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Abstract Compared with silicon carbide (SiC) and gallium nitride (GaN), gallium oxide (Ga,0O,) has the advantages
of larger band gap width, stronger breakdown field strength, larger absorption cutoff edge, and lower growth cost.
Doping technique is an effective method of optimizating physical properties of materials, which can broaden the
application of Ga,O,in different fields. In this paper, the progress of rare earth and other elements doped Ga,O, in
recent years are reviewed and the luminescence characteristics of rare earth doped Ga,O, are analyzed. Finally, the
research direction of rare earth doped Ga,O, and p-type Ga,O,are prospected.

Key words materials; semiconductor materials; gallium oxide; ion doping; luminescence; electrical conductivity
OCIS codes 160. 6000; 160. 5690; 160. 6990

| . A R BT 9 B AT A 70 4F [ 17 s AR SR T E
H FIFo I EFRAg HERM S GRARET S,

LA In,O,.ZnO 1 SnO, A 18 £ 1Y 3% ] i 44 1k [ B, H | B3 R Zr 58 B (~8 MV /em) ,

B (TCOS)ELS ™2 F T A B m A P AR s e B A A8 W AT o ok S i 6L v 090 78 300 %6 o 7 R 1R 11
S, Ga,OfE B IEH B FIR(~4.9eV) 0 BidERT . Ga,0 b kI R i B oh R 4 2 7= A —

Wi B, 2021-03-11; f&EHH. 2021-04-09; RABH. 2021-05-08

E®WE: EXRHARESA (61974158, 61306004) VL5 A H A BF 2 54 (BK20191456) JLHE “ + =178 s
(20168765) JL.7 44 WF 58 LEBHIF 5 92 B AB (KYCX19 _2017)

BEIEE: xdwang0416@163. com

1516025-1


https://dx.doi.org/10.3788/LOP202158.1516025
mailto:E-mail:xdwang0416@163.com

£ 58% F 1581/2021 £ 8 H/HNAEXBFEHE

R  ANARAE B BE A AS AL (V,) VRS AL (V) VAU
B (O,) KB BR (Ga) AR BMUE B 24 22 55 . il
Z= ] LA A% Ga,0, 8 L By H 45 14 F ) 34k 2= M
BT,y ORI G s . FHRGE AW BT
ARG BHA B ERE Ga,O, 8 LAY SCHE BT 75 .

Tl A& R PR R RO d 1 S B A, RS 8] A
T BRI Ga,O, Bt fTHE A EENE
Mo B 2 (RE) M &G EEORIE T H 4 /522N H
FERAE, i T 2 B AN 4 F i 52 2 (55°5p") I A
RBE R, B A RO R AR SRR IR
ARk R + 48 2k SR B RS E, 218
BN 7ZaE A H AT & BB 1847 7R A AR
KRR E R RE $B4% Ga,0,/0 & it 2

TE & & Ga,O, 0 B S i M, 3045 T8 & 9 i 1
We FE 5 7 1, B 58N B Ga,0, 8 R AT T R TR
FP R n B2 48 2% . FE R TR 454 T il 45 1 Ga, O,
iR, KREZRMHEARIEn B S B ., BT HEAS
Y HL 3 A% AR, T DL — i o 7R Ga, 0, 48 2
Si.Ge M Sn4E REHEMHE FIBRE, RiEAL
BN g A s B N R S A = A SRR (N - ()
Ga,0, 1 n BB 5], IF HAE R SF 48 20 Wk EENG LT,
AR EE T 55 10 F R C R 98 4%, T LR A5 B s 1 200
TR, B MR KSR H,

R T AR RO R R R Y e R A B A p
RS H AR A pon IR 25 R T AT I AR
Ga,0, 11 p BB 4 Al n AU B J4 b T AR X 28 1 K, —
J5 T Ga,0, 1) n B4R Z2 M 25 5 A% B 5 — H A
R p BB A HV A AR E LA SE B . AT Ga, O, 1 W p
RS B R B R AT 1) 2 A U R R, R

ZIE A RSB 2 2) — RICE B AR 2 2
ELRZWN T n BB AN XT R 53) Ve, /& H R
ME— B 9 3% R T A B BT AR Y fE A
O, oL A SO A5 2 0

PEAE K, B N AR Ga,O, 8 BT L 2 611, OF
A KA SCERBEAT T I8 A X R T8 20 1Y
HH RN A B R 8D o AR SRR T B T B 2R 5T
HE R AFAE B (R AT T A5 R i, LA 2 S T
B GaO MBIt — 2 K. Hnth 7 it$
7% Ga,O, Bl % 7 ik WA B 1 B 2 L B S e i AL
BBALE , SR )5 23R T n BB 2% (4 R DA B A p Y
T H B TROXE , B e R4S A SOTF R I AT 5 7 1) R AT T
R,

2 Ga,O M K 1828

BB ER HBAA B WRE RS,
H B 4B I fE 08 52 A W] i B Y & 58, DT 52
MM B2 RS . THHNAERENAT Ga0,:
RE Wil % 75, BRI A 438 1 #i - Eu Er fI Nd
F Ga,O, 1) f A 7 & S e AL WAL G R T
RE FIH A 2 7 3£48 Ga,0, 1 KL I
2.1 Ga,O,:REMFI&H*

e Ga,O, W 5 AR 1 rp ) 32 227 ik b 0 DT FR
(PLD) &8 A L2 S AV (MOCVD) 43T 3R
HME(MBE) % 75k . BEE ATX T 52PR Ga,0, 85 1
FIAS TG 5K, 4 Ga,0, K B4R PR B0 5 B9 4k B 32
mA . Bl 4K Ga,0, 5 5 i A AR
FEEL (EFG) DGR X L (FZ) 403k (CZ) 55 .
P IR DA B R i A K7 iR HEAT T B LB

F1  ®WHYJILF Ga,0, 0 & ik

Table 1 Several common methods of preparing Ga,O,

Ga,O, type Growth method  Growth temperature /°C Growth rate Impurity content  Crystal quality
PLD 500" 3-4 nm/min @500 C**" High

Thin film MOCVD 650-800"" 3-4 nm/min @700 C" Low —
MBE 650 3-4 nm/min @600 C" Low
EFG 6-15 mm/h"™" Good

, FZ 1793 5-10 mm/h"* — Medium

Single crystal .
Cz 1-2 mm/h"™" Good
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Table 2 Position and symmetry of rare earth ions in gallium

oxide lattice

Rare earth ~ Position Symmetry Reference
Eu [19, 27-28]
Er Gay O, [29]
Nd [30]
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Fig. 2 Below band-gap excitation mechanism of rare earth

ions (Eu*", Er'", and Nd’") in Ga,0,*"
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Table 3 Shallow donor impurities in Ga,O,
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Impurity n/cm™? w/(em*V S E,/meV Reference
Si 1.0X10"-1.7X10% 26-130 15-50 [22, 37-40]
Sn 4.0X10"-1.0x10% 10-100 7.4-60 [36-38, 41-44]
Ge 4.0X10"-1.6x10" 97-111 17.5 [36-37]
Nb 9.5X10"-1.8x10" 30-80 30-150 [15, 45]
Ta 3.6X10"-3.0x10" 50-100 — [46]
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