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Abstract: Multispectral compatible low-observability coatings have become crucial for enhancing
the survivability of military equipment against advanced multi-band detection systems. This review
systematically summarizes recent research progress in coatings compatible with infrared-visible, infrared-
radar, and full-spectrum infrared-radar-visible stealth capabilities. Beginning with the fundamental
mechanisms of stealth across visible, infrared, and radar wavelengths, the article highlights material design
strategies centered on polymer-based composite systems. Key approaches such as micro-nano structural
design, photonic crystals, metamaterials, bio-inspired materials, and multi-functional fillers are discussed
in detail, emphasizing their roles in achieving spectral compatibility. The potential of gradient composite
architectures and stimulus-responsive smart systems in mitigating intrinsic physical conflicts between
different bands is also examined. Finally, the review addresses persistent challenges including insufficient
theoretical understanding, environmental adaptability, and scalability in practical applications. Future
directions are proposed, focusing on intelligent adaptive coatings, lightweight wide-band stealth materials,
and machine learning-assisted design for next-generation multispectral stealth platforms.
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Figure 1 Diagram of application scenarios of visible stealth, infrared stealth, and visible stealth
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Figure 2 Stealth mechanisms of (a) visible light stealth, (b) radar stealth, (c) infrared stealth, (d) multispectral stealth
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Table 1 Principle comparison of multi spectrum stealth technology

Operating o Key parameters/Control
Stealth type Core principle Challenges Ref.
band factors
Minimize reflectivity contrast Luminance contrast . . X
- . . High reflectivity may conflict
Visible-light between target and background —chromaticity parameters: . .
400—-760 nm o . } with IR stealth (requiring [6,7]
stealth by eliminating luminance and  hue, saturation (naturally L
. . . . low emissivity)
chrominance differences low in environments)
Reduce radar cross section High-loss materials
(RCS) by suppressing radar Electromagnetic parameters: exhibit high thermal
Radar stealth 2-18 GHz . . .. _ [3,7-9]
wave reflection and enhancing  x,; ¢,Loss tangent: tane,, tanu, conductivity, contradicting
absorption IR temperature control
L. Emissivity; & Low emissivity necessitates high
3-5 pm, Decrease IR radiation contrast . .
Infrared stealth Surface temperature: T reflectivity, amplifying radar [10, 11]
8—14 um  between target and background

Multispectral Cross-band  Resolve conflicts between band-

compatible stealth coordination specific stealth mechanisms

Total radiation: W = geT*

wave reflection

Fundamental conflicts:Radar:

high absorption (low reflection)

Frequency-selective response versus IR/visible: high reflection [12]

Radar: high thermal conductivity

versus IR: thermal insulation
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Figure 5 Growth mechanism of micro-PAO and corresponding surface morphology at each stage: (a) initial stage of micro-
PAO; (b) middle stage of micro-PAO; (c) later stage of micro-PAO; (d) final stage of micro-PAO (Reprinted with permission
from Ref. [24]; Copyright (2022) American Chemical Society)
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Figure 8 Schematic illustration of the EM wave absorption mechanism of flower-like Ni/SiC NWs: (a) wave reflection;

(b) electron transport and polarization; (c) multiple scattering; (d) electromagnetic response (Reprinted with permission from

Ref. [49]; Copyright (2023) Elsevier)
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Figure 9 Schematic illustration of microwave absorption
mechanism of Fe;0,@Sn0O, nanochains: (a) impedance
matching; (b) interfacial polarization; (c) natural resonance; (d)
multiple reflection and scattering (Reprinted with permission
from Ref. [56]; Copyright (2024) American Chemical Society)
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