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Left-handed metamaterials (LHM’s) are a new media engineered to possess an effective negative index of refraction over a selected frequency range.  This characteristic enables LHM’s to exhibit physical properties never before observed. In particular, a negative index of refraction should cause electromagnetic radiation to refract or bend at a negative angle when entering an LHM as shown in Figure 1. This property theoretically can be used to bring radiation to a focus with a flat LHM lens.  The advantage of a flat lens compared to a conventional curved lens is that the focal length could be varied simply by adjusting the distance between the lens and the electromagnetic wave source.  Sub-wavelength resolution may also be possible.  In this in-house work, we have developed a computational model for LHM’s with the 3-D electromagnetic commercial code Microwave Studio, constructed an LHM flat lens, and have used it to experimentally demonstrate reversed refraction and flat lens focusing of microwave radiation.
The LHM configuration is a periodic array of metallic rings and wires based on work by researchers at the University of California at San Diego [1, 2].  A photograph of the flat lens array of LHM cells that we have constructed is shown in Figure 2.  For microwave radiation at wavelengths about ten times a cell length, this configuration provides negative effective values of electric permittivity and magnetic permeability, resulting in a negative value for the index of refraction.  Preliminary testing has demonstrated a reversed refraction effect with focusing of the microwave radiation.   Finite element models are being developed and an optics ray tracing code is being utilized to create new lens designs.  We plan to create, design, and test other LHM configurations that are more amenable for operation at higher frequencies and investigate applications of a flat lens for biomedical imaging and detection and other applications. 
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Figure 1.  A negative index of refraction causes electromagnetic radiation to refract or bend at a negative angle when entering a left-handed metamaterial.
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Figure 2.  Photograph of a flat lens array of left-handed metamaterial cells.
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