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Fig.1 Block diagram of laser protection technology
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Tab.1 Studies on response time of photoinduced transition

Sample property Synthesis method Test condition Response time Reference
. Pulse width: 450-550 fs
32 nm-thick
. Low-temperature process Energy density: 3.7 mJ/cm® <500 fs [16]
VO, thin film
Wavelength: 780 nm
Biasing temperature: 52 °C
0.2 pm-thick .
. Reaction evaporation deposition and annealing Pulse width: 50 ns <50 ns [17]
VO, thin film . )
Energy density: 150 mJ/cm”
. Pulse width: 50 fs
0.2 um-thick
VO, thin film Energy density: 7-25 mJ/cm? 50 ps-100 fs [18]
Wavelength: 800 nm
Pulse width: 100 fs
VO,-Si3Ny structures Chemically etching Energy density: 50 mJ/cm? <500 fs [19]
Wavelength: 790 nm
Pulse width: ~45 fs
VO, microcrystals Vapour transport Energy density: 3.3 mJ/cm? Femtosecond timescale [20]
Wavelength: 800 nm
. Pulse width: 4.9 fs
25 nm-thick
. Pulsed laser deposition Pulse energy: ~100 mJ/cm® (26+6) fs [21]
VO, thin film
Wavelength: 400-1000 nm
75 nm-thick
. Pulsed laser deposition and annealing Wavelength: 800 nm 200 fs [22]
VO, thin film

1994 4, Becker 551"V Fi| H] 5 5 & W) 5L AH 34
FOAIR IR T 2 45 T2 B 32 nm 19 VO, WERE, [F, %
R K 780 nm 1948 5k W5 A OGS D AL R
B TA) R 0 S W PR 4 L, S OG RB i
3.7 mJ/em® B GE VO, 145 SO A mig i isf [i) )L /)N
F 500 fs. %M FTUE B VO, 18 K EL A7 88 PR A% AH 2E i
IO 1], AR S SR R e OB 4

1996 4, £ 1 0 AE U FI ] 52 vy 28 K TR 7 2 il
IR AKAL PR VO, HERRE . SIS B RLEE A 52 °C.
k% 50 ns () TEA CO, HOGRERL BN 150 m)/em” B,
VO, IR BEAR AR, Wi 37 s (3] <50 ns FLYK & B E] 249 Sy
200 ps,

2001 4, Cavalleri ¢ " 7 3 38 5L i L % VO,

THERBE, 1) FH 25 TR P02 A 00 b B 174 S S50 A2 14
JO7 BN T, 2 38 Bk el 800 nm, ik BE 50 fs. fiE R
25 ml/em® 16 &0 T, W45 38 B 4 A 72 106 4 7 m)/em?,
203 o SRR TR B G A B, R B 1 Y
TS SO A B[R] R T 50 ps FEARF1] 25 100 fs, G017 2
FIi7R o

Cavalleri 5" 75 i — 25 W BIF 5% 52 36 v SR FH ik 5
JEJEJE (50£10) nm ) VO, # iR, LR (200+10) nm
RALKE (SisNy) Gz p )2 o R Z0 il JEE 0 o 45
VO,-SizN, 25 8, 52560 9% K 790 nm, ik % 100 fs.
B %% B 50 mI/em® A K MEOEAVE R VO,-SisN, 25
A 1) S A3 2R A ) R AR AR O, T DU S 25 M 4
AR 37 B 8] /N T 500 fso 05 528 Ik SE7E 1.5 ps~
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Fig.2 (a) Gaussian spatial profile of pumping pulse; (b) Reflectivity
during the phase transformation; (c) Time resolved evolutions of
the reflectivity for three different positions on the sample,
corresponding to local fluences of (c1) 7 mJ/cm?, (c2) 15 mJ/cm?,

and (c3) 25 mJ/cm?

15 fis 22 1] 745 P e 32 30 B 114 S S50 725 mp 7 o 1] A% £ 10
e, S5 nIE 3 B, LI B AR 1 80 fs SAIfE .
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VL DG BBORE 722 i 7 IF ] Ay (266) s, 5 36 45 SR A )
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Fig.3 Response time of photoinduced transition as a function of pulse

width, which ranges from 1.5 psto 15 fs
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PEREMT, & INAESR B 255 W/em?, YEBE 142 2 mm (3T
214 it B2 O IR R, VO, 5 B 1 AR A AR AT N
47%, FH72 5 T BB 28%, WO S AH A2 14 e
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Fig.5 Process for solution mixing and film synthesis
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Fig.6 (a) Reflectance and (b) transmittance spectra of the VO, film at

selected temperatures during the heating process
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Fig.7 Electrical and optical properties of VO, thin film
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2014 4, Zhao SV HU T I KR EE M &
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Fig.8 Transmittance spectra of VO,-SiO, composite films upon
increasing Si/V molar ratios in the wavelength ranges from

250 nm to 2500 nm. Solid line: 30 °C; Dash line: 100 °C
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Research progress of laser protection technology for
optoelectronic imaging system (invited)

Li Yangliang'?, Ye Qing'*, Wu Yunlong'?, Sun Ke'?, Zhang Hao'~, Sun Xiaoquan'?

(1. State Key Laboratory of Pulsed Power Laser Technology, National University of Defense Technology, Hefei 230037, China;

2. Advanced Laser Technology Laboratory of Anhui Province, Hefei 230037, China)

Abstract:

Significance  Optoelectronic imaging systems, characterized by their compact size, light weight, high
reliability, resolution, and dynamic range, have been extensively employed in various fields, such as medical
imaging, media production, security management, high-resolution target reconnaissance, precision guidance, fire
control and targeting, and flight assistance. However, with the rapid advancements in laser technology and the
widespread use of laser weapon systems, the risk of optoelectronic imaging systems being blinded or dazzled by
lasers has significantly increased, resulting in a substantial decrease in information acquisition capabilities.
Consequently, investigating laser protection technologies for optoelectronic imaging systems has become

increasingly vital.

Progress The article initially provides a brief overview of the mechanisms and limitations of laser blinding
protection technologies for optoelectronic imaging systems, focusing on linear and nonlinear materials. It then
delves into laser blinding protection technologies employing phase-change materials, such as vanadium dioxide,
discusses their mechanisms, fabrication methods, and application progress. Subsequently, the article explores the
mechanisms and preliminary application studies of laser blinding protection technologies based on computational
imaging, highlights the necessity and feasibility of researching laser dazzling protection technologies for
optoelectronic imaging systems in relation to laser blinding. Finally, the advantages and disadvantages of various
laser protection technologies for optoelectronic imaging systems are summarized, along with potential future

development directions.

Conclusions and Prospects The application of computational imaging technology for laser protection offers a
groundbreaking technical solution, featuring a wide protective spectrum and exceptional adaptability. This
approach eliminates the need for prior knowledge of interfering laser locations, wavelengths, or polarization
states, as required by linear material protection, as well as considerations of response times and protection
thresholds, as demanded by nonlinear or phase-change material protection. Computational imaging technology
can defend against common continuous lasers, nanosecond pulse lasers, and emerging ultra-short pulse lasers,
such as picosecond or femtosecond pulses. Designing and fabricating high-precision optical field control
components and ensuring high-quality image restoration are crucial future development directions for this
technology. As lensless imaging technology employing mask modulation, a key research area in computational

imaging progressively matures, it may fundamentally resolve the high gain caused by the optical system structure

20230192-14
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in imaging systems, thereby effectively addressing the issue of laser blinding protection in such systems. Laser
dazzling protection technology exhibits broader application scenarios compared to blinding protection technology;
However, current research is relatively limited, and no groundbreaking solutions have been proposed. Based on
the mechanisms of laser-induced blinding and dazzling in optoelectronic imaging systems, the seperate study on
blinding and dazzling technologies is incomplete and unscientific. Future research should focus on integrating
laser blinding and dazzling protection for optoelectronic imaging systems, examining protection mechanisms,
technical approaches, and cost-effectiveness from multiple perspectives.

Key words: optoelectronic imaging system;  laser blinding;  laser dazzling;  laser protection
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