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In hybrid systems which consist of semiconductor nanostructures and
dielectric photonic crystals significant aspects of the light-matter inter-
action can be tailored. Such structures are described by a microscopic
theory which provides a self-consistent solution of the dynamics of the
electromagnetic field and the material excitations. The theory is applied
to investigate spatial inhomogeneneities of the optical properties, in par-
ticular, excitonic resonances, wave packet dynamics, and the optical gain
are analyzed [1,2]. Additionally, the optical properties of quantum wells
embedded in one-dimensional photonic crystals are investigated. If such
structures are placed inside a microcavity, the gain increases superlinearly
with the number of wells [3].
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In recent years, nonlinear optical systems have attracted broad inter-
est. We propose to use exponential-integrators combined with Krylov-
subspace methods to solve the corresponding nonlinear time-dependent
Maxwell equations as well as coupled optical quantum-mechanical sys-
tems, such as the Maxwell-Bloch equations. These techniques are known
to be well suited for highly oscillatory and stiff problems and, therefore,
we expect fast and accurate simulations. We will present comparisons
of the performance and accuracy of our approach relative to commonly
used methods, in particular to nonlinear Finite-Difference Time-Domain
techniques. In addition, we demonstrate that the method is capable of
describing the Non-Markovian radiation dynamics of emitters in finite
Photonic Crystals.
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Arrays of miniaturized split ring resonators allow to realize systems
with a negative effective permeability in the near infrared regime [1,2].
We discuss the use of adaptive, higher-order, vectorial finite elements for
the numerical simulation of the time-harmonic light field in the elemen-
tary cell of the periodic array [3]. These methods allow us to investigate
resonances of the system.
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We present measurements of the electromagnetic field of ultra-short
laser pulses after propagation through metallic photonic crystal struc-
tures featuring simultaneous photonic and plasmonic resonances. We
used cross-correlation frequency resolved optical gating to measure the
complete pulse information, i.e., the envelope and phase of the electro-
magnetic field. In good agreement, measurements and scattering matrix
simulations [1] show a dispersive behavior of the spectral phase at the
position of the resonances. Asymmetric Fano-type resonances go along
with asymmetric phase characteristics. Furthermore, the spectral phase
is used to calculate the dispersion of the sample. Possible application in

dispersion compensation is investigated. The behavior of the extinction
and the spectral phase can be understood from a fundamental model
using the complex transmission amplitude [2,3]. An associated depiction
in the complex plane is a new approach in this context [3]. This method
promises to be of valuable use also in photonic crystal and filter design,
for example with regards to symmetrization of the resonances.
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We have investigated the interplay of plasmonic field enhancement and
semiconductor absorption in planar metallic photonic crystals consisting
of periodically patterned gold and silver deposited on GaAs/GalnNAs
heterostructures. Our goal is to exploit the resulting resonance effects
to fabricate a novel class of fast metal-semiconductor-metal (MSM) pho-
todetectors. We have established a new technique for the fabrication of
metallic electrodes with dimensions below 100 nm, which are expected
to perform two tasks: First, surface plasmon polaritons improve the
light transmission through the metal layer, and the local field enhance-
ment associated with these excitations increases the optical absorption
in the semiconductor. Second, optically generated electrons and holes are
rapidly extracted into the metallic electrodes like in conventional MSM
photodetectors. We present theoretical calculations based on the scatter-
ing matrix approach and compare the results with experimental spectral
and dynamical properties. The resulting ultimate limits of quantum effi-
ciency and bandwidth depending on the absorption properties, RC-times
and carrier transit times will be discussed.
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Mesoporous silica thin films were synthesized by dip-coating in
evaporation-induced self-assembly process. In this modified sol-gel
process a nonionic triblock copolymer has been used as a template.
The formed structure depends strongly on the processing conditions,
especially humidity. Film thickness can be tuned by drawing rate. The
structures of two different types of films were investigated by small
angle x-ray scattering, transmission electron microscopy and atomic
force microscopy [1]. Low humidity allows reproducible synthesis of low
refractive index films, which were used as optical waveguide supports.

Here we investigate the influence of processing parameters on their op-
tical properties. Refractive index, birefringence and film thickness were
determined by angular-dependent interferometry. Porosity can be deter-
mined from refractive index applying different effective media models.
The film scattering was characterized in the visible spectral range.

In another sol-gel process very transparent PZT films were synthe-
sized and deposited onto mesoporous films. The compatibility of these
films with mesoporous supports is investigated.
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The Bloch theorem is of fundamental importance for the field quantiza-
tion in a periodic medium because the quasi-periodic Bloch functions can
be used as modes. This approach becomes problematic in the presence of
absorption because the Bloch frequencies are complex [1]. We generalize
the mode expansion of the field operator using a quantization scheme for
the macroscopic Maxwell equations [2,3]. The usual Bloch modes are re-
covered for vanishing absorption. We also show that the band structure
in the (k,w)-plane gets broadened by the absorption. The calculation
is based on the spontaneous decay of a collective state of N two-level
systems, similar to the emission by a phased antenna array.



