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Abstract (Arial 10) 
 
This study extends our earlier theoretical work on MoS₂/graphene heterostructures, where approximately 50% 
THz absorption and frequency tunability were achieved through adjustments in nanoribbon width and applied 
voltage [1]. Here, we significantly enhance the absorption characteristics by introducing a phosphorene 
nanoribbon of width 𝑊n-BP between two MoS₂/graphene nanoribbons (Fig. 1). The resulting structure attains 
absorption levels exceeding 90%, while preserving tunability through geometric variation and voltage control, 
allowing frequency sweeping across a wide THz range (1.3–10 THz) (Fig. 2 dashed lines). The proposed 
absorber employs only 2D materials—graphene, phosphorene, and MoS₂—and avoids the use of noble metals, 
resulting in a simplified architecture compatible with scalable fabrication techniques such as CVD and dry 
transfer. Compared with prior high-absorptivity designs that rely on complex, bulky metallic layers, this structure 
offers a low-cost, compact, and easily manufacturable solution [2]. The absorptivity could be increased to ~ 
100% by adding an Ultra-thin metallic ground plane of gold (5 nm) at the bottom of the structure. The gold plane 
reflected back the transmitted waves from the substrate where they absorbed (Fig. 2 solid lines). [3]. Future 
research will focus on experimental fabrication, exploring doping effects, and optimizing the structure for 
narrower bandwidth absorption. 
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Figure 1: 3D schematic of a four-element array of the proposed structure. 

 

 
 
Figure 2: The absorptance of the structure in case of using gold (solid lines), and without using gold (dashed lines) at 
different gate voltages. 
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