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Optical properties of VO, nano periodic array

TANG Jia-Yin', LI Yi'?*, SUN Yao', LIU Fei', HAO Ru-Long', WU Zheng-Yi',

JIANG Wei', XU Ting-Ting', CHEN Pei-Zu', FANG Bao-Ying', WANG Xiao-Hua'’, XIAO Han'
(1. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Shanghai Key Laboratory of Modern Optical Systems, Shanghai 200093, China;

3. Department of Computer and Information Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract; The optical properties of VO, nano periodic array were studied in order to obtain low phase
transition temperature and high quality optical material widely used in the field of intelligent window.
Optical properties of VO, nano periodic array at different filling ratios were calculated with finite differ-
ence time domain method, and the best VO, nano periodic array was selected. Vanadium film was de-
posited on the glass substrate by magnetic DC sputtering, then VO, film was formed by annealing under
air condition, and VO, nano periodic array was gained by photolithography and etching technology. Its
microstructure and optical properties were tested by SEM, XRD and XPS as well as spectrophotometer.
The results show that the phase transition temperature of VO, nano periodic array with filling ratio 0. 74
decrease about 25 C and the transmittance has changed 39% between the metallic and semiconducting
states at 1700 nm. VO, nano periodic array exhibits the better optical properties than VO, film before
and after phase transition. It is indicated that the optical properties can be improved through regulating
the structure of VO, nano periodic array.

Key words: VO, , nano periodic array, optical property, thermochromism

PACS: 71.20. Be,78.20. -¢,73.61.

W #& B 8 .2015- 04- 30, f& [0 H #5 :2015- 12- 18 Received date: 2015- 04- 30, revised date: 2015 - 12- 18

EEWA : {58637 111 (2006AA03Z348 ) , B M AL A H ARNIFT E HI0 H (207033 ) , 1 TR 24 R 28 B e RHE OG- (06DZ11415) , |-
T EE & OV SR BB AT H (102294) , 13l 4045 A A 11 % BBt 5

Foundation items : Supported by the National High-Tech Research and Development Program of China (863 Program) (2006AA037348) , Key Program
of Science and Technology Research of Ministry of Education (207033), Key Technologies R&D Program of Shanghai Science and Technology Commis-
sion(06DZ11415) , Key Program of Science and Technology Research of Shanghai Education Commission (102794 ) ,The Shanghai Talent Leading Pro-
gram

{E& 4 (Biography) : JEAET (1991-) , 2o, TERNIA WL A, 2 NFOCHA R S EHFHSE. E-mail : 191713@ 163. com

* i@ fl4£& ( Corresponding author) ; E-mail: optolyclp@ 263. net



228 40 5 2 K P F 35 %

51

i3

VO, HERR = T AH AR L I 5 4y A IR T A AR
I B I 2 2 A AR AL R SR R ZE R DB R 4
Rt 25 Ay DU 7 5t 28 W 1 o AR T 3 o A
P S BT R Y B AR A, BRI B TELL
SN B AR i 9 125 1o AR AR AR K, 78 i] O X
AR AN K. R, 2 T AP 5 i e 2 4, mT L
5 VO, MRS A AR 41T B AR

JAE VO, il IR E A 05 B R (RAE R BE
JS7 7 T 5 996 /2 LR AR (1) 78 R WO XY
B AL, PRUEE N EROL; (2) MAE R , 7R 4L
AP DI EAT R DG X HEBE 5 (3) AR T B2 S
. FEE DT IERRA, AT 20 BUR J5 ok 2
AZ VO, BRI R, —FhEAE 4l 1 VO, Rk
KBRS TR BERAR A IR, (HB 20 & B 3L
VO, 7E2 T R AH 7 A XM RE K, X BE L Y A
T8 5 WA [R) i BOG 1 B RE &, BRIT 2= F 4l 1M
WA T, A s RO R AOLES R T
WS 5 ROy i R AEAR B A LT o
P LRSS ) A5 A, T A AR BT VO, AT
(EL DR AR 235 ) 1 4 o) B2 K, 77 A B A2 4k 22 Y
s R AR SCE AERTTE VO, 94K JH 191 s B 9 AH 722
RGP e, fo G 8 R 7R BE 7 Sk P Y
J7HIEESR

i SR I Sy BR 22 90-3% (FDTD) BE5E 1 AN
ZHH) VO, DR JEIYLA I 56 R , R B %
PSS AR K T A BT Ll & VO, Wi,
PRI 27 i1 4 VO, 94K A 1 5 45 4
FTENTR A A e 2 R

1 BRI EENTE

I AT R 25 30 2 1 P 0o PR SR 22 v 4t 5 7 7R
(LRI AR W VO, 9K SR 9 S R 45 4
FVEM TS5 24 YEE JCHAE R, i &l 1 B, &4
37 o AT DU FL S o B PR GE. [RIRE, B L 03
SR R VO o3 e PR B8 FH 45 0 A N ARG [R) R
PRI ER(E RN 5 2544, R FDTD J7 ik s v] DL 26
S SR S LI A5 220 2 6] B G 3 14 2 A

FEELFA AR AR Z T, VO, 90K T Y A B ) = 4
FDTD BHOCR a0 R BN (v, y,2) A E, (7Y
FLBNGE+ 172,57, k) , A KETZ] ¢ = (n +1/2) At, F
TR v, v,z =N Y Maxwell g 7 FE 4500
O] 75w W R W £ R

Bl 1 th YEE U2 AL VO, AR JE I s FEL
Fig.1 VO, nano periodic array structure composed of YEE
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Fig.2 Simulated reflectance of VO, nano periodic array with
different filling ratios
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Fig.3 Simulated transmittance of VO, nano periodic array
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Fig.4 Simulated transmittance of VO, nano periodic array
with different thickness at filling ratio of 0.7
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with different shape at filling ratio of 0.7 and thickness of 300
nm
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Fig.6 Microscope photo of VO, nano periodic array

3 HREHR

HIH] MiniFlex600 %I X Sf£6 A7 55 (XRD ) 43 #fr 5
Bk i B SRS, S5 2R AN 7 B, TRV %
A BT USRS 0, WA AR 26 23 15 18° 287
43°.56° H B T AT S e, X RO 40 K J) 9 I 5 A v
V0, (100) . (011).(210) . (220) f i i) 77 5, A
(011) 1>~ 4. A PHI 5000C ESCA #Y X HF£k S+
RE T (SO 1 46 1 A ol PEEAT X BTt vl 7~ RE T
S3HT (XPS) S5 ] 8 45 th. XiF IR XPS B e



2 11 FEAERY 25 : ARG R R M G 2 R 231

ATLAE W07 522. 1 eV XTI V 2p,,, AT V L+
4 M ASAED VO, F71E, 10 V 2p,, BE(HA LT 455
REA 515.7 eV, BT VO, 19V 2p,,, 0, 0T LI K
JoT il & 1 B K SRR B AR VO,

K7 VO, 40K R4 XRD &3
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1250 nm of VO, nano periodic array and VO, film
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Fig. 13 Resistivity-temperature curves of VO, nano peri-
odic array and VO, film
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