionally, the wettability of the film transitioned to a hydrophilic
nature, aligning with XPS results that suggested surface chemical
modifications. Furthermore, ion irradiation significantly influenced the
electrical properties of ZnGa,0.. The sheet resistance exhibited a two-order
reduction, decreasing from 290 MQ/o to just 1.9 MQ/o, which is a crucial
improvement for high-performance power devices that require low resistivity.
These tunable characteristics establish ZnGa,O, as a contender for
optoelectronic and power applications, where controlled electrical and optical

properties are essential.

In the final work, photoelectrochemical water splitting was investigated using
CuO/Cu20/Cu-based electrodes to explore their potential for sustainable
hydrogen production. Copper oxide nanowires were synthesized under
different ambient conditions, including air, oxygen, and argon, leading to
variations in their morphology and optical absorption properties. The
composition of CuO and Cu:0 varied across the samples, influencing their

surface wettability, with contact angles ranging from 32.6° to 101.6°. Among

Vii



the synthesized electrodes, the one prepared in an oxygen-rich environment
exhibited the highest photocurrent density of 1.8 mA cm™ at -0.5V, indicating
enhanced charge separation and improved photoelectrochemical performance.
These findings demonstrate the critical role of ambient conditions in tailoring
the properties of copper oxide nanostructures and highlight their potential for
efficient hydrogen generation through water splitting. This study reinforces
the viability of metal oxides as key materials for sustainable energy

applications.
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T8 MUTEY UTq HeIs farad] &1 ISPy IS R drdyg fRRar &1 Yw@ifed
BT, S 2 SHPIsciae e, Hoil Toa 3R IR (Felir) Jfed fafie sruam
& foTe Iugad 911 ] 1 3! AeTd S Hote!, Fafarufia fRTae & ufa ufeRiee e
3R SAaM® O P JHRIAdl 3¢ I VR aid Fadei-d AR Bieldb
USRI H FUTNT & oY Hard 1l & |

Tg QY T-I ¥U J Ta-X 3R WISTHT (UV) fafaR0r & ugam & o urg sifegs! &
& SR iyl R BT B, W A v el iR Wit aa b o srge
ITcb HHTTAd IUTIT b1 i 3rezrg fovan T 8 | Srefereies WA IR UehT=1 U 9 Saiaeiv-
B I IUF 81 &, ST IS oA 3R Folf SR S SV b1 SR Ufehan
gl

MY & Ugdl RO H, g8 TRIX UgaH & AU Hed-3fiiHe Hied duR fSuifem
(MOCVD) T §RT ZnGa,0. TRy & gf 3R a0 fa1 T ZnGa.04 7 2.87x10°
uC Gy air'em B I YdgAadr USRd &1, S 3P I BT 3R HoTed SaRyor
&raIs & HRUT g1 So-FR ufdforar fazawor ¥ 1d g3 % ZnGa.0. FH S5 WR i

SIS TF-X UG B B G&H 8, &b Gax0; AT GaeA=ierdr UefRid el &1
TRl ZnGa:0s - Ga:0; B Ja-T 8 U IR [0S AR aob sgar UG fohar, S 39
T FECRA & o0 Tob Iep® Al R Rl 8|

QIR WU T, ZnGa:0. P! HPIgdai b fa=warsfi 1 S & oI 39HT YA dell
e cifoRex (TFTs) fmtor & forar mar| fearsw anfifa, fovie w0 4 |id iR S & &
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3 (20 F 40 AZH) P FaadR fHY T 3(eqg9 ¥ Ul Il fb BIC o-d daTs o dTof
BTG BT ol F TGN JHG gafT, oY WiefScaRM &far  uUR gon| 9gl, 98 o d
DI AGIg TR TIHT 656 V BT SHSSH dieesl ol 41, ST I Jad ST & g
JUYHd § | TR HIeTs (85 nm ¥ 135 nm) B AT # E-mode 3R D-mode TFTs ST
T, W1 el el 4 E-mode SHEER fa@m| $faeac Hucs @ieHl gRI T4 &I 75
fOe ¥ 240 nm W -10 V I Aeesl WR 128.5 A/W REMATIET 3R 105 BT o= R
T T fPaT1 ZnGa:0.-3MHTRT BISICIORER BT BRI B 3R ord B & folT Yea
3T o T A1 &1 SUTNT o T, Foras) Assard ol hH gof 3R R
T3 dgcR 31| $Hd URUMRGRY 240 nm WR 296.8 A/W P R (5.6 uW cm
W) U g5 & Hae=iad], HH fShae SR 3R 4F WeRF ZnGa.04 B UV-C
HIRIfSeaRM ¥ T v Guraamita arsht oma &1

T RIS BI PP MR Safdedd AATATE I Hrafdd U § Aga@yuf
YA AT 1 3 & 3™ B, ZnGa,0. 1 faRivdraefl &1 fiaue gat s fafdmvor gri
IRYT T T GNTAT fHaT T ZnGa:04 B BY 120 MeV W01 T T 10" T 10"

3T cm2 &1 Uy WR fafafora forar mar SR 39 WIS Ud gaaei-e gRkad-
1 faRwUT o 7171 UROITAT A ZnGaz0, 1 b1 UicRIY &1 b1 TN foban, ot 59
I Foll fafehur & ded FRR Rig B 81 91U § Ieeia-a ol &l 715, O 4.91 eV
T UTHR 4.21 eV B 74T, ORI 0P SifPHa o1 H ST &I UG SOTFR g5 | 3D
3faran, fher @t defaferct grgeifthiere Upfa o 9ad s, S XPS URUHT & Ad Wt g Sl
g AT gRacd &1 Tahd gdl & | fagga Ton & +f et ufkad= <ar wa; e Yorey
o T AR BT HHT SHE—290 MQ/o H TTHR Had 1.9 MQ/o—il I UGRH drel UIaR




fEargal & fo srcdd Suahh 81 3 3G 0T ZnGa,0s BT SHPISAHS 3R TR
SIURITT o foTT U Ueiel GTaGR S § |

3ifad 31egg H, Cu0/Cu,0/Cu HTHUTRT AT BT ITINT IR BIegdae b idhd oTd

3{Uge gRT VIR BRI IdIG DI HUIGHT DT Jedich foar a1l didl HTRTss
FTaRR faftr araror fufaat—ary, sifaitor SiR i H Txafd farw e, foraa 39a!
TR 3R HPHa Sra=iwor faRwdraf & fisdr St T8 | Cuo 3R Cu.0 B WA H 3R

% BRI IYUD HIT32.6° T 101.6° TP SAT-3AT U | SHTRITSH-TH< ITdTaR0 H dUR fry
T ZAFIS 7 -0.5 VIR 1.8 mA cm2 P! TaNIDH Bllb < S RIct UaiRid oI, S 9gaR amef

JYIHRUT 3R gk WIeIzadcidbitied UeRiF &I gxifdl g1 U8 3remaH gxifdr § b afar
HTRIES TARea=™ & 107 & Fafa wxa & uRasft uRfufaar fea meayuf 8, 3k

Ig 35 Od 3(Uged gRI $IA gIReIoH Idie- & ot Iuged sHId1 81 I8 MY &1
SleATZS! 1 Hld Fpolt SIUANTT o ferg U At & U H RATfUd el 3 |
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