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Abstract

Vanadium dioxide (VO:) epitaxial films were grown on TiO; (110) substrates with various O:
pressures by pulsed laser deposition using a metal vanadium as target and high-purity O as reac-
tion gas. The growth experiments were carried out at a fixed substrate temperature of 600°C and
different O pressures. X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
UV-visible-near-infrared spectrophotometer (UV-VIS-NIR) and four-probe method were used to
characterize the films. The XRD rocking curve half widths at (011)-plane of the VO, films depo-
sited at various oxygen pressures are all very small, in the range of 0.12° - 0.27°, indicating a very
good out-of-plane atomic ordering of the films. It was revealed that 6.5 Pa was the optimum oxy-
gen pressure for the growth of high-quality VO films, which exhibit a XRD rocking curve half
width as small as 0.116°, the most effective modulation to solar energy in the visible-near-infrared
region, and almost four orders of magnitude change in resistance, i.e., an obvious metal-insulator
transition character at a temperature around 63°C.

Keywords
VO, Film, Metal-Insulator Transition (MIT), Pulsed Laser Deposition (PLD)

MREEN —S U AFRGH, CRMERR
MITHEZE R R IR 5E

Mok B # F R SRA, TER
WL AAPRIRE 275 TREZERE, DUREARIER i) 2 5 N 2408 8 S R SR IR (IR ), e X

EIREE .

XESIH: K, R, 2R, S8, ok, SUREE ST A AL RS R O s AR A MIT AH AR R 1 52 i A
0] MBI, 2018, 8(5): 573-581. DOI: 10.12677/ms.2018.85067


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2018.85067
https://doi.org/10.12677/ms.2018.85067
http://www.hanspub.org

W %

Email: 'yinmei_lu@hubu.edu.cn

Wehs H . 20184Fs HaH; S HEM: 20184Fs5H20H; KA HH: 201845 H28H

HE

A TARFRATKA K EOEUIRE, DERFIEENRMEEN . mARSERNRIME, BB R
AR KEE, 7ETiOz (110)41)E EFI & VO M. FIFAXSEATHN. XLt TRIEI . K-
I R-ELSMETERRA DUHREFRA R AR EIFHR T HRAE KRR VO MRS Bar b
VERE R &R - AR . SKREERERY: NREET S &KV MR (011) FTH X L ATH#%
B R EHMR/N(FE0.12°~0.27 5 ), RYIMENHESMFEIRT; HAEN6.5 Paltf, il &HVO,
B R M LR R/ (0.116°), AIZEHTE BB KRB AR RR. FAREF XA 4N HESR, &
JEMZRREEIL63C, &R-AEERFERE.

XK ia
VO #, &R-AEEMA, B BOtITRE

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

1959 4F Morin [1]R I 4 AH(VO,) BA HIRIR 48250 3 e I <6 J8 AR K g AR AR, HLHAHAZ IR
£ 68°C [2], MimT =i, AMTET B AN TR A SO A K SE AR A A AR IR, A
2D PR B 2= R BT o 7 SRR AR AR S, 3L B RS M I 8 R A 3 AR R S AR S5 R &R A
HRHZRA 4 2 5 MR EI[3] [4]. ZEABURZRT G XA EIIE D A H R K, H AR [T
Ja G R AR AR T 1 o B TR ST R, AR R OG . ZDAMRIIES . R BRI
AR RN ETHES] [6] [7] [8].

SRS VO, (AR RF I BAT R MW 9]. T EA 2RI, ZIER V205 VO, V,0s
LEN, B E KA R A AR S R E R, R OCHZMITEAT VO, R G %, A
T A A EE AT oy S AR DR E RV DURE K2 . S UORNE AT 4 A 2 S AR TR (CVD:
Chemical Vapor Deposition) [10] [111AI#FESAHGIAR[12] [13] [14] [15] (PVD: Physical Vapor Deposition)
Flte AESAIUTRNE R U B W, & TR E AR A A Y FLBE R, (H TR A A i, R
A5G, SRR — 2 2ok, M SAAHTIBA AR TR, M EY. FM
b, IR SIS, SRS S, B EOGHTRA(PLD: Pulsed Laser Deposition)id: RUTARHE Ry, il
IR 5], By RAFRE A AT R L 0 22 4H 43 I A A W D SR 6 2 ) 4% R ¥ e 4 v 2 — .« 7 1993
F Singh [16]%F A& 56 H PLD yA7E R M E A4 Ll T VO, .,

TEARTAES, TALRHBKMEOEDIRNE, PRyl . Tio, A 10ERNRR. maisE <
VE RN, T8 AT R IR E 600°CATYTARR 18] 30 min, 38 oAUk A/l R 51 VO, i, DR
FULTURR SR %o T8 6 45 ) S H 46 J - 246 2 A4 AHZE (MIIT: Meetal-Insulator Transition)fif P ¥ 200 .
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2. S8
2.1. HEEmAIE

S, JATRA PLD J7ik, LAGEHL(V)FEME b i, KA Tio, (110)/E AR, M4l
R 04 (99.999%)E Ay S B SAR, J8 I T A SR R/ Rl % VO, iR . SEG A A (1) 2 45 [ Lambda
Physik 2 &) £E 72 () KrF #E4> T- 0% 24 (COMPEX PRO 205F), %tk KA 248 nm, & 58 0G4% )y 5 Hz,
PO EE RN 420 mI/Pulse. YRR Z AT, B 56H TiO, (110)#H RN E A8 i £ < 900°C
AR /N, DAVE R A RS R PR T B SR TR B A o, A LR R T s T VO, MR AME K SRS,
KA R IRERNER . OB 238 T/KFRAES 15 min, CAEE—D LR P45 HT180
R RS IS [ 5E TR b, R Sr 6 N PLD B4 5 P o [f] 58 BEA A JEE 2 1) O BE BN 55 mm,
FrAEAS S ERIME 4.0 x 107 Pa LR, FRUGINFAAS R 28 AR K AT 7R I Z(600°C), B E @A =4,
BB HLA R 3 AL 5 r/min A 10 r/min FUEEE), JFREOEER DR 30 min. HEAKTEES,
RFEE RS ZE AR H R RGBT R 737118 4.5 Pa. 5.5 Pa. 6.0 Pa. 6.5 Pa. 7.0 Pa.
7.5 Pa, 132 6 MAFEE T A K AR &

2.2. SEEE RN

I KA LB (FE-SEM, %5 =](ZEISS), SIGMA 500) ULl 7 B Wi i, ) 0781 5 1 K29 60 nm;
K FH DY ] 5 X SR AT (HRXRD, D8 discover, Bruker, CuKal, A = 1.540598 A)xi 8 5 (1) 5 4 5 # kAT
I3HT, AR X B 6 HL T RS RS 0 M A (XPS, Escalab 250Xi, Thermo Scientific) e i (1) o #EAT A, %
F UV3600Plus A28 bR W,-11 £ 70 5 1A 0 BT W3 21 AR (13285 26 8 DR B2 R I i A
TR AN PR o A v B AR

3. BREWR
31, TRAER SRS LA

K 1(a)- & 1(b) 2 BRI EE R A K ) VO, I XRD 4= i IR 2 3 & . A2tk K i o] AR Y, 27.44°
H156.64° 73 5I%F BT TiO, (110)4E 11 10)F1(220) E T4 16, 28.2°F1 57.16°43 I e 2 A4 AH M-VO, [11(011)
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Figure 1. The 6-26 scan XRD patterns of VO, films grown at different oxygen pressures: (a) broad-scan; (b) narrow-scan
B 1. TERIEETEK VO, EER 0-20 131 XRD Eli: (a) £EE; (b) FikE
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HI022) [T 06 . HPTAREE N 4.5 Pa IbF, BR AP AIATHHIESS, B B 74044 R-VO, (110)
(AT S I AR M-VO, (011D IRT 16 YIREELE 5.5 Pa 5 6.0 Pa Z [AIN, F& T 4R AIAT TGS, R
HIL T R VO, T IE, R BRI R M-VO, 5, M4UTFAE > 6.5 Pa iy, BT 4fEAM
M-VO, HIfiT 54, 3 EITE 4534 A HBUBET R V,0s (41D)ZR0E, R A &R VO, 4
HIEM V05 o WAEIEEIPTLLE H, MEAEM 5.5 Pa TF&E 3] 7.0 Pa, VO, (011)[HIATHIEMN 28.124°
B AR A BERE BB 27.98°, BLIERI R B2 BT BE A& VAR R T iRy VO, W rh 4 2 b i LRI [17] . B
AHLHE T HE 2dsind = nA (d NATHT S THIEIRE, 6 WANG X WS sf, 28 X H&K, n AT
PBOEFE I DAL E L, XTNT VO, (011)HATHEM 28.124° 828 F] 27.98°, AT AIFEE M 3.1703 A
BEmME) 3.1863 A, WL | Fron. N T WRFUE AT AN B, X AN RI AR N AR VO, FEE KRR 2k
AT, R 2 Frs. B e LUE Y, SeBe 49 31 B ) 4% it 26 2 5 98 AR /IN(FE 0.12°~0.27°
YA ), RO AN E 4T R
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Figure 2. The XRD rocking curves of the (011)-plane of VO, films
[ 2. VO, SERR (011 E K IR Hh 2 E

Table 1. Metal-insulator phase transition temperature and (011)-plane interlayer spacing of VO, films deposited at different
oxygen pressures.

1. FREETEK VO, EENEB-AGAEERRE K 011)5E A @&

DU (Pa) Teheating (C) Te cooling ('C) T (C) (O1 D) HE(A)
45 66.92 64.93 65.93 3.1467
5.5 62.19 57.75 59.97 3.1703
6.0 68.17 64.75 66.46 3.1803
6.5 63.17 62.10 62.35 3.1859
7.0 68.50 65.75 67.13 3.1863
7.5 69.67 66.33 68.00 3.1752
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3.2. MRS EXERRL 5T AR

K3 R T 6.5 Pa. 7.5 Pa FAEKM VO, HER XPS &%, MEHFAICIEH, BT V. O #rik
Ab, EH C RIRFEIESEINE], X2 TR (R R 2, BREA AW 2% 5T W B A L %) 2 T T
B, FTAERMEEP S A SN B R TR,

3.3. TREEXERICF ARG

] 4 FRoR IR AN AR AR KA VO, S 1 0T W21 40 6 1032 59 6 1% P R g S ' ik AH S HUE 7 &5
Blo 14 4(a) I SERARR MR AR EE FAKR VO, MBEEIR IR N 25 Ch &l %, BRI
7E 90°C i (A A& BB K K, HYEE A 400 nm < 4 <2500 nm). BEA A, T 0 5%(400~800
nm), VO, MR SR AVKIR N AR LA, ma T 20406(800~2500 nm), VO, i IRAE i Al
IR FRES R ERA, B VO, MEIEAHR T fEXhE s R AR RBER-. & 40)+F8
BAERE, IR N 25°C, VO, MK Y 2500 nm RIZLAMNG ST KB AR A K, FEARFIEF
T 65%; HIRFEN 90°CHE, VO, XK N 2500 nm [RILL AN 32 it 2 B8 42U R hn Se i8N e K,
£ 7.0 Pa It iAF| i /ME 8%, SIS, VO, MRAEFAZHT 5 X 2500 nm A ZLAP il 2 i i g 22
(AT = Tysoc — Topec) B SRR I N SCHE K5 ok/N, 7€ 7.0 Pa i, FUIAHKAE 60%. T VO, HEBRE §E & 3%
R LS, FOARAR T SR T K BE 1 o R] L (410~800 nm)id ik 2 [ s K R WL -3 41 A0 ik B
(410~2500 nm) R & IE 1 K A HIIR R £ EE . K 4(c) K 4(d) 7 A4 A TAEHI %1 VO, HTE 25°C
FT90°C R K BH S ui o AT WG B 5 AT -1 2L AN BRI BE BB I B T Tool SRS 5 120 22 1) 224
ATysw ATyo KNPBIJGIEFRMEREEIA IS TARYEIR A K [18]:
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Figure 3. The XPS survey spectra of VO, films prepared at 6.5 Pa and 7.5 Pa oxygen pressure
& 3.6.5Pa, 7.5 Pa EETHIEH VO, HIRE XPS £iF
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Figure 4. The visible-near infrared transmittance curves of VO, thin films prepared under different oxygen pressures: (a)
transmittance spectra in the visible near infrared region measured at 25°C and 90°C (i.e., before and after the phase transition
of VO,); (b) transmittance at fixed infrared light wavelength of 2500 nm; (c) transmittance in the visible light region (410 nm

< A1 <780 nm); and (d) transmittance in the visible-near infrared region (410 nm < A < 2500 nm) before and after the phase
transition of VO, thin films

4. TNEIEETHIZEH VO, BRI A WAL LI R IE T Rk B : (a) SEAREIRIR 25°CRISIR 90°'C T (BNHEERT
B)ZI AT LR LT IE ST 2 1E B 5 (b) SEEREHETEIE X EE RS 2500 nm LLFMNERIEIZZR To500 um, 25°C s Tasoo nm, 90°C
REEE ATose0 om; () SEREAEARZTATE X AT TUKER (410~800 nm) N ATET HR Ty 25°C Ths 9O CREEBEA T (d)
SRR E X AT IR LI SMR B (410~2500 nm)SERUIEIL K T, 25°C T, OCREZEBEAT,,

HHEFTR, Hrif T RNAS A KRS 2R, E()E R ILEE (K 4(c))ia FI IR I R B8UE19],
FER] W 2L AN B 4(d))iz HERBHOGIEAR IR E[20]. NIRRT DL AHARHTJE I VO, WX 7] I
FEIE I 2 (1] 4(c)) ¥l 5 A AU e A1 0 506 38 I P /N B Je O3RN, AN 3 AH 8 B i Xt Rl D S R 4 i 5 S
T 4%, HBEES N2 /NO&E . MBS, VO, AR AHAS 7T & X v] W 21 405 BOKBHBE 1)
AT 4(d) VR B, FLUR TR0 B B A U 13 K Se 3 K, 7EEUER N 6.5 Pa A Bl KAE~12%.

3.4. TREEXER MIT 183ERIRA

I DR 200 AN [F) S0 R AR VO, 6 Fe BELBE UL P AR A S 2R o o TR A il i e v FRLBEL AR
AT S I, AR S FrR. M%EM 4.5 PalinE] 6.5 Pa iF, HEASAHAZ AT 5 HBH A DG L 1
MR RBAH KRBT 4 MR R A SUSIREHG RE] 7.5 Pa iy, JFRESGE#TRDN, HEREAN
Ss AT DA R A R AR RE S 2 R AR MUT AR AR B LB T R B o 3 R DR 2 S IR IR, 1l 46
VO, MR HIRZEH B A m N, %5 VO, Mt & V,0s 2841, IX7E XRD 6-20 43 &
R UL e HAZRTIG VO, W F BEL T 5 b 55 ST K BH RE T 4% Bt AU AR A 35 A [R) - 08 i 40 O Y
RAHG RGN, AEAIEN 6.0 Pa~6.5 Pa ik £ K.
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N TR VO, HEE MIT AR, FAD6 AR B Ha B il 263047 7 1o db 2, 25 R 6 iR BEE R
FER3E R, AR I R PG 2 28 00 BT SRR T AR AR BE U, Bl AR AR SOk, R I PR A o i 2
ARV R, THE . BRI FE BB 2R 145 5503 N Topeatings Tecoolings VAR AR IR BE 7, v] fH 20
I 7o = (Toneating T Tecooling)/2 VWHEIE, SiRWZ 1 Pin. ESEIEE 4.5 Pa~7.5 Pa Z[A4L, VO, HE
MIT MR FEAE 60°C~68°CZIAAEAL, 5 VO, M IAHAR IR BE(68°C)Hir o AN IR JTAR S A5 158 st o 47
TEANRIR B AR 23 07, SR 2S00 R DA A0 1 o 6% 1) A AR IR
4. &g

AR TAE B I ik i O DURRYEAE Tio, (110)4 R _EAE K VO, R, B 5T 17 UTR EUE ST VO, IR SE i
JEHRFPE ISR o ST S 2 S AR L A A Y AR, SR T 5 SO R A A R B A T A
JE MIT FrPERIA B . VO, MR A K IR AEEE N 6.5 Pa, M2 4 #BERI01 1) XRD R il
TR 0.116°, UV M2, 5L 3% B B0 T 0GR OK BH B AR VR 42 3501k B e £, T ABEAH AR 115 H RELIR)
TFR AT 4 MEES . JUTREJEAE 5.5 Pa £ 7.0 Pa Z [A)IN), AR B B A MIT 45k, FHA8
TREAE 60°C~68°C A4k, 1K 3 W s o 40 25 Ak 52 T DL R0 5 VO, MIT AHAR IR S .
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Figure 5. The temperature-dependent resistance of VO, films prepared under different oxygen pressures. Solid and
dashed lines represent the heating and cooling processes, respectively
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Figure 6. The temperature-dependent differential resistance of VO, films prepared under different oxygen pressures
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