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Study on infrared anti-reflection performance of

diamond film with surface microstructure

Zhang Zhaoyang', Wei Junjun'’, Xing Zhongfu', Peng Zhiyong’, Liu Jinlong', Chen Liangxian', Li Chengming'

(1. Institute for Advanced Materials and Technology, University of Science and Technology, Beijing 100083, China;
2. Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China)

Abstract: CVD diamond is an excellent material for infrared optical window, but its theoretical transmittance in
the infrared band can only achieve about 71%. The optical transmission performance of the CVD diamond film
can be improved by the surface sub-wavelength structure design. In this study, the quantitative relationship
between diamond microstructure characteristics and optical antireflection was established through theoretical
simulation. According to the theory guidance, the CVD diamond film with surface microstructure was fabricated
by replicating the Si substrate through MPCVD method to improve the transmittance of diamond in the infrared
band. Scanning electron microscope (SEM) was used to observe the surface and microstructure of the original
silicon wafer and diamond. The growth layer quality and the nucleation layer quality of diamond were both
evaluated by Raman scattering spectrum. Infrared spectrometer was used to test the infrared transmittance of
diamond film. The results show that after constructing the microstructure on one side, the transmittance of the
diamond film in the 8-12 um band can be increased from 70% to 76%, which means the surface microstructure
can significantly improve the optical transmission performance of diamond film. The non-diamond nucleation

layer and the insufficient integrity of surface microstructure may be the main reason for the gap between the
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experimental results and the theoretical simulation results.
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Tab.1 Etching parameters

Steps Gas flow of SF¢/sccm  Gas flow of C4,Fg/sccm HF Power/W ICP Power/W Temperature/°C  Pressure/mTorr(1 Torr=133.32 Pa) Time/s

1 0 100 10
2 100 0 25

700 20 40 6
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Fig.1 (a) Design of microstructure morphology; Electric field

distribution of light wave passing through flat diamond (b) and

microstructure diamond (c)
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Fig.2 Transmittance simulation of sub-wavelength structures with different sizes of diamond. (a) Period=2 um; (b) Period=3 pm; (c) Period=4 um;

(d) Average transmittance
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Fig.3 SEM image of silicon substrate (a) and diamond (b) micro-

structure
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Fig.4 Cross-sectional SEM photograph. (a) Silicon substrate fracture

diagram; (b), (¢) Diamond-silicon bonding layer fracture diagram
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Fig.5 Raman spectrum. (a) Nucleation surface of diamond sample;

(b) Growth surface of diamond sample
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