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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-Qing”, ZHOU Wei®, HUANG Zhi-Ming™
(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

testing system for VO, thin film under variable irradiation powers

A5 &2 (a=b) R AN [F) i AR R BE il 48 VO, 1 B 1Y
AFM B R o BRI E M /R T RE S AE 2 um? (/N
PR REIE S . W E R A R R K B A
VO, IR EBH NS, AR R, R
Y07 HROALAE B (Ra) B DU 45 SR W, 380 “C il 2k
b B ) AR SR TRDHLRE 254 0. 219 nm, 1 420 C J iR
2K A B FRE 7 2% THDHLRS B2 4 0. 621 nm, B K TR
B IX AT RE R TR R B T S ok A R
HaR AT 51 . A T S I A R A W S T
FECARE S A PR RE A 1] 2 (e ) BT s, Fl R T 2600 S A
B JE B 49 R 50~60 nm, iR J5- B 7E i 224 Ot 0340
At . ZRORIRER JOREETT /9 X S AT
ERANE 2 () Fras , B AT AT, A [A) s R KO 2 T
il 285 1) VO, R S T B4 2141 4544 (Mono-
clinic rutile) VO, (M) [ 45 ff | 24 5 1R R E LT
420 “C (340 °C 1380 °C) Hif, i 5 45 /i 06 AH X6 B 7%
5. MR JCPDF K R He x5 A, ml AT 3% 7F 20 =
38.978° .44. 014" 64. 466° F178. 503° 43 5l %} i VO,
FI(T12) (121).(321)F(404) 5, #FA L
R CHF A FTETE 20 = 41. 8° b 4 (2,0,5) &
1o X FRBIIRATE o A KA 5 5 1B KA T
B, R4S T2 SRR ST 10 nm BEZLH) VO,
T R S AT S NS A SRR S TR 1
B 2(d) gt T U 722 ik A BEL A 3 5 3 45

xR1 {THEMERESH

Table 1 Diffraction peaks and crystallographic param-

eters
K Wit (hED) 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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(a) Schematic diagram of variable temperature ellipsometric tests for VO, thin film samples; (b) 1 550 nm transmission
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Fig. 2

(a) AFM morphology of VO, film prepared by annealing at 380 °C; (b) AFM morphology of VO, film prepared by anneal-

ing at 420 °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. 5

(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 densi-

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



156 g hh 5 2 oKk I e 43 &

2

~

n; = n
Ry=——: » (D)
n; +n

b TRBES R RS (EN T 55 R B 5t
T AR Y 23,0 = 0, 1,2 40l 3R 25 .V O, HEFRAT
PR A AR, o d T n 4351 378 AN TR A i G i
&SR IR

ZEAT IR R BN, B VO, BT 5 R
VT, AR, = 0, Ry, gy Ry = 0, AT 75

T~(1-R)E™ . (8)

30 °C A1 80 °C AT I 5 G R AL M ORHE
FESESHOH AR (8) W, AT 15 VO, IR 1Y) 385 S 78
IR R 435 R 55% 1 12% ., 0% 5(d) fifs, s T
IR 30 “CAINE i 80 °C T Y AT IL— T 21 Ah a5 Bt R 3
eI IS 17 W (2 O N o 1 7
(48%/15%) SIS THRMEEALN &, H 5HOLIAER
AH 7R S 56 I A5 B HE (AH AR BT 51% F1AH AR IS 15%~
17%) KEUF A o 8 XIF RNy I i i 22
B LAPR TR T A a8 2o 28, 0 5P D 238 3 X6 1 3 By
PRE BRSO R AR T OGRS R
ZE L A5 VO, HIRRE S XT 1550 nm OG5 K
29 68. 6% AT SEIH = F ORI
A3 e o o AR S B, AR (7) 2R AR (9) TT
A3 Y RN 128 nm B, AR /i 58 5 R N
40. 1% ,FAZS 5 il 5T R PR 2 2. 0% , FF T35 95%

3 it

AR S PG T3 i e ' 13 3 T T OAS [ R 2%
P VO, RG-S . S aE RR W, b
HIRE AT E MOREFAERT 1 550 nm Ak BT 5HR
H3.2~3.6, R ECN 0. 5~1. 7, H1ZE )5 1 550 nm
b T TR IRAE Ry 1. 7~2. 0, W6 BB K Z 3. 2~
3. 60 ARTRBOLE SR ML R LW, 55 nm JE
S0 AT T A ) B A AR BB T R 12 e, i
FRBME T S51% FRERERT A 16%, TF
KRN 68.6 %o 3 T AT LU Y b kR B
128 nm i}, 385 R B 2 2% , FF RT3k 95% ., AH
K TAENE A VO, AR B 5 B2 BT HR IS

References

[1] MING Di. New development of modern "Witch Mirror" high
energy laser weapon[ ] ]. Tank armored vehicle (Mg . Bt
"RROR BT m RO AR bR [)] BRI ER),
2018, 03(493): 28-31.

[2] YU Si. Russia tests first prototype laser weapon [J]. Space

exploration (T 22 . A% B 6 & #HOG RS AL . K
=REK), 2016, 315(09):51.

[3] ZHANG Sheng. V,0,/ Diamond film is a basic research on
blinding protection of multi-band laser [D]. Nanjing Uni-
versity of Aeronautics and Astronautics, 2019.(5¢E& . V,0/
<5 WA 5 R 22 B BOOC BOR B i SRS D 1. g AUt
ZEWIR KR, 2019.)

[4] MORIN F J. Oxides Which Show a Metal-to—Insulator Tran-
sition at the Neel Temperature. Physical Review Letters,
1959, 3(1): 34-36.

[5] MASINA B N, LAFANE S, WU L, et al. Phase—selective
vanadium dioxide (VO,) nanostructured thin films by
pulsed laser deposition [J]. Journal of Applied Physics,
2015, 118(16): 165308.

[6] LIANG W, GAO M, LU C, et al. Enhanced metal—insula-
tor transition performance in scalable vanadium dioxide
thin films prepared using a moisture—assisted chemical solu-
tion approach [J]. ACS Applied Materials & Interfaces,
2018, 10(9) : 8341-8348.

[7] BIAN J, WANG M, SUN H, et al. Thickness—modulated
metal—insulator transition of VO, film grown on sapphire
substrate by MBE [J]. Journal of Materials Science, 2016,
51(13): 6149-6155.

[8] LOQUAI S, BALOUKAS B, KLEMBERG SAPIEHA J E,
et al. Hipims—deposited thermochromic VO, films with high
environmental stability [J]. Solar Energy Materials and So-
lar Cells, 2017, 160: 217-224.

[9] SEYFOURI M, BINION R. Sol-gel approaches to thermo-
chromic vanadium dioxide coating for smart glazing applica-
tion [J]. Solar Energy Materials and Solar Cells, 2017,
159: 52-65.

[10] WARWICK M E A, BINIONS R. Chemical vapour deposi-
tion of thermochromic vanadium dioxide thin films for en-
ergy efficient glazing[J]. Journal of Solid State Chemistry,
2014, 214: 53-66.

[11]SHIR, SHEN N, WANG J, et al. Recent advances in fab-
rication strategies, phase transition modulation, and ad-
vanced applications of vanadium dioxide[J]. Applied Phys-
ics Reviews, 2019, 6(1): 011312.

[12] VU T D, CHEN Z, ZENG X, et al. Physical vapour depo-
sition of vanadium dioxide for thermochromic smart win-
dow applications [T]. Journal of Materials Chemistry C,
2019, 7(8): 2121-2145.

[13] LIANG Z, ZHAO L, MENG W, et al. Tungsten—doped
vanadium dioxide thin films as smart windows with self-
cleaning and energy—saving functions [J]. Journal of Al-
loys and Compounds, 2017, 694: 124-131.

[14] B T O’'CALLAHAN, A C JONES, J HYUNG PARK, et
al. Inhomogeneity of the ultrafast insulator—to—metal tran-
sition dynamics of VO, [J]. Nature Communications,
2015, 6: 6849.

[15] HOU dianxin, LU Yuan, FENG Yunsong, et al. Study on
Phase Transition Properties of VO, Based on Pump—probe
Technique [J]. Chinese Journal of Luminescence ( {5 #i
O, BRI, WA, A SRR B ARBEE VO, i
JEAHASHRIE . RIEZFR), 2018, 39(2): 140.

[16] SHANG Yaxuan, LIANG Jiran, LIU Jian, et al. Optical
phase transition properties of vanadium dioxide thin film
characterized by noise spectra [J]. J. Infrared Millim.



24 B A5 - VO, M BERR AR IO PE BT 1550 nm BOLBT PR RERT ST 157

Waves (I AEFF, GRAkSR, XIS, 25 . F MR 1 RAE —
SAACHU I B MR R () | I Sp B R IRFR) ,
2018, 37(5):595-598.

[17] MOHEBBI E, PAVONI E, MENCARELLI D, et al. In-
sights into first—principles characterization of the mono-
clinic VO2(B) polymorph via DFT + U calculation: elec-
tronic, magnetic and optical properties [J]. Front. Mater. ,
2023, 10.

[18] MENESES D D S, MALKI M ECHEGUT P. Structure and
lattice dynamics of binary lead silicate glasses investigated
by infrared spectroscopy [J]. J. Non—Cryst. Solids, 2006,
352(8): 769.

[19] ZHOU Wei, WU Jing, OUYANG Cheng, et al. Optical
properties of Mn—Co—Ni—O thin films prepared by radio

frequency sputtering deposition [J]. Journal of Applied
Physics, 2014, 115: 093512.

[20] ZHANG F, HUANG Z. Spectroscopic ellipsometric prop-
erties of annealed Mn,.,,C00.77Ni0.2804 thin films [J].
Opt Lett, 2017 Oct 1, 42(19) :3836-3839.

[21] HUANG Zhangli. Preparation and properties of low tem-
perature phase transformation vanadium oxide thin films

[D]. Wuhan: Huazhong University of Science and Tech-
nology, 2013. (7 37 . R I AH 22 40 Ak P HEJEE 1) o 25 2
PEREWFIELD | iDL AR R A, 2013.)

[22]LI Yong. Study on Vanadium Dioxide Film and Laser Pro-
tection [D]. Wuhan: Huazhong University of Science and
Technology, 2020.(ZE 5 . — S AL AL TERR KOO6 B 3 Y
WE5ELD | RO AR R, 2020.)



	引言
	1　实验系统及原理
	2　实验结果与讨论
	Gaussian色散模型介电函数
	Lorentz色散模型介电函数

	Drude色散模型介电函数
	3　结论

