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Summary

Nanoscale structures which allow for control of the emission intensity, direc-
tionality and wavelength tunability are essential for integrated optical in-
formation processing, as well as improved light emitting diodes, solar cells,
and optical detectors. ‘On-chip’ realizations ask emitters to be incorporable
with state-of-the-art processes found in today’s semiconductor industry.
Therefore, researchers in the field of nanophotonics are focusing on the
creation of stable light sources, lossless waveguides, and highly-directional
and wavelength-selective antennas. This research on the one hand requires
a good understanding of ‘the source’, i.e., photophysics of electronic transi-
tions and fluorophores, and on the other hand excellent control of light in
passive structures through nanostructuring dielectrics and metals.

The wavelength of visible light dictates the typical length scale on which
aforementioned building blocks need to be realized in an effective, reliable
manner. In Chapter 2, we present a fabrication process based on gray-
tone UV-lithography which allows for dielectric material to be realized in
a wedge shape. Overall dimensions and surface quality of this dielectric
wedge fulfills the requirements to conduct experiments following the Drex-
hage scheme which is a key experimental approach to calibrate photophysics
of sources. Here, one is required to offer a change in the local density of
photonic states (LDOS) by controlling the distance of photon sources, e.g.,
fluorophores or quantum dots emitting at the visible wavelength λ, to sur-
faces such as plain metallic mirrors or metamaterial lattices on to about
λ/20. This level of accuracy allows us to measure distance dependent total
decay rates of an ensemble of emitters. The total decay rate is comprised of
a radiative and nonradiative part. Only the radiative decay rate is affected
by a change in LDOS. As we demonstrate, our realization is feasible for
effective quantification and comparison of the intrinsic quantum efficiency
of different ensembles of emitters.
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As fluorescence is usually dominated by electric dipole transition, the at-
tributed LDOS is, strictly speaking, the local density of electric field vacuum
fluctuations. This electric field LDOS also governs the radiative damping
of purely electrically polarizable scatterers (plasmonic particles). Recently,
investigation of magnetic transition dipoles in rare earth elements allowed
for the observation of a magnetic field LDOS. That both electric and mag-
netic field LDOS can be of equal importance has been discussed in the field
of thermal radiation. One archetypical object that features an electric as
well as a ‘spoof’ magnetic response (due to its geometric shape) to driving
fields is the split ring resonator (SRR) — a metamaterial building block.
Such a SRR is well described as a magnetoelectric point scatterer featur-
ing a 6 × 6 polarizability tensor. To quantify the strength of the electric,
magnetic, and magnetoelectric response one needs to gain knowledge of all
polarizability tensor components. Particularly, the cross-coupling terms are
of special interest to answer the question as to how induced electric dipole
moments due to driving with an electric field can in turn induce magnetic
dipole moments in such a scatterer.

Following the Drexhage scheme, we examine the radiative linewidth of
a SRR when varying the distance to an interface in Chapter 3. A change
in the backaction of the radiated field by the scatterer on itself leads to a
linewidth change and can thus serve as a calibration probe of the complex
polarizability tensor. Radiation of magnetic field from an electric dipole
that back-acts on a magnetic dipole is introduced via the concept of mag-
netoelectric LDOS. An experimentally accessible quantity is the extinction
cross section linewidth as determined from a scattering experiment. For a
magnetoelectric scatterer resonant in the microwave regime we simulate a
Drexhage experiment and indeed retrieve a linewidth change that does not
follow purely electric or purely magnetic LDOS indicating strong magneto-
electric cross-coupling.

The promise of unprecedented level of control of reflection, transmission
and refraction of light by a planar structure composed of subwavelength
scatterers that combine a strong electric and magnetic response to electro-
magnetic fields is the driving force in the field of metasurfaces. Any new
metasurface design of, e.g., phase masks or phased array antennas requires
knowledge of how exactly the collective response of two-dimensional peri-
odic arrangements of (supposedly well understood) single building blocks
comes about. Chapter 4 offers an analytical theory based on Ewald lat-
tice summation, capable of predicting the response of diffractive as well
as non-diffractive 2D periodic lattices of building blocks described within a
magnetoelectric point dipole model. We show in experiment and theory how
the magnetic dipole response of SRR lattices can be revealed by comparing
diffraction order intensities of a lattice formed by a trivial unit cell (single-
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atomic base) to a complex unit cell (two-atomic base) with alternating split
ring orientation. Furthermore, we demonstrate that our calculation method
not only accounts for all complex self-consistent retarded interactions in one
2D plane, but also transverse to stacked planes which form a finite 3D slab.
Calculated reflection and transmission amplitudes can serve as input for re-
trieval algorithms that try to assign effective medium parameters for such
stacked planes. Exactly how these effective parameters emerge and to what
extend the spatial dispersion and bi-anisotropy is properly dealt with lies at
the heart of debate in effective medium theory. We report transmission and
diffraction experiments on split ring lattices. Firstly, these confirm well the
developed theory. Secondly, they provide direct evidence for the magnetic
nature of split rings and point at a route to avoid undesirable bi-anisotropy.

In Chapter 3, we report how the change of the environment of a single
magneto-electric scatterer, e.g., by placing it in front of a mirror, affects the
particle’s polarizability which becomes separation dependent. Chapter 4
describes how periodic arrangements of magneto-electric scatterers cause a
renormalization of their respective polarizabilities due to multiple scattering
interaction with all other scatterers in the lattice. In our final Chapter 5,
we address how both renormalization processes manifest themselves in the
combined system of a lattice of polarizable particles above an interface. The
lattice-sum formalism together with the interface Green function approach
allows us to calculate the per-particle polarizability and extract reflection
and transmission coefficients. Therefore, it is possible to directly compare
our full analytical approach to a Fabry-Pérot model which treats the system
as a mirror geometrically separated from a second interface that features a
resonant response. By principle, the Fabry-Pérot model does not take near-
field effects into account as solely reflection and transmission coefficients
of substrate and lattice come into play. However, it provides a reasonably
satisfactory description of the joint optical response. The small residual
deviations can be converted back into a backaction effect in itself, however,
now as a backaction correction to lattice reflectivity. We project that the
notion that simple multilayer models do not describe metasurface stacks due
to backaction will be very important for future metamaterial applications.
Our analytical calculation method is extendable to lattices embedded in any
arbitrary stratified system. Furthermore it covers non-diffractive as well as
diffractive systems for arbitrary incident parallel wavevector relevant for,
e.g., optimizing outcoupling structures in LEDs.
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