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Fig. 1. Crystal structures of several isomers of Ga,O;.
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Fig. 2. Interconversion relation of GayQOg isomers!4.
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Fig. 3. Crystal structure and lattice constant of 3-Ga,QO42-23.
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Table 1.  Comparison of basic physical properties of 3-Ga,O5 with mainstream semiconductor materials/?7.

Mkt Si GaAs GaP 4H-SiC ZnO  GaN 8-Gay,04 Diamond AIN  MgO
WHLE,/eV 1.1 1.43 2.27 3.3 3.35 3.4 4.2—4.9 5.5 6.2 7.8
HTBFp /em2 Vs ! 1400 8500 350 1000 1200 300 2000 135
R REE,/MV-cm 0.3 0.6 1.0 2.5 3.3 8 10 2
AHXT A HL A e 11.8 12.9 11.1 9.7 9 10 5.5 8.5 9.9
FME/Weem LK ! 1.5 0.55 1.1 2.7 2.1 0.23[010] 0.13[100] 10 3.2
BRI/ ep by 1 15 340 870 3444 24664
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F 2 [ R ARIE GayOy B AR KAy B 2
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GayO3 M EFZ BOCTE, BN KT Gay05 faii kK
MIRIFSE TAE MR Z, 2016 4F, INARKF4GE T
K B A 11T Y GayOy HRL iy 2829,
2017 4, BAHGE 1RGO 2E 5 Rk BE b i kR
AT TEAE, A AR S A 2 st
GayOg L 2530 2017 4F, v [F R} 2# B O
K AT T I R I B, 45t B AR 30 mm
1) GayOy FL ity 25301 Kigtrp [ R} 46 BT A1 S
Pl LA K (100), (010), (001), (201)MH K F
2 %ﬂ'ﬂ/ﬂ B—Ga203 EEI‘ZI [28730]‘

2.4 =HENA

FAEE T HAt 00 AR, B-Ga04 R
TG MR RIE I, g T AR5 T B
ZLNNLHATS, W 4 Frs.

1) B-GayOy J&— Bl A T 5L AR5 SN I 1
AR HL A B B-Gag O FHA LY 4.9 eV I
Kl AL 0 MERAg e v LR g 22 b
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LRl —

Bl 4 B-GayOy BRHEAT Y 4 M 57 K T 107 14 #5424 1o 1
Fig. 4. Physical properties and device applications of (3-

GayO4 material.

AL DOGIE R AR Al B A o iR RAFRY N
RISHL (B Sn, Si A E 2B 4e, HEm ik
JEATFEHIAE 101—10" cm 3 B RFEHE ) BY, 7] LA
[F] B it A2 25 B e L FL AR JOT 5 1) R A FlL 2 S A ROl
S AN EOR . AR T B R Z N & V] S
FAeE: (AN 1TO, FTO, AZO %), 3EF 3-GayO4
(14375 B S L LA LA — IR AR, RILEAT &Y
SHMGIENR, BRSNS X MG .

2) B-Ga,O3 MPEHE R & H THI/E H 5 24
PRl BT RAAUZ 0L, HE B (200—280 nm)
BRI RTZ T IILT AN, TAEEZ
BB HE MR g8 A B R s, TEMT
23 AT 7 1 HAT EEE N . AR IAT Ta sk
72 FRIE T84 AT B BR A IR, T AR
e H B B, (BB & e i A & s A A
HARAME. BN, AR AIGaN IR A 1 75 B w5 U
HMELIAME R B2 1 ZnMgO 75 B S E 4R 1Y
GER N ARXEG SR 4.5 eV IRARER B, A 4.9 eV
1) B-Ga,Og X I IS4 4 253 nm, & H 5 &
JEHLPRINES 8 R SR ERALR L.

3) B-GayOg TE it . miAl . KPR T deF80
WA & Tz B AT S, AN 0N AR A B-
GayO4 BYHF B (29 4.9 eV) & Si 45 £, H I
SiC 1Y 3.3 eV &t GaN 1y 3.4 eV KIRZ (3¢ 1).
WAEOLT, A B, o 2 o B R T
BB K 28 58 B A BHE DR o8 i
PEREBRAT, HRE— L TN A2 S AT B A B )
R BT TG, AT LAHED B-Ga,05 HA
R R, fIAFE] 8 MV/cm, AL
e 30k Si Y 20 5 UL, t b LY ek R S
& SiC 1 GaN i 1 5L 1. 3-Ga,O5 MR T

AT AR 2 A0, B — R R
PERRARDIRE. M it IR 2 Pk iy Fa 5 o “ A pt
{H (Baliga’s figure of merit)”, AKX K euk® (H
e IAHEE, WNIEBE, B HHZEE), it
AT 3-GayO5 I EL I FI PGB S 3444, 2% WL
SiC (B AAEAE A 340) B9 10 %, & GaN (B4
FIDLAE N 870) 1 4 %, HAREUE N 1 Fra.
T B-GayOs Tif 5 AR AR 4L, A R800
AR 5 e IR R R Dl e AR B
FERH. TR, BLEERATTE B-GayOs TR0 fh A
NI A TR TAE, S EAFR ML 5k
J& H AR B E R LA A9 Higashiwaki fiff 5% /)N
gﬂ [25,31,34,35].

4) 8-GagOs AMUAT TP oTasft, i Hikn]
AT LED & | #& R AL RS oo R Az ool 4%
FAT I B 0 5 % K LED G A 2 4L A {6
LED By & ZIEANH M, 2T GaN [ LED ith i 3
Mt g RHIE A BV G, B 2 T, ok
LHNMERE K LED. BT, GaN ) LED it # /2
e ALO; IS L il &3R4, M ALO; H A & 4 4%
P, 5 BER FH R [ C S5 S AR A0 B AR 18 A 1 245 440 . 8-
Ga,03 M 5 ALO; —FEHAT = 1Y /81T Il
BEiLR (BT 80%), LED b A & H G REE3eR
HERBCE AN, (HAR LT ALO; 364, B-GayO4 f
PRI 4824 T LS B B S, AT RATE LED S
i 2T AN T3 509 B B R AR BH A ) i e B 254
T LS AT FIET ALO, SEAR RS R Z5H4, AL
AT LA K Sl L i 38 S b AR i LT AR KRR TT
A LB ATAABE , FRAIC LED oS /9 & #vt, mf
I F 75 2K IR 3 B I A B % LED. T 8-
GayO FATE H 25419 LED Baf7 AU H %
AR E] AlOq FEAREE M &544 7= i 1Y 10 504 1. &
SR SiC M AL AT T3l 245/ LED f#iE, HH
AR AN R, T B-Glan O B AT B2 DL IR
BAKAE R LED HA. B AR B-GayOg FEAR 1)
GaN 3t LED ith i BT AR e & 2, (HE 24k
T —E R B2 Hen, HAME BB S LA
FIBFFE /N B0 7E N B ) 3-Gan O BT IEA I, 2R
4 B A WAL= SARDTRTE (MOCVD) #)7 DifR
T N A GaN 2, Z & & TP R InGaN/GaN
TEPEZ LUK p B GaN 2, JF7E B-GayO FEAR N
HA 4508 T Ti/Au 1 Ag BB, ZoTesthim
K/NHR 300 pm W5, 7E 200 mA FYIK B LR R T
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YER AN 3.3 'V, 1% RUSE R [ 45 440 1) 7 i
200 mA [HIRHLE T TAERHENFEEE 4.7 V.

5) B-GayOs AT LAl 1 S0 S Ath— 2838 Ji
SRR B . B-GayO4 1 i IR 45 F (800 —
1000°C) X4 A I SRR A BURR, AR
(550—700°C) £5 14 F X} Hy, CO Flde k2538 i
AR, LR BH R B AR SR SRR B Y
A T A — R R SR RO
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6) Ga,O3 1EN SEAkMHr L AR B}, 38 2t i
& IEICEB I LI R, S — PR
IREHART R, HRTIET GaO5 HYREE SRR
FELAHXTHLD . 2006 4, Hayashi 55 P9 @ 52 ik i
FEUIF (PLD) JriE e i EARK Eil 4 T Mn 2
%% GayO WM IT S T HEA SRR RETE , AT
15 2102 B A A A G 1Y 4-Gay03. 2008 48
Pei 45 7 FI) 185 — M R BEIE EiHA T Mn B2
B-Ga,O5 B ERREYE, JF e T Horb g i A B4R .
2009 4, Kaneko 55 P F| 8 7 55 {6 SAH DT RR
TE ¢ T (0001)a-AlO5 FEJE FAMEAK T o-(Ga, ,
Fe,),0; (z = 0.24) ¥, IF7E 110 K FHFZE 7
Btk 2013 4, Kaneko %512 #ill8 T o-(Ga, Fe,),
O4(z = 0.24, 0.44, 0.58, 1.00) FFRHMEHE, 6T
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7) FEALBRAE R — R AL SRR R, ZEAIR
TR B2 S P ORI & 5 AR SRS 7, & —Fh
HAE PR R BT, 5T RS BH AR A 2%
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BT AR B AR B AR 7 08 Ko v XU U BHL
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X HERH AR P ORI B A EAEAR R (B R Z AT
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AR 23 (L AE FEA B ST 09 8% Bl I XU R B AR AT R 1
FEIR. Yang 25 1620 A K XU B BH AR A7 0 R I T4
BT BB A A RS T B A AL
JEBE (R BRI K. Aoki 45 631 B 2% 3 T 480
T S K T ISR L g L T Ak 174 208 A N BIR ek AR
BET NS, T8I LI B Y S NG A H A T
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FE FLTHTAL 43z Ty 2R OB R BEL AR 1 TR (A RS U

8) Ga,Oy il I + e KB4, nl LA & Bl
FEE | 2O EEL L EUE E HERRS 4 27 ]
BT GayOg BIZOEH A 2= e M i L3,
AU FO0ET G R T s s | 45 8 AR iR
A, AT -7 43 E 1 Er, Nd, Pr 57
Ga,O5 W78 T HAT M KO RE.
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GUBAFRAT M TF L. FHHE GayO5 TETR 54
7 B S L FRLARORIT H SR SR 25 e B 5 2 R Al
T,

3 GaO3 R LAFEH T & i A,
H 5 AN F R F 8 R T R

3.1 Ga0; EREMNEPESBHBRAEH
N AR R

175 ] H R R LA A T D DX 3 B 2 L BH
RO RO CrMERE, B2 N AE T R
TN TTRERLE | K PH AE R E B FE A SO AR
o RGBS (0 1TO, FTO, AZO %)
BEVN, 2HVINT 4 eV, TEFRERIMEXI, (< 300 nm)
B, BRE TSGR R, AM18Y)
T 2o B R TR 42 40 3% B T W v B AF BL. B-
GayO3 J1G #8 SE Bt , BA 1Y 2240 A] WO i ik
PR KT 253 nm 1 EESMFIAT WLGHR RS L,
W B AT AT AR N B S i R e 2A
Sk AR E P, B A AT TR 2 A A
S HL S AL B F OB )

2000 4F, HARB}2AFK Orita 25 ™ R PLD
REFFET Sn B2 GayO4 W MR 14 K, RIKE %S
N2 x 100 Pa, #A HB M E N 1 mol% SnO,
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) B-Ga,O4 Fi%, SUIEHE R 30 mm, %% AT 7L
FLH 6 x 10 1.3 x 10 2 Pa, 2= KIREH 700—880C,
BN Si0, 5 ALO5 B8, S 3A LR 2 1 A9 30
R BN 5 J/em?, BOEHIAN 10 Hz. SCHHHEH
FRAAAT AT R P R 1 8 3 R A L, T L
T 8D R RS A IR, SR R Y L Rk
F 1 S/em, B FHEN 1.4 x 10 cm?, iIFFEH
} 0.44 cm?/ Vs, F£ 0] WU L1 A% BV 34938 i
KT 80%, Wl 5(a) Fizx. 2002 4, Orita 4§ 4
NAHGE TAERIR T4 Sn B4R B-Gay04 LS
B SN, FFCR A PLD ik, tbAb A&
S HARNREZS ] 7 x 107 Pa, 00 B4R E
95 mol% SnO, f B-Ga,O5 FI4liiY B-Ga,O4 Fi %
B 5 x 1070 Pa, ¥E[RIEEA 25 mm, %R
FE2h 300—600 C, #IIEA AlOz B i, Bk §EH
RIAMHOCRER SN 3.5 J /cm?, WOLHIEN 1 Hz.
SLER AR RN, AR EE N 350 C LAUF A K
il % (I R AR A, AR 380—435 °C B3RS UTE
(201) FhTHEEEDLAE A B-GagOs, T 24 B2 HF = i)
PR A, R e-GayOs, BEED S
WA T RE, QiR 5(b) PR, S i 50k
#) 8.2 S/cm, £ AT WL X FNUT £ AN BE - 34 15 i
R 80%, MR TER IRy 380°C WOLA
FH 1 Hz M T AR .

2007 4F , Suzuki % Ml 7 X EERK T
Sn 241 B-GayO5 H40, A KIRE N 1500 C, fx
R R A BHA R 4.27 x 102 Q-cm, FIFHKE
1 2.26 x 10" em®, ITEFEHRN 64.7 cm?/Vs, 1E0]
WIEFIEIMEX W5 R 5T 85%.
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2012 4E, Ou 45 B9 R H PLD 5 T A
AR KR X GayO IR R IAZEH L RITE S
S PE R AR RE A . 25 SRR RfE A
JUG IR 5 R 0, Sl B AR RS L 3 DR
LGN, WA TR AR ST W T AR P R AR K
B JE 1000 °C, B SR AT A F] 7.6 S/cm,
TE 4001000 nm P N V345 25 T 85%.

2015 4F, IR Du 288U 45 TR MOCVD
S B-GagOs R [ T AMEA: K, 5T T AR
FE Sn 7% (1% —12% JRF L) X 8 5t 45 44 A7
2ot SRR . il Sn B4, 8-
GayO IR Y HL B R 8 M, 16 Sn B4Rk
FER 10 Zoit 345 T I 325 B 5 Hh e A 19 o R T
fE L FH% K 1.20 x 107! Q-cm, IFBE K 12.03
cm?/ Vs, 75 ] WACFIER MG X (135 R it 85%,
MR AR AT ISR R 700 °C, %UE A 20 Torr
(1 Torr =~ 133.322 Pa) 2 FAEK Y. FIEF, Sn
BARAT LISE AT BRAE 4.16—4.69 eV 38 [ N 19 I
5, 40K 6(a) Fizw. [AlAE, Mi 2562 [FRERF MOCVD
PAE (100) T MgALO, I A KA YR B Sn
B2 3-Ga,O Wi, SLIRZE R, 78 Sn B 42
e E A AR R oA Y 2 (400) B AR K, Bl
B Sn B AU BRI, R ) 5 T BR AL, 3R
Ak, Sn 4B 24 1l B-GayO WK A H BH I I
T ANBCR R, TEB R E N 10% B BHR fe/)N (UL
K 6(b)), 44 3.1 x 102 Q-cm, ZITHEN 2.4 x
10% cm 3, IR ERL K 0.74 cm?/Vs, 76 0] WG
BUW T %08 88%.

824 Sn 241, Gay,O4 i 5 HAARIE il £

10
(b) -
Amorphous
1k
(201)
oriented
B-GasO3
Y (Jd
0.1
0.05 1 ! L
300 350 400 450 500

Substrate tenperature/C

(a) TEAS 7] BE 7R 1 4 3R 45 89 Sn 48 2% B-GayO5 WM 135 1 £ ), (b) Sn 482% B8-Ga,O5 WK Y 5 i 2 BE I AR I 19 22 Ak ¢

Fig. 5. (a) The transmittance of Sn-doped-Ga,Os thin films prepared at different temperatures™; (b) the relationship between the

conductivity of Sn doped -Ga,Oj thin films and the deposition temperature?!.
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Fig. 6. The relationship of the transmittance (a)l®!l, the band gap (a)l®!, the resistivity (b)® with Sn different doping concentration

in Sn-doped Ga,Oj; thin films.

Wk Z8WHTEW S EE R, Fla,
1997 4F, Minami %5 183 SR F EL U0 0 4 I S 1 4 1
Ga/In FIEIR (Ga, In),O; WK, Ha/ N BHAR Ny
5.8 x 107 Q-cm, FHARERAFWEEATIL 5 x 102 cm 3,
AT RSEAEIE R EE 95 % LA b 2014 4F, Kim 4554
FI SRR I A K T Ga,O5/1TO AR, I
T TAFESET (Hy, Ny f2s3) ARITEE IR k
XoJ 12 T R FEL 2 TG 2 P R A5 i), S0 45 SR 3R I
H, 40 700°C T 1B il 28 A B B0 SRR Y
PEfE, Hom B N 164 Q/sq, e B T R ik
94%, I P A GaN #JJIJE B Ohmic Hzfil; 2014 4F,
Kim 55 B A K IEXF T ITO Fl GayO4:1TO R
MERE, TTO Y A T L RE Y 52 Q/sq, XK R
405 nm EAMEAYE TN 84.4 %, 1M Gay05:1TO
EE B TG FELBEL N 49 Q/sq, T 405 nm fiY 15 i AR 4

B
V57

25 60
(a)
~a—]TO fil fi
20k 1lm
== Gay03: ITO film
—i
Fo 40
> 15f [ oA
~ £ |
o |
&0 |
] |
=
o 10f
- 20
sk
O i i i 0
0 5 10 15 20
Current/mA
B 7 1TO 5 Ga,04ITO 3 B PEBEXT

Output power/arb. units

Tz 93.8 %, #WE FH Tk 540 LED 1938 B Bl
B, Ph GagOs5:ITO I8k I i i #5141 o ke
SR TTO WA 2R 5 55%, &l 7 fir
7. 2014 4, Woo 55 B HGE T Ag/GayO5 XZ T
JEAEZS SR N, 1 550°C FiB K 1 min J5 2Bk
HIAYFE Ohime 2 il 28 31 Ohime 2k, HAZ Al
FH 43504 3.06 x 102-7.34 x 102 Q/cm?, THH
FEL/NT 42 Q/sq, KK 380 nm AbAYE ot F6 45
91%, MBI ATVE R 540 LED 1Y P RLEH] S
HiH; 2014 4F, Zhuang 45 87 SR F #3500 56 16 2 1k
#IK PET L=l FAK T Gay,03/Cu/ITO % 1
SHM, JEITIE T Gay05 Al Cu J2 AR X HZ
JEES G2 M ML PR BB SE R, 7E GayO VB R
15 nm. Cu JZJEE H 3.7 nm I}, Z MR IRG &K
HgE It %, A 86%, XN T HLBH A 50 ©/sq.

=2
w

(b)

w— [TO film
m— Gay03: ITO film

El intensity/arb. units

350

400
Wavelength/nm

450 500

(a) JCH 1 Ty 25— v - HL PR AR AIE 25 (b) 38841 LED 1 s B R0 1 )

Fig. 7. (a) Current versus light output power and forward voltage (L-I-V) characteristic curves and (b) typical electroluminescence
spectra measured for near-ultraviolet LEDs with Ga,O3:ITO and ITO transparent conducting electrodes; the inset shows top-view

SEM image of near-ultraviolet®.
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42 HESIAN T I T GayO3 BB I S
LB A8 2% TS B bR . R AT, Minami 45 B9
A Ga/In K (Ga, In)y0; WP A LK
(S (O 1.72 x 10° S/cm), fHHXDEE
1R KR ZE 380 nm, ANFHHAREIMGE T
e, 45 Sn AU Sn:Gay,O H AR L 53R 1] DLk )

32.3 S/cm, Bt 4R Ag ZINE AT LIS 42 Q/sq
P TE L BH ; 38 5 Sn, In S5 E 4 TIB 4%, BT
e BE AT #E I AE 101%—10% em P BYE I 5 Sn 8
2411 Sn:Ga,O5 F A RKIIRER, 24 64.7 cm?/
Vs; A B A% 1 R 7E 80% VU b, Fem Ik
F 95 %.

* 2 GayOy HEFEW] T BB S S HER PR

Table 2. Parameters and indicators of GayO3-based transparent conductive electrode films.

IR S /S.cm ! MTHLRH/Q-sq ! TS Jem™® EBE /em?V st BEIR/ % B3k
GayO5TH 5 7.6 - 85 [80]
Sn: GayO 3 Hi 1 1.4 x 1019 0.44 80 [78]
Sn:GayO5 i 8.2 <0.44 80 [24]
Sn: GayO 3 Hi 8.3 12.03 85 [81]
Sn:GayO5 i 32.3 2.4 x 1020 0.74 88 [82]
Sn:GayOsH i 23.4 2.3 x 1018 64.7 85 [79]
(Ga, In),0O41HfE 1.72 x 103 5 x 1020 - >95 83]
GayO3/ITOHAR - 164 =94 [84]
GayO5/TTOH IR - 49 93.8 85]
Ag/GayO 3l - 42 91 86]
Gay03/Cu/ITO - 50 86 [87]

3.2 Ga,0; EHEZLIMRNEEFER LA
AR RE

T IRAAZ AW, e IR L AT
KA F 200280 nm MIIRE SN, %I B IERK
S HE SR, BExHZk B s S ER I RR R HE
LHMEN. T AZ KGR rsm, HE %50
S5 SRR R AR A R, TAEAE I I B 8 15 v
R R, TR AR A 12 B
I, Iz 20 s hi AR H kR, 2osh S-S
i HFORS BE A2 2™ kb, S5AMRERRIE H B 5
HMEAFIR O 2N & B ZE S e SR LS B s, A3
P HAL LR EZR S, H B SIMNEERR T Lidig
2 ) B SR A A, A DLR LA T AT
1) IELBEE AR . 285 {5 IR EE K2 W18 /2 33 iF
IR BN, 59 BH G AE S8 T E
MBS N, e—MAEIER (R, 2) Zatem. 178
SHMEFT, FIMDCES R E, EERRE
W22 I A8 R A RR IR BRI, Ik DIk
RVl S8 RN B S AR M s 31 K B 5 WO &, TG
AR IS, UL H B SRR I e
3) fEHEIE B I, LT, Bigir e k. K2
FIFHE G S AMEME S, R RAEXERIME

A IR AL 2 R 3 1, 1) P — AR T A2 ] 5 S il
HRREES. BN, AR f RS MEAE FEFITE 10 km
W Z N, REET A0 A N EIMLE S,
HOL(E S E 5 10 k JEREIZ N 250 Tt
BRI I DO R CE e B B R = U N s
1 km B Z P9, WS YA E S B LIS
SR, HOGE S E I AE 1 km JEFZ R,
U, S ANE (5 A IR I B T AR R0, BTk
B 5T WTRE 15505 4) SZIRBERZMAR/N, AT K T
YE. T HE L AMNEE TAEAE 200280 nm A H
BN, %I B Bk R 1 LT A EAE, AR
BRI B, HESERAME (R T 4 KM TAE,
AT DLCRLT A A BOGRYSE . 36 3 45
T H B SR AN {5 A LA JCEE (5 1 HL k.
MER, BT TEH B EAMEG RN HZ A, H
B IS EHGEMZA A HoAth 7 T, 2 = B 75
LSIREE ARl BIELRE REEEM .,
PRGN 5 8T . KGR IS SR E RT3 1 58
HNGEMERAR N LS SRAMEI 2, 52 ML, 2T
A SR MR [ 2S5 AR 25 - B R /N | Dk
I | TFROCR R B TR SRSk, B4
Vors R YN0 g W S =1 S 73 P PNy g S
FIAEAT e FE AR BT 4.4 eV, HATHFSE HLii £ 1
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Table 3.  Comparison of several wireless communications.

el JERLEEIE S UL Bieivr HEXSIBEF S HIL AR I By A 52 IRIE AN (B 5
T AR z ARG 2 R ZIEER

BotiEfs i LIk e i Lo ZIER

LLANESE .4_? 8o T Bigiv i P SR ()55

AN & LTIk, eI JE (5353 AR AR A

1 RHEE i 7E AlGaN, ZnMgO F14: Wi £ | [88-90],
B AlGaN ¥ 575 A o il A= 4 T xfE DL A E AR
ZnMgO TE L fh 2 AEREDT (1) 4540 T AR ME LR 5 1
4.5 eV B, R B4 FER 5.5 eV 1B,
YIRS 225 nm, H 88 H H SN K —/NEL.
M GayO5 MM FEELAIN 4.9 eV, RREIEK: 253 nm,
H% T5 AlLO; Fl InyOs JE W% 25 [ /R 5288 H
HIX s 2 —MRRE B E SN
BATEL LLUTORE N GayO4 BRI RIS (48 KA1 8
B R DLIR S k3R BB TR) T Ok AR
Gay04 3 H H BRI 1 o i ek .

AT HRMAE GayO3 B
IS

2006 4, H E B} 2% B Yy B 5T T Feng 46 91
FHZE R BEAEREA 10 nm Au (9 Si#fJE F L
N, S R#AARTE 980 C FAK 1 h 345 B-Ga,05 44
KR, BRI AR JeXt Si bR TR
fEALBR, A K229 500 nm JEH Si0, 4822, 15
EH FUOREEZ) A 50 nm 1Y) Au HLbR, )RR
HRYIRL T A Au B Z I, B Au-GayOs-
Au SEHEIZR A5, WA 8(a) IR, i
IS B AR H /N, S pA 905, 7E 254 nm 224N

3.2.1 B EIME

10 (d) Trmmm—
5 //
o l
-5 -//')
~10 ;
6 -4 -2 0 2 4 6

v/vV

B8 Au-Ga,03 4K Z-Au e IR
o GG T W 7 e il 2 oy

I/pA

S N A~ O

FIVEIRT, BG83 NEE R BT, e e
AP, E TSR BRI IR 5350k 0.22 F10.09 s,
K 8 fiR.

2010 4, Li %5 B3 R F — 25 Ak AR TR v il
% T B-GayO4 AIKLEMF AL, BARS R : 7F
A VAR LIS —XF R4 100 pm, JEEEA 2 nm
B9 Au B, DA Ar Fil O, IR G NEIEK, Gay,04 ¥
AN B8R R RE, FEAS R B4 R BE T 2B A T4l
M EEHIR) B-GayOg GIKRLARIMIZS . IR #55
5 HEik 3 x 10%, 7 254 nm Y& T A Ik ET ] v <
20 ms, TR AR AYELLE DK 2 280 nm, A HEHIX
MRl FO4EAIE, A&l 9 B,

2010 4F-, Weng 45 192) 3 52 03 [ 1) 5 vk B 4%
Ak GaN MR Z 5 Ga,05 99K, WU
SR MOCVD W 7 fE A+ IR LU — 2
RN GaN iR, HIM R IR 25 BR3R1H Y A 2R Ak
2, RABFHRZERIELEZEE —Z 3 nm B Au,
1E 500°C Ab3RAE HIE 1 Au 99K B0kL, e =Tt
% 1100 °C, 78 O, KA T AEK 2 h R HR Y
A 100 nm, KL R 10 um A Gay,05 4Kk, %
PRI 252K FH LA R A5 18, 9K 5 i il R
U A R fnk ) 76 10 VR E R RS L R 2.44 x
1010 A, #IEPE K 228 255 nm, MR E A 8.0 x

12 ¢

10

0 100 200 300

t/s

400 500 600

(a) BRGSO R 0 T- VAR i 28 K H A 450 SEM & (3@ ) ; (b)-8 V I JE T % 254

Fig. 8. Au-Ga,03 nanowire-Au photodetector: (a) I-V characteristic curve of the detector in dark. The inset of is a typical SEM im-

age of the device, the scale bar: 200 nm; (b) real-time photoresponse of the detector to 254 nm light/?1.
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Fig. 9. Solar blind photoelectric properties of photodetector based on the bridged 3-Ga,O3 nanowires: (a) Schematic diagram of the

devices; (b) time-dependent photoresponse of the bridged 3-Ga,O5 nanowires measured in dry air under UVC (~2 mW cm ? at 254

nm) illumination with a period of 60 s at a bias voltage of 50 V; (c) I-V characteristics of the bridged 3-Ga,Os nanowires in dark

(squares), under 365 nm light (triangles), and under 254 nm light (circles). The I-V curve measured under 254 nm light is plotted

on a linear scale in the inset; (d) spectral response of the bridged 3-Ga,O4 nanowires revealing that the device is blind to solar light.

The dashed line indicates the lowest wavelength of the solar spectrum on Earth®.

10* A/W, WiE 10(a) Frzs. 2013 45, Wu 45 981
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GayO3 ZKZE (WLIE 10(b)), Bl ISR R f 3G,
YRV EAR K BE RN B I, Jf e T
AR AR AR XT 255 nm SR T-t Wi
(W& 10(c)). IR 950 C MFES,, £ 5 V
P KR X} 255 nm P K AYIEIR R A 3.43 x 103 A/
W, @i 10(d) iz,
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Ga N EAEL, Oy FE AN HMF ARG L A
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GO S ERIER, W 11(a) Ui, iz Xt
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In:GayO3 44 KA Ot H F48 000 2 Jre 90 13 v 1) Rl
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(ETHERTRREE S 30 1 F110.6 s), H4lin) Gay0;
RTINS A AP AR RE, AN 11(c)
FE 11(d) Fis.

2014 4, Feng 45 01 R H # 4 4k GaSe 99K A
BT IERI S T 48 GagOs 40K F, 9K 2245,
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AT 254 nm BYPREAIMCIEAG P A N, e i
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TN 25 J TR D' LA | 7 R PR A S 1) H R DG
HLPERE, Q1 12 FiR.

2014 4F-, Zou % 198 L GaN ¥y A A ARG )
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Fig. 10. (a) Room-temperature spectral responses of the Ga,O3 nanowires photodetector measured with different applied biases!*?;

(b) GayO3 nanowire photodetector with Cr/Au as electrodes”; (c) transit responses measured from the three fabricated photode-

tectors grown at different temperatures”®; (d) room-temperature spectral responses of the photodetector under different bias!%.
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Fig. 11. (a) SEM image of a Ga,0O; individual-nanobelt devicel®’; (b) spectral response of the devices (nanobelts with different

widths of 800 nm and 1.6 mm) measured at a bias of 15 V. The schematic configuration of a photoconductive measurement is inser-

ted in the top-right corner®; (c) spectral response of an individual In-doped Ga,O5 nanobelt photodetector. The inset is a typical

SEM image of an individual In-doped Ga,O5 nanobelt devicel”; (d) logarithmic plot of I-V curves of the individual Ga,O5 and In-

doped GayO3 nanobelt photodetector under illumination with the 250 nm wavelength light and in dark conditions

12
Fig. 12. (a) SEM image of Ga,O3 nanoflowers; (b) I-t response curve of Gay,O3 nanoflowers to 254 nm light
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Fig. 13. Solar-blind ultraviolet photodetector based on Single ZnO-GayO3 core-shell microwire ZnO/GayO3 core-shell: (a) Device
schematic diagram; (b)I-V characteristic curve in dark and under 254 nm light; (c) spectral response of the device at -6 V bias[1%;
(d) the photoresponse spectrum of the device at 0 V; (e) the time response under the excitation of 266 nm pulse laser at 0 VIl
Au/Gay03 nanowire Schottky vertical structure photodetector: (f) device schematic diagram; (g) spectral responses of the device at

zero bias and under reverse bias of 10 V. Inset shows the responsivity of photodetectors at the wavelength of 254 nm as a function
of reverse bias; (h) decay edge of the current response at reverse bias of 10 V102,
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Fig. 14. Solar-blind ultraviolet photodetector based on 3-Ga,O flake: (a) Schematic of the entire exfoliated 3-Ga,O3 flake based
photodetector fabrication process; (b) optical image of the fabricated photodetector; (c) time-dependent photoresponse of the fabric-
ated photodetector under various illumination conditions (254, 365, 532 and 650 nm light exposure); (d) responsivity as a function
of wavelengthl!”; (e) the reactive ion etching assisted thinning of a 3-Ga,Oy flakel'™!; (f) the I-V curve; (g) energy band structure
diagram of the schottky junction MSM structure solar-blind ultraviolet photodetector based on Ni/Au electrodes and 3-GayO flake

under different wavelengths!'”; (h), (i) the SEM image of the MSM structure solar-blind ultraviolet photodetector based on
graphene electrode and 3-Ga,Os flakel!%],
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Fig. 15. Vertical solar-blind deep-ultraviolet schottky photodetectors based onB-Ga,O5 substrates: (a) Fabrication process for photo-

detector('%); (b) spectral responser!”’; (c) photograph of the flame detector. The dashed circles are on the edges of the transparent

electrodes; (d) transient response of the detector!®’.
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Fig. 16. (a) Dark I-V characteristics of the Au-Ga,O3 Schottky photodiode annealed at various temperatures. The inset shows the
device configuration[''”;; (b) spectral response of the Au-Ga,O3 Schottky photodiode before and after annealing at 400°C. The inset
shows the reverse I-V characteristics of the photodiode annealed at 400°C taken in dark and under illumination with 240 nm

light!'1%); (c) schematic structure of a photodiode composed of a Au Schottky contact and a $-GayOs single-crystal substrate with a

sol-gel prepared cap layer."]; (d) spectral response of GayO4 photodiodes with and without a cap layer at reverse and forward bi-

ases of 3 V. The inset shows the incident light intensity dependence of the photocurrent at forward and reverse biases of 3 V under

illumination with 250 nm light!!!].
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Fig. 17. Solar-blind ultraviolet photodetectors based on graphene/3GayQO4 single crystal heterojunction!’?: (a) Schematic diagram

of device structure; (b) I-V characteristics of the photodetectors in dark and under 365 nm light irradiation; (c) normalized spectral

selectivity; (b) energy band diagram at forward bias voltage.

Cu F Ti/ A HLAR 533 AE B 1 R AR 2 f, ]
2T I EAE Y M R LSS H O E R IMEIER. 1A
TE + 2 VAIREREER N 5 x 107, 4R Ak 1k
WA 256 nm, MR EEIE(E PN 241 nm, H
H /&AM HE /0l WG 43504 200 #1
1000, [RIFFIZASAFE 0 V R T H 5 B B A I .
e R, I F LR AR

3.2.3 A TFEEE Ga,04 B FHFIEN S

2006 4F, Ji 4§ 191 R FH B 55 1 O ik o A
Ga,Og W, ZM BT K KT 275 nm HOLR S
1K T 80%, TEAT IR EE Ay 800°C B 147 B
5.16 eV, I K FHYEAS SRR, 1 XT 254 nm ()
A W S A L AR Ak, SRBRX H O LM B
FbE.

2007 4F, Kokubun 25 161 5% F 5 it B it 1
TE c 1 5 B A RE L8 GayO5 B, #F98 T A
[l E T ARARAY B-GagOq o 5 FL FE I 28 14 5 1%
Wi Ry, 5 SR B-Ga, O WIRAER L /NI BEA Hdk
o P O R I 7 AR, [ RS 5 A TR T, R
T8 AR L D R R AR A 33X S PRI O 224 908 A g s
WEARKF I ALBAE] B-Ga,04 IR, 2577

2007 4F, Oshima 55 0 R H 465 4l B o0+
WAMER ARLE ¢ B A RS AU (201) B0
) B-Ga,Og Wi, Rk, A R 25
H o-GayOs, U0 & 18(a) T 7 . B4 1% B i Bk
MSM &5, 76 10 V B H BB HA 1.2 nA, X
N6 GO R BH, XGRS KT B AT BH 8 A 5 g
(WLIE 18(a)), X 254 nm ZEHM G I EE 7 0.037
AW, TN 18%.

2011 4F, Weng 4§ M7 F FH#E AL GaN Fh &
W RS T B-Ga, O, A, I8 F S A i il
FOGHAFIES, WE 19(a) FE 19(b) s, fE5 V
T, BE A 1.39 x 10 19A, 7E 260 nm [
EKHMERRS T OCH AN E 2.03 x 10° A, Y
FEH 0.453 A/W, #FREERT 100 %. REIHL
5AT RO R e BB AR R T 4 AR 2. 2013 4R,
Huang 55 1SR FZE IR 7 il 4 T 8-Gay04/
AlGaN/GaN = BRI &% (WLIE 19(c) FnlAl
19(d)), A F &0 [7 3 B i 48 4o [UV-A
(315400 nm), UV-B (280315 nm), and UV-C
(100—280 nm)]: 7EfW/EN 1 VI, UV-C 5 UV-
B UK UV-B 5 UV-A #9560 B HAE 53 5~

078501-17


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 7 (2019) 078501
10*5i
llll...... . ....-.-.-llll
| B-Ga203 (020) 10-SF "y -
" - Low-pressure
2 a-Gay03(3030) -\ f mercury lamp
=i
=] 10-7F o
. o0
4 i moooooo...... .,...noooo
3 . o .
E g 10°° o, «**° Black light
b~ =} \
g IR e YYVVU e
9] A‘A
£ e, et Dark
1010 A A
\J
1 1 Do, (a) 1 (b) 1 1
: : : - 10-11
60 62 64 66 68 70 —10 -5 0 5 10
20/(°) Voltage/V

A 18

(a) GayOy WY I N XRD [#; (b) GayOy HiIRAE RS KA [FDOG IR 1y 1-V il 48 1Y

Fig. 18. (a) In-plane XRD measurement results for the Ga,Ojy film; (b) I-V characteristics of the GayOs film photodetector in the

dark, under black light irradiation, and under low-pressure mercury lamp irradiation!®.
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Fig. 19. Schematic diagram (a) and spectral responses under different bias (b) of Ga,O3/GaN photodetector!'; Schematic diagram
(c) and spectral responses under different bias (d) of Ga,O3/AlGaN/GaN photodetector!!'®); Schematic diagram (e) and spectral re-
sponses under different bias (f) of Gay,03/InGaN/GaN photodetector!"'”); Energy band diagram of area near the surface of 3-GayOy

and Au in the dark (g), spectral responses under different bias of GayOs;/GaN-based metal-semiconductor-metal photodetectors
covered with Au nanoparticles ()20l
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Fig. 20. Schematic diagram (a) and spectral responses under 2 V reverse bias (b) of SiC/Gay,O4 photodetector'2!.
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Fig. 21. (a) Schematic diagram of the $-Ga,O4 thin film MSM structure photodetector!'?; (b) the effect of Ga,O4 film thickness on
light-dark ratio of the MSM structure photodetector(’>; (c), (d) MSM structure arrays photodetector!!?; (e)I-t curves of the -
GayOj3 thin films MSM structure photodetector with unannealed (Ohmic-type up) and annealed treatment in O, atmosphere (Schot-
tky-type, down), respectivelyl'?. I-t curves of the MSM structure photodetector based on 3GayO4 thin films doped with different

element: (f) Mg doped!™; (g) Mn doped™®”; (h) Zn doped(™?’); (i) Sn doped('*’].
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Fig. 22. Schematic diagram (a) [¥ and photoresponses to 254 nm ultraviolet light under different bias (b) [133 of
graphene/Ga,Os/graphene vertical structure photodetector; UV-vis absorbance spectrum (c) ¥ and I-V cures under the different
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Fig. 23. Schematic diagram (a) (%] -V cures in dark and under 254 nm with different light intensity illumination (b) (2 and
schematic energy band diagrams (c) "2 of the 3-Ga,O3/NSTO heterojunction self-powered photodetector; Schematic diagram of
Gay03/P-Si PN junction detector (d) [*3; Rectifier features (e), schematic diagram (e) and spectral response (f) of the
Ga,y03/Ga:Zn0O heterojunction photodetector('*?); Schematic diagram (g) ', I-V cures in dark and under the different wavelength
light illumination (h) [9; Spectral response (1) and I-t cures under the different wavelength light illumination (j) of the
Sn:Ga,03/GaN PN junction photodetector!*; Schematic diagram of GayO3/SiC/P-Si PIN junction photodetector (k) [*Sland
graphene/Ga,03/SiC photodetector (1)1,
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Fig. 24. Solar-blind ultraviolet photodetector based on a-GaO, amorphous film and 3-Ga,Os film™): (a) MSM structure diagram;

(b) spectral response; (c) energy band structure diagram.
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Fig. 25. MSM structure solar-blind ultraviolet photodetector: (a) Schematic diagram of MSM structurel®); (b) spectral response
comparison of Ga,Os single crystal and thin film'%l; (c) MSM structurel'6?; (d) spectral response comparison of Ga,Og thin films an-
nealed in different atmospheres!!6!; (e) spectral response comparison of Ga,Oj thin films grown under different oxygen pressures!!6?);

(f) spectral response comparison of Ga,O4 thin films doped with different concentrations of In elements!'%.
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Fig. 26. Solar-blind ultraviolet photodetector based on a-Ga,O3 amorphous film'®): (a) Schematic diagram of device structure with

quartz substrate; (b) spectral response; (¢) the decay of photoresponse; (d) schematic diagram of device structure with flexible substrate.
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Fig. 27. Solar-blind ultraviolet photodetector based on a-Ga,Oj3 amorphous filml™: Schematic diagram of device structure with
glass substrate (a) and I-V cures in dark and under the illumination of 253 nm light (b); Schematic diagram of device structure

with polyimide substrate (c) and I-V cures in dark and under the illumination of 253 nm light (d).
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Fig. 28. Solar-blind ultraviolet photodetector based on a-Gay03/ZnO heterojunction!'™ : (a) Spectral response; (b) variation of gain

with bias; (c) transient photoresponse characteristics; (d) schematic diagram of energy band structure and device structure.
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Fig. 29. Solar-blind ultraviolet photodetector based on 3-Ga,Oj thin film grown using N,O as the reaction gas: (a) Schematic dia-
gram of growth principlel'™; (b) -V cures in dark and under 255 nm light illumination, and schematic diagram of MSM
structurel'"; (c) spectral response and photoresponsivity under different bias!'"; (d) schematic diagram of graphene/3-Ga,05/GaN
devices!'"; (e) spectral responsel!””; (f) energy band structure diagram!!7.
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Table 4. Summary of parameters and indicators of Ga,O5 based solar-blind ultraviolet photodetector.

JGHLRIN AR R SR /AW TR/ % REHLT/A S L WAREATE] /s B30k
Ga,0544KkZk 1012 ~2x 100 22x10! [91]
GayO,40 K4k <1012 3 x 10% <2 x 102 88]
Ga O3 KL 8.0 x 10 2.4 x 1010 ~ 102 - [92]
Ga, 04842k 3.4 x 107 ~ 10 - (93]

Zn0 /Ga, O3 FE WKL 1.3 x 10%(-6 V) 1010 ~ 106 2 x 109 [100]
Zn0/GayO4 %5 ok 4k 9.7 x 103(0 V) 10710 ~ 7 x 10 104 [101]
GayO34 KLk 6 x 104 101 ~ 102 6.4 x 107 [102]
Ga,0540k Lk 3.77 x 102 2.0 x 10 101 103 0.21 [107]
A1 BRI | GagO 59 KR 1.85 x 107 10° - 8 x 103 [108]
Ga)O32K Fr 3.3 1.6 x 10? 107 10 3 x 102 [96]

GayO 41K AE(7) 109 2.2 x 10? 10! [97]
Ga, 0540k Hr 3.37 x 10! 1.67 x 10* 101 4.0 x 10? 8.6 x 10! [94]
Ga, O, 40K 8.51 x 102 4.2 x 103 1018 ~ 10° <3 x 10! (98]
Ga O 40K HF 1.93 x 10 9.4 x 103 1010 ~ 10 <2 x 102 [99]
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Table 4 (continued). Summary of parameters and indicators of Ga,O3 based solar-blind ultraviolet photodetector.

JGHARIN AR S /AW TR/ % R/ A JEI H i g i ] /s E= BT
In:GayO3 44 KA 5.47 x 102 2.72 x 10° 1013 9.1 x 102 1 [95]
Ga, Ol 1.8 x 10%(-30 V) 8.8 x 10° 10° 2.57 0.67 [103]
Ga, 05Ky - - 104 - 1.4 [104]
Ga, Ol 1.68 - 1013 1.9 x 10° 0.53 [105]
880 Gay O 5Tkl 2.98 x 10! - 10 13 ~ 10 - [106]
Ga, 055 2.6—8.7 - 1010 ~ 10 - [109]
GayO3 i iy 3.7 x 102 1.8 x 10 1010 1.5 x 10% 9 x 103 [89]
GayO3 5L 10° - 1010 ~ 10° - [110]
Ga, 041t 4.3 2.1 x 10 0 10° - [111]
B ) Gay O35 i 3.93 x 10 1.96 x 10 106 103 2.2 x 10? [112]
GayO3 i iy 5 x 102 - 105 102 24 x 10! [160]
GayO3 5L 3x 103 - 108 10! 1.4 x 10! [113]
Ga, 04785 8 x 105 - - - - [116]
Ga, 0,75 3.7 x 102 1.8 x 10! 10° - - [90]
GayOiifis 453 x 101 >102 1010 10° - [117]
Ga,yO5 T ~ 10! - 1010 108 - [118]
Ga, O, A ~ 10! - 107 103 - [119]
Ga,yO5 T ~ 10? - 1010 10? - [120]
GayO3iifis - - 0 10° - [122]
Ga, O[5t 7.6 x 10! - 1010 6 5 x 102 [152]
GayO3iifis 1.7 x 10! 8.2 x 10 109 8.5 x 108 - [153]
Ga,yO5 T - - 101 10? 8§ x 101 [154]
GayO3iifis 9.03 x 10 - 101 10° - [155]
GayO3 i 2.59 x 102 7.9 x 101 1010 10 4 x 10" [156]
GayO3iifis - - 107 15 - [157]
GayO, TR / ik 1.8 8.7 x 102 106 36.9 - [158]
a-GaO Ak i 7.0 x 10! - 10 10 1.2 x 10° 2 %102 [159]
Ga, O, s 4.2 - 101 1.6 x 10* 4 x 102 [159]
GayO3iifis 9 %10 - 107 10! 1.8 x 10! [160]
Al:Ga, O 1.5 7.8 x 10? - - - [164]
Si:GayO i fiE 6 x 10! 3 x 10 - 9 - [166]
Si:GagO4ifiF 3.6 x 10! 1.75 x 10* - 9 - [167]
Zn:GayO 4 i 2.1 x 102 - 101 5 x 10t 1.4 [168]
Gay O3l AR 1.9 x 10! - 1012 106 1.9 x 109 [169]
Gay 05k Fh i 4.5 x 10! - 10 10 104 2.97 x 10 [171]
Ga, O[5t 1.5 - 109 103 - [175]
GayOiHifis 0.29 1.34 108 1.6 x 103 0.1 [173]
Ga, O[5t 0.11 - 109 3.5 x 103 0.45 [174]
Ga, O, A 0.14 - 101 1.4 x 108 0.2 [174]
Ga, O, Mt 1.5 - 10§ 103 - [173]
GayO3iifise 2.6 x 10! - 108 104 0.18 [176]
BRI ) GayO5 i 1.28 x 10! - 108 - 2 x 103 [177]
GayO5 iR 9.6 x 10! 4.76 x 104 1076 - - [180]
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Table 4 (continued). Summary of parameters and indicators of Ga,O3 based solar-blind ultraviolet photodetector.
LRI R AN /AW L TR/ % REHLIL/A Sl E LEIVAREIVE E= BTN
Ga, O 5.86 x 107 109 1.8 x 10! 0.1 [181]
GagO, iR 1.5 x 102 7 x 10t 101 10° 1.3 [165)
GayO4iHifiE 1x10* 108 [178)
Ga O3 108 6 8.6 x 10! [123]
Ga, O 10 1.3 x 10! 6.2 x 10? [126]
Gay03/Ga/Ga,O 47 2.854 1o 8 x 10° [170]
Mn:Ga,O4 7 I 7 x 102 3.6 x 10! 109 6.7 x 10! 2.8 x 10! [127)
a-GayO 47K 1.5 x 102 7.39 10°? 3 x 10! [137)
a-Sn:Ga, O3 K 9.6 x 102 109 1.4 x 102 1.08 [132]
a-Sn:GayO 5 fiF 107 4 8.73 [131]
£-Sn:GayO 47 i 6.05 x 1073 3.02 109 46.46 [133]
B-Sn:GayO4 7 IK 3.61 x 102 108 19 1.37 [166]
Zn:GayO 47 fiE 10°? 2 1.23 [134)
Er:GayO 415 10° 2.5 1.6 x 10! [76]
Au NPs/Ga,O4 K 102 106 >2 x 102 [139]
GayOs/p-SiFt 4 3.7 x 10? 1.8 x 10° 108 9.4 x 10? 1.8 [143)
Gay03/ZnO5t Fi%k 3.5 x 10! 1.7 x 10? 1010 1.5 x 10! 6.2 x 10! [144]
GayO3/NSTORR: 4k 4.3 x 10! 2.1 x 10* 10° 2 x 10! 7 x 102 [142)
Gay03/Ga:ZnO R4 7.6 x 104 10° 2.6 x 102 2.7 x 10! [145]
p-Si/i-SiC/n-Ga,0y 108 5.4 x 103 [148]
11 8845 / Gay04/SiC 1.8 x 10! 10° 6.3 x 10 1.7 [149]
A1 B8IF | GagOs /A1 BN 9.66 107 8.3 x 10! 0.96 [138)
Ga,03/SiC/AlO4 109 7.7 [141]
Ga,03/AL,0;4 1.4 107 9.04 1.26 [140]
Ga,0,/SiCH B4k 7 x 102 1010 9% 103 [121]
Gay03/GaNS7 4k 5.4 x 102 106 1.5 x 102 8 x 102 [146]
Sn:Gay03/GaN 5T B4 3.05 101 10* 1.8 x 102 [147]
a-GayO3/ZnOF T4k 1.1 x 1040 V) 1012 2.4 x 104 [172]
Ga,04/ & RIA S Fas 2 x 10 100 3.7 x 10 [179]

4 #HhERZE
B-Ga,Oy BIEEH TERE N 4.9 €V, I BXF I 18

WAy 253 nm, Ky H HBBMAZC X, AT LI B-
GayOy A& — Rl RIR B H H 5 SMRIFI 25 0] W
JEE IR ALERNA T GayO5 HY SRR LS FI
FAYIE, FHLHR T B-GanOy 15 LEHF I 5 B
FIH 5 HMAIN 2 N FH T (AR S TR . AE 2850 i
LB 5 1T, S #8244 1 GayOy 1 K i 52 5% 1T 5|
32.3 S/cm, HiL R KT 88%. wilv ALt e S
HL B LR R L G 8 R 100 S/em, XFERAMAT AL
JEIY B R 85%. [ff GayOs WM fL S 5635

FURDAL ARG HAT A AR S, i i PUh e
KBI% (0 Sn 5 Si 4F) FEARMsGEIRAE K T Z,
WRERET I GagOg FE ST DL G W] H AR (477 Ml
. TR, A SCNANAR | B | IR = b A RE 25 1%
R AGR T Ga,O4 2 H B LAMEII 2 Y 4 J
Dite. MMEBEZS LRFE, 22T ARG B4
AR B F i BOEIR N, ZnO/ GanOg 1 /71
KLk PRI o BA SRS PERE, XS 254 nm
TREHMEHDEI R B 1.3 x 10* A /W, [ B[R]
N 20 ps. (ELEARGERMA I AR /1N, X R O
M o7 P R, RSB 1B IR — R A, ALY
PVEIETIEE S o 2 il 1 NS R LB S P SR E 731
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il e R 2, AFIT kAL, B B ARt A TR
1R P O T 7 L {FL B A IS A A B DL T
GM%HE%%%mﬁﬁw%%ﬁ%%%Hﬂ%
2, it MOCVD, LPCVD, #5455 2 Al L
TE 4 o B HE F AR LA K B-GayOg FME I,
ZEGE A IR T B AR ORI 7, BN A
T 2R E AN B, B AT MSM 254 19 Ga,0O4 H
HERIMEN R B 2k Bk S5 5 —
T, 3L H ARG | S YS . PN 254511 Gay04
B AR A L A AR AR, FETTRT SN
*\%ﬁm?& BIEH TAE, TERe R & . Mmook

BAHREENH. AT Gay05 H H H 2 IME
M% Eﬁﬁm?ﬁﬁﬁﬁm&é%hﬁiﬁm
W55 TR 22 B S AR s TR N | T R B R Ak
ﬁﬁ%w\%ﬁ%gﬁw;wM%k PN RSN
AR, Ga,O3 19 P 45 48— 112 HME S, /2
Ga,Oy TEHL FA S A 1 Sk 5, HRTJLF
WA T FEN P AB L RGE, X T RE S — Y
i) R A AR A [ L. BT R, HHT Gay0,
HIERS R, 7E Ga,O4 5 K257 A G, X2
AR P RIS M. B, FTA 32 A5 250 5
SR B ARG, AN RE = P R b, —
FlvrT BE () i B 7 2R N B Ga,04 5 Hifth B AT
P RS R AR RORE (AN, ST A
B 454
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Abstract
Gallium oxide (GayOs3), with a bandgap of about 4.9 eV, is a new type of ultra-wide bandgap

semiconductor material. The Gay,O5 can crystallize into five different phases, i.e. «, 3, v, §, and e-phase. Among
them, the monoclinic 3-GayOj (space group: C2/m) with the lattice parameters of a = 12.23 A, b = 3.04 A, ¢ =
5.80 A, and § = 103.7° has been recognized as the most stable phase. The 3-Ga,O5 can be grown in bulk form
from edge-defined film-fed growth with a low-cost method. With a high theoretical breakdown electrical field
(8 MV /cm) and large Baliga’s figure of merit, the 3-Ga,Os is a potential candidate material for next-generation
high-power electronics (including diode and field effect transistor) and extreme environment electronics [high
temperature, high radiation, and high voltage (low power) switching]. Due to a high transmittance to the deep
ultraviolet-visible light with a wavelength longer than 253 nm, the 5-Gay0O5 is a natural material for solar-blind
ultraviolet detection and deep-ultraviolet transparent conductive electrode. In this paper, the crystal structure,
physical properties and device applications of Ga,O3; material are introduced. And the latest research progress of
0-Gay03 in deep ultraviolet transparent conductive electrode and solar-blind ultraviolet photodetector are
reviewed. Although Sn doped Ga,Os thin film has a conductivity of up to 32.3 S/cm and a transmittance
greater than 88%, there is still a long way to go for commercial transparent conductive electrode. At the same
time, the development history of (-GayO3; solar-blind ultraviolet photodetectors based on material type
(nanometer, single crystal and thin film) is described in chronological order. The photodetector based on quasi-
two-dimensional ($-Ga,O4 flakes shows the highest responsivity (1.8 x 105> A/W). The photodetector based on
Zn0/Gay0; core/shell micron-wire has a best comprehensive performance, which exhibits a responsivity of
1.3 x 10> A/W and a response time ranging from 20 ps to 254 nm light at —6 V. We look forward to applying
the [-Ga,O5 based solar-blind ultraviolet photodetectors to military (such as: missile early warning and
tracking, ultraviolet communication, harbor fog navigation, and so on) and civilian fields (such as ozone hole
monitoring, disinfection and sterilization ultraviolet intensity monitoring, high voltage corona detection, forest

fire ultraviolet monitoring, and so on).

Keywords: gallium oxide, wultra-wide bandgap semiconductor, solar-blind photodetector, ultraviolet
transparent electrode
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* Project supported by the National Natural Science Foundation of China (Grant Nos. 61704153, 51572241, 61774019,
51572033) and Beijing Municipal Commission of Science and Technology, China (Grant No. SX2018-04).

1 Corresponding author. E-mail: whtang@bupt.edu.cn

078501-36


http://dx.doi.org/10.7498/aps.68.20181845
mailto:whtang@bupt.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

