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Abstract 

 We have developed a high quality factor microwave-frequency meta-molecule to demonstrate a 

classical optical phenomenon analogous to electromagnetically induced transparency (EIT).  The 

two-dimensional design employs two planar Nb split rings acting as dark resonators symmetrically 

placed around a thick Au strip acting as a bright resonator.  When Nb is in the superconducting 

state, the significant loss gradient between Nb and Au opens a transparency window along with a 

strongly enhanced group delay.  The data show a systematic evolution with increasing temperature 

in the superconducting state of Nb, and the features disappear in the resistive state when the loss 

gradient between the two types of resonators closes.  We have also observed switching of the 

transparency window at high incident microwave power.  The experimental results are in good 

agreement with numerical simulations of the same structure.   Laser scanning microscopy images 

of the microwave current distributions in the dark resonators are also in good agreement with 

simulations. 

 

1. Introduction 

Metamaterials are engineered materials composed of small electrical circuits producing novel interac-

tions with electromagnetic waves. Recently, a new class of metamaterials has been created to mimic 

the behaviour of media displaying electromagnetically induced transparency (EIT) [1]. These metama-

terials employ combinations of carefully designed sub-wavelength resonators having vanishing (dark 

elements) and non-vanishing (radiative elements) dipole interaction with the incident electromagnetic 

waves [2]. Here we introduce a planar EIT metamaterial that creates a very large loss contrast between 

the dark and radiative resonators by employing a superconducting Nb film in the dark element and a 

normal metal Au film in the radiative element [3]. Below the critical temperature of Nb, the resistance 

contrast established opens up a transparency window along with a large enhancement in group delay, 
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enabling a significant slowdown of electromagnetic waves. We further show that superconductivity 

allows for precise control of EIT response through changes in the superfluid density [4, 5]. The reso-

nant EIT features can be sensitively tuned as temperature varies until the breakdown of the supercon-

ducting state at Tc causes the transparency window to be switched off.  Such tunable or switchable 

metamaterials may be useful for telecommunication purposes because of their large phase shifts and 

delay-bandwidth products. 
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