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Near-field coupling plays an essential role in near-field optics, such as the near-field scanning optical 

microscope (NSOM). Optimized near-field coupling can efficiently improve the system or device 

performance. In the metamaterial with subwavelength metallic structures, the control of the near-field 

coupling in between metallic patterns, especially in between difference layers of metallic patterns, can 

bring novel functionalities to metamaterial devices for optics. In this paper, we analyze the near-field 

coupling within a unit of double-layer metallic patterns to show a new strategy for metamaterial devices in 

terahertz (THz) optics.  

Metamaterials with single layer metallic patterns [1], such as the very popular split ring resonator (SRR), 

have demonstrated their ability to form several different types of meta-devices among the spectra from 

microwave, THz, infrared, to visible. While the in-plane near-field coupling in between the metallic 

patterns of single layer usually limits the engineering capability on the near-field coupling, which results in 

the limitation of the metamaterial functionality. The out of plane near-field coupling with multilayers of 

metallic patterns provides additional freedom for the device design [2]. Figure 1 presents a metamaterial 

unit of double-layer SRRs and its numerical simulations on the surface currents under THz wave incidence 

with different polarizations. With particular distance designed between the double-layer SRRs to control the 

near-field coupling, it shows different behaviors under TE and TM modes of polarizations. Specifically, for 

TE mode, the loop currents associated with LC (inductor-capacitor) resonance on the top and bottom are in 

phase, while for TM modes, the dipole currents associated with dipole resonance are out of phase. On the 

other hand, the incident THz wave shows high transmittance with both the two modes, from which, a high 

performance THz-wave quarter wave plate is expected.  

 
Fig.1 (a) Metamaterial unit of double-layer SRRs. (b) Surface currents distribution with TE mode at 0.98THz. (c) Surface 

currents distribution with TM mode at 0.98THz. 
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