5 52 &5 1 W P SO > B = N S Vol. 52, No. 1

I

2024 4 1/ JOURNAL OF THE CHINESE CERAMIC SOCIETY January, 2024

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20230250

Pt/Ga,05/Nb:SrTiOs St RLgH1F 1 F 3K 3l Y60 . 2 FHL AR 24

% R ok R AR, & B ARm', HeH F4H5!
(1. WHER R KSR Rl 2 5 TR, Wit BE 4450005 2. HORHH(EH)ARAT, Wt B 445000)

W OE: N T PO A — ARG AR, R KOs I AR ] 4 S B AR T B IR Bl ' I R R R AR R
Pt/Ga,04/Nb:SrTiO; Y LB, WAL T 234F (R ami SpLi] S5 BHASAH LB . 76 0V IR T, 254 B A Pod 1 48 70 ems S A 7/ 7=
60ms/120 ms), WEAE MR BETR 13.4 mA/W (A=250nm). i& B IKA 60 N4 VA T~ P/Ga,O; FEIHITE ] Schottky 45 A FR,
XA TR e . IR, 280k R EURE XML ARAT A, AR B AR e th 2y 10%,  SEEd i A [ £ ik
R TSR 2 BHAS (R P PRI Ve, BB RUF PR 55 AR R o 2844 (10 22 2 BHAR 2008 3 TSRV T 8 TR N 7 [

KA WA SM FULEREE; RAMDEIRL B AR R
PESES: 0469; TM23 THRAREED: A XEHS: 0454-5648(2024)01-0161-09 o
W 4% AR AT 18): 2023-11-06

[ [ A A& R R AN TSR S 2 B0, JET RN [ R Sh BRI 2 A
2035 I HARNELKG T AR SRR e AR HRETT B R E TR NI ELERR T,
EHARGIN TR AT B, BEHEmCS  FHAOE a2 B A se U 65 5 AR, b
Fr R A HE T R A R AU G DRI AT e R B b e B RS
. Gay0; 224k GaN M ZnO 2 Ja B — AU sE 484 WRIZSEARE. @45, NA S FEESNA, £
PSR, BERAL 49eV MEEAR, WINH  PIBNE AR I o2 AR BN AT R A TR AT
T HE %4 s B (200~280nm), [l & BA L F 1 BT GayOs Fa 287 RAR AL 1T 5 n BT
WO fae e, MOETREREM RS R, SEOL p BB, HuiiiEn
R, Ga, 05 FHEARBUPRIER K 2 K FH H e > S R

H 2007 4 H A A H L5 K% Kokubun 258 v GaNt'™ sic™| znOM"| Diamond" 1 SnO,!' 2%
RIE Ga0; Z A E N H B RAMGIRMZELL  MERTL, X Ga,05 25745 H B L /MRN %8
K, BENIME R GOy BRI AT FL kil B B AWM . M SRR i, (H T s 4h
KK, HEBERE SRPRMEREAS RN (2021 ZEREIEARNT SR e BERR, 1K BEERII 24
WEFERTIRD R H, Ga0; JEH B ER/MRIMZEIEN SRS RIEMEMES, MReT7 e A BRI =
VIR EEAE FUAIE Top 10 FARIHTHY . 4 HT, X Ga,0s ). R, Ga,O5 % HIKBHA H E LAMEN 25 W
LAMRIME AR T TAE M TV B, 07 7E R s M S PR i S 7 T 75 253 — DR A AL .
— RYI BB EFFA WG . Yo SRR b4, GaO5 R ERAFErEtem, Hi
M ZSERAER % E B RER R, 5 TEREMN SO MPHREHE T AR WA, Gao &)
R HFAEM NI ERS  BORTRVNITE AN E R8T PYGa03/ITO #A XU : H B BH AR

R H#H: 2023-04-16. BT HI: 2023-06-01. Received date: 2023-04-16.  Revised date: 2023-06-01.
RETH: b ERREI4(2022CFBT758); WIHALE BB ITHENA T First author: ZHANG Teng (1987-), male, Ph.D., Experimentalist.
H(Q20211906); 1k R K55 4 RHH 15 H (MY2018Q020); E-mail: hbmyzt@hbmzu.edu.cn
Bt M N A I H (D20220066) 5 E K H 2R R 4 Correspondent author: Y1 Jingiao (1979-), male, Ph.D., Professor.
(11964009). E-mail: 2014017@hbmzu.edu.cn

HfEH: K987, B, WL, ST,
WEEE: BEWE1979—), %, WL, #ig.



. 162 - CRERR Sh2230)

J Chin Ceram Soc, 2024, 52(1): 161-169

2024 4F

H A5 AL 1) 47 U1 &85 Ay B 2 A3 1 HU BTG B 3T PR SE 8 5] S
Pt/Ga,O; Ft1f Schottky #2248 4. AT 1IE K H Ti B
W5 Ga,O; TE UK A EEfil, R I Ti/Ga,05/1TO 214
B XU BHAR R, N2 8 1 I B AR %08 5k
T Ti/GayO5 ST IS JF R N 2T A [F]
(RIS PESEF, Aoki 2l VR 3% S e 45 W0 0y 21
A TFAE PYGayO5 FHiM AL W] & H R AEFIKEL,
ST Ga B AWM. KL, AT EE
TR Bl B AR Ak N (YR . Wang 2517V B
Au/Ga,03/Nb:SrTiOs/Au  #54 H A8 FEL 7 17 v BHL A& 4%
AR 2 B SIS, Fi 2R (R 0OR 1 FH AR
Wb 3 s VA Y DS S/ IO Ei BT NE )
4k, Guo Z" I IT T P/Ga,O5/Pt i :11) HL B AR
TN, BT GaO; MEATMIIREAR, 2RI
AT I BHARAT o B P BEL AR R 1 4 R A
17T FELAH 22 [T AN T 2L, T OUR 14 B AR AT A
NREA AT 5] PY/Gay05 ST FER Z 8. 7]
W, ZEREEER . AR R R % T 25 H R
e, FHEHIT N EMEZ R AMTX Ga,05 BHAR
B A S0 M AR R, BRI LR it —
A BT .

25 LATIR, GayO5 -S4 M B 5 (1 e o
BHARRENE, A7 BN T B B — R R R 2k
HIHAS g . BT ULE R, A TAER KOG TR
242K (400) 8 T B ) Ga,O5 TR, AE TS 1)
REEM . TSR, 3R B A % PYGa0y/
Nb:SrTiO; £5 M A A @b as ik 1.2, L
WITE [F) — 234 S B i R R A e ) RN AR e (1 PR AR
FEPE, IRNBIF LA 1 E OK BN 58 0 e B A 1 A
FURHARAT R, FRHE 7N A A ' 8 S AR 2508 (1 4 3
B, AR —1R Gay05 3£ ThEEE AR AH 44t
Hig g SAH ARSI,

1.1 EESHRMHE

K FH ik 80 U R (PLD) 77 V5 2E (100) i T X 173
1) 0.7% Nd:SrTiO3;(NSTO) 4 &k LA K Ga, 0 HfE,
FIT FH SR % 5 [T AR 1 I 1) 26 GapO5 B & HEH
NSTO #: 5 tH& ERH A BHE AR A PR 2 7] 47 (R
~F: 5.0mmx5.0mmx0.5 mm). {EH#ETIAZ /T, 456
X e B REAA BEAT B2 3 min DAVE FR RIS Y
Yo WEIEUIRRZEAE: BP0t RER 300 mJ, O, %>
JE 3.0 Pa, #JEIRE 650 C, HEHFHER S t/min,
FE E #5338 10 v/min, BKAEOESIE 5 Hz, P

i 18] 30 min. 72 il % 5 5 &2 Ga,0; R 1 2 Al 2 1,
B — P B4 8 H AR /GayO/ I FLIR = BHVA S5 1 2%
fFo T, FIFHBERUEIEESETE Ga0; MK
T A Pt 4 AR HARAE g s A 1 00 P R (4 e A
AR T AL S 200 umx200 um), BEJE#4)8 In
FLAEIEHAE NSTO AR IR k. -
& Pt &)@ H I % T 2260 9 : BRI 100 W,
TAFSJE 1.5Pa, Ar it 10 mL/min, 415 E %% 10 t/min,
TS T ] 60 50
1.2 MERERAE RN

FI 15 [ Bruker A w477 D8 Discover B4 5
I3 HEVY B F X ZRATHU(XRD) X Ga,O5 R
HHATEEIRAE, 20 5RE 20 FAFEAT o AP Rh
SR RS A R RAER
Thermo Fisher A &) 4= =[] Escalab 250Xi #Y X i 2%
JEHL T REREAU(XPS) T GayO5 B A KT T 2 Bk
SER, B ER ALK K BHIE X 20T
HEE: 1486.6 eV), H X B ETL N
100 um; A FH#EE ZEISS /A &4/ [1) Sigma 500 %!
Yy RS o1 B (FE-SEM) S 6 £ 78 1) 22 1
FERIESUFAE, M85 0.8 nm@]15 kV, T
KAEHG: 10~100 Jif%5. RS & B FI A & A4
(1) Keithley 2635 B 7% . RIIFRAR ERHHEAR
AFVEFIREN 6 BB RE F S i Sk
LYEREMNA R G, MARBAEN LV Bk 20
PHAS . PREFFNPUI S 5. T LR Sk
PEREMNR R, FIFHIRYITE S BHARHE B B R A =
A= 1) SDG830 B 75 5 K AR 43 DR 5] 255 nm R 4R
ARG AR (LED) IR, W28 14 1 B[R] — FL 3T
KA, R EL 8 AT Omni-A3027
RUBRAC, 150 W IUTJ6UR . Brisids . MBI
N 1)) NG R e B e N 7 1 AN
LA WAL . PRI SR . DR el e B 2
T, A ARIE Si AR R HE N SRR T %,

2 #ER54%

2.1 Ga,O; EIRMIZEM. B KSR

K] 1a T/ A Ga,O5 WA i 1) XRD WA S5 2R
M 6~26 3G T LUE B B 1 AT ERATE I, {UAE 20
N 29.8° Kt WL 8Z 5] Ga, 05 (400) 5 T f7 51 o 38T
FARE R A (400) & T 48 12 1Ml 28 1 5 98 (FWHM) 2 N
1.78°, X HEibr#fE JCPDS &/ (JCPDS 41-1103) 7] %1,
A K1) Gay O A B AH . HE— 2B I & E AR Y XPS
PELA TR TR PAC 1s (455 HE~284.5 eV)



5285 1

ik 5 ZF: Pt/GayOy/Nb:SrTiO; )it L S K E SRSl i B K BH AR RN < 163 -

HEAT YR A 5 15 3 A R0 A 16 FroR,
R Ga FI O B fh T ER DA G B A UG R I
HIL, RAKIEBE vaiF. B 10 N EEES
H T % Ga,03 T O 1s 1975570 9 XPS $HIE 1,
FIF Gauss L4 K B3R B HREAE I 43 g kST
1) 3 Ny, diGRefi B AT 1) ~530.5 eV
(O, HIERH 1) OF Taik; 2) ~531.0eV (Oy), K

Narrow scan Rocking curve

Intensity
Intensity

1.78°

12 14 16 18
/(%)

29.0 29.5 30.0 30.5
20/(°)

Intensity

NSTO (100)
Ga,0; (400)
NSTO (002)

NSTO (300)

{ NSTO (200)

|
(=]

20 30 40 50 60 80
20/(°)
(a) XRD patterns

TAARLEE; 3)~532.2eV (On), FHE SEEELmE
fl—OH WP A 3B, @it bl E 45 BN, WEoR
Ga,O3 A KIS R O JRFidk . TEAR O 23 fr ik
M. dEId T B — D RAE T R R IS
FRAE S SRS . I 1e AT 1d 7T I, A K Ga,05
T R /NORL R SR TP, IR L)
N 174 nm.

+ Raw data O ls
0,~530.5 eV N
2 [mmo,~531.0ev &
2 MmO, ~532.2 eV ‘; o
Q =
= Ol&
- <
]
> . . . .
‘3 526 528 530 532 534 536
§ Binding energy/eV
=
g =
N 31 o 5
<
® 2 & © o
<
598
0 200 400 600 800 1000 1200

Binding energy/eV

(b) XPS spectra

(¢) Surface FE-SEM image

(d) Cross-sectional FE-SEM image

Bl 1 Ga,0, HIEFE K XRD . XPS i /% FE-SEM & H

Fig. 1

2.2 GaO; BRIt i 451

K 2a N Pt/Ga,03/NSTO/In $31FAERE A1 255 nm
LHMEHR R VR 2R, BE PONIERR. Inh
i, BUEAM ERA SN AN IE . AT LA
F, RIS A B N TR
& & Pt G Ga O - AR e R 8, 33—
A PUGayO5/Pt #4411 Rt . 4] 2b TR,
Pt/Ga,O; ST Schottky $fi. Hidr, 1E. fk
JEIX A e A XK, X FTREH T Ga,05 W AR
AEAE o3 (F) SE U B BRI B, AN [ (19 3R T 2 5 B0 4k
ANFIALE ) PUGayOs I fil 35 227 A 75 5t

X-ray diffraction (XRD) patterns. XPS spectra and FE-SEM images of samples Ga,05 film sample

Je A B A PEAG A8 A R R R A S S
—, HERE SON AL NI 6 D577 A2 1% s
o FERFEASHIK TS, SR R, ATk A

R, =(Ilight _Idark)/PZ. ) (1)
Hr: PoANSHEThRERE:, S AAEBOCRER;
Biight P Lgarc 73 2SRRGB . /£ 0 V
fJETR, RIS Pt/Gay,03/NSTO/In 45K 23 1F AN
NS A e S B2 S 1% h 28 1] 3a B B AT
AR R, 2N B B A B m e SR, WEAE
JEHE N FE A 13.4 mA/W (A=250nm). M & 3a Frid)E
(MRS 1 T LA 31 NSTO 7828 4h il B A B8 1)



. 164 - CRERR Sh2230)

J Chin Ceram Soc, 2024, 52(1): 161-169

2024 4F

MRS, ARHE Tauc VA U6 2R HEAT LRI AMER, AT 0
Aob SRR ML A T2 360 nm B . [RIE, St 57 i
2 rp PR T 12 DX PRI R O i B T R T
NSTO X EEAMERIRIAE T o 25 {5 F& B0k e 7 A1
TR IR, 23PFIERIIZE D* (BAAL: em HZ"/W,

W Jones) A] Fox A (2)P .
D*=R,/ (ZeJd)”z

H: Jy NEEHIRERE; e NHETHM. KGR
e ) 7 987 Ko 2 (R4 22 1.49% 10" Jones.
BE—20 o s A roem AL, IX BLIA A
H 4R In 524 )8 2 NSTO F i . s Wi,
WA FE In/NSTO S FI520A . Pty Ga,O3 Al NSTO
(I BB 5N 5.65. 4.00 eV 1 4.00 eVI27, 15

)  BEMAMRETE SR ERWE 3b Fin. &R Pt 5
2.0 6
—m— Dark
—eo— Light (=255 nm) d
1.5+ dq 3+
4
[ ]
E s 2
:‘é 1.0 .: § ok
3 3

0.5

0.0
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 _~1.5 -1.0 =05 0.0 0.5 1.0 1.5
Voltage/V Voltage/V
(a) I-V curve of Pt/Ga,03/NSTO/In (b) I~V curve of Pt/Ga,Os/Pt
B2 ARG AT -V R 2
Fig.2 Current—voltage (I-V) curve of different devices
3 15 1 1.0 £
®?
n ™ i p——
h Y‘.t \. ‘ﬂ\ = 0.8 .
ool 75, U?,F' ol !1. _103 lE ¥
) 1 < ] in
R ~ |
z 1 Q ~ R
% ! .y ? S
N IR Z 104 2 \ !
~ 1P g ---o-- Absorbance "3 é 1 E,
: N&,%, \'\ov.o( - - - Responsivity ou:) o2 1
f‘ r ’}h‘ a‘ -a--p, :
h {T‘Q—’b( ®o _ :
L] . S O AT I 0 10.0
200 300 400 500 600 ’ Pt Ga,0; NSTO
Wavelength/nm
(a) Responsivity, P, and absorbance vs. wavelength (b) Schematic energy band diagram
12
1.0 F %
=255 nm Bias=0 V
08 r UV on UV off
8
E <06F
5 E
5 g
= =
O S04k
U B
4
021 7=60 ms =120 ms
0 () L
0 200 400 600 800 1000 0 5 10
t/s t/s

(c) Time-dependent photoresponse for multicycles (d) Normalized photoresponse curve
P; is power density of the incident light; E. is conduction-band minimum; Ef is the Fermi level; Ei, is internal electric field; E, is valence-band maximum; zis
rise time; 7y is decay time.

3 Pt/Ga,Oy/NSTO/In gt RGN ey 1] R I 1] i 17 p 2
Fig. 3 Spectral response, energy band diagram and time-dependent photoresponse of the Pt/Ga,0;/NSTO/In device
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Table 1 Comparison with the photoresponse of Ga,0;-based Schottky junction devices reported in literature (measured at

0V bias)
Device structure Tgark/nA Ligh/nA Responsivity/(mA'Wl) Detectivity/(lOlo Jones) T/7y Reference
Au/Ga03 0.18 2.700 1.28 17.70 0.035/0.08 s [30]
Ti/Ga,O3/NSTO 0.42 8.600 2.60 0.215/0.07 s [31]
Ni/Au/Ga,03/A1,05 1.40 1.10s/0.30s [32]
Ti/Ga,03/Ni 1.32x107> 0.73 3.35 0.505s/1.67 s [33]
Ti/Ga,05/Pt 1.00x10™ 0.072 0.16 0.505/0.50s [34]
Pt/Ga,03/NSTO 0.01 9.100 13.40 14.90 0.06s/0.12 s This work

Laark is dark current; gy is light current.
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Resistive switching characteristic, variation of resistance with pulsed voltage, multi-level resistive switching and time
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Extended Abstract

Introduction Ga,0; is an ultra-wide bandgap semiconductor, which has a direct bandgap of 4.9 eV. Also, it has the superior
thermodynamic and chemical stability, making it suitable for the development of deep ultraviolet optoelectronic devices. Ga,O;
exhibits the superior photosensitive and resistive properties, which has a promising application in sensor-memory integrated
optoelectronic devices. In this paper, the crystal structure, composition, and morphology of the Ga,O; thin film grown via pulsed laser
deposition (PLD) was discussed, and then an optoelectronic device with Pt/Ga,O3/NSTO/In structure was designed and constructed.
The physical mechanism of the Ga,0;-based device was investigated. The device process was optimized to achieve both high
sensitivity ultraviolet photo-response and stable resistive switching characteristics. This work can provide theoretical guidance and
technical support for the development of novel Ga,0;-based multifunctional optoelectronic devices.

Methods Ga,0; thin films were grown on (100) Nd: SrTiO; (NSTO) substrates by the PLD method. The target material used was a
pure Ga,0; ceramic target prepared by a solid-state method. Before thin film deposition, the ceramic target was pre-ablated for 3 min
to remove surface contaminants. The film deposition was performed at pulse laser energy of 300 mJ, O, partial pressure of 3.0 Pa, and
substrate temperature of 650 ‘C. The target rotation speed was 5 r/min, the substrate rotation speed was 10 r/min, the pulse laser
frequency was 5 Hz, and the deposition time was 30 min. Based on the deposited Ga,O; thin films, a device with
metal/Ga,0s/electrode sandwich structure was further constructed. At room temperature, Pt metal dot electrodes were fabricated on
the surface of Ga,0j; thin films by a DC magnetron sputtering method as a top electrode of the device, and then weld the metal indium
(In) directly onto the back of the NSTO substrate as a bottom contact electrode. The above Pt metal electrode preparation process was
run at DC source power of 100 W, working pressure of 1.5 Pa, Ar flow rate of 10 mL/min, substrate rotation of 10 r/min, and
sputtering time of 60 s.

The structure of Ga,0O; thin films was characterized by a model D8 Discover type high-resolution four circle single crystal X-ray
diffractometer. The elemental composition of Ga,O3 thin film material was analyzed by a model Escalab 250Xi X-ray photoelectron
spectroscope. The surface and cross-sectional morphology of the films was characterized by a model Sigma 500 field emission
scanning electron microscope. A semiconductor electrical performance testing system was constructed by a model Keithley 2635
digital source meter, probe station, and electromagnetic shielding dark box, to examine the /—V scanning loop, multi-level resistive
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state, retention, and fatigue resistance characteristics of the device. A 255 nm LED light source was driven by a digital signal
generator to test the time-dependent UV photoresponse characteristics. A Omni-A 3027 setup consisting of monochromator, 150 W
xenon lamp light source, chopper, collimating light converter, and phase-locked amplifier, was utilized to measure the dark current,
spectral response, UV-visible suppression ratio, and detectivity of the photodetector.

Results and discussion The deposited B-Ga,O; film with small particles and a flat and dense surface exhibits (004) plane
preferential orientation. The Pt/Ga,O3/NSTO/In device with both fast self-driven ultraviolet photoresponse and stable resistive
switching characteristics was fabricated. Under illumination, the photocurrent of the device rapidly increases to its maximum value
and then gradually decreases to a steady state possibly due to the reduction in the Schottky junction built-in electric field caused by
the injection of photogenerated carriers into the barrier region. The self-driven photoresponse is attributed to the efficient separation
of photo-generated carriers by a built-in electric field formed at the Pt/Ga,0Oj; interface. On the other side, the device exhibits a stable
bipolar resistive switching behavior. Alternating —5 V and +3 V pulse voltages with a 10 ms pulse width results in a resistive
switching ratio of nearly 10*. A rapid switching between multi-level resistance states occurs at different pulse voltages. The intrinsic
oxygen vacancy defect in Ga,O; thin film as the trap center dominates the capture/release process of charge carriers, thereby
maintaining the resistance state. Changing the pulse voltage can control the amount of electron injection, thus affecting the height of
the interface barrier, which can explain the multi-level resistive characteristics of the device. The resistance state shows a good
retention, and there is no significant degradation within 10* s, showing the nonvolatile characteristics. In addition, the device also
exhibits stable and fast switching characteristics after multiple repeats, indicating potential applications in memory devices. The
mechanism of resistive switching effect can be attributed to the interface type resistance mechanism. The variation of the Schottky
barrier caused by external electrical injection and the carrier trapping/detrapping process caused by the oxygen vacancy defect trap
center jointly determine the resistive switching effect.

Conclusions The fabricated device had a fast UV photoresponse (7/7;=60 ms/120 ms) with a peak responsivity of 13.4 mA/W and
1.49x10" Jones (A=250 nm) at 0 V bias. According to the analysis, the Schottky contact formed at the Pt/Ga,O; interface resulted in a
fast self-driven photoresponse at 0 V bias. In addition, the fabricated device also exhibited a stable bipolar resistive switching
behavior with a high/low resistance ratio of 10*. The fast switching between multiple resistance state was achieved with the superior
anti-fatigue and retention characteristics at different pulse voltages. The external electric field and oxygen-vacancy trap centers was
considered as the main origin of resistive switching effect in Ga,O3-based optoelectronic device.

Keywords wide-bandgap semiconductors; gallium oxide thin film; ultra-violet photoresponse; resistive switching effect



