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Abstract: Modern air combat reconnaissance systems that combine radar, infrared, visible light, and laser are becoming
increasingly advanced. The exposed infrared optical windows on aircraft produce strong thermal radiation due to high-speed
aerodynamic heating, which is the weakest link in overall stealth. The main design challenge for stealth optical windows
is achieving high infrared transmission while keeping the window itself at high temperature with low emission, all while
also considering radar scattering suppression and multi-spectral laser countermeasures. This article systematically reviews
the optical and high-temperature service performance of three mainstream infrared-transparent ceramic substrates: ZnS,
sapphire, and MgO. It focuses on analyzing three types of modified structures: single-layer low-emission ITO films, FTO/
Ag/FTO composite films, and micro-nano infrared metasurfaces. It also examines the relationships between high-temperature
performance degradation, the conflict between heat dissipation and stealth, uneven coating on curved surfaces, and multi-
parameter trade-offs. Finally, it looks ahead to directions like all-dielectric high-temperature photonic films, thermally adaptive
phase-change metasurfaces, and integrated conformal skins.
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