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Electrical and optical properties of vanadium dioxide
thin film at phase transition
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Abstract: Vanadium oxide thin film was deposited on sapphire by RF magnetron sputtering. The XRD measurement re-
sult shows that the thin film is mainly composed of polycrystalline vanadium dioxide. The resistance of the thin film and
its optical reflectivity at five different wavelengths were measured simultaneously during the semiconductor-metal phase
transition. While both resistance and reflectivity measurements show reproducible hysteresis loops, they have quite dif-
ferent appearance. The optical phase transitions of VO, at different points are almost the same, thus proving that the sam-
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ple is uniform.

Key words: vanadium oxide film, electrical method, optical method, simultaneous measurement, reflectivity

PACS: 71.30.+h, 68.60.-p, 78.20. -e

Ell

il

“HEAMHL(VO, ) THRETE 68 C Rt i K A R4k
ME SRR FEARE R, VO, 5
AR ZE g AR IRLINT Y B R < 1A S5 R 78 DA vl ) Y
T LA G, RIS PR L2 DB AR EEEA R
ARG Bt & A TR AR VO, AR
AR G R, [ B AT U i 18 2 45 T2k Ay
HAHARIRE. X Se 0 53 B 451k, (675 VO, FHRIFER
HOLTFR DLy B BEE 1SS0 IR

IR EHE:2013 - 02 - 25, {&[E H#H:2014 - 05 - 18

[3]

VO, _ER BT R EILTE VO, K k-
S JBARRRRE LI, BTLIRS VO, BAHAR R AT
AEAE R A2, R A S . AT VO, MAE
REREATRAE SR R J7 352 f 07 35, BRI A A
A7 PR i PR L L B I 2 ) A . A B 2 D
FIEPATRAE . HRIXT VO, Se vk R M B 5T
FER R I AT AR AR Y B Y
BB EEE PSRN, FEF R
AR R PR AR T S R AR AL 3 AT LY 5 T AL

[iB=s

Received date; 2013 - 02 - 25, revised date: 2014 - 05 - 18

EETH : FEERMBIZTH (2013CB922304) ; AR #H 4T H (91021022)
Foundation items: Supported by National Basic Research Program of China(2013CB922304), National Natural Science Foundation of China (91021022)

{EE R 4r ( Biography) : 476 (1986-) , B, INARFMA B L4, EENFSEMHH BRI B ERERHTSE. E-mail: mseyang@ semi. ac. en

* @ iL1E& ( Corresponding author) : E-mail; jiyang@ semi. ac. cn



4m B A SRR R TS A PR A F 2 SOt AR 427

SN BR HOETE RS BT R AR A I EE R, RIS
i R ARG 07k BEAT RAE R, A SR 5%
SRRARE S RB B BN ke R —
WA AR 7 P I AR 3.

R FH S5 B 42 T S5 O T A B 0 iR Ll A R
ACARTERR , A X S efin i (XRD) U 1T 9 IR Py 45
RIS B S H EDBRIR RS, LB T
VO, AR HL BELAN AT DL~ 21 A0 e B A R
KT RS R 25 0 &, 8 o A AR AR 2 VO,
TR FAE: i 4 L BEL A FRJ B T 4 B 20 R B R B 3
b, SRBTFE VO, FEIRAE AR i 72 H B B 22 MDE A A AR
itk

1 288

1.1 VO, #EEREH &

S F Alcatel S5 474 42 Wik St 8 A 26 & o] 4% SEL AL
PR, LI ati R ALEE (L 99. 99% ) Ry ISt
U8, USR5 £ A ALO, BN EIE, RKE T
i A b E R A A KSR PRI IRES , LIRS
FACE R 5 . DR B BB R, I E 2 2 2 x
107 Pa, 8 A4 N 99.99% KBS A 99. 99% HIR
S, 5 HWE R RS TAE SR W i A2, Wk
StHESRIEREA 6 x 10 7° Pa, AR R 2% , 2K
TR R =R, TRSTET E] 2 5 min. SARSS , 7E 450 CA
5T HATRIB A PUb B, HA SR EE K 100 nm
L WAL .

1.2 VO, #HRRYHEEENIK

FIF Rigaku D/max 2500v/pc B X FH£R A7 45X
(XRD) 437 HEBRAE 5 1) AR S0 , A5 X St
HZk.

FI A Linkam 2 5] 4 7= 54 i) TMS94 — 600 &35
X, SEBLXT VO, & R 5 IR AR 1k OF 5 B
0.1 °C). &5, A H PHIN 58 i Keithley 23 5] ) 2400
Sourcemeter , ] P v 0] £ 45 2.

16 FH B ¢ JE 2 Fianium 2 5] 9 White laser
SC450 —4 HYBEIEBEOLES , B REME ™ A B KL F7E
450 ~ 1 800 nm E & HE. R T2
o6 R T IE 1 PR RS FEYGE S — 4
EREGEIAT/NAE R O6E , 3TE) — B R
Bt bR GG AL M — B sE , DL SR IRAS R
— PR WBOL. X RGN R i H A, R4 ) D
AR FEANI] Gl o PSR MO K S R AR AR L.
T O R 4 S S AR BT I 4 L L, BV AT A5 3
AR B B EBOE.

L RO R

Bl BEBLRMERS
Fig.1 The system to get monochromatic light from white
laser

FIFH Labview 4 #2844, 7] DL SE AR — AR AR
Tt HRASE i 4 b BEL RIS ) B K T R o S S R B[] 25
. SEE By o] WOk HiE LB By 5 MK
(652 nm.692 nm.735 nm.783 nm.850 nm ) #4177 F
R HE.

2 XWHERSWE

B 2 RAAACPU I RAE i = IR T B9 XRD K45
N 2 ATRUE L BR T 8 AR BT g,
NIV FZ BT iR N2 & A8 VO, BIA TR 5
], X Rl F B A A ALPUR 2 B, s 2
52 VO, , HANZSHIFUET &5 B EL AR .

100 | ALO,

80

VOL(-211)
60 -

VO,(011)

VO,(571)

Intensity/cps

50 60 70
20/(°)

K2 S PR A XRD &
Fig.2 XRD spectra of vanadium oxide thin film

Bl 3 & VO, MR ri BHRE R B i AR e 2. A
it ) FEL ELARL AR R B2 A 3 MR AL, X R
B B2 VO, WA B AR FHBE RS
Ph—JE A AR . Rl AR 3 AT LIE B, VO,
HUZEARAR X 8] E 2 7E 50 ~85 C, e iR E X H A,
T i 7 R il o 7 A e L i £ A T S S [

Kl 4 B R VO, WA S E A R SR
T AR BEIR B B AR AL i £ BT 4 AT LAE
VO, WEELEA RSB T S 5 3R B I B AR AL e 3
AR B FETHR ST, SRR T 50 CHY,



428 405 2 K%K 3%

Resistance/Q
=)

Cooling\ \Heatiﬂg

30 40 50 60 70 80 90 100
Temperature/°C
B3 VO, HEE G B BH—IR B £

Fig.3 Temperature dependence of the resistance of
VO, thin film
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Fig.4 Temperature dependence of the reflectivity of
VO, thin film
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Fig.5 The electrical properties of VO, at phase transition
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Fig.6 The optical properties of VO, thin film at 735 nm at
phase transition
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Fig.7 Reflectivity versus temperature of VO, at differ-
ent positions
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