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Abstract

With superior material properties, availability, and ease of growth of high crystalline wafers
and epitaxial thin films, f-Ga;O3; emerged as a viable candidate for power semiconductor
devices, especially Schottky barrier diodes (SBDs), Field-effect transistors (FETs) and deep
ultraviolet (DUV) photodetectors for harsh environmental conditions. Very high values of
breakdown electric field strength ~8 MV/cm and Baliga's figure of merit (BFOM) of 3444 due
to ultrawide bandgap ~4.5 — 4.9 eV, along with high thermal and chemical stability make [-
Ga;03 a promising semiconductor material of power semiconductor devices. Also, due to its
UWBG, B-Ga»Os3 has intrinsic solar blindness and a very high absorption coefficient (>10° cm™
1, making B-Ga,O; a potential contender for DUV photodetectors. With the achievement of
controllable n-type conductivity using Si, Sn as a dopant with doping density in the 10'> — 10%°
cm™ range, high-power SBDs can be fabricated on B-Ga»0;. Metal-semiconductor (MS)
contacts are critical for any semiconductor device to achieve high performance. The quality of
MS contacts significantly affects the device characteristics. The reproducibility and thermal

stability of MS contacts are essential for the high performance of Schottky diodes.

In this direction, at the beginning of this work, a meticulous examination of the temperature-
dependent current transport mechanism in Ni/B-Ga>O3 Schottky Barrier Diodes (SBDs) on
halide vapor phase epitaxy (HVPE)-grown -Ga>Os3 epilayer through current-voltage (I-V) and
capacitance-voltage (C-V) characterization techniques across a broad temperature range (78—
350 K) was carried out. The study reveals a strong temperature dependency of the Schottky
barrier height and ideality factor, with values of 1.27 eV, 1.12, and high rectification ratio (RR)
of the order of 10! respectively, at room temperature. The temperature dependency of SBH
and ideality factor revealed the barrier inhomogeneity at the Ni/B-Ga,Os interface and was
analyzed by using the Werner-Giittler barrier inhomogeneity model, which further indicated

the presence of defects at the interface or within the semiconductor material.

Following this work, in the next step, a high-quality Pt-based SBDs was fabricated on HVPE-
grown B-Gay0s epilayer, and a detailed investigation of repeatability and thermal stability was
done by performing the temperature-dependent electrical measurements over a wide
temperature range (80—525 K) multiple times on several SBDs. A high Schottky barrier height
(SBH) exceeding 1 eV with a near unity ideality factor at 300 K with superior thermal stability

was obtained. The temperature dependence of SBH indicates barrier inhomogeneity at the Pt/p-

vii



Ga0s interface. The persistence of a very high RR of the order of 107 even at a high
temperature of 525 K, near unity ideality factors above 300 K, and high values of SBHs across
the entire temperature range further underscore the potential of these Pt/B-Ga,Os SBDs for

advanced power electronic devices.

In the quest for cost-effective alternatives to Ni and Pt, the thesis explores the use of copper for
Schottky contact. The fabricated Cu/B-Ga>O3 SBDs exhibit remarkable properties, including
high Schottky barrier heights (SBHs) exceeding 1.0 eV, near-unity ideality factors, and a
substantial RR of 10'? at 300 K. Temperature-dependent current-voltage and temperature-
dependent capacitance-voltage measurements up to 500 K were performed multiple times on
many diodes. Cu/B-Ga;03 SBDs showed excellent thermal stability. The decrease of SBH
above 410 K indicated the homogeneous Schottky barrier at high temperatures. The superb
performance and thermal stability attributed to the formation of a high-work-function copper
oxide thin film at the Cu-GaOs interface. This study opens avenues for low-cost mass
production of power semiconductor devices, highlighting the potential of copper as a viable

alternative for Schottky contacts in oxide semiconductor devices.

These findings contribute to the fundamental understanding of B-Ga>Os-based Schottky diodes
and offer practical implications for developing advanced power electronic devices with
enhanced thermal stability, endurance, and cost-effectiveness. Exploring alternative materials
like copper further extends the potential for scalable and economical production of future

semiconductor devices based on oxide semiconductors.

Various defects at metal-semiconductor interfaces or within the semiconductors significantly
affect power device performance and reliability. Most defects are introduced in semiconductors
during the growth, and external factors such as ion implantation, irradiation, and fabrication
process produce the defects at the MS interface and inside the semiconductor below the
interface. Therefore, it is utmost to characterize the defects spectrum within the energy bandgap
to address critical issues like carrier compensation, trapping-detrapping, generation,

recombination, scattering, etc.

In this scenario in the 2™ part of the thesis, a detailed examination of electrically active defects
in Si-doped HVPE-grown B-GayO; epilayers was conducted through deep-level transient
spectroscopy (DLTS). Notable traps were identified, providing insights into their origin and

behavior. The traps were generated during the growth of semiconductors and affected or
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introduced due to metallization and chemical mechanical polishing (CMP). This highlighted

the importance of understanding and mitigating defects in B-Ga>Os-based devices.

Good crystalline quality of B-GaxOs epitaxial thin films is necessary for high-performance
DUV photodetectors. The DUV photodetectors must be stable even in harsh environmental
conditions such as temperature, high-energy photons from the sun, and high radiation levels
for defense and space applications. Self-powered photodetectors are critical for future

technologies.

In the last part of this work, high-performance DUV photodetectors are fabricated on high
crystalline quality metal-organic chemical vapor deposition (MOCVD) grown B-Ga;0O3 thin
films. The thermal stability of these PDs was also tested up to 125 °C. The fabricated exhibited
self-powered behaviour with a high photo-to-dark current ratio (PDCR) value greater than 103
and an ultra-low dark current of 1.75 fA at zero bias. Very high values of specific detectivity of
the order of 10'! and greater than 10'* Jones were obtained at zero, and higher biases indicated
the very high capability of our fabricated to detect weak signals from background noise even
at zero bias. Fabricated PDs exhibited stable behaviour up to 125 °C with constant ultralow

dark current values, increasing UV to visible rejection ratio over the entire temperature range.






SN

B-Ga,05, S8R AR 0, I=F fopveaiia awy, Tftefaad uddh fhedl & faem ok
JUASIT T ST o T, HAR yaTaRoig uRfRufaal & teh sgagrl SEfiqar & &u o
IR g | FaRiy U & qifaq siefaraiss S ol ! 3fariY STS (SBD), faggd wHa
TTER (FET) 3R 88 WIS (DUV) BIef$edeR | B-Ga,05 30 T8I Froll SHavTd
(UWBG) ~4.5 - 4.9 eV & ®HRUI faggd & I & dgd 3= A ~8 MV/em 3R SIferm
T&dId (BFOM) ~ 3444, T4 B 3= dTUIT 3R Imafes fRRA1 & SRl Yfad siemes
IUHN & ford U TS Sfefaraiss dt 71

307 UWBG & BRUI, p-Ga,03 B 3R HR3fear 3R Igd 3= a2y UMes (>10°
cm) B, S B-Ga,03 I DUV BIeIfSeaex] & folt T THIAd GragR S1aT 81 1015 - 102
cm? IS H ST U@ o 1Y SUC o FU T Si, Sn BT IGANT B (HIF0T n-TDHR Bi
Al DI U & Y, IH-fad SBD I p-Ga,0; W FfHa fovar o1 wavar 81 3=
U&RH U &1 & fag fareht oft srefaras Suswur & fou urg-sieamas® (Ms) dud
Tgayuf §1 MS TUH! &1 T[urax ISR &1 faRwarstt o Heaqul 9 § yHIfad St
3| TPl SIS & I UGRH & iU THIY HUs! 31 GAediGhdl 3R S R
3D B |

MY HT BT YT H, 828 IR Tl TICRT (HVPE) gRT Affd p-Gay0; TR W
Ni/B-Ga,0s Schottky SRTR STATSY (SBDs) -1 T 3R AU SIHFTY fagyd Teriar &t
FEAUTHD SiTd BI 715 | 3D o8 fagyd URI- dieedl (I-V) 3R Jerla «1ikdr -aieest (C-
V) W1 JUM dh-1op| BT SUINT Ueh TTH dTIHM 391 (78-350 K) H fopan mam| sreqg— A
R AU W Schottky SRIR HaATg 3R SMeRidl SRS $I U Aogd arad= R
DT G fha, fSRTH HHRT AT WR Schottky SRER $dTs = 1.27 eV, 3TERIAT HR® =
1.12 3R I fAPHRY S[UTd (RR) = 10'2 YT 31| SBH 3R 3G HRF &I araHH
A RAT A Ni/B-Ga,05 $eWH W Schottky SRR SRIHMT &1 G fohdT 3R IR - TearR
IR SR ATSd BT IUTUNT B fa=ew o foa T, R gexthy WR 1 Sfefarads
gerdf & iR gt @t IufRfa 1 Tobd fear|
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U B & §1G, AT 9R01 H, Th I T[Urax dTdl Pt-3TYTRT SBDs I HVPE-gRT FHfHd
B-Ga,0; SIUTTR TR §1T 747 37R 3R faf¥a SBDs TR %8 9R U faxqd arad 37 (80 -
525 K) TR a9d - F1R faggd A1 e Tediedhdl 3R S5 RRd &1 fawgd o9
BT 1 300 K W, TP I Schottky SRIR FHTS ( SBH ) IgR ST fRRAT & 1Y Th
e THdT SHTERIAT SRS & 1Y 1 54t U AP UIed fham T7 | SBH &1 AGHM AR
Pt/B-Ga,0s 3¢y TR IRTR SRHAT &1 3 #Rdl 81 525 K & 3= d9dH W i} T
ggd 8l 107 & [IPHRY 31U &1 TG, 300 K ¥ FW e Tdhar SMeRfdl RSI, iR R
A a1 T SBHs & 3= GH 311 I9d fasTell Saaciids SUSBRUN o el 39 Pr/B-Ga,0s
SBDs &1 &Hd &I TWifhd dRd G |

A o1 SR WifeTH U1g & Td fadeul & /IS H, T8 T, Schottky TP b forg did &
IR &1 USdTdd et & | FfHd Cu/p-Gay05 SBDs SeRa-14 T[on &1 WeRF #vd & , o
1.0 eV ¥ 3{f¥b I Schottky SRR TS ( SBHs ), Adhe - TawHdl MTefdr $RE 3R 300
K TR 1012 &Y feper} 3rura =nfid g | arowr - AR faggd ory - e SR amam -
R denfear enfar - diees A1, 500 K d fAfd S/Ee R & IR fPT T Y | Cu/p-Ga,0s
SBD - 3@ ¥ ST FRRAT fG@Ts 1410 K ¥ HUR 3 dT0HH TR SBH & HH G- A 9T
Schottky STRTR HT Hehd | AMMER UG MR ST fRRRAT & T Cu-Ga 05 Se%hd
R U I BRHI HIR 1SS Udah e & T3 P 9T ST & | T8 T faoredt
HATAD IUDHUN & HH AT Td) I THM TR T P oIl IR Wi g 3R 3RS s
JHATAD JUHRUN H Schottky TUH! & ol Ueh HdeT faded & TU & did & &Hdl &
TeRid exar gl

Y fApY B-Ga,05 SMUTRG Schottky STS &1 Hiferds U H TR HRd © SR IAd
g fRRdI, feda iR ara-uHaRiiad & I I9d faold! Saae—e IUHR0N &
3 & forg e fAfgard ueM #va &1 die SRit dwfeus Tml &) @ 3
feTgs Sfefaraed R UG Hidw & sidarad Iuaol & AU 3R fhwhmrd!
3T B &l B deTal 8|

Td-3aTa® (MS) Sty a1 farasd & Hiar fafid gy foreh-wifad feagy & uazH
3R Y- ) BT YHIAT B 8 | BT IV iefaras & A & SR fasRid
B OITd & 3R F183) PR S 3 SMRIYUT, f3fur 3R tefger e ufdhar 3ife Ms Sexthy
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W 3R B & i AP & R AT IS P 5| FUM A6 &ffayfd, it -
&, griaiem, foraRa anfe SR Heayul Ugl &) 8 o7 & fo Sotf dgiy & iR
Y WagH &1 fAfed BT 3 AT & |

U B & g TR T, Su-0idd ¢iRiie WaeRap Ul (DLTS) & ATEH ¥ Si-doped HVPE-
B-Ga:0; TR H fagygd Tfehd QIS 1 U fawd Sid 1 718 | IeiIGHIY traps 1 UgaH
DI T3, R I AT 3R R & SR | SHBR! el | F traps, semiconductor &
3BT & SR ITF gU 3R AeATSoRM 3R HiHGHd Habi-ad IR (CMP) & HRUT
JUTTId I ITF §UI T B-Ga,05 HTUTRA SaZUS H traps & A 3R 35 HH B
% HEd DI IR HRaT 3|

I YR DUV HlelfSeaer & iU p-Ga,0; TTRITS ydel fhe! ot 33t fpeetia
TUIGT 3MaRS & | DUV Blelf$eae HaR yafarufiy ufkfRufadl S arowme, 3 @ 3=
Soll Wierd 3R el 3R sfafes rIuanT & foe I= fafeor @R # off fRR g1 =1feu |
A-Tferd Wielfgcder Hias &t Ureififeal & forg Agayut 7|

=9 uRke=g o NiRM & Sifad Ui o, 3= forke = Tura< ardl Hed-3FiH® b d duR
U= (MOCVD) ¥ I $-Gax0; Tl fohe R 3= UeriH DUV Wielfgeaey s
Q| $9 PDs 1 HEHT RRATHT 125 °C a6 Ui S {31 71 47| §91¢ 7Y Bieiigcaey A
30t T Frenferd saagR &1 yefRid fan, S I faHd )R U6 3= Bidl-g-31h dic
3{UTd (PDCR) M 105 T 3fYH 3R 1.75 /A B 31 - 7 ST e Ifia It IR,
3R I fAHT TR 10! 3R 10" Jones & HH H faviy fgefaefadt & sgd 3= AF U farg
T, foRR §UR 1Y U BicifScdey o 9gd 3o &Hdl gais s & d T fayd wR off
gRYH TR ¥ FHGR U & ugaH & Udd | f[Afifd pps 7 125 °c 9% fRR @8R
yelRfa fear, ad @ aoa P R RR siegral $1b @i dH, §gdl UV-visible
3rdiep il SUTd B
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