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1 Background

In modern optoelectronic devices like solar cells and light emit-
ting diodes light must pass one or more interfaces during prop-
agation. These interfaces are often equipped with structures
of characteristic length scale of nanometers. In such mul-
tilayer structures the incoming electromagnetic radiation is
transmitted, reflected, absorbed or scattered, moreover waveg-
uide modes and plasmonic modes can be excited too. There is
a huge potential in optimizing the interfaces in order to achieve
better performance depending on the type of the application.
One can achieve improved energy efficiency of solar cells, higher
field enhancement for plasmonic devices, tailored permittivity
for metamaterials, controlled luminescence of nanodots etc.

In my thesis I investigate two different applications, both
of them using nanostructured interfaces.

The first half of my thesis deals with polarized light ex-
traction from light emitting diodes (LEDs). Native LED ra-
diation is unpolarized, but polarized LED would be very use-
ful in several applications like high-contrast imaging [Ramella-
Roman et al. (2003); Baba et al. (2005)], optical communica-
tions [Otte et al. (1999)] and LCD backlighting [Yeh and Gu
(2009)]. Several papers deal with LEDs having polarized light
output. Schubert et al. demonstrated two possible solutions
for this problem: a polarization selective encapsulation based
on Brewster’s effect for unpolarized white light source [Schu-
bert et al. (2007b)] and a polarization-enhancing reflector for a
partially polarized GaInN LED dies [Schubert et al. (2007a)].
However these applications are either specific to special kind
of light emitting structures or they provide very low contrast.

I show two possible solutions for the realization of polar-
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ized light output from light emitting diodes. First, arrays of
metallic nanoparticles of ellipsoidal shape are investigated on
a semiconductor-packaging interface. Second, the polarizing
property of metallic wire grids is exploited at different inter-
faces. Finally the nanoslit array is combined with a complete
LED model in order to estimate the performance of the com-
plete setup.

In the second part of this thesis I investigate the angle and
wavelength dependent mode structure of metallic nanovoid and
metallic film on nanoparticle arrays.

The main advantage of nanovoid and nanodome arrays is
that due to the periodic nature of the structure, light can be
directly coupled to localized and delocalized surface plasmons
[Cole et al. (2007)]. While the localized modes are restricted to
the protrusions of the gold layer, the propagating ones extend
over the surface of the structure. The theoretical framework for
the description and deeper understanding of the light-matter
interaction in these quasi 2D ‘plasmonic crystals’ [Sugawara
et al. (2006); Kelf et al. (2006)] paved the way towards their
use in many different research areas. Although the theoreti-
cal description of the mode structure of such interfaces exists,
the adaptation of the model to large scale samples is insuffi-
cient. During the work I have investigated experimental sam-
ples prepared by the Langmuir-Blodgett technique and shown
that the measured reflectance spectra can be interpreted by a
unique electromagnetic model taking into account the domain
like structure of the samples.
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2 Aims

The aim of my thesis is to understand the most important
factors affecting the propagation of electromagnetic waves in
multilayer systems and to use this knowledge to develop energy
efficient and functional devices. The work focuses on the elec-
tromagnetic modeling of such systems, including nanoparticles
on the surfaces and surface corrugations.

The results of this work can be used to help the experi-
mental realization and fine tuning of such devices with prior
knowledge about the parameters affecting the behavior of the
device.

3 Electromagnetic modeling methods

The electromagnetic models used in this thesis are rather di-
verse. Although all models are based on Maxwell’s equations,
the theoretical and numerical implementation varies with the
actual problem in consideration. Throughout the thesis well
established methods like finite difference time domain (FDTD)
method, rigorous coupled wave analysis (RCWA) and geomet-
rical optical ray tracing are used in some cases. However these
methods prove to be insufficient many times for large computa-
tional size or requirement for parameter sweep or optimization
due to high demand for computation power and long running
times.

For example in the case when nanoparticles in the size
range of 10 nm-s are considered in multilayer system it is more
straightforward to implement a method adapted to this actual
problem. For this particular problem I use the less known pe-
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riodic layered Green’s tensor method. This saves running time
and computational power, while increases the precision of the
calculation in the given range of applicability.

4 New scientific results

1. I have proposed the application of an array of ellipsoidal
nanoparticles as integrated polarizer to achieve inher-
ently polarized LED technology. I have carried out an
analysis and optimization of the polarizing nanoparti-
cle array using a periodic Green’s tensor model. I have
shown that particles in the size range of 100 nm are
optimal to reach 50% degree of polarization and less
than 15% absorbance for an uncollimated and unpolar-
ized dipole source. [I]

2. I have proved the feasibility of polarized light emitting
diodes with integrated wire grid polarizers, using a model
combining geometrical and physical optics. The whole
LED structure was modeled with ray tracing, the effect of
the wire grid polarizer was taken into account locally us-
ing rigorous coupled wave analysis. I have shown that the
wire grid polarizer in this setup yields better performance
than that of the nanoellipsoid array. I have shown that
it is advantageous to place the WGP onto the encapsula-
tion. In this case the efficiency of the device (12.6%) was
significantly higher than that of an unpolarized LED and
external polarizer combination (9.6%) while the extinc-
tion ratio was appropriate for most applications (76.86).
[II]
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3. I have explained the reflectance spectra of two-dimensional
metallic nanovoid and nanodome arrays prepared by
Langmuir-Blodgett template layer using finite difference
time domain method. The inherent domain-like struc-
ture of the samples is modeled by incoherent averaging
over all possible lattice directions. The calculated and
measured reflectance spectra are in very good agreement
for both nanodome and nanovoid arrays and for both
polarizations. The developed model enables us to have
an insight into the plasmonic properties of the particular
structures. [III]
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