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The miniaturization of satellite platforms such as CubeSats and SmallSats imposes
unprecedented electromagnetic constraints on payload design. Within densely packed
cavities, traditional metallic enclosures exacerbate internal EMI through cavity resonance
effects in the S- and lower C-bands (2-6 GHz), while incurring unacceptable mass penalties.
A co-financed industrial PhD project between Thales Alenia Space Italia and Regione Lazio,
conducted at the Department of Electrical and Energy Engineering (DIEE) of Sapienza
University of Rome, enabled the development of multifunctional absorbers for direct

integration into satellite platforms.

Two classes of functional composite paints are developed: Graphene Nanoplatelet (GNP)-
loaded coatings as lossy dielectric layers, and Carbonyl Iron Particle (CIP)-loaded
formulations as magnetic loss layers. Both are dispersed in an aerospace-grade organic
solvent-based matrix, whose superior interfacial wetting yields a complex relative
permeability approximately 1.7x higher than water-based alternatives, extracted via a
custom de-embedding NRW protocol on a short coaxial airline. Filler morphology effects

on the electromagnetic parameters are also investigated.

A modular multilayer absorber is then designed through a numerical optimization
framework grounded in Transmission Line Theory. The aerospace-grade paint stack,
comprising 13 alternating GNP/CIP unit cells on a 150 um adhesive substrate (6.21 mm total
thickness), achieves a reflection loss of -20.11 dB at 2 GHz. Validated through triple
correlation among VNA measurements, CST full-wave simulation, and an analytical
effective-medium model, the absorber yields a localized E-field attenuation of 17.79 dB at
victim unit surfaces in a 3D satellite cavity simulation, confirming its viability for EMI

mitigation in next-generation space platforms.



