835 %
2008 4F 12 H

BOE M ot S — P S R
CHINESE JOURNAL OF LASERS o

NEHS: 0258-7025(2008) Supplement2-0311-05

IR E AL HLAE N S5 AR R 22 PRI 55
BhE HAE HEE ARE E 3

CHRA T R 24 ) B 506 LA SR 2 e » AR, AN 350007)

TE A RE R A L& T A AR B 0 S AL AP B, 5 JEE R %o o 10 25 4 L T B R S A e 1Y
o, WA LSS M X SR AT (XRD) R HL 8 (Raman) Y6 REACI A5, 3 W% 50 15 T 77 B 308 CAFMD i,
FJH 43 5606 BE T 42 9 I A8 0l 27 3 99 . IF HL 2R T Forouhi-Bloomer #8158 1 #918 € £ (Drude) H fy H1, - 1 BU AR
SEG BT L 8 S ROk A s B A B R O R B . SRR, AR A SR AL A, M
B F B N HAA L, BEE DR AR R R T URLRG 45 7E — kS, B R R R A B . WA AR
TR HELRES 35 DA B BORE R A8 /0 o )2 3% T ST 3 K i Ay, JBORE 22 [ A 28 BRAS /DN o S BT S 3R B 1 8 o o 44
Ko WHCRBOBN . 350, BEEBIEE A 200 nm 8 0F] 450 nm, GBI 2. 67 eV B/NE] 2. 45 eV,
KW W LU B A BT 45

b E4HES 0484 XHEEFRIRAD A doi: 10.3788/CJL200835s2.0311

Influence of Thickness on the Structural and Optical Properties
of Vanadium Oxide Thin Films

Wu Xiaochun Lai Fachun Lin Limei Qu Yan

(School of Physics and Optoelectronics Technology . Fujian Normal University, Fuzhou , Fujian 350007, China)

Lin Lianghui

Abstract Vanadium oxide films with different thicknesses were deposited on quartz substrates at room temperature
by a thermal evaporation system. The structure and morphology of the vanadium oxide films were investigated by X-
ray diffraction, Raman spectra and atomic force microscopy(AFM) , respectively. Transmittances of the films were
measured by spectrophotometer. Refractive indices, extinction coefficients and band gap of the films were calculated
from all transmittance data. The experimental results show that the structure of the samples is amorphous phase.
The main chemical composition of the films is V,O; and it contains a little of VO, . All pellets on the film surface stick
together, the surface roughness and surface grain size decrease with the thickness increasing. In addition, when the
thickness of the film increases from 200 to 450 nm, the refractive index increases but extinction coefficient
decreases, and the band gap energy decreases from 2.67 eV to 2.45 eV.
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Fig. 1 Raman spectra of vanadium oxide films with

different thicknesses
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Fig. 2 Atomic force microscopy images of vanadium oxide films with different thicknesses
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Table 1 Root mean square surface roughness and average surface grain size of vanadium oxide films

Thickness /nm 200 300 400 450
Root mean square surface roughness /nm 3.7 1.7 1.3 1.2
Average surface grain size /nm 154 123 83 80
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Fig. 3 Measured (dash line) and calculated (solid line)
transmittances of vanadium oxide films with

different thicknesses
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Fig. 4 Refractive indices of vanadium oxide films with
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Fig. 5 Extinction coefficients of vanadium oxide films

with different thicknesses
IR R (o SR EHXR, 7]
PTG R EOR R IR B, AR i i ' 27 i B Al

ML RS TR Z B O R X F E#
AT BREE , B (E) 5T REE (b)) Z
Jf1) 7y 56 7 A

a=A(w —E)"*
Horr A E, h o ISR R v OB 1K 6
HHTHBERE S SHFREMNXRE, JEEN
200 nm W RAFBR N 2. 67 eV, FifiE BRR B 3G 0
Wy S AR RE 7 1M A 5. YR BE Oy 450 nm B,
XY HBR A 2. 45 eV, Singh & 75 F) 7% 15 0%
S A AR AR VL O JERSE It %2 30T 2L 10 45
SR PR S B P R R A S P S 1
VAR VAN 2 G ¥ % <R

1.5
2 200 nm . F
1.2 ¢ 300 nm
’ * 400 nm
o = 450 nm
£09
=
= 0.6
kS
0.3
0.0 il . A
2.0 2.2 24 2.6 2.8 3.0

Photon energy kv /eV

K6 WILRE o 5ASOEFRER v CR ML
Fig. 6 Variation of o* versus photon energy

of vanadium oxide films

4 % 1

K H 23 IGR R TE A Bk e B i A A W) R BE 1Y
SRR, B R AT X B LR AT 8IS BBk
RMEM OL2FE SR, g G 6 ik B oF 58 173
JEE AT 55 2% T G R BORIAR B . SR 25 R WL i A
WA RAEMS, HFEERSH V.0, HHEA
R VO, . IR R TR 3 5 R 2 TR B2
#B/NT 4 nm, JEERE R A VAR, 3R TETREDRS B A URL
T HR /N T B 1 3 S S8 AT T 3 7 a3 B %
I R B A A R A R AT R I, B R Y
s TR P BT B SRR A R O R BRI A R
FE T2 Pl R (%) 38 i 9/, AN 200 nm JE AR Y
2.67 eVIk/NE| 450 nm JEHEAY 2. 45 eV,

& & X #t
1 F. J. Morin. Oxides which show a metal-to-insulator transition
at the neel temperature [J]. Phys. Rev. Lett., 1959, 3(1). 34
~37
2 Wang Hongchen, Yi Xinjian, Chen Sihai ez al.. Preparation of
VO, thin film and study on its optical and electrical properties



LAl

FUNEAE RN ST B I ) R D' S 5 R

315

w

ol

o

7

8

[J]. Chinese J. Lasers, 2003, 30(12): 1107~1110

FERE . SR, BRI 4. S A AR Y ) & B HOL R PE AT
75(J]. " E% &, 2003, 30(12), 1107~1110

Wu Guangming, Wu Yonggang, Ni Xingyuan et al.. Effect of
lithium intercalation on optical absorption of vanadium pentoxide
thin films [J]. Acta Optica Sinica s 1999, 19(5): 640~646
R ROKHL, SR TT A BB T EAX Vo O5 SRR I
wuJ]. e ’, 1999, 19(5); 640~646

Zha Zizong, Wang Qi, Li Xuechun e al.. Expermental study of
response properties of VO, films to TEA CO; laser [J]. Acta
Optica Sinica, 1996, 16(8) . 1173~1176

T, E OB, 2R S VO, WX TEA CO, 06 N 4
PEM SR IF e (1], B SR, 1996, 16(8): 1173~1176

Chen Changhong, Yi Xinjian, Cheng Zuhai et al.. Fabrication of
8-element linear VO uncooled microbolometer IR detector array
[J]). Chinese J. Lasers, 2001, A28(12). 1082~1084

BRr . Z Bk, BALE 5. T VO, W 8- Iu &k HJE % M
DN IR AT O B0 i ) ) A LD ] o Bk, 2001, A28(12).
1082~1084

X. J. Wang, H. D. Li, Y. J. Feiet al.. XRD and Raman study
of vanadium oxide thin films deposited on fused silica substrates
by RF magnetron sputtering [J]. Appl. Surf. Sci. . 2001, 177
(1—2). 8~14

D. H. Kim, H. S. Kwok. Pulsed laser deposition of VO, thin
films [J]. Appl. Phys. Lett., 1994, 65(25); 3188~3190

C. Piccirillo, R. Binions, 1. P. Parkin.

Synthesis and

1

(=)

11

12

13

—
=

characterisation of W-doped VO, by aerosol assisted chemical
vapour deposition [J1. Thin Solid Films, 2008, 516(8): 1992~
1997

R.T. R. Kumar,
Structural properties of V;0Os thin films prepared by vacuum
evaporation [[J]. Mater. Sci. Semicond. Process., 2003, 6 (5-
6): 543~546

A. Cremonesi, D. Bersani, P. P. Lottici et al.. Synthesis and

B. Karunagaran, V. S. Kumar e« al..

structural characterization of mesoporous V;Q; thin films for
electrochromic applications [ J ]. Thin Solid Films, 2006,
515(4): 1500~1505

Fachun Lai, Limei Lin, Rongquan Gai et al.. Determination of
of In;O3: Sn films from
transmittance data [ J]. Thin Solid Films, 2007, 515(18): 7387
~7392

S. H. Lee, H. M. Cheong, M. J.
spectroscopic studies of amorphous vanadium oxide thin films
[J]. Solid State Ionics, 2003, 165(1-4); 111~116

F.C. Lai, L. M.
characteristic of annealed niobium oxide films [J]. Thin Solid
Films, 2005, 488(1-2). 314~320

P. Singh, D. Kaur. Influence of film thickness on texture and

optical constants and thicknesses

Raman

Seong et al..

Li, H. Q. Wang et al.. Optical scattering

electrical and optical properties of room temperature deposited
nanocrystalline V,Os thin films [J]. J. Appl. Phys., 2008,
103(4): 043507



