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Advanced thin film coatings are extensively utilized in numerous critical sectors, including transportation vehicles, defense and aerospace platforms, space technologies, and electronic systems [1]. These coatings play a crucial role in minimizing the electromagnetic visibility of structures and enhancing their electromagnetic shielding performance. Among these, transparent conductive oxides (TCO) have gained prominence due to their combination of high optical transmittance, low sheet resistance, and compatibility with flexible or polymer-based substrates. Although Indium Tin Oxide (ITO) is the most widely adopted TCO due to its superior optical and electrical characteristics, its brittleness and high production cost have driven the search for viable alternatives [2]. Zinc Tin Oxide (Zn2SnO4, ZTO), characterized by its wide bandgap, high refractive index, excellent optical transparency, and ability to form uniform thin films even at relatively low deposition temperatures, which is advantageous for flexible polymer substrates, has emerged as a promising candidate [3]. To further enhance its functional performance, dielectric/metal/dielectric configurations, particularly ZTO/Ag/ZTO (ZAZ) structures, have been investigated for their ability to simultaneously provide high conductivity and high optical transparency [4,5]. In this work, ZAZ electrodes were deposited onto acrylic (Poly (methyl methacrylate)–PMMA) substrates via DC magnetron sputtering. Structural, morphological, optical, and electrical properties of electrodes were comprehensively characterized using XRD, SEM, AFM, Raman spectroscopy, and EDS. The resulting films exhibited an amorphous microstructure, smooth and uniform surface morphology, 89.2% optical transmittance at 550 nm, and sheet resistance in the range of 8–9 Ω/sq. These results demonstrate the suitability of ZAZ multilayer electrodes for electromagnetic shielding applications. In addition to experimental characterization, electromagnetic simulations were conducted using CST Studio Suite to assess the radar absorption performance of transparent ZAZ multilayer electrode structures. A three-layer polycarbonate model incorporating ITO and ZAZ thin films demonstrated an absorption bandwidth of 11.6 GHz between 3.0 and 14.6 GHz, achieving a maximum reflection loss of –16.1 dB. These findings confirm that transparent ZAZ multilayer electrodes not only represent an effective alternative to conventional ITO films but also serve as high-performance, broadband, and optically transparent electromagnetic shielding and radar absorbing material solutions for next-generation defense and aerospace systems.
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