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Abstract With the rapid development of laser blinding weapons, the technique of laser blind-

ing protection has attracted a surge of interest in the research community. Vanadium dioxide
(VQO,) is a phase change material which has attracted continuous attention in the field of laser
protection due to the remarkable change of its optical and electrical properties caused by the
reversible phase transition between semiconductor phase and metal phase under appropriate
heat, light and field excitation. In this paper, the Drude-Lorentz model was exploited to re-
search the optical constants of VO,. Design and optimization of vanadium-dioxide based mul-
tilayer film were carried out to overcome the shortcoming of low transmittance of semicon-
ductor phases of single-layer VO,. Lasers and a fourier infrared spectrometer were adopted to
evaluate the characteristics and protective effects of the prepared VO, film, which verified the
promising performance of VO, for laser blinding protection. Experimental measurement
shows that the transmittance of semiconductor phase is greater than 92% . and the infrared

switching ratio of multilayer film system before and after the phase transition is more
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Fig. 1 Ellipsometer software interface with ellipsometer parameters and fitting model curves

3.0

20F

gt

0 L L 1 I 1 1 x102
8 16 24 32 40 48 56

I K/mm
2 RBE VO, EEMNSHHENXBESUSHLE
Fig.2 Complex refractive index test data and

fitting curve of low temperature phase VO, film

1.2 ZERERMEIT

PAF VO, BLLAMG 2 805 . R TFCalc
2 B T A R E B TS R | VO,
WREAE 3~5 pm B Z ER B, H 28 &
TEE BOLBE BHE SRR S o . kB
JEREEN 0.4 mm [ ¥ 5 A BEIEAE N v I 20 AT IR
MR VO, #2805 & o0 K TR A A8 10 &2 Pt
SRl % 2 Ak B bR i o R AT H bRk
B U Bews R TR B E R 2. 8~
5.2 pm. FHUEE AR B4 RE DL B i B3 A 50IE 4 1Y
T35 Sexd Al AR b kY JE B2 RN AT 5 AT R Ak
T 1153045 25 B HE T AR A = AR 2 A S R R R
Bl A ARt . A =A% S CHLHD 37 51 R ALK &
RCLHD $r 5 2% 2 Fo 4 07 =0, B4 b1 HE %
JET AT B I B DL e S R R R
BT 8 (Ge) AL 4E (ZnSe) L F AL 42 (YF,) ¥ L,
PRACE T 1 a7 1 B B R Z5 M &l 3 i

ZnSe 18.68 nm
YF; 580.15 nm

ZnSe 224.25 nm
YF; 60.72 nm

ZnSe 506.35 nm

YF; 169.94 nm
ZnSe 114.95 nm
ALO;(W T A FEJK) 400 pm
VO, 200 nm
Ge 315.44 nm
ZnSe 259.46 nm

YF; 362.54 nm
ZnSe 24.90 nm

} (LHL)
} (HLH)

} (HLH)

3 EEAHKANBERANAREHTEE

Fig. 3 Schematic diagram of composition of anti-reflection

film system on both sides of sapphire substrate

T
\ /‘ N 2 JEB I
02EY /N —— ZRMBIIRIRE
Ny \\ ,\.N\
01k 7 S e
O ',' I T Ny T T o LI L LT (T DO Ll L 11 o U S e wr M Wrr |
10 15

ZLO 2.5 36 35. 4(‘) 45 50
PEK/mm

4 EFEBREVO, BEEURSEEEEREETARRN

BRESETEME

Fig.4 High and low temperature phase transmittance

55 x10?

curves of sapphire substrate containing single layer VO,

film and multi-layer anti-reflection films

TEACAL R IBE 2R 254 T 7 2 A9 w5 IR 20 41 i
AR ANE 4 B R AT RLE A B A



48 f& B X ot R

2023 4F

A 33 B IS . 3~5 pm (AR IR £0 40 335 3of 2% 1]
G, R R AR VRN, AR AT
FE— AR B . 2 200 R 4 K R T
B#E R (T ) B2 VO, R AY 48. 80 % 2
HMANZEM 93.19%, m iR P ¥ &L R (T, R
L13% L LIAMF KB E XN K=(T, —T,)/T,,
itk K=98.79%. £ 3~5 pum £LAME I IX ., %
TFRY 22 J2 38 35 Bk B T WU A IRIR E 8 it R
KT 900 HLAMF R KT 95 % EK,

1.3 FRZESI &

BB N RETEZSHBER S AR
AR R 200 nm B VO, . T2 250
T BRI TZ2/F O, i A 1. 2 scem, LK
MR 200 C LK I E] 80 minsiR k TZEH N,
Wit A 30 mL/min, iR KR JE K 520 °C L 1R K [A]
HF2h, RIGHRIEE T ERLS W, ERIEA
VO, MR — M Ge.ZnSe. YF, 3 Tt R} i
il 4 J2 BB, — M ZnSe  YF, 2 Fhb kL
Wil 7 RN E N, L 285 R AR TS R
Z7S700 [ HLF 2% K g ML . 1% 7% T )R
F2 SO % JEE A A S B M 4, A% )2 T OB U AR 4
iR E .

5 2R AR 56 B SR FH AR BL it 21 405 3% 430
LA A ot R, (8 B nE 20 A G AR S o
Thermo Nicolet NEXUS FI-IR, % ii% 4 #F % h
0.09 em ', [AEHELSRZE VO, K 20405 i
R, DU 5 R 005K R SE AT L

? THWERSITR

2.1 BREMKER

Bl 5 03838 1 Je I 0 20 A0 35 o Rl 2k
FE 3~5 pm PEBEN L BAZE VO, WA B IKE A5
PO BME R 54, 24 %0, & A A I R I IRTE S
Bt RN 92, 66%0,3~5 pm P B A%
BB R YEE R T 38.42% ., H 70 CHY
SN B L 7E 3~5 pm BN BIRE
TR BB aE RO 1.40%, JF KR N
98.49% . F 1 M H 5 PRl & 1 £ 2 1 5
RELLAMNG 1 XS 3438 o X L, nT LA ),
52 B il 2% 22 2 R 1 e G IR 21 A0 3B i R 5 0
SR ILA — B UL SRR & Y 22 B R
JEHBA R E SR AR 2E RN R T A
BB K

1.0
0.8
0.7
0.6

Hos
o4

0.3

0.2

T BAVO MR
: M ZEREUR

— ZEER R

0000,
%5 30 35 1o s
0.1 F %/

0 4 T I 1 T
2.5 3.0 3.5 4.0 4.5 5.0
WA/um
Bs WMENEHEBERROPLMETE
Fig.5 Mid-infrared transmittance curves of

coated sheets before and after anti-reflection
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