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Study on the phase control and photo-electric properties
of Ga,O; thin films grown by MOCVD

Sanghun Park

Department of materials Engineering,

Graduate School of Korea Maritime and Ocean University

Abstract

e-Ga,0; is a metastable oxide semiconductor with a bandgap of 4.6 eV and has
unique properties and high crystal symmetry compared to f-Ga;Os. Recently, the studies
on deep UV photodetector using high conductivity and photoresponse characteristics of &
-Ga,0; have been published. Nevertheless, research on &-Ga,Os is very insufficient until
now. In this study, the crystal phase control was confirmed by changing the growth
temperature and oxygen flow rate during growth of thin films using MOCVD and
suggested the optimal growth condition of &-Ga;O;. A certain minimum oxygen source
flow rate is required to form Ga,O; crystals, and the p-phase fraction is increased by
increasing temperature and flow rates. The crystal structure of ¢-Ga,O; and the formation
mechanism of crystal structure are discussed. In ¢-Ga,Os structure, the orthohomhombic
unit cell forms a hexagonal shape by forming a three rotational domain. In addition, an
MSM photodetector was fabricated to confirm the photo-electric properties of &-Ga,Os.
The photodetector fabricated by using Ti / Au metal formed ohmic junctions and showed
much better photocurrent characteristics in the 266 nm UV wavelength region than

visible light.

KEY WORDS: Ga,0;; thin film; MSM photodetector

_Vi_

Collection @ kmou



gpal st ohel

A2 A) B3t
x5
eGa05i= 4.6 eV MEANS 717 4 AbskE RE=A| 2 £Gay0,9F Hluste] 553 &
A3t ol A4 S AW FH 2ol £ Adrrel F3H EAS o]gste uv
photodetectorel] ¥ A7+ Ao WRH AT LA E Shal 3 o

gt A7t w9 5 Agfo|t) wekA £ AFoME f7] 55 g 2]
o]-8-3to] GaOs B A7 Al 47 259 oxygen YRS FFS WISIAA A7 Ao
3B, eGa0s0] H A9 A 2308 AABATE A 2529 oxygen Y=

O
Aofell wi- F3HAQ 2107, GOy AAS o571 #lel4 oxygen 989 A S
A
o

i

o,
ol
e, ox ot o

BN eGa0;0] A7 Tzt A Aol digh viF Y Fel tiell =2l 3kt e-Ga05=
orthorhombic T-Z=7} A}A)| %] 0.2 three rotational domainS 34 3} hexagonal &

Al Fok B3 e-Ga0:0] F-7d714 545 gQlsk7] 18] MSM photodetectorE #1243} TE
Ti / Au 552 AH83Fe] A2}H3E photodetector= ohmic ] 32 A 8151 aL, 7HA| 33 T} 266

am UV 5 gelold 84 Hold 305 54 nol: 2g s

= =
= O

KEY WORDS: Fsl ZHE; ¥ MSM photodetector

- vil —

Collection @ kmou



A g

A1 A

il

of AAY T2

1
o
o
ZS|

s

o o[1]. kA, dw
olye} Aol A 23 E ¥ (sputtering)

17] o)
U}, $43 24

How el 7HABE T35

= R=%

el
=

(e}
A

4 7HAAL

E
=

odl 717k Bk ARTh AaE e

o
-

ol A AF3l 24 (Ga0s)

FE AT [4].

1

gl

g0

195213 9|
A 27 ogE 4

Al A

3

=
S

E
=

=24

Ao

okl

G3203’E‘

e-go] =4

oAl 71A A Fd

1
s

1
S

R8s

sko} [5-13].

s

3L
¢}

(

=z

monoclinic -

1
s

Sk}, B-Ga,Os

27

1l
©H

gl

7R o, 49 evel &

=
=

C2/m)

o

3 (oxygen vacancy)l =

Ho

HH

o

e

A

1M 2 -S89} (15, 16]. £33, A9

A

i

Ea

453 7}

Collection @ kmou



= F2E 7H 7] "ol deep UV AlE photodetector, photo diode 7 T}
% SRR FEEA AT (17, 18] A 4 o HEds S5
3, a8 dg A g dalel AA L = 7hHl f-Gay0s
= 8 MViem® & dAEH =& MBA Tom A AEIHANE SiH

g 222 FEa T} [19]. f-Ga,055 A A3k
Hold &84 EAo=E thekdl &8 Holr} 9}5_’.‘4—, monoclinic 7% EA4 7]
Hatel Az FAGo R Qs tAA ukey FAo] ofHem Asteo] @Wol Ay
st ol EA1%t [20-22].

RF 4.6 evel ol H2 WEAS
O x

AN

SHH | e-Ga,0; = 7 9Hd 4 (metastable)©] X Tt 4.
R SRR g A E = oE 7 S50l EART (23] 94 e-Ga04
+ hexagonal TZ¢} FAFSE YFEIE o]|F & J53F orthorhombic T-x2=Z 3|
c-sapphire, GaN, 12|l SiCZ©o| =& hexagonal A (symmetry)= 7}% 7|3
of 7 Ol%*é%%}% Aol Ao [24-26]. 1B HA FEsE N
MOCVDY HVPE #2 3igt= RE=Al 4% FHlE ol

r i

A ey ol 7?%6}4. olefdt w2 A 3 et 37
g 7K Zdolghe AHoAM AAY AR 5T 5 vk 83 e-Gay057)
o7 T TS IAst,

7 A A (ferroelectrics) =249 Aoz uhald Ay oz
2Ll A 272~ (two-dimensional electron gas)E A= H53 54
A FHAT [27] °l= f-Ga0:9k WlaLsE W, = §lo] =2 olF
*i‘% Aet D= 7R 23k AATEETE @AEE ARl €
-Ga,0;9] W& MEAT 22 FEHAES o]&dte] HTol= deep UV AL 3
a7 g&ol w3k AqrEo] AL T [23, 29].

2 odeME f71 35 g9t B
MOCVD)<= ©l83to] Ga)0; MHhe Agstalet. uiete] 44 239k oxygen €
w9 e Wstel wer AAAde] Ao O AEE XRD ~FEHOR I
Aottt FEE 6-Ga0; Wte] AAT2E Ader] 93 Yt XRD 29

EY SAo] 1P HAT Ga0:9 A+ 2719+ e-Ga,057} hexagonal T-Zeh+

ZFH (metal organic chemical vapor deposition,
pzs
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2.1 GazO35ﬂ E}ﬁé "é

Roy et al.< ALO;-Ga,0;-H,0 A|A=Blo 2 o2 9 +25 71 Ga,0:9
3 A (polymorph) 2} Z1 F el dis] AF3IAT [4]. Ga,0s& a-, f-, y-, J-,
aE A edo® FEEE vl 7 ARGl EARH (301 ol 2 T
Z9} Ga ©]&9] #]%9(coordination number)”} TFE™ 77} corumdum (a),
monoclinic (), defective spinel (y), cubic (6), —L2]3L orthorhombic (¢) T-=E& 7}
A3 ot [1, 5-7, 10, 31]. AAA ] w2 F29} Ax A4Z Table 19] 2.9F
3T ©]& 719l monoclinic f-Ga,057F 7Hd Eslatdg oz b Hola & A
WA 7bE B A7E RdEa Q) [31] Al A AR 34 g <
<a <9<y AF¥erR YUY b2 A4S 7H Ga0ee AL,
ZNA EF B-Ga0, = AW st wAsA Hol 24 p-Aduke]l 1800
oM A= =M (1, 7, 33, 34] =Y 244 9= g
glohs A Ao ofyr] wil, A gt S48 U=

Z(density functional theory)S. 2 3] % 1:}

=
o
S

o: 3
o
H]I 021,]1
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Table 1 Ga,0; Polymorphs.

Polymorph Structure Space group Lattic parameter (A) Reference
il a, b=4.98 - 5.04 Roy erdl. [1]
@ b o c=134-136 Yoshioka ez al. [7]
a=1212-12.34
2 b=3.03 - 3.04 Kohneral. [13]
A monoclinic C2/m c=580-587 He et al. [8]
B =103.82°
y spinel Fd3m a=824-830 Stepanov et al. [5]
: L E £ Royeral. [1]
) body-centered cubic la3 a=94-10.0 Playford er al. [11]
a=5006-5.12 .
g orthorhombic Pna2l b=8.69 - 8.79 thjl?k? e; ([']1 0[]7]
¢=03-94 ol etat
-5 —
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Fig 2.1 Schematic behaviour of free energy of a system.
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2.3 &Ga,0:8 ET 3 EA

£-Ga,05i= Ga,0:2] A TolA F HAZ b A Fo= 800 °C o]de] &
Lol A &AQ AP = pAAoE Hols gt [25, 26]. 650014 750 °C
7HA & W9l A A o w s FAe] wiimel &b AA 9 s A e
oAr FET IAHAES AU v e-Ga0: = TF2H OS2 orthorhombic T3
(Fig 22)% Hof dov, Adxon 3d Z=wels F/d35o] hexagonal FH =
Tl H ok, 1% 7] wiZoll sapphire, GaN, “12]il SiColl iL3#FZH 9]
NA TS AT = AT} [24-26, 37]. A71HQA EHOZE, 46 evell Dot
W2 MES Ao T opointell 7HAAI O] FHATH(VBM)o] wi-¢- oFakA T
AE ATt [23, 38]. o)== oA HdEje] HalH(CBM)S] F&gt A7} 15 A
RO}, e-Ga07F A F ) WA= AS sl ShAIgheh [38] H3 ¢
-Ga,0;9] 34 EAS g eR F4 s|zEHEA~E SAHT At EA4
b [27] 2 ARAHA EFo® w2 dWRel 2x3Y ARt PAH o

o

l |
hetero 7-== A &3 ERWA 2| AHE2 8§ 7Fed 54 3

9
il
Ir
}L
(o

t
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Fig 2.2 Unit cell of &-GayOs.
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A3 AT

3.1 MOCVD A]£H

jC_)r
§}3qu 71743 o ® v A vehs FA ke XLH] olty. =% #7] 3t
d7o] 7hs3t™  step coverage®}
A ouamow FgFT F glo

= T
3} wojAd Tt [39].

uniformity 7}

_(ID__
A WE=A A

MOCVD+= Whg® %9 5 7l FH= Wl wet A4 5393
[e]

H
FAYoR FET F gk MEERE Wb o R M(quartz) AHS ALE

F(laminar flow) &3S sl w3 Je|= A =gt} [40]. ¥H=2 U 2 E
iﬂ(susceptor):: TE & W17, 9 AdEEE Ad 5A(graphite) &2 A &Fs}aL

HES- 2 F9ld f1X|gk gt] e FI 4 (radio frequency, RF) Z Lol o] <17}
o] 714 ¥t} [40]. MOCVDE MBEY GSMBE (< 107 Torr)?} €2 107 Torr
ojFol A A (viscous) 7k BECR FASHY] wEol 2k, bE, gl Al
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Deionized water . . . . .
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Fig. 3.1 Schematic view of MOCVD (a) system and (b) reactor.
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3.2 9tek A A

Ga A= Trimethylgallium (TMG)E, O ZFAZ deionized waters
bubbling 3ke] ARESERlaL, o] 7t HAN,) 7FAE ARESISITE 313 &
AWE Bl Ga,0,=5 A 9% 0 AFAR AA 220, 7F=9F pure
H,0 mist7} ARS-% =t o] Aol 28 H,O bubbler7} 4b4 7hAB T &
2ol etdsittE Arl EAFT} [42]. TMGSF H,O bubbler®] &%= zHzh
-10%} 25 °CE fAIdrhk. TMG bubblers FH3l= o] 7k §7F2 7
sceml % 1A E T, H,O bubblerS F33t= 7ol 7F29 F5-2 35094
500 sccm HPZ WSS %1t} Graphite susceptore] <%=+ 600, 650, 700, 750
2]al 800 °CE WHEE To] SISt csapphires ¥ 7|Bo=E AGS
Fedar, 7ld i el dFS FQler] #elA GaN  template?}  low

temperature (LT) Ga,0; W335 fol F718H o= S F3hs15 ).

3.3 Photodetector A& Z7A

A48 Ga,0; BFHEF flof] HApwl +7](E-beam evaporator)=Z Ti / Au (100 /
1000 A) d=55 FFeTh A= T2 5, A4 9712 500 °ColA] 1021F
dAelste] MSM photodetectorE Al 23 Th. A ZHE 22k 1000 x 5000 pm?
2719l 4A2bg gele] Wo] F/Mew WAl glow, W% aAe =

< 100 umo]t}.

o|N
o

1

¢

Collection @ kmou



Table 2 Growth conditions of Ga,O; thin films.

Substrates

c-sapphire, GaN template, LT buffer layer

Reactor pressure

760 Torr

Flow rate for carrier N, gas

1000 scem

Growth temperature

600, 650, 700, 750, 800 °C

Bubbling flow rate

TMGa (-10 °C)

7 sccm

Pure H;0 (25 °C)

350, 400, 450, 500 sccm

Growth time

30 min
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JJ hv J /) hv
vy vy

TV/Au

Ga,0;

sapphire

Fig. 3.2 Cross sectional schematic of MSM photodetector.
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3.4 =3 Ay @ vy

Ga,0; ¥he] Fx24 5EAS 5A317] 918 Rigaku AF2] Smart Lab 31335
X’ 3474 ] (high resolution X-ray diffraction, HR-XRD)E AFH&3}Slth. A4
A2 FA87] Yall w20 =W, 244 58S A rocking curve =7H

ATzt AH 43S #7 (in-plane orientation)E I}6tst7] ¢ &

gsrnt.

o K

£

S
iz M

ahabol ¥ 4y &= ¥F(cathode luminescence, CL)= 7317|213
TESCAN A}e] MIRA-3 WA W& FAF WA v] 7 (field-emission  scanning
electron microscopy, FE-SEM)2 A}-83}%l T} Sapphire 713 9] Ga,0; ¥hehe] A
Ado=m g HA A A WAsH7] A w(Aw) ZB = 3731 WS

7 S48tk CL 54 Al panchromatic ©|"|A| ¢} ZLof &Pl Td AHE
He gelakih

Photodetector®] #-A 714 EANS =54 5‘}7] ?3l MSTECH A}2] probestation}
KEITHLEY Ale] whex] A 7 73S A3 0} Photodetectore] #2] ¥

T AFAbololl white LED9} 266 nm laser %%% ZAAZ AL, AT gHS A
EFAA Aol mE A7 e ST £, FLE onfoff dhof Akl uwh
2 HF 3k S S S8l photodetector®] H-5HAAS &H21s} T
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A4 Ga0:d & A

4.1.1 XRD w-20 scan 4

Fig. 4.1°]& 600 °ColA thE2 H,O bubbler 302 443+ A]&2] XRD w-2
0 MBS VERHTE 20.48°, 41.66°, L#] Il 64.52°00 4 EelEE uaE 747}
sapphire (0003), (0006) “1¥]3L (0009) ¥ =o]t}. H,O bubbler®] o] 350014
450 scem Abolol W QICl AlgEL B HAEo] HAEYIL 500 sceml 2 A
ek Alse AAstE Bho] FAE AT HO bubblerd] 5 ¥sinto =z &4
g A4 Apol7t YEF ST Ga0; AARS FASY] HdIA HA Ak {7l
Ao3rs Rl ol YERA] kot 300 scemoll A AJFgE Al
S BT Aol FAHAY vty A7 A HA e Aol

3k AAAo] YeEldt 500-scem Al B 18.99, 38.4° 1E

-Ga,0; (-201), (-402) L2]al (-603) 3] =&} 19.2°, 38.9°, L&
-Ga,0; (002), (004) L&) 3L (006) ¥ A7} S E At T4

IEAL]
ol g FAdYIL AR FEe = E 4 ATk Yoshioka et al

-
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2 Helmholtz AFFolU A #A oz 5712 AAAe] ot Ao Hal] A5+

e-Gay0s9%F f-Ga,0:= FAFE AHFellvAE 7hx7] Wiell 3ol F4Y
Aotz BEAT [7, 43 EFF A9 moe
Stk 71dah wpete] AxppAggtow g B f-Ga0;
WA 9o & 4 9l [44].

Fig. 4.2°1& 650 °ColA th2 H,0 bubbler 302 A3+ A]&2] XRD -2
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E. Growth temperature: 600°C —— 500 sccm
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Fig. 4.1 XRD patterns (w-26) of Ga,O; thin films grown on sapphire with

different oxygen flow rates at 600 °C.
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Growth temperature: 650°C —— 500 secm
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Fig. 4.2 XRD patterns (w-26) of Ga,O; thin films grown on sapphire with

different oxygen flow rates at 650 °C.
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Fig. 4.3 XRD patterns (w-26) of Ga,O; thin films grown on sapphire with

different oxygen flow rates at 700 °C.
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Fig. 4.4 XRD patterns (w-26) of Ga,O; thin films grown on sapphire with

different oxygen flow rates at 750 °C.
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Fig. 4.5 Phase diagram of mixed phase Ga,0O; films grown on sapphire.
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4.1.2 SEM ¥4

Fig. 4.691% 450 scemollA o2 &%= A3 A]g59] SEM W oJuA|Z
ER AT 7S w2 600 °Coll A et mlAgd vhure] RS A A
FWol wirmyga Herglow, A 2Lvl Aol wep dreke] 3w

1= -1
3D-grain 17 FAgE O] W A-T7F ST 600 °C AlEe] A 7]t

ZWed FaE dxe] v @4st dyAR & AA s E A ol wjire
H A2 ez gdoe] dAd o=z dddt) 650 °C AlRe A$dds AZ
717F Asdoug 78 e 3D-grain D=7 1% 0™, 3D-graine hexagonal

3 fAE BEE veGt 44 7 700 °C2 A58 hexagonal 3
2 §A% A 3D-grain LEIF AEHGIL, HF B L5 750 ML B
224l 3D-grain FEN7F A=A EHE 3D-grain FA4> AR FAHFO=
g E7HuR g Aol dQle® FAEU. Figs. 4.29 43014 HQ

A EH A A &0l 7HE 22 650 °C Al 5ol 4] 3D-grain EE=7}

7V wa, gk &0l 7 =2 700 °C A=A 3D-grain R=7F 7 =k

Fig. 47915 650 °ColA o2 fH#Eo=m AgAd A8 SEM HW olnx&
VERSITE. A A58 3D-grain®] A U210 p-A 2
w5o] WA H& 350-sccem A &= 3D-grain W7t =7, 450-sccm A 52
3D-grain "% 7P S YERRTE 4007 450-scem Al 59 EW ASCE
gk REH, 500-scem A 29 W W AL HHo] HIAX FEZE FAE

ol ool gk PHjo] URNE % AsSo = <3 boundary layer®] et Y} I
s
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Fig. 4.6 SEM images of Ga,O; layers grown on sapphire with an oxygen flow
rate of 450 sccm at (a) 600, (b) 650, (¢) 700, and (d) 750 °C.
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Fig. 4.7 SEM images of Ga,0; layers grown on sapphire with oxygen flow
rates of (a) 350, (b) 400, (¢) 450, and (d) 500 sccm at 650 °C.
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A2 v FolA A3 A B(Fig. 5.1(c)olA p-Ga0; (-402) I, e-Ga,Os
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Fig. 5.1 XRD patterns (w-26 scan) of &-Ga,0O; layers grown on (a) sapphire, (b)
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a GaN template, and (c) a low-temperature buffer layer.
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5.1.2 XRD rocking curves

XRD rocking curve S Sl 7} 7]Fol| A G £-Ga,0; BHHY AAA
W BHE HAEEE vasklth. XRD xhﬂl Ay E] 208 IAHAA, X-
A wE A= Ao Hre] iy A4 (004} Rt A
AW 01D)HS A3} Fig. 5.29014 sapphire®t GaNol| Al &3+ ¢-Ga,05 HF}

Zk7y JERYIATE ZF 9] 3.9] 9EX]E2 (004)A 2 (011)A ol A
sapphire 7] ARE3SE 9 ZFZF 0.326°9F 0.818°¢]3L, GaN templates A8+
d5ol= 242F 0.378°9F 0.802°0Ith. AL A el whel 7@} Ga,05 BHeF AL
olo] & A7} WA A He=dl, (004)Holl ot rocking curve WHX]E L}
AP SR EeE AEQla (o1ndel HE AL Ad ded=e #Edd
[46-48]. UAF AL E Nye= 2 (5.1)F o] &3te] AAtE 5 glon vUiab A
A9l Burgers MEH QI b= &F 0.291 nm©] T},

A garz

=
9] rocking curves ZHZ

chrew = (F\XJHM(OO2))2 / 9(bscrew)2 (51)

2 AARE Ngeew A 52)= o838t At 5 sloew Z2d Ao

Burgers M Bl b= F 0.961 nm©| T}

edge (FWHM(OII)) /9(bedge) (52)

At ALS 984 TEM 41 &3] 54 Burgers HE/7F 8347k &2
ATolM = ARG o= diAlstel Aoz F7EskAT ALE Neew
3 Npgee #5 2.67 x 10 (sapphire)

AT

2 4.19x10° (sapphire)?} 5.64 x 10° (GaN)©]
2.57x10" (GaN)o]", Table 3¢l 8.°F5}3lth 7 Alm Alole] Zd HeE:
ol AL WhA, AL A9EE Aol Feojn|gk Axrt @it o]

gk AL vk} 7] Alolo] Axp RAF Apeldl Ao w ddHL ¢S A

A A7 e Aow AT ¢-Ga,059 sapphire Abolo] Axp HF-A G

= 4

1%0°] 3L, GaN Alolo] A=} H-AgHe 88%= FHelw ATt [25, 27].
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i —— (004) on sapphire L — (004) on GaN
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Fig. 5.2 XRD rocking curves of &-Ga,O; layers grown on (a) sapphire and (b)
GaN with an oxygen flow rate of 450 sccm at 650 °C.
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Table 3 Summary of Nyyew and Negee determined from the rocking curve.

1:v‘/I_HVI(OO 1) Nscrew F\VH:NI( 011) Nedge

Sample [degree] [cm2] [degree] [em—]
On sapphire 0.326 4.19x108 0.818 2.67x101°
On GaN 0.378 5.64x108 0.802 2.57x101°
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Fig. 5.3 SEM images showing (a) incomplete merge region, (b) nearly merged

region, (c¢) expanded top view of a single hexagonal island and (d) tiled

hexagonal islands on a sample grown at 650 °C.
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5.2.2 XRD @& scan

e-Gay0;2] A7 Z7]HH A7} hexagonal 738+ 5783} orthorhombic
T Tl dHste] AA A Yol o Eol AU [7, 1] G H
¢l SEM o]H| Aol A= g-Ga,03i hexagonal FEN7F YEIE AS 1T 4= 91X
Ok FH 2ol Ga0:9] Ao FHEE Aol A XRD @ scan AIE HIEFO R
e-Ga,037} hexagonal®] ©}%1 orthorhombic T-Z Y= VI UIAT}E [49]. Fig. 5.490
XRD®] 209 y7+e] #Alo] WE e-Ga,0; 3| &ol| gt HHE YEMILL
hexagonal e-Ga,0;9} orthorhombic &-Ga,0;2] 3| AAHES FE3te] FA ST
Hexgonal 3] 4 X2 orthorhombic 3| A3} 25 HX|7] Witol ¢Ga,0:2 2
Atz2E AEF-ZA hexagonalZ THEA S 4= It} e-Ga,0; (122) JEAHS H]
53t hexagonal AXA}7F EAEFA] 2= X oA XRD @ scans F PO} ¢
-Gay0:2] AATEZE THE F Atk oo AT £-Ga0:2] (122)H-S Y] &
3 g2 Wo th3k XRD @ scana Fig. 5.591 YEPAATE (122) 24H] )3k
@ scan AFE F 12709 A7} HASR oW, o= E Aol A
e-Ga,O3 B3t orthorhombic X5 FAS AS &Ad 4= Q). F7H o= ¢
“Ga,0; (131) EE 01T (022) = (112) 18]I sapphire (10-11)yH6] o3t
XRD @ scan A= AAH Ao HAE &<AsIQlt. Sapphire (10-10)2 ¢
-Ga,0; (110), (010)3} H33}FIL ¢-Ga05 (130), (100)3} 30° =foji}i= WHgFo 2
dEEo] ok 13Dk (200 2E]ar (020} (117) HbAb= 3]do] EA k= 2609
yAel dABH] wiEel sk ofE gl oy Skow =% three

rotaional domain¥} HH 3k T o] )

Nishinaka et al. orthorhombic %%l &-Ga,O;7} V}X| hexagonal 7+x=A 7 &
A= YO =2 three rotational domain 37dS A A SFSI T [50]. Three rotational
domain orthorhombic © unit cello] 120°% 3]sl FEI=ZH, (130) 24 H
I (100) AAHol M= Pyt (110) 24 (010) AW A= PPt
t}. Three roational domain®] 7FeF3l HAE= = Fig 5.6°] YERHRATH [51]. o] &
3t domain®] FAEH+= F 7HA WiAYSEE AAEH =, v orthorhombic
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-Ga,0; Z 74 orthorhombic doamin®| APHA o= 1204 3] 3}o] hexagonal
islandE FAotaL, 7w PO R <3l island®] ®iEFo] AAH= A &
T ATk A, Zzke] miAYSFe] EyAQl Ao ® AEsk= slo] ofd
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Fig. 5.4 Relationships between 260 and y angle of XRD for orthorhombic and

hexagonal structures of e&-Ga,Os.
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Fig. 5.5 XRD @& scan results on different crystal plane of &-Ga,Os;; (a) (122) (b)
(131) or (201), (c) (022) or (112) and (10-11) of sapphire.
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Fig. 5.6 Schematic view of three rotational domain.
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Fig. 5.7 SEM image of &-Ga,O; hexagonal islands grown on low temperature

buffer layer.
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A 6 & MSM photodetector

6.1 XRD ®-260 scan 4]

MSM photodetector Z~A} A Zfe]l Al ¥ uwkdlol XRD w41 AIE Fig. 6.1
HeEly ot 44 52 650, 750, 28] 3L 800 °CE WA A c-sapphiredl] ZHz}
e, (etf)-, 1P B-Ga,0: 2 AASAUTE RE A]JEL-E TUSA 41.66°00 A
sapphire (0006) 3] =7} &2l% It} 650 °Coll A A3 A& 19.17°, 38.89°, L
231 59.91°0 4 ¥HAIE 3] & e-Ga,O5 (002), (004), L] 3L (006) ] o]t} 750
ocol A A3 A== 18.91° 38.34°, 1¥]al 59.00°01 4 A3 T f-Gay0s
(-201), (-402), 3L (-603) ] =29} 19.12°, 38.78°, 59.77°°| A A3+ £-Ga,0s
(002), (004), L&l (006) H A7} FRlE o] E34 (etp)o]l FPE A & +
Art EFF FA Aol diaiA s SH 4 1Eol A =2kl 800 °Coll A
et s e edo] 2EA S £ f-Ga 057 F1E AT
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Fig. 6.1 XRD patterns (w-20) of Ga,O; thin films of MSM photoetector.
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10 pm

Fig. 6.2 CL panchromatic and SEM (inset) images showing different regions of
same sample grown on sapphire at (a), (b) 650 °C; CL panchromatic and SEM
(inset) images of Ga,O; thin films grown at (¢) 750 °C and (d) 800 °C.
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6.2.2 CL 29 EZH BXA

CL panchromatic ©]W| Aol Al &Q1g 7} A5 ¢] 2xp9] "buf dejo] CL ~¥E
HS Fig. 639 YA kA gR1s Aol FAs A e-Ga0s¢] CL
intensity= 7Fg =2 HMH B-Gay0:9 CL intensity= 7Hg W2 A7} glx ¢l
U}, Gaussian deconvolutions &3] CL A~ E S #F3H short blue, green 1,
green 2, red W99 TAIGFE 2= WEE UN XL e-Ga,0;9 CL W& 9
A2 ofA7A| WEetA LA A gk vl e A7 Bol dE g
-Ga,0;2] ZA3E T3 ¥de FAHRH, CL intensity’} 7H& 743 short blue
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a wAyst Aoz FHHAT) [53, 54]. AtA FFOZ QIS donor WIETE F8.38)
A #gshdA A #Hsh(CBM)AIA 7R H 3 (VBM)Ol @t 4.6
7 4.9 eV WES BASA] LATE e-Gay0:9 HA Y FAI LS 418, 465,
524, 1€]al 777 nm (2.96, 2.67, 2.37, 1.60 eV)ollA UEYTh AFAES TMG
o} H,0= ARg3tar Ffglo] 7tAE AR AREs A7 ddo mEW red W&
WME = AR O™ green WEHE A= AA|8IGTE o]& F3l red

Ul =
e PAd2 A 7FA=E QS deep acceptor =9 7F WolowE #g-sir
q

o
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