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Controlling the flow of light at the nanoscale 
Light is indispensable. It assists, amazes, and inspires us every day, and it plays a crucial role in 
science and technology. The interaction of light with matter is important in a great number of 
applications that enhance the quality of our daily lives. By making light interact with matter at scales 
smaller than the light’s wavelength, you can bring about many interesting effects. This interaction 
can be tailored by structuring the materials and using the inherent properties of light. In this thesis, I 
explore and realize new possibilities for controlling the flow of light at extremely small dimensions.  

Light is a wave that is composed of electric and magnetic fields oscillating perpendicular to each 
other. When light is polarized, the oscillation of its electric field is limited to certain directions. I 
exploited this property to make light propagate in unusual ways in photonic crystals. These crystals 
are patterned at dimensions smaller than the wavelength of light. I studied photonic crystals with 
different broken symmetries, which interact in special ways with polarized light waves. 

My explorations focused on two directions. In the first part of the thesis, I used systems without 
mirror symmetry (chiral systems) to create diode-like behaviour for polarized light. These systems 
have the property of being able to transmit light in a different way in different directions: asymmetric 
transmission. Existing tools to predict whether a certain chiral system will have asymmetric 
transmission are slow, based on brute-force calculation. We developed a new theoretical tool to 
quickly predict the properties of new systems. We also discovered that there is a fundamental limit 
to the asymmetry of transmission in chiral systems. Using the prediction tool, I propose a design 
route for highly performing chiral systems with asymmetric transmissions as high as the fundamental 
limit. 

Light has a tendency to reflect back or scatter when it hits a defect in its path. Light that is free from 
scattering or back-reflections is highly sought after, because it can be routed along sharp bends and 
corners. In the second part of the thesis, I focused on creating systems with scatter-free light and on 
visualizing the propagation of light in these systems. I fabricated photonic crystals that are robust 
against deformations or disorders and visualized the flow of light in these systems. One of the 
features of these so-called “topological” systems is that polarization is locked to direction: light with 
a given polarization can only travel in one direction, but not back. My optical experiments revealed 
that the radiation that emanates from these systems contains a signature of that polarization-
direction locking. I created several topological structures that form useful building blocks of light 
circuitry (corners, junctions, cavities etc.) and visualized these topological states of light in them.  

To open doors to new directions of investigations on these system, the thesis concludes with first 
measurement results from a closer look at this light with near-field optical measurements – using a 
very small probe that collects light by going extremely close to the surface. The techniques and 
findings brought forward by the thesis are meant to strengthen the efforts to realize interesting 
effects and control for light and the potential for new devices and innovative integrated optical 
circuitry. 
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