
We experimentally and theoretically demonstrate an approach enabling construction of a scalable multi-layered 
metamaterial media supporting multispectral plasmon induced transparency. A perturbative model incorporating 
hybridization and mode coupling is introduced to explain the observed novel spectral features. 
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Abstract 

In this paper, we introduce an approach enabling construction of a scalable metamaterial media 
supporting multispectral plasmon induced transparency. The composite multilayered media consist 
of coupled meta-atoms with radiant and subradiant hybridized plasmonic modes interacting 
through the structural asymmetry. A perturbative model incorporating hybridization and mode 
coupling is introduced to explain the observed novel spectral features. The proposed scheme is 
demonstrated experimentally by developing a lift-off-free fabrication scheme that can automatical-
ly register multiple metamaterial layers in the transverse plane. This metamaterial which can sim-
ultaneously enhance nonlinear processes at multiple frequency domains could open up new possi-
bilities in optical information processing. 

 
1. Introduction 
Electromagnetically induced transparency (EIT) is an effect observed in atomic physics, where a de-
structive interference between excitation pathways results in a transparency window in a broad absorp-
tion regime. This transparency window is accompanied with an extreme dispersion, hence EIT has 
been utilized in many different applications ranging from slowing of light pulses to orders of magni-
tude enhancements in non-linear phenomena. However, demanding experimental constraints restricted 
a wide utilization of EIT in real-life applications. Classical analogues of EIT observed in photonic and 
plasmonic systems overcome these experimental constraints [1,2].With these analogues, artificial pho-
tonic or plasmonic atoms are constructed which mimic the characteristics of their atomic physics 
counterparts. However, much of the research effort so far focused on isolated meta-atoms (either 
plasmonic or photonic) showing EIT-like effects at a single resonant frequency. Instead, creating an 
artificial complex media that can simultaneously enhance non-linear processes at multiple frequency 
domains could open up new possibilities. 

 
In this work [3], we are proposing an approach to carry the plasmon induced transparency effect to 
multiple-spectral positions by extending the structure design into the third dimension and tailoring the 
near-field interactions within the multi-layered structure. In the 3D structure, multiple hybrid modes of 
different characters (subradiant and radiant) will be formed at different frequencies and an introduced 
near-field coupling between these modes will give rise to the observed multi-spectral plasmon induced 
transparency effect. We are utilizing a recently proposed slot-antenna based planar design and also pi-
shaped particle antennas (also known as dolmen structures) as examples [4], however the results are 
kept general and can be easily applied to a diversity of geometries. Experimental demonstration is il-
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