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Theoretical Simulation and Preparation of Anti—reflection
Characteristics of Zinc Sulfide Surface Microstructure

LUO Xing"’, LI Ming"*, MAO Jianyong’
(1 State Key Laboratory of Transient Optics and Photonics, Xi'an Institute of Optics and Precision Mechanics
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Abstract: Zinc sulfide is a widely used infrared window material. Due to its high refractive index and strong
surface Fresnel reflection, improving its anti reflection performance in the infrared band is of great
significance. The traditional method to improve the antireflective performance is to prepare a film on the
surface of zinc sulfide, but the antireflective film has the disadvantage of detachment and it is a limited
antireflection effect on infrared signals with a wide spectrum and a large angle incidence. Preparing
subwavelength structures on the surface of zinc sulfide can effectively improve its antireflective
performance. This can be achieved by adjusting the microstructure parameters. Femtosecond laser
processing has unique advantages of programmability and non-contact, making it a promising one-step
manufacturing method for subwavelength microstructures. In this paper, the finite difference time-domain
method is used to simulate the antireflection characteristics of the zinc sulfide surface structure, which is
prepared by femtosecond laser processing, and then the infrared transmittance of the structure array surface
is measured.

This article is based on zinc sulfide material, simulating and preparing one-dimensional strip structure
and two—dimensional grid structure and further testing the infrared transmittance of both structures. Firstly,
FDTD software was used to simulate and calculate the infrared transmittance characteristics of the zinc
sulfide surface structure. Determine the unit structural parameters of the structural array by simulating the
height of the strip structure. On this basis, two types of structural arrays with different spacing were
designed, and the simulation results showed that as the spacing between structures decreased, the
transmittance increased. The trend exhibited by one-dimensional strip structures and two—-dimensional grid
structures is consistent. Secondly, two types of structural arrays were prepared using femtosecond laser
processing. The test results indicate that as the spacing between the one-dimensional strip structures
decreases, the transmittance tends to increase, which is similar to the trend shown by simulation. The two-
dimensional grid structure with small spacing has higher roughness, so the structure array with 8 spacing
has better transmittance. In actual processing, it is necessary to comprehensively consider the influence of
surface roughness and ablation degree on the transmittance, and reduce the Fresnel scattering of light
waves by edge cracks. Finally, the transmittance of the samples was tested in the range of 7~10 pm in the
mid to far infrared bands. The structure array with a spacing of 5 pm increases the infrared transmittance by
approximately 6% at wavelengths 9.5~10 pm. The grid structure with a spacing of 8 um can increase the
average transmittance by 4% in the 8.5~10 pum bands and nearly 7% at the 10 um wavelengths. In
addition, the transmittance spectrum measured in the experiment has good transmittance in the long
wavelength range, which is related to the scattering effect of nanoscale structures generated by laser
processing at different wavelengths, the surface scattering effect of non—uniform micro nano composite
structures is more pronounced at shorter wavelengths. Compared with the simulation result, it was found
that the overall transmittance of zinc sulfide decreased. The overall decrease in the transmittance of zinc
sulfide samples is related to two factors: the first reason is the light absorption effect caused by structural
defects in femtosecond laser processing, part of the light is absorbed by zinc sulfide, and the second reason
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is the diffraction and light scattering effects caused by non—uniform surface particulate matter generated by
laser processing, which deflects the incident light along the beam transmission path. The experimental
results indicate that the prepared structure has good anti—reflection performance, indicating that the method
used in this paper has a positive effect on improving the transmittance of zinc sulfide. This provides a
reference for studying the transmittance of zinc sulfide in the mid—infrared band.

Key words: Femtosecond laser; Finite—difference time—-domain; Antireflective property; Antireflective
microstructure ; Zinc sulfide
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