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Development of the aluminum substrate reflective film in the

off-axis three-mirror optical system
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Abstract: The off-axis three-mirror optical system has been widely adopted as the design scheme for spectral
imaging system because of its wide service band, high image quality, controllable stray light and other
advantages. In this paper, an optical system is designed using Code V. Based on the theory of polarization of light,
the conversion relationship between film samples and the polarization fidelity and phase difference of the system
is derived. After that, with aluminum substrate as the base material, and silver, alumina and titanium dioxide as
coating materials, the reflective film is developed based on the basic theory of optical thin films, which features
the incident angle of 38.5°, Rg>99.96% and Rp>99.8% in the range of 1545-1 555 nm, and the phase delays of P-
light and S-light smaller than 1°. Film design and simulation analysis are completed in the film design software.
Using the high-performance optical coating machine designed by Leybold Optics, the aluminum substrate
reflective film for the off-axis three-mirror optical system is prepared. S and P reflectance spectra and the phase of
the coating samples are tested by Lamdal050 spectrometer. The results meet the design specifications. The
research is of great significance in practice and engineering projects.
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Tab.1 Main technical specifications of the off-axis

three-mirror optical system

Parameters Value
Wavelength/nm 1550
Field of view/mrad 15
Magnification 6%
Entrance pupil diameter/mm 125
Isolation >80 dB
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Fig.1 Off-axis three-mirror optical system
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Tab.2 Technical specifications of mirrors in the off-

axis three-mirror optical system

Parameters Parameter values
Incident angle/(°) 38.5
P- and S-light phase delay <l°@]1 550 nm
Film polarization >99.5%@(1550+5) nm
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Tab.3 Test methods and results of film environment
Ttems Results Methods

No stripping after pulling the 2 cm-zwide tape up

Adhesion test from the film

D (50+2) °C, 95-100%, 24 h;

Stick a piece of 2 cm-wide adhesive tape (peel strength =
2.74 N/em) firmly onto the surface of the film layer of the test
piece, and pull up quickly.

Damp heat . L . . Keep the test piece in an environment 95%-100% in humidity and
N 1 tr k bubbl thy

e @ Nopeeling, stipping,cracking r bubbing on te (5042) C in temperature or 24 .

D (~6242) °C, (70+2) C for 2 h cach: Keep the test piece under (—62+2) °C and (70+2) °C for 2 h each,

Temperature @ No peeling, strippin ’ crackine or bubblin (;n the film and place it under room temperature (16-32 °C) (temperature
test p &, Strp ll)a f; after theg test J change in the test chamber no faster than 2 °C /min), for test of
4 adhesion
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