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Metamaterials are man-made materials with extraordinary 
properties that are not available in nature. Within these materials, 
atoms are replaced by small resonant electromagnetic elements 
as the basic units for the interaction with light. One of the most 
fascinating properties that can be achieved with metamaterials 
is magnetism at microwave, terahertz and optical frequencies. 
The design of metamaterials with suitable electrical and 
magnetic response allows for the existence of materials with 
negative permittivity and permeability, also called left-handed 
materials.

In this thesis, the author explores potential applications of 
metamaterials in photonics and identifi es several photonic 
components where such materials could provide enhanced 
effi ciency, new functionality, or go beyond traditional limitations 
of optics related to the wavelike nature of light.

The thesis starts with a brief review of the history of optical 
metamaterials and of the basic theory of light propagation in 
left-handed materials. The subsequent chapters each describe a 
different optical component that makes use of a metamaterial. 
Two chapters are devoted to the miniaturisation of photonic 
components; designs for optical waveguides and dielectric 
cavities with subwavelength dimensions are proposed. 
Subsequently, left-handed materials are applied to nonlinear 
optical resonators for the purpose of diffraction management in 
such systems. Finally, a novel metamaterial is designed to exhibit 
an electromagnetic response similar to electromagnetically 
induced transparency; this metamaterial combines low group 
velocity with small absorption and is as such useful for slow 
light applications.
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