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Abstract

Optical Properties of VO, Thin Film

Influence of Rapid Thermal Process Conditions on Electrical and
Hou Shunbao Hu Ming Li Zhijun”®

Liang Jiran Chen Tao

(School of Electronics and Information Engineering, Tianjin University, Tianjin 300072, China)

Vanadium dioxide (VO,) samples are deposited by reactive magnetron sputter. And then a series of rapid
thermal process (RTP) conditions: 500 C /10 s.500 ‘C /15 s and 500 ‘C /20 s are employed to treat the samples. In

60 C.

the temperature cycle 20 C ~80 C, electrical and optical properties of VO, thin film are measured by four-probe
amplitudes of sample treated by 500 ‘C /10 s are larger than the other two samples. In fact, the transition amplitude

meter and terahertz time-domain spectroscopy (THz-TDS) technology, respectively. It is observed that the electrical

phase transition can reach up to more than two orders of magnitude and maximal change of the THz transmission is
OCIS codes

57.9% before and after semiconductor-metal phase transition. Moreover, both electrical and optical phase transition
same among the different samples.
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does not change any more when the RTP time reaches about 15 s. The phase transition temperature is almost the
Key words

310.6845; 310.6860; 310.6870

But the electrical phase transitions temperature is lower than the optical
=]

transitions temperature. Electrical transition temperature is about 56 C and optical transition temperature is nearly

thin films; vanadium dioxide; rapid thermal process; terahertz modulation; phase transition

TAAPLCVO,) 2 —Fh AR A R AE Il

14 A 33 4 AL
FREE T.=68 C,VO, ] &4 4 @ fl2p 3K Z 1]

XA AS B A & VO, SR g5 &
SR ARIE T . VO, 2 A 8RR 44 a4
o B 2 S AR 5 e T B A28 S BT DU A 40 A A5 Y
i A 2011-08-16; WEIfEMFm A : 2011-10-19
ESTHE: KN 5l B mr i £ A BF 78 371 R & 4590 B (08JCZDIC17500) HE M FH¥E R E M LB E RS
(2010KFBOOL) I % 7 ¥ 87 20U 3% 42 (20100032120029) ¥ Bl 48
EE B A : S5 fR (1981
SUmE N W
E-mail: huming@ tju. edu. enGE{EBE R )

)W AT AR, 32 T AR A R 5 T A BESE . E-mail: hhssbb@eyou. com
B (1951 & BF5E 61 A8 A S0 . 3558 A 2R SRR R e 254445 07 T I BF 5T

0107002-1



i &

# ot

SIEAHY L VO, W RAE A AR RS L2 O DA
il 2 A5 1 I e A R AR A S 3k (8B R £ AR
TPt B RE 1 A IF 56 1 BEAE T RE A RS 7
S A B R T, VO, BRI A 5 TR 4 1
Ao AR A N 18 B AR 48 21 A1 S 3 B R
FTARFERET VO, XL 4N B 1 i3 5 % . 15
FESRILN T VO, 8 B XA [F] 3K 1 20 20 6 A A T
TR VR . 30 JLAT Bl 25 X6 K 8 2% (T Hz) 3 BEF 5%
A E— LR At 3 1 N AR AE B 5 R E T
THz i /)£ Ff i i 25 R . THz i B2 o i I
EANGE N YN S O 32 8 R R ¢ &8
BEFR g W 2 K U Bl 2 oK AR Y [ A 0. 1~
10 THz. SR THz 3 BRI A0 TF 56 8 I 18 il 45
AR T oy BEZ A F THz A 5B AR 1 &
JRARXTHGT G o T2 S R T 4 s [ AR AR R
VO, #kx THz 3 i 5 7 B 82 98 61 47E H T 47
He bl £ A R . 2006 4F, Jepsen ZEM F) Y K ik 2%
Bf 3 A 3 (THZ-TDS)YWF 58 T VO, 38 I 1 PSR A8
Rtk

tFHR VO, fEZ AL G55 5 & A Wi 4,
R —H VO, i 58 BT 5 P 55 4T 1 9 1 LA o il
X—AFEE ., & VO, MR T R Es
W S i LS AR R R A TR A D Rk v ok
DURREL (PLD) 8810 — il B F A 28 #1111y
VO, RS SRR A HE 1 B HA BB AR
B AR UL AR B A K ok AR o o A IS AT L VO,
I H AR B 07 vk 22 o R RUAUR KA K s IR
Ko ASCR R PR BAb BECRTP) 32 % 3% 5 1 4 19
VO, #ESEAT/E A H, B NS VO, e ok B
TR 5T RO B e b e R P AR L 1 AR 3
55 LA W E B AR AL B 7 A B RTP 7 i 4 oK Hl
i T I T 2R, B TR IR R ORI
(i) 57 S8 A s — PRy B o T L S A AL B R
RTP J5 35 AL RE 5 A5 4 i e 28 8 JE 1) 45 IR 25, ot
EN:E i G N TR A R T N R Sy NI T
JERFT X VO, IR T 2T T — &
) S0y, E S5 v R B 500 C R AH A5 g R A [ B
L N IPND O 7 S % W = R AN P i v
500 CoR A [a] PR FiAb B[] %] VO, R
S AR R 5 T DA R RS T Hiz 3 1 T 7

2 5L 55
S 3 >R FH B I 4 G S v o] B AR Ak AT R TR
S S S DPS- 1T 7Y 8 iy 5 25 0 1 1 45 DK S 0 JE AL

P4 & L O 4 80 99. 95 %) 1 S8 6, 4t i Sk fik
(100) . FHARMER VE T8 X S b 4735 Uk » L T )5 ik
NI 15 & v o B IR A IR B2 BE Al B 2. 5 X
107" Pa, W 55 b 2 43 00 9 A0 10 St 198 50 4 o 0% 555
BFiE A Ar SIS 10 min [ A R . 26 76K
A rb R I 8 A AR Ar (R ER 2% 99. 99 %) FiI
FRE S AR O, CFR AR 2 %% 99. 99%) ., Wi i 43 3
48 scemfl 1. 2 scem(scem: b5 EZ FH 4843 s 3 8
W AR 2 2.0 Pa, P ST TR S0 AL M . I S 1)
[B] 25 15 min, JHJE 2] 80 nm,

K il £ 52 ) S A0 B A 5 43 Ol DU A O G 5
S0.S1.S2 Ml S3, SO K & A 17 $ kb 3 5 S1.S2 I
S3 FE ik 1500 C Rk F Ak B, 440 35108 IR 15 [1] 43
B2 10,15,20 s, F255 R ] AG610 B e 3 Huab 21
W RIERE B 2 C . A PR R T I R
50 C/s AR LUEF AR ER 99. 997011 N, fEfR
Pk, THE AR EE N, i 3 slpm., BRI
Witk 10 slpmCslpm: ARIETHEE 1)

# 1 X JER7 5HL (D/MAX 2500) /)8 £ JiE 458 5t
I RE L X OB S (XRD) |8 1% 5 9 F R 7 ) 5
B (AFMD WL E AT R mIE . £ 20 C ~
80 C i J& Y 1B P, AR P DU R 2 T e BEL 00 3 £S030 k
TR i v L i 3R AR AR R AE AN B THz-TDS # AR
WLEE T AR SO THz 0038 5%, I, 5L R 4R
TR REREERS 0.1 C,

3 SLImEE R 5T
3.1 BEREEZBRESTSITE

LAV T A RS XGRS g . B
R DL B B Y A SO SR A TS
AT, FEAY S1.S2 F1 S3 4Pk b B L By
FE20=27. 84° B T B R AT G W, 38 5 bR i
XRD R xf 08 & B, sb Ak oy R & 240 A 454 VO,
O1DL) dwy I T 5 . 53 AMAE 260 fA Dl 37. 12°F1 55. 66°
A BT AT S 3k R Ak 43 S Sy TR AR EL A B R 4
AR VO, (—211D) il VO, (220), Mg |-
B OLD) &1 [ VO, W6 58 55 38 o A 777 S 08 58 85 5
ARAK, BT AE 500 CHRrEiB Kk 10,15.20 s LT,
WSS RO R FLR B T R A i B O Bk
FEPE AL I 10 s F1 15 s B 0] LUF 3] XRD & &
FEEAR 59 B FLAAN 25 VO, 77 5 06 (H 4 4 f2b 311 fisf i)
IKF) 20 s BF, A A AT 55 08 AR G KRR -
it 3 4b VO, fif i,

WG Debye-Scherrer /A8 F ik 3 Ff ffy Bl

0107002-2



JE MRS - R AR b BT 4 S VO, B A A 2

= S0
A et R
E —
§ = S1 N
g ] [\
2z -
2 I 52 S
3 | [N]
=
= —
> = S3 S
J L
20 30 40 50 60
26 /(°)

B RE S X R i
Fig. 1 XRD spectra of all the samples
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Table 1 Comparison of grain size of different samples at

three 20 positions in XRD spectra

Sample 20=27.84° 20=37.12° 20=55.66°
S1(500 C/10 s) 28.2 32.9 34.4
S2(500 C/15 s) 31.7 29.9 40.9
S3(500 C /20 s) 38.9 53.6 45.3
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Fig. 2 AFM 2D plot of sample S1,S2 and S3 on the different RTP conditions
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