
Thursday

HL 43: Photonic crystals I

Time: Thursday 9:30–12:30 Location: POT 151

HL 43.1 Thu 9:30 POT 151
Electro-optical modulator in a polymer- infiltrated silicon
slotted photonic crystal waveguide heterostructure resonator
— •Jan Hendrik Wülbern, Alexander Petrov, and Manfred
Eich — Institut für Optische und Elektronische Materialen, Technis-
che Universität Hamburg-Harburg, 21073 Hamburg

We present a novel concept of a compact, ultra fast electro-optic mod-
ulator, based on photonic crystal resonator structures that can be real-
ized in two dimensional photonic crystal slabs of silicon as core mate-
rial employing a nonlinear optical polymer as infiltration and cladding
material. The novel concept is to combine a photonic crystal het-
erostructure cavity with a slotted defect waveguide. The photonic
crystal lattice can be used as a distributed electrode for the applica-
tion of a modulation signal. An electrical contact is hence provided
while the optical wave is kept isolated from the lossy metal electrodes.
Thereby, well known disadvantages of segmented electrode designs such
as excessive scattering are avoided. The optical field enhancement in
the slotted region increases the nonlinear interaction with an external
electric field resulting in an envisaged switching voltage of less than 1
V at modulation speeds up to 100 GHz.

HL 43.2 Thu 9:45 POT 151
Room Temperature Tuning of Photonic Crystal Cavities
— •Karoline A. Piegdon1,2, Heiner Matthias3, Heinrich-S.
Kitzerow3, Dirk Reuter4, and Cedrik Meier2 — 1University of
Duisburg-Essen, Physics Department — 2University of Paderborn,
Nanophotonics and Nanomaterials — 3University of Paderborn, Phys-
ical Chemistry — 4Ruhr University of Bochum

Photonic crystal (PC) cavities are in the focus of interest due to the
strong light-matter interaction, that makes them suitable for quan-
tum electrodynamics in cavities containing semiconductor quantum
dots (QDs). Recent experiments with single QDs coupled to a high
quality factor cavity mode got most attention, since they show strong
cavity-QED effects. However, the inability to fabricate cavities with a
designated resonant wavelength makes their tuning indispensable.

In our room temperature photonic crystal cavities we implemented
different techniques for reversible or permanent tuning of the resonant
mode. We fabricated photonic crystal membranes from a (Al,Ga)As
heterostructure; the membrane slab contains self-assembled InAs QDs
exhibiting luminescence at 300K between 1000nm and 1300nm. In all
experiments we employed control of the refractive index of the sur-
rounding of the photonic crystals in order to gain control over the
resonant mode wavelength. Depending on the application, reversible
or irreversibel tuning is desired. This is achieved by deposition of
thin layers of material on the PC or by using the tunability of liquid
crystals.

HL 43.3 Thu 10:00 POT 151
Multiple Scattering of Light in Three-dimensional Pho-
tonic Quasicrystals — •Alexandra Ledermann1, Michael
Kallenberg1, Diederik S. Wiersma2, Martin Wegener1,
and Georg von Freymann1 — 1Institut für Nanotechnologie,
Forschungszentrum Karlsruhe, DFG-Center for Functional Nanostruc-
tures (CFN) and Institut für Angewandte Physik, Universität Karl-
sruhe (TH) — 2European Laboratory for Nonlinear Spectroscopy
(LENS) and INFM, Firenze

Quasicrystals (QC) represent a class of solids which lack translational
symmetry, yet exhibit perfect long-range order and high-degree rota-
tional symmetries, not necessarily consistent with periodicity. Using
direct laser writing [1] we fabricate three-dimensional SU-8 photonic
QCs of high quality [2] and study their optical properties. The results
of our Laue diffraction experiments and our time-resolved pulse prop-
agation studies are reproduced by our simulations [3], showing that
multiple scattering of light plays an important role in describing the
unusual properties of QCs. We find features of both, disordered optical
systems as well as periodic photonic crystals.

[1] M. Deubel et al., Nature Materials, 3, 444 (2004).
[2] A. Ledermann et al., Nature Materials, 5, 942 (2006).
[3] A. Ledermann et al., Optics Express, submitted (2008).

HL 43.4 Thu 10:15 POT 151
Stereometamaterials — Na Liu1, •Hui Liu2, Shining Zhu2, and

Harald Giessen1 — 14th Physics Institute, University of Stuttgart,
70569 Stuttgart, Germany — 2Department of Physics, Nanjing Uni-
versity, Nanjing 210093, P. R. China

Abstract: We introduce a novel concept to nano-photonics, namely
stereometamaterials. As model system of stereometamaterials, we the-
oretically and experimentally study meta-dimers, which consist of a
stack of two identical split-ring resonators[1] in each unit cell with var-
ious twist angles. We demonstrate that the interplay between electric
and magnetic interactions plays a crucial role for the optical proper-
ties[2]. Specifically, the influence of higher-order electric multipoles be-
comes clearly evident. The twisting of stereometamaterials paves the
road towards engineering of complex plasmonic nanostructures with
tailored electric and magnetic interactions.

[1] N. Liu et al., *Three-dimensional photonic metamaterials at op-
tical frequencies*. Nature Mater. 7, 31 (2008). [2] H. Liu et al., *Mag-
netic plasmon hybridization and optical activity at optical frequencies
in metallic nanostructures.*Phys. Rev. B. 76, 073101 (2007).

15 min. break

HL 43.5 Thu 10:45 POT 151
3D Vectorial Wannier Functions for the Design of Func-
tional Defect Structures in Photonic Crystals — •Chrisitan
Wolff1,2,4, Christopher Kölper1, Patrick Mack1,3, Daniel
Hermann1,2, and Kurt Busch1,2,3,4 — 1Institut für theoretische
Festkörperphysik, Universität Karlsruhe — 2DFG Forschungszentrum
Center for Functional Nanostructures (CFN), Universität Karlsruhe
— 3Institut für Nanotechnologie, Forschungszentrum Karlsruhe in der
Helmholtz-Gemeinschaft — 4Karlsruhe School of Optics and Photon-
ics (KSOP), Universität Karlsruhe

Photonic circuits formed by defect arrays in photonic crystals are a
promising approach for integrated optics applications. However, such
systems combine large spatial extents and highly structured, very regu-
lar geometries. As a consequence, conventional numerical methods are
challenged by excessive resource consumption. In contrast, the Wan-
nier functions of the unperturbed photonic crystal offer an efficient
expansion basis which had been verified in the past for 2D systems, in
which the decoupling of the polarizations leads to a scalar problem. We
report on the generalization of the method towards fully vectorial 3D
photonic Wannier functions and their application to defect structures
in 3D photonic crystals and photonic crystal slabs.

HL 43.6 Thu 11:00 POT 151
Silicon-based low-loss photonic crystal waveguides —
•Daniel Pergande1 and Ralf B. Wehrspohn1,2 — 1Institut of
Physics, Martin-Luther-University Halle-Wittenberg, 06099 Halle —
2Fraunhofer Institute for Mechanics of Materials, 06120 Halle

Silicon is the dominating material in today’s microelectronics, espe-
cially in modern telecommunications, and therefore a lot of experience
in microstructuring of silicon exists. Its high dielectric constant makes
it a promising candidate for PhC fabrication. Furthermore, the pos-
sibility of integrating electronics and optics on one chip is of great
advantage for silicon-based PhC devices.

We present ridge waveguides and PhC waveguides etched in a high-
index-contrast SOI-material made of a thin silicon slab embedded in
two silica layers. Hence, fully symmetrical structures can be real-
ized and two important conditions for low-loss guiding of light in PhC
waveguides can be matched: First, the high index contrast leads to
strong confinement of light, so the PhC waveguides allow theoretically
lossless guiding of light because of operating below the lightcone. Sec-
ond, the symmetry avoids polarization mixing and therefore prevents
coupling between guided modes of different polarization.

HL 43.7 Thu 11:15 POT 151
Influence of (Geometrical) Micropillar Properties on the Cav-
ity Quality Factor — •Matthias Karl1, Benjamin Kettner2,
Sven Burger2, Frank Schmidt2, Heinz Kalt1, and Michael
Hetterich1 — 1Institut für Angewandte Physik and DFG Center for
Functional Nanostructures (CFN), Universität Karlsruhe (TH), 76128
Karlsruhe, Germany — 2Zuse Institut Berlin (ZIB), 14195 Berlin, Ger-
many

We present numerical studies of optical cavity modes in Bragg micropil-


