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(1. VHEER 2 BB, PUI] AT 6100395
2. rpE BB B AR Y BRITSE T LA S R E S S0 %, _E IR 200083
3. WP E BB T DA R R S TREFIT BT 28R AR W) B2 TRRWFST AT, WidT 770k 315201)

WEEALSR-2BAMEHRAN A MAM BT AT LR RN BNAEHTH . AXHE T X FRER
SRl & A A EM RS e, URETRRE T bW R FHME L ENE T 20~100 C
T W -3 4T 4 9 B = E AL S R 9 1R % 2, I H Gaussian . Lorentz A A T H A M T o0y L F W, & 4
Drude 4 & #) 4 3K BT A RHE A &K 5 89 K F 4 M, BT A8 300~1 700 nm 2 8] B9 & R 4t M ok R #E S
#o B IhFE T 1550 nm 205 #O A Gt b L3 KA R R VA, VO, A b B AR B T F 8 12 Wiem®, 40 R BT R
FEH R HS51% BN E] 15%~17% , - 5% % H 69%.
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Study on the optical properties of VO, thin films under varied
temperatures and the protection performance against 1550 nm laser

DUAN Jia-Xin'?*, JIANG Lin’, ZHENG Guo-Bin’, DING Chang-Chun', HUANG Jing-Guo’, LIU Yi’,
GAO Yan—Qingz*, ZHOU Wei*, HUANG Zhi—Mingz*
(1. School of Science, Xihua University, Chengdu 610039, China;
2. Key Laboratory of Infrared Science and Technology, Shanghai Institute of Technical Physics, Chinese Academy
of Sciences, Shanghai 200083, China;

3. Cixi Institute of Biomedical Engineering, Ningbo Institute of Materials Technology and Engineering, Chinese

Academy of Sciences, Ningbo 315201, China)

Abstract: Vanadium dioxide materials, which show semiconductor-metal phase transition, can be used for protection
of photoelectric detectors against laser blinding weapons. The structure, morphology and optical properties of vanadium
dioxide thin films prepared by radio frequency magnetron sputtering at different temperatures were reported. The visible
to infrared ellipsometric parameters of vanadium dioxide film at 20-100 ‘C were measured by an ellipsometer. The opti-
cal properties of vanadium dioxide films before the phase transition were obtained by Gaussian and Lorentz model, and
the optical properties after the phase transition were obtained by adding a Drude model. The refractive index and extinc-
tion coefficient at varied temperatures between 300 nm and 1 700 nm were obtained. The transmittance spectra of 1 550
nm infrared laser at varied power densities show that the threshold power of phase transformation for the VO, film is
about 12 W/cm®, where the transmittance decreases sharply from 51% to 15%-17%, and the switching rate is about
69%.
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Fig. 1

Test diagram, (a) schematic diagram of variable temperature ellipsometric tests for VO, thin film samples; (b) 1 550 nm

transmission testing system for VO, thin film under variable irradiation powers
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Table 1 Diffraction peaks and crystallographic param-

eters
K LK (hk1D) 20/(°) BI(°) D/nm
340 °C Vo, (321) 64.736°  0.902  11.6
380 °C Vo, (321) 64.437°  0.910 9.7
420°C VO (321) 64. 858° 1.00 10.5
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B H R BUEE 6 5 0 ) i A 5 48 R gl AR
B PIAHOG  ARIE T ) VO, B R X AR PR /Y 5
B4 41 4 2589 (Monoclinic rutile) , w* BB AES = T
POKRE , H m*BliE 5 d FUIE 70 &5, W Z 18P i
—0.7 eV WA 15 VO, 2 B 2 SRR
XF T e R AR J5 B DU T 4 2140 4544 (ratile) VO, 44K
M, 0 d LB A PUE R E S 2K e
RA TP Z0] BB A BT — A K
WS, R4S 5 S i, 15 VO, M B 2 3 & )8
PR PR, TR R R AR TR ) R B T, 2 AR AH AR AT
) T B 5t B2 S AR I, 3 A (8 FH Gaussian #5755
Lorentz B35 5 17 K A= AR AR I 04 v J6E 5 90 4 JR PR T,
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Fig. 2 AFM photos and test results, (a) AFM morphology of VO, film prepared by annealing at 380 ‘C; (b) AFM morphology of

VO, film prepared by annealing at 420 “C; (c¢) X-ray diffraction test results at different annealing temperatures, scanning electron

microscope cross-section of thin film sample; (d) test results of four-probe variable temperature resistivity of VO, film prepared by

annealing at 420 C
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Fig. 3 Psi and Delta values, (a-b) Test results of Psi and Delta values at 30 “C and 80 °C; (c-d) test results of Psi and Delta val-

ues under varied temperatures ranging between 20-100 ‘C at a fixed incident degree of 65°
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Fig. 5 Power and transmittance, (a) the pattern of light spots with different powers converged on the sample surface; (b) the
measured laser powers with/without VO, samples at different working currents; (¢) the transmittance values of VO, under different

infrared laser power densities; (d) the transmittance spectra of VO, films before and after the phase transition at 30 °C and 80 °C
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