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Abstract: With the rapid development of low Earth orbit satellites, satellite communication plays an increas-
ingly prominent role in global coverage and high-speed data transmission, demanding ever-higher precision
in data transfer. As a core component of space satellite communication optical systems, the spectral charac-
teristics and surface figure accuracy of beam splitters directly affect the overall transmission performance of
the system. Based on optical thin-film interference theory, this study selects suitable substrate and coating
materials, and designs a dichroic beam splitter for 1550 nm high reflectance and 1565 nm high transmittance
at a large incident angle of 45° using a bandpass structure as the base multilayer design. The film is depos-
ited via ion-assisted electron-beam evaporation. Considering the actual configuration of the coating equip-
ment, a dual-wavelength monitoring method is proposed to improve upon traditional single-wavelength dir-
ect light control, achieving monitoring errors of less than 1% for each layer. By applying the principle of
double-sided stress balance, appropriate figure correction materials are selected, and a mathematical relation-
ship between substrate height deviation and correction layer thickness is established to precisely calculate the
thickness of the figure correction layer. Corrected the surface figure accuracy of the beam splitter. Test res-
ults show that it achieves a transmittance of 1.71% at the 1550 nm wavelength, 98.51% at the 1565 nm
wavelength, and a surface figure accuracy RMS of 0.014 8 A, which is better than /60 at 632.8 nm, meeting
the application requirements of space optical communication systems. This work provides an effective solu-
tion for designing and fabricating beam splitters with high surface figure accuracy under large incident

angles, and holds significant implications for optimizing optical systems in space optical communications.
Key words: thin film; space communication; large incident angle; spectral characteristics; surface figure ac-
curacy
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Tab.1 Technical parameters

Parameter Specification

Substrate JGS1

Incident angle /° 45
Reflection wavelength /nm 1550
Reflectance /% =95
Transmission wavelength /nm 1565
Transmittance /% =95
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Fig. 6 (a)Transmittance spectrum of the anti-reflection coating on the rear surface;(b)Diagram of the height and curvature ra-

dius of the substrate;(c)Diagram of surface shape correction
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Tab.3 Surface profile data from the front and back

surfaces of the sample before integration with

film

Category RMS /A Power /A
Before depositing 0.0079 0.0198
After depositing 0.1082 —0.3356
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Fig. 7 (a)Transmittance spectrum of SiO, layers of varying thicknesses;(b)Fitted curve of substrate profile height as a func-

tion of SiO, thickness;(c)Transmittance spectrum of the beam splitter;(d)Reflective surface profile of the beam splitter
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Tab.4 Data on changes in surface profile accuracy of

SiO, substrates with varying thicknesses

Thickness of SiO, /nm RMS /A Power /A Film stress /MPa
0 0.0069 0.0103
1000 0.0200 —-0.0327 —123.41
2000 0.0287 —0.0753 —-122.76
3000 0.0393 -0.1159 —120.63
4000 0.0527 —0.1592 -121.58
5000 0.0692 —0.2024 —-122.01
6000 0.0789 —0.2439 —-121.54
7000 0.0911 —0.2839 —120.62
8000 0.1092 -0.3159 -121.49
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Tab.5 Surface profile data before and after the applic-

ation of the anti-reflective coating

Category RMS /A Power /A
Before depositing 0.0066 0.0165
After depositing 0.1253 0.0372
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