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Fig.1 Design spectrum at 0° incidence

20240411-2



Vol.54 No.5

http://www.irla.cn/article/doi/10.3788/IRLA20240411

May 2025

K w3543 45, AT LLE AR B 35 ALD-ALO; | 5 2 5
RN

6.0%

S50 — EB+ALD@532 nm (a)
So%l —— EB@532 nm n
0,
sl LLULLLEALLCAEL
350, Z 1.45
& 3.0% /
2.5% /
2.0% /
1.5% /
1.0% /
0.5%
O Anl\
0 2000 4000 6 000
Physical thickness/nm
0,
22(5)02 | — EB+ALD@]1 064 nm (b)
— EB@1 064 nm n

5.0% |

4.5% |, .

4.0% Al

350 1.45

&y 3.0%
2.5%
2.0%
1.5%
1.0%
0.5%

[75]
=]
(S

- DY

2000 4000 6 000
Physical thickness/nm

2 7E 0° A SR (a) 532 nm F1 (b) 1064 nm OGHE IR T BI04
FE4LL
Fig.2 Simulation of electric field distribution under laser irradiation at
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Fig.3 Schematic diagram of the film layer
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Research of 532 nm/1 064 nm dual-band high reflective coatings

applied in space-based lidar

YUN Yu, WU Chunxia, ZHANG Minglei, CHEN Yuejian

(Jiu Yuan High-Tech Equipment Corporation, Beijing100094, China)

Abstract:
Objective

Space-based laser radar (lidar) technology is widely acknowledged as an indispensable detection

method in critical fields such as geospatial mapping and national defense. The 532 nm/1064 nm dual-band

reflectance coating constitutes a vital component within lidar systems, performing essential functions in optical

path transmission and the regulation of spectral efficiency. Electron beam evaporation (EB) is the predominant

technique employed for the fabrication of HfO,/SiO, dual-band reflective coatings, which are characterized by

high damage thresholds. However, due to the inherent limitations of the fabrication process, HfO,/Si0, thin films
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typically exhibit a porous and loosely compacted microstructure, rendering them highly susceptible to the
adsorption of water vapor under atmospheric conditions. The subsequent desorption of this water vapor under
vacuum operating environments leads to spectral shifts within the thin films, which significantly compromises the
operational stability and performance reliability of the laser radar system. Therefore, it is necessary to improve the
current preparation method to meet the needs of different usage environments. For this purpose, a waterproof

vapor laser film is designed in this paper.

Methods The HfO,/SiO, multilayer film is designed and fabricated using electron beam evaporation, followed
by the deposition of a 20 nm Al,Oj; layer on the top and side walls of the multilayer as a water vapor barrier, using
atomic layer deposition (ALD) (Fig.3). The performance of the water vapor barrier is evaluated by testing the
spectral characteristics in both vacuum and atmospheric conditions (Fig.4). The laser damage threshold at 1 064 nm

and 532 nm is assessed using a Nd:YAG laser to evaluate the laser performance (Fig.5).

Results and Discussions Upon testing the thin films under both vacuum and atmospheric conditions, it is
observed that the films fabricated via the electron beam (EB) process exhibit an average overall drift of
approximately 2.5% at the central wavelengths of 1064 nm and 532 nm (Fig.4(a)). In contrast, when the top and
side walls are coated with a 20 nm layer of ALD-Al, O3, only a negligible drift of 0.3% is observed (Fig.4(b)).
This demonstrates excellent vapor barrier performance. Moreover, the bandwidth of the samples remains stable in
both atmospheric and vacuum conditions, with no discernible reduction in reflection efficiency following the
deposition of the ALD-Al,O; layer in the vacuum environment. Furthermore, the damage threshold of the
multilayer film with the ALD-Al,O4 coating (13.1 J/cm?) is found to be slightly lower than that of the multilayer
film without the ALD-Al, O, coating under 532 nm laser irradiation (15.7 J/cm?) (Fig.5(a)-5(b)). Under 1 064 nm
laser irradiation, the damage threshold of the multilayer film after ALD-AL,O; coverage (41.5 J/cm?) is observed
to be marginally lower than that of the uncoated film (44.5 J/cm®) (Fig.5(c)-5(d)). The current results are sufficient

to fulfill the practical operational requirements.

Conclusions A waterproof vapor laser film has been prepared. Due to the dense microstructure of the Al,O4
film prepared by atomic layer deposition, it was covered on the top and sidewalls of the HfO,/SiO, multilayer
film prepared by electron beam evaporation. Testing the spectrum under atmospheric-vacuum conditions showed
that the drift caused by water vapor decreased from 2.5% to 0.3%, demonstrating good water vapor barrier
performance. Additionally, the laser damage threshold test of the film showed that after covering with the ALD
film, the threshold decreased from 15.7 J/em® at 532 nm to 13.1 J/cm?, and from 44.5 J/cm® at 1064 nm to
41.5 J/em’. This may be due to defect attachment during the transport process. Nevertheless, this waterproof vapor

laser film still meets operational requirements and enhances atmospheric-vacuum stability.

Key words: lidar; dual-band high reflective coating; electron beam evaporation; atomic layer

deposition;  damage threshold
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