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ACTIVITIES 1999

19.January

Start of CeNS

18.-23. April

1st CeNS-Workshop
Nanoscience: Scientific, technological and economic aspects
Venice International University, San Servolo, Venedig, Italy
30 presentations of CeNS members and international guest and poster
sessions for CeNS students.

27.-30.September

Presentation of 3 research projects at the MATERIALICA
x
x

x

3.-5. October

Surface tomography with acoustical surface waves
Single molecule force spectrometer
Terahertz-Spectroscopy

Technical Workshop
Schliersee
18 presentations given by CeNS students focussing on the technical
expertise within the various laboratories.

17.December

Annual meeting of the members

over the year

CeNS weekly seminar with speakers from all over the world

This week in CeNS
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1. RESEARCH PROJECTS
Nanotweezers (Lorenz)
The aim of this project is to realize tweezers on the nanometer scale operated by electric forces. They consist
mainly of very tiny finger-like structures, which can be moved via electrostatic interaction. We are investigating
the electrical and mechanical properties, e. g. the resistance and elasticity. One way to realize these flexible
finger-like structures is by depositing so-called contamination tips in a scanning electron microscope.
Alternatively, free standing conductive 3-dimensional “fingers” can be sculptured out of bulk material by
nanofabrication techniques. Finally these artificial fingers shall be integrated on an AFM probe such that
nanoparticels can be recognized, picked up intentionally and deposited again on a predetermined site

Quantum computing: Decoherence and dissipation effects in quantum dots
(Lorenz/Blick)
In this work we investigate laterally defined quantum dots confined in AlGaAs/GaAs heterostructures
comprising a two-dimensional electron gas with extremely high mobility and large phase relaxation length. Our
goal is to study the intricate mechanisms of wave function interaction in these artificial molecules. We probe the
wave function entanglement of two coupled quantum dots by applying transport spectroscopy at ultra low
temperatures. We determine the strength of this tunnel coupled mode and monitor the magnetic field
dependence. This mode is the key element for any quantum computational realization with semiconductor
quantum dots.

Definition of nanostructures by atomic force microscopy (Lorenz/Kotthaus)
In this work we investigate different possibilities to define nanostructures by means of atomic force microscopy.
Mechanical and field- or current-induced modifications of materials which result in fabrication of structures in
the nm regime are state of the art (links zu den alten Jahresberichten LS Kotthaus). Now we try to locally store
electrons in semiconductor-insulator systems or in self-assembling quantum dots and to detect single electrons
via their electrodynamical interaction with a force sensor. The nanoscopic local switching behavior of
ferroelectric domains with regard to their possible application as a non-volatile memory device is also focus of
our current investigations.

Micromachined silicon devices and nanostructures (Lorenz/Blick/Kotthaus/Lorke)
Underetching of silicon nanostructures on SOI substrates allows to suspend the devices by removing the buried
oxide layer under the silicon film. Using this technique, we succeed in fabricating suspended, highly doped
silicon nanowires and quantum dots with lateral dimensions down to 50 nm. These devices show clear deviations
from ohmic behavior. We demonstrated Coulomb-blockade on these devices and also studied the electronphonon interaction in this regime. Especially the application as a high power device seems to be obvious, since
the electron-phonon interaction, leading to unwanted heat consumption, is strongly suppressed due to selection
rules for scattering of electrons and acoustic phonons.We have also developed SOI-based Nanotriodes, a lift-off
process for SOI-based MOS transistors and electromechanical SOI-Nanodevices.

Optical near-field spectroscopy on metallic nanostructures(Feldmann/von Plessen):
The surface plasmon excitation in metallic nanostructures such as perforated metal films and small metal
particles shows extremely strong interactions with light, which lend themselves for optical applications in
biochemical sensors, optical filters, and lasers. We have performed near-field optical spectroscopy on individual
noble-metal nanoparticles. At the spatial positions of the particles, we have observed a resonant lighttransmission enhancement, which allowed us to determine important properties of the surface plasmon
excitation. The same experimental set-up has been used to measure the interaction of surface plasmons
propagating on the surface of noble-metal films with individual nanometer-sized cylindrical holes in the films.
Our findings may help to explain why more light is transmitted through the nanoholes than was thought possible
until recently.
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Ultrafast optical spectroscopy on metal nanoparticles(Feldmann):
Ultrafast optical spectroscopy has recently revealed important new information on many aspects of metals, like
many-electron effects and lattice dynamics. Such investigations on metal nanoparticles (or clusters) have found
particular interest due to additional phenomena resulting from the small size of the system. Using femtosecond
time-resolved pump-probe spectroscopy we have investigated the decay of electronic excitations in gold
nanoparticles at high electron temperatures of up to 4000 Kelvins; our results make it possible to differentiate
between various dynamic phenomena involved in the decay. In time-resolved experiments on silver
nanoparticles, we have found that the thermal expansion of the optically heated particles triggers acoustic
vibrations in the tens of Gigahertz range.

Ultrafast optical spectroscopy on semiconductor quantum dots(Feldmann/von
Plessen):
Semiconductor quantum dots are of great interest both for the fundamental properties of these quasizerodimensional systems and with a view to applications like quantum dot lasers. The performance limits of
future quantum dot lasers will depend to a large part on the dynamics of carrier relaxation and light emission in
these structures. We have investigated such processes in waveguide structures containing indium arsenide
quantum dots. In particular we have measured how the dynamics of the light emission changes with the number
of quantum dots participating in the process, and with the number of carriers filled into the quantum dots prior to
light emission.

Quantum confinement in nanometer-sized semiconductor colloids(Feldmann/Gao):
CdTe nanocrystals exhibit very strong fluorescence which can be tuned from green to red when the particle size
is varied from 2 nm to 5 nm. Different strategies are being developed to produce single and multi-color
fluorescent patterns out of differently sized nanocrystals.

THz spectroscopy on optically excited semiconductors(Feldmann/Hecker):
With the recent development of single cycle THz pulse generation using ultrafast optoelectronic techniques and
the increased use of THz spectroscopy, optical components such as filters, attenuators, and polarizers for this
frequency range are in high demand. A property which can be exploited for filtering in the THz frequency range
is the optically generated carrier population in a semiconductor. Using a mixed type-I/type-II GaAs/AlAs
multiple-quantum-well sample, we have demonstrated an optically-controllable and tunable THz filter. Longlived electron-hole pairs in the quantum wells allow for efficient THz attenuation over a large THz spot size (2
mm) for extremely low optical cw power. This sample can also be used as an optically tunable THz phase
shifter. Future experiments on a varierty of semiconductor samples will concentrate on the temporal evolution of
THz transmission via optical pump /THz probe measurements.

Organic semiconductor lasers(Feldmann/Lemmer):
Organic light-emitting diodes exhibit efficiencies comparable to the best inorganic semiconductor LEDs. Such
devices are currently being commercialised. One of the next exciting challenges in the field is the development
of an electrically pumped organic injection laser. We have recently achieved optically pumped lasing of
conjugated polymers and evaporated small organic molecules in mechanically flexible distributed feedback
lasers. Current research efforts focus on the investigation of novel resonator geometries and the design of
suitable heterostructures for electrical pumping.

Charge carrier generation in conjugated polymer(Feldmann/Lemmer):
The primary excitation in a conjugated polymer is a strongly Coulomb-bound neutral state. The transition from a
photoexcited neutral excited state to a pair of charge carriers as well as the reverse process determine the
operation of organic solar cells and light-emitting diodes. Using different time resolved methods we investigate
the dynamics of the dissociation process in conjugated polymers as well as in composite systems consisting of
different organic compounds.
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Investigation of biological macromolecules by SPM (Guckenberger):
Scanning tunneling microscopy (STM): Working at very low tunneling current (<1pA) allows to image even
non-conducting surfaces in humid air as long as they are hydrophilic, e.g. DNA on mica. In such cases an ultra
thin water film acts as a conductive coat with a surprisingly high conductivity.
Scanning force microscopy (AFM): The ability of AFM to work very well in fluids. e.g. in buffer, makes the
AFM to an excellent tool for investigations of biological specimens. Our applications mainly concentrate on the
proteasome of archaea with the aim to elucidate functional aspects. This work includes development of methods
for the oriented deposition of proteasomes on mica supported NTA-lipid films via His-tags. Another part of our
AFM work is devoted to a better understanding of the phase signal in tapping mode AFM.
Scanning near-field optical microscopy (SNOM): Fluorescence allows easy identification of marked parts of
biological specimens. Here a SNOM can achieve better resolution than the best optical microscopes in the farfield, the confocal laser scanning microscopes. The main advantage of the SNOM, however, lies in the
simultaneous acquisition of a topographical signal in addition to the optical one. We used our home-built
aperture SNOM for the investigation of the lung surfactant film and of proteasomes, in the latter case aiming at
single molecule detection.

Optics of charge tunable semiconductor quantum dots (Karrai):
We are investigating the light emission properties of semiconductor quantum dots as a function of the number of
electrons localized in the dot. The emission spectra depends drastically on the dot electronic filling. We get this
way a direct optical measurement of electron-electron interactions as well as optical manifestation of coulomb
blocking. Single dot spectroscopy is currently performed at low temperatures.

Scanning electrostatic force microscopy of semiconductor heterostructures(Karrai):
We investigate the local potential as well as dielectric constant of semiconductor heterostructures. The goal
pursued here is to be able to detect mechanically sub-surface charges deeper in the material. Sub surface charges
of interest to our research are the electron quantized in a quantum well and quantum dot. Their charge can be
mechanically detected by measuring their electrostatic force acting on a thin silicon lever.

Simulation of the reactions of OH radicals (Frank)
The reactivity of OH radicals with organic molecules is of primary importance for the estimation of the lifetimes
of organic pollutants in the atmosphere. The experimental determination of the corresponding reaction rates is
difficult and is often replaced by an estimation using incremental schemes. For developing such schemes the
knowledge of the reaction mechanism is necessary. These mechanisms have been determined with ab-initio
simulations for amines and aldehydes.

Simulation of molecules under mechanical stress (Frank)
Motivated by AFM experiments that have been performed in the group of Prof. Dr. Gaub, we have investigated
strain-induced reactions. Using ab-initio molecular dynamics we have simulated the expansion of a small piece
of polyethylene-glycol (PEG). We were able to observe homolytic and heterolytic reactions depending on the
environment. Furthermore we could monitor the transfer of the electrons in full detail.

Quantumchemical investigation of two-dimensional systems (Frank)
Two-dimensional structures of adenin molecules have been investigated recently in the group of Prof. Dr. Heckl
with STM methods. A pronounced dependence of the STM pattern on the scan direction was observed. This
phenomenon shall be analyzed using theoretical methods. In a first step we have investigated the intermolecular
potentials with first-principles methods. We have determined the relevance of quantummechanical effects on the
proton motion along the intermolecular hydrogen bonds.
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Biocompatible Polyelectrolyte Layers on Semiconductor Substrates (Seitz)
The physical properties and functionality of biological devices is determined by their bulk structure, and
therefore by the choice of a particular material. On the other hand, the biological responses to all materials are
merely governed by their surface chemistry and structure. In general, these biological interactions can be
improved in a desired way by a modification of the material's outermost surface layer while its physical
functionality should remain unchanged. In this context, synthetic polymers are frequently used as coatings in
order to optimize specific surface properties of biologically relevant materials and devices.
We are currently working on the development of biocompatible, ultrathin polymer layers (2 30 nm) on
semiconductor surfaces for the development of future biosensor devices, such as the field-effect-addressable
potentiometric sensor (FAPS). Most bare surfaces of semiconductor materials are found incompatible with
biological cell layers while synthetic polymer coatings allow the introduction of chemical functionalities
promoting cell adhesion.
We are using polyelectrolyte multilayers as biocompatible substrates. As an example, the figure shows a cell
layer of NRK fibroblasts grown on a tri-layer film of branched polyethylenimine (PEI)/polystyrenesulfonate
(PSS) /polyethylenimine on silicon oxide which is well-developed after four days in culture. As a first step in
adapting this concept for the surface modification of semiconductor surfaces, we have successfully built up
polyelectrolyte multilayers on gallium arsenide by a simple dip-coating process. Biocompatibility studies of such
modified surfaces are currently underway.

NRK fibroblasts grown on PEI-2,000/PSS-1,000,000/PEI-750,000 on SiOx after two days (left),
and after four days (right). Magnification is 70-fold (i.e. the actual size of the shown surface
areas is 1.5x1 mm).

Elastic Properties of Single Polyelectrolyte Chains and Their Desorption from Solid
Substrates (Seitz)
Next to their central importance in nature, polyelectrolytes are used in numerous industrial applications due to
their unique adsorption characteristics at interfaces. They are used to precipitate small particles in a variety of
processes, such as water purification or paper production. Since the interplay of intramolecular interactions in
polyelectrolyte systems is not yet completely understood, the availability of experimental data on the level of
single molecules is of great importance in this context.
Single molecule AFM experiments allow the study of the elastic behaviour of single polymer chains, including
their desorption from solid substrates substrates. As expected, high charge densities along polyelectrolyte chains
result in an increased stiffness (longer persistence length) of the investigated polymers (PVA), particularly in
buffer solution of low electrolyte concentration.
Single positively charged polyelectrolyte molecules were picked up from negatively charged surfaces (SiOx,
mica) with an AFM tip, and the desorption forces were measured. The observed desorption behaviour
qualitatively agrees with theoretical predictions, and the expected dependence on typical parameters such as
polymer charge, pH, and buffer electrolyte concentration was observed. However, even at low charge densities
and with high salt concentrations, i.e. efficient screening of the Coulomb interaction, a minimum force in the
range of a few tens of piconewtons is required to desorb a single polymer molecule from the substrates. The
nature of this apparently unspecific interaction (van der Waals, hydrogen bonding,....?) is currently under study.

Nano-tomography in self-organized semiconductor quantum dots (Metzger)
Development of measurement techniques and analytical procedures for the structural investigation of selforganised semiconductor quantum dots:
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Dislocation-free nano-crystallites formed in heteroepitaxy of highly mismatched material systems have received
widespread attention as potential next-generation semiconductor devices. The experimental determination of the
spatial configuration of these three-dimensional islands grown in the coherent Stranski-Krastanow-mode is a key
element for the understanding of the growth process. Improvements of the zero-dimensional electronic properties
of such „quantum dots“ are expected to be triggered by advances in the mastering of the complicated selforganized growth. The recent controversy about the correct assessment of thermodynamic and kinetic effects
shows the necessity for experimental techniques to determine structural properties of quantum dots.
X-ray grazing incidence diffraction (GID) has been shown to be ideally suited for the structural characterization
of thin layers. Buried interfaces and strain distributions in heteroepitaxial layers have been successfully
investigated using this technique. Depth and surface sensitivity of GID allows for the detection of near-surface
structures and defects which cannot be resolved in a large angle setup due to the dominant presence of substrate
scattering. This advantage particularly applies to quantum dots. Furthermore, GID-experiments yield the change
in in-plane lattice parameter which quantifies the relaxation of the dot material with respect to the substrate
lattice parameter.
On this basis, we have developed new combinations of measurement techniques and analytical approaches which
allow us to draw three dimensional maps of strain and interdiffusion for this class of nanostructures. This „nanotomography“ can be used as a source of input data for growth models as well as a tool to assess and recursively
improve the output of sample series. The figure shows the outcome of one such analysis for a InAs/GaAs(001)
sample grown by molecular beam epitaxy at 530° C.

Experimental results for the InAs/GaAs
dot system. In the upper part
the
colouring shows the deviation of lateral
lattice parameter from that of GaAs,
whereas in the lower panel the In-content
x of the InxGa1-xAs alloy is colour-coded.

Ge pyramids on Si <111> (Metzger)
X-ray investigation of Ge islands on Si <111>: Development of x-ray scattering techniques at grazing incidence
to study shape, strain, size and orientation of small Ge pyramids. Study of the influence of boron termination of
Si<111> on the island formation:
Epitaxial growth of Ge on boron terminated Si(111) substrates results in a new type of pyramidal Ge islands. The
growth of the pyramids takes place in a self-assembled procedure and leads to lateral ordering perpendicular to
miscut induced terraces. We combine atomic force microscopy (AFM) and advanced x-ray scattering techniques
to determine shape, size, strain and ordering of these islands. AFM images reveal triangular pyramidal islands
with threefold symmetry (Figure 1). Most of the islands are found to be aligned alike with the sides along the [110] directions. Using grazing incidence small angle x-ray scattering (GISAXS) we find the islands to be confined
by three {113} side facets and a (111) facet on top. We quantify the morphological structure and the ordering of
the pyramids by fitting form factor calculations within the Distorted Wave Born Approximation for free-standing
nano-structures to the GISAXS signal (Figure 2). The crystalline structure, i.e. the strain distribution within the
Ge pyramids is determined by grazing incidence diffraction (GID) and crystal truncation rod scattering
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measurements (Figure 3). We find that the lattice parameter mismatch between Si and Ge is relaxed up to 90%
towards the Ge bulk lattice parameter. The residual strain causes a linear gradient of the lateral lattice parameter
along the growth direction.

Figure 1: AFM image of 15 nm Ge deposited
on a boron-terminated Si(111)

Figure 2: Grazing Incidence Small
Angle X-ray Scattering pattern of
oriented Ge pyramids on Si(111).

Figure 3: Crystal Truncation Rod
scattering pattern near the Si(113)
reflection
(hexagonal
coordinate
system).
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X-ray diffraction from surface phonons on GaAs (Metzger)
Imaging and non-imaging x-ray diffraction to characterise surface acoustic waves (SAW) excited on GaAs (001)
surfaces. Visualisation of SAW by stroboscopic topography using the time-structure of x-rays produced in a
synchrotron (ESRF). High resolution x-ray diffraction to quantify amplitudes of SAW as a function of excitation
voltage:
Galliumarsenide (GaAs) is a promising candidate for building integrated surface acoustic wave (SAW) devices.
Because of its properties as a direct band-gap semiconductor, it has many advantages over other piezoelectric
crystals. We demonstrate with x-ray diffraction experiments the potential of modern synchrotron sources like
the ESRF, Grenoble. Both the time structure with 50ps pulses as well as the excellent brilliance of the beam are
used to get real space and reciprocal space images of the surface phonon induced modulations on GaAs.
Imaging
The synchrotron x-ray source at ESRF (European Synchrotron Radiation Facility) provides in the 16-bunch
mode, 50 ps long x-ray pulses with a repetition frequency of 5.68 MHz. This driver frequency of the synchrotron
was multiplied to the excitation frequency for the SAW device. Thus, the surface wave is always in phase with
the light pulses and a standing image of the wave ios obtained with this stroboscopic technique.
200µm
[011]

Figure 1: AFM image of 15 nm Ge
deposited on a boron-terminated
Si(111)

50µm

The sample was aligned to diffract the x-rays at the GaAs (400) reflection. Figure 1 shows, as an example, the
topogram of the sample surface during excitation of the surface acoustic wave. This topogram was taken from a
device with a focussing transducer structures. The focussing efficiency is clearly visible. The vertical arrows
indicate the position of the focus as expected from the structure of the transducers.
Diffraction
Besides topography, which show the real-space image of the crystal under SAW excitation, high-resolution
diffraction using a triple-crystal set-up was performed. With a Si (111)-analyser crystal, the angular distribution
of the diffracted x-rays was scanned. In figure 2, the results of measured spacemaps without (left) and with SAW
excitation (right) are shown. Up to 12 side maxima can be found depending on the magnitude of the excitation
voltage. From a detailed analysis of the intensity distribution we can quantify the amplitude of the SAW, which
is found to be in the sub-nm range.
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Nanostructures as Defects in Boron Implanted Silicon (Metzger)

<1
11
>

Defect formation with nanometer dimension in boron implanted Si (001) after annealing treatments.
Development of diffuse x-ray scattering techniques at grazing incidence to study the temperature and annealing
time induced transition from small clusters to extrinsic stacking fault. With our results the so-called transient
enhanced diffusion of boron is now better understood by diffusion mechanisms involving Si interstitial defects:
In the design and fabrication of modern integrated circuits extensive use is made of computer codes both in the
design of circuits and the processes necessary to implement these designs in silicon. Since ion implantation is
ubiquitous in the fabrication of basic transistor structures, it is important that defects and dopant motion
introduced by ion implantation be thoroughly understood. Much of our understanding of the implantation
process has been derived from simulation studies and modern improvements in computer codes and simulations
utilizing the fast processor speeds of large computers. The simulations however need to be referenced to
experiments in order to enhance the reliability of computer codes. Many ingeniously designed experiments have
yielded a valuable body of data on Boron motion during Transient Enhanced Diffusion. The role of defects
individual and clustered has proved more elusive. Through our studies of diffuse scattering from faults and
Huang scattering from clusters of point defects, we aim to provide not only a basic understanding but
quantitative data that can be used with confidence in modern computer codes. This study has enhanced our
understanding of diffuse scattering from boron implanted silicon. It remains to extend our observations to the
kinetics of stacking fault and cluster growth to provide us with new experimental information on the stability of
stacking fault growth and dissolution.
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Fig.1: Diffuse scattering intensity map with rod-like
streak are found along the [111] and [-1-11]
directions. The inset shows an intensity „slice“ along
qz, demonstrating the width of the streak together with
model calculations for extrinsic stacking faults (solid
line in the inset).
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Here X-ray diffuse scattering at grazing incidence has been applied to study these nano-meter size defects. In
boron implanted silicon we have discovered narrow intensity rods along [111] directions (Fig 1). From a detailed
analysis of three dimensional reciprocal space maps clear evidence is found that the rod-like scattering is due to
extrinsic stacking faults with an average diameter of 71nm, formed in the implanted layer after rapid thermal
annealing. At the same time nanometer sized structures appear at the Si surface which are characterized by
atomic force microscopy and specular reflectivity measurements (Fig.2).
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Fig.2: a) Atomic force microscopy image of the sample surface after boron implantation and annealing treatment.
The three structural features have a diameter and height of about 3.5nm.
Fig 2: b) Specular reflectivity measurement, together with the fit to the data using the density model, given in the
inset.
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Mechanisms of synaptic transmission in the brain (Behrends)
(Lab Homepage: http://tenlab.phyl.med.uni-muenchen.de)
Studies in this lab focus on the mechanisms of synaptic transmission in the brain. We work both on presynaptic
issues (such as synchrony and regulation of vesicular transmitter release) and on postsynaptic questions (such as
pharmacology and kinetics of the receptors that bind the transmitter and produce the postsynaptic conductance
change). In CENS, we collaborate with the Department of Semiconductor Physics (R. Blick, J.P. Kotthaus) in
constructing a novel device for studying ion channels and proteins in membranes generally, and with the
Department of Applied Physics (W. Parak, M. George, H.E. Gaub) in growing neurones on semiconductor
devices in order to measure surface potentials and metabolic activity.

A cultured neurone from rat striatum stained with FM1-43, a fluorescent dye that is taken up by endocytosed
synaptic vesicles and, therefore, stains synaptic endings.

Synchrony of synaptic transmission (Rumpel/Behrends)
Normal, action-potential evoked transmitter release at synapses occurs only in a very narrow time window (< 1
ms) following excitation of the presynaptic neurone. However, when the presynaptic Ca2+-channels are made to
carry Sr2+ instead of Ca2+-ions, release is desynchronised and prolonged to several 100 ms. Using membranepermeant chelators, we have shown that this is due to the failure of intracellular Ca2+-binding proteins to bind
Sr2+. Sr2+ can therefore slowly diffuse towards synaptic vesicles that are remote with respect to Ca2+-channels.
Conversely, it is the high efficiency of intracellular mobile buffers that keep the release-inducing Ca2+-signal
restricted to some 10 nm around a presynaptic Ca2+-channel (presynaptic Ca2+-Nanodomain).
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Postsynaptic currents are synchronous in the presence of Ca2+ and asynchronous in the presence of Sr2+
(above). Free Ca2+ only rises in the immediate vicinity of the presynaptic Ca2+-channels because it is
quickly captured by diffusible buffers, while free Sr2+ can diffuse to remote vesicles (schematic en face views
of a release site, below).

Mechanism of convulsant block of GABAA-receptors (Behrends)
GABAA-Receptors are the postsynaptic proteins that bind the inhibitory transmitter GABA ( -aminobutyric
acid) when it is released from synaptic vesicles. They are ionotropic receptors with an integral Cl—-selective ion
channel that opens when GABA binds. Convulsants are highly toxic drugs (derived from plants) that very
efficiently block current through this Cl—-channel, and, therefore, inhibitory synaptic transmission. In people and
animals, therefore, these drugs induce epileptic seizures. Biophysically, the mechanism of this block is
interesting because it is use-dependent, i.e. in vitro, these drugs only block the GABA-induced conductance
when given together with the agonist GABA. It has been hypothesised for a long time, that use-dependence
reflects the fact that convulsants selectively bind to the open channel. Using pharmacological approaches, we
have shown that the rate of block depends not on channel opening but on agonist binding. This is an entirely new
form of receptor block which can be useful as a label for GABA-binding at synaptic receptors.

Rapid, focal activation of postsynaptic GABAA-receptors on intact neurones
(Behrends)
When studying synaptic transmission, it is often necessary to obtain information on the behaviour of
postsynaptic receptor channels, independent of synaptic release of transmitter. The experiment of choice for this
has long been the isolated outside-out membrane patch combined with techniques for rapid application of
agonist, in order to mimic the rapid time course of transmitter concentration in the synaptic cleft. However,
channels in membrane patches are necessarily extrasynaptic channels, i.e. they are not the ones that are activated
by synaptically released transmitter. Furthermore, the process of patch isolation disrupts the cytoskeleton to
which many receptors are attached, possibly modifying their kinetic properties. We have therefore made use of a
new variant of an old technique: microiontophoresis, where charged transmitter molecules are ejected from the
µm-sized tip of a glass electrode by forcing electrical current through it. This technique has now been modified
so that very small tips (200 nm) can be used and their high capacitance can be compensated electronically. This
now allows very short pulses (< 1 ms) of transmitter to be applied to visually identified spots where a synapse
makes contact with a postsynaptic cell. We have used this technique to show that, unlike GABAA receptors in
outside-out patches, synaptic receptors on intact neurones do not show rapid desensitisation, a process by which
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receptors upon binding an agonist, rapidly enter a closed state, where they cannot be activated. The absence of
this behaviour in synaptic channels ensures that neurones can respond to high frequencies of transmitter release
at one site.

Recording configuration in an experiment with rapid, focal iontophoresis. Note that the second response is
not smaller that the first (as would be expected if receptors showed rapid desensitisation).

Development of the electrogenic properties of neurones cultured on semiconductor
surface (Behrends/Parak)
When neurones are brought in contact with semiconductor devices in order to record their electrical activity, it is
important that their electrogenic repertoire (i.e. voltage-dependent ion channels) develop normally. With the
group from Applied Physics (W. Parak, M. George, H.E. Gaub) we have shown in an extensive comparative
study (700 neurones recorded) that the simple fact of growing not on glass but on insulated semiconductors (i.e.
SiO2/Si3N4) significantly slows down the development of the voltage-dependent Na+-inward current that is
responsible for the action potential. Using surface charge measurements with the AFM, we have shown that
SiO2/Si3N4-surfaces are less negative than glass, which may influence the orientation of specific extracellular
matrix proteins such as laminin, which are known to influence cellular development.

Nanostructured device for integrating isolated membrane patches. (Behrends/Fertig)
We have developed a method for the integration of an isolated cell membrane patch into a semiconductorinsulator device, where both sides of the membrane can be contacted via electrolyte solution A small (diameter
<=1 µm) aperture was etched into a suspended silicon nitride layer on a silicon substrate to achieve a geometry
similar to that of the tip of glass pipettes used for patch-clamp recording. To define the aperture, standard optical
lithography as well as electron beam lithography in combination with reactive ion etching were applied.
Apertures of 1 µm diameter were routinely fabricated and a reduction in size down to 50 nm was achieved. An
isolated membrane patch was integrated into the aperture by placing a cell on the opening, applying negative
pressure and again removing the cell. Cultured embryonic cells from rat striatum or C6-glioma cells were used
for these experiments. High resolution micrographs of the probe/membrane contact were taken by scanning
electron microscopy, revealing close contact between cell membrane and the semiconductor probe. The stable
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integration of cell membrane was also verified by confocal fluorescence microscopy in situ. In addition to
allowing high-resolution electrical measurements of ionic current flow through the membrane patch, the planar
geometry of the arrangement should allow the concomitant use of scanning probe techniques such as AFM or
SNOM for visualisation or manipulation of proteins in the cell membrane. This is project A6 in the new SFB 486
(Manipulation
of
matter
on
the
Nanometer
Scale).
Link:
http://www.physik.unimuenchen.de/aktuelles/presse/Gaub_SFB.html.

Upper left: confocal fluorescence image of cell membrane in nanomachined aperture (arrow).
Other fluorescence is cell debris. Upper right: Low-power view (SEM) of aperture with membrane
through the etched V-groove. Lower left: High-power view (SEM) of the aperture from the chip‘s
surface with intracellular material inside. Lower right: high-power SEM-view from the V-groove.
Note the inward bulge of membrane as it has been sucked into the aperture.

Quantum effects in transport and mechanical properties of nanostructures (Zwerger):
We investigate quantum effects in transport and mechanical properties of nanostructures, using simple
theoretical models which provide a qualitative understanding of the essential physical phenomena involved.
At present our interest in this area is focused on the following topics:
Quantum effects in the cohesion of metallic nanowires
In the context of nanowires we investigate the influence of discrete electronic modes on the cohesion force of
metallic constrictions which has been measured with an AFM. Qualitatively the observed nano-Newton size
steps in the cohesion force may be understood by a very simple free-electron model similar to the description of
standard quantum-point-contacts [1]. In the future we intend to study the interplay between the number of
electronic modes and changes in the wire geometry which are suggested by the recent observation of 'magic
radii' in nanowires by A.I. Yanson, I.K. Yanson and J.M. van Ruitenbeek, Nature 400, 144 (1999).
Coulomb-blockade in mechanical single-electron-devices.
Motivated by experiments of A. Erbe, R. Blick, A. Tilke and A. Kriele in the group of J.P. Kotthaus (APL 73,
3751 (1998)) realizing a mechanical charge transfer device of nanometer size which transfers about 7 electrons
per cycle, we have studied the accuracy of a mechanical single-electron pump using Master equation methods
[2]. It is found that optimum operation of a mechanical single-electron-shuttle is reached when the contact time
is much larger than the RC-time. We are presently collaborating with the experimental group to find out the
detailed requirements for a concrete realization of such a device in the Coulomb-blockade regime.
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Phase Transformations, in particular in "Smart Materials"; Multilayer Analysis
(Klemradt)
Methods: X-ray scattering under grazing angles
a) diffusionless phase transformations in shape memory alloys: martensitic Transformations under the influence
of surfaces materials classes: model alloys for thermoelastic phase transformation (weak first order
transformations) materials: Ni-Al Ni-Mn-Ga
b) diffusionless phase transformations in ferroelectric thin films materials classes: perovskite compounds of
current application interest materials: BST=(Ba,Sr)TiO3, SBT=SrBi2Ta2O9
c) wetting transitions in binary liquids

Surface acoustic waves (Wixforth)
x
x
x

Room-temperature operating high frequency devices using a semiconductor-piezoelectric hybridization
technique (tuneable filters, oscillators, delay lines and remotely adressable senor elements)
Non-linear effects in the interaction between SAW and fre electrons in semiconductor heterostructures
Acousto-optics and spatially resolved examination of the interaction between SAW and "some perturbance
of the boundary conditions"

Enthusiastically driven by the efforts of Markus Rotter, a new family of SAW based high frequency devices
could be developed in co-operation with the research labs of SIEMENS. Here, we make use of the fact that the
strong piezoelectricity of - say LiNbO3 - can be partially transferred on an active semiconductor layered system
employing the epitaxial lift-off technique.
We demonstrated that a field effect tunability of the sound velocity in such hybrid devices can result in a whole
whealt of different room-temperature operating devices. Probably the most spectacular of these devices is the
remotely adressable and intterrogable sensor element, that can be used to monitor many different physical
quantities like temperature, voltage, currents, charges, illumination intensity and so forth. A short radiofrequency pulse sent to the sensor will result in an time delayed "echo" from the chip, containing the measured
quantity AND the identity of the chip itself.
On the same hybrids we could - for the first time - show that the interacztion between SAW and free charge
carriers in a semiconductor heterostructure becomes very non-linear at intense sond amplitude levels. The lateral
potential modulation in the plane of the electron system can become so large that a formerly homogeneous
electron sheet breakes up into well separated stripes of charge that travele with the SAW at the speed of sound.
The interaction between the SAW and the electrons becomes very non-linear in that transition regime. Apart
from being a fascinating new physical effect this non-linearity could also have some impact on the high
frequency devices mentioned above:
In the linear regime, the interaction between SAW and free charges in a semiconductor heterojunction leads to a
strong attenuation and a renormalization of the speed of sound for some critical sheet conductivity. Both
quantities are related to each other by a Kramers-Kroning type relation. This would in principle hamper the use
of our hybrid structures for real life devices, as the desired large change in SAW velocity is usually accompanied
by an equally large attenuation, which of cours would strongly reduce the dynamic of the device. Although we
have found some technological ways around this problem, the non-linear physics discovered here is a much more
elegant and versatile method to overcome the large attenuation.
Read more about this :
In co-operation with the research group of Prof. J. Peisl (LMU), the SAW fields could be directly visualized
using a stroboscopic X-ray technique. Although this is a quite exotic approach for the visualization of a surface
wave, a lot of additional information could be taken from these experiments, which would have been unavailable
without it. Apart from that, we specially like the idea that a whole synchrotron is phase-locked to one of our
samples (or maybe vice versa ?).

Acousto optics (Wixforth)
Under the headline "acousto optics" basically two different topics have been adressed: After the recent
successful demonstration of a "photon conveyor belt" we concentrated in 1999 mostly on questions being related
to the loss mechanisms and re-emission efficiency of the storage of spatially separated bipolar charges in such a
conveyor belt. Fortunately, we could welcome a new and very skilled young member (Hans-Jörg Kutschera) to
our group, who continues the investigations of this novel optoelectronic system. Secondly, we tried to use the
conveying mechanism to acoustically pump semiconductor quantum dots.
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Christoph Bödefeld, in co-operation with the research group of Prof. H. Lipsanen in Helsinki, and the theoretical
help of Christian Wiele and Fritz Haake in Essen, struggles with those little guys and tries to throw electrons and
holes at them. A photon train is what we want to see at some point.
Sascha Haubrich also uses some kind of a conveyor belt to propel electrons one by one through a quantum point
contact. The idea behind this extremely challenging experiment is to generate an acousto-electric curent that is
given only by the electron charge and the frequency of the SAW. The original work of J.M. Shilton and others at
the University of Cambridge triggered our interest in this subject. Also, Sasha looks at the fractional quantum
Hall effect at very low temperatures and in high magnetic fields. Without exaggeration: Sashas transducers are
the best!
Last but by no means least, we were able to find a way to spatially resolve the interaction between a SAW and
"some disturbance of the boundary conditions" at the surface of a piezoelectric. Using specially designed
transducer structures, we were not only able to focus the SAW to a desired location of the sample, but also to
scan the SAW beam across macroscopic distances perpendicular to its propagation direction. This way, we could
for instance probe the spatial distribution of photogenerated charges on a chip, observe a bug walking around on
the chip and finally employing tomographic techniques borrowed from the CT medics use, build a simple but
new type of "camera" based on surface acoustic waves. Martin Streibl and Florian Beil did a really great job on
that!

Storage of light in a solid (Wixforth)
Based on the knowledge that we had gained during our studies of the SAW based "photon conveyor belt", we
could show that basically the same mechanisms (spatial separation of photogenerated charges in a lateral
potential landscape) apply for static lateral potentials. As Stefan Zimmermann describes in his PhD thesis, an
interdigitated gate electrode on top of a specially designed semiconductor quantum well sample does the same
job as the SAW before. However, there is a maior difference between both types of "devices". As the maximum
storage time for a SAW conveyor belt is basically given by the length of the sample, in the static case much
longer strage times can be achieved here. Like our "photon conveyor belt", this new type of photonic device has
attracted a lot of interest even in the public media. The idea to trap a photonic signal in a 'box' and then release it
as a photonic signal after some time ist something that obviously captures peoples imagination!
Read more about this :

'Exotic' groundstates in strongly coupled semiconductor quantum wells (Wixforth)
In close co-operation with the research group of Prof. Valeri T. Dolgopolov in Chernogolovka, Russia, we
continued our research on so-called 'parabolic quantum wells'. The nice features of those quantum structures
have been extensively described in our research reports of the last few years. Here, we studied the properties of
strongly coupled quantum wells, employing magnetocapacitance and far-infrared spectroscopy techniques. For
gate bias controlled asymmetric electron density distributions in such a soft two subband system, we observe
both individual gaps as well as double layer gaps at integer filling factors. Some of these gaps turn out to result
from a wave function reconstruction in growth direction, induced by intersubband electron transfer in
perpendicular magnetic fields. In tilted magnetic fields, even more exotic states are observed. The competition
between two groundstates for certain total filling factors turn out to lead to a new insulator-insulator quantum
phase transition, the so-called canted antiferromagnetic phase, which has been recently predicted theoretically.

Observation of Single Dye Labelled Viruses and Antibodies in Living Cells
(Seisenberger, Bräuchle, Hallek)
Gene transfer vectors based on adeno-associated viruses (AAV) show great promise for use in human gene
therapy. While AAV can efficiently transfer genes to a number of different cell types it is apparent that a more
detailed understanding of the interactions of the virus and the target cell is necessary for further improvements.
So far little is known about the process of the AAV infection pathway, e. g. uptake and migration of these
viruses in the living cell. Recent developments in fluorescence microscopy of single molecules made this
technique an important tool for the possible elucidation of such processes.
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In this project we conduct single molecule experiments to follow the migration of adeno-associated viruses in
living cells. Only one fluorescent dye molecule is attached to a single virus in order not to influence the
physiological behaviour of the virus on its infectious entry pathway. Our investigations started with the
observation of diffusion of single Cy5-labelled antibodies and Cy5-labelled adeno-associated viruses in aqueous
solution. The next step involved the localisation of Cy5-labelled antibodies at an antigen which was expressed in
the cell nucleus after prior exposure to the virus. Currently the migration of single labelled viruses in human
HeLa cells is investigated. The figures show a parvo virus (family of the AAV) and an observed trajectory of the
virus in front of a HeLa cell which ends with adsorption of the virus at the cell membrane. This project is a
cooperation with the group of M. Hallek, Genzentrum, LMU Munich.

Single Molecule Spectroscopy of the Phycoerythrocyanin (PEC) (Zumbusch, Bräuchle,
Scheer)
Phycoerythrocyanin (PEC) is the short wavelength absorbing pigment in cyanobacteria. In this work we perform
single molecule investigations of PEC at room temperature as well as at cryogenic temperatures in order to gain
a better understanding of the energy transfer in PEC. In a collaboration with the group of Prof. H. Scheer
(Botanisches Institut, LMU Munich) we are able to investigate the different subunits separately and study the
influence of aggregation of the different subunits constituting the native trimeric and hexameric form of the
protein. Results from experiments employing polarization sensitive and spectrally selective excitation and
emission detection show a wealth of different behaviours unobservable with common bulk techniques.

Left: 5Pm x 5Pm image of single PEC proteins at room temperature; Right: Fluorescence time
trajectory of single PEC molecules simultaneously detected in two perpendicular polarization
channels.

Fluorescence Correlation Spectroscopy of the Green Fluorescent Protein (Zumbusch,
Bräuchle, Steipe)
The Green Fluorescent Protein (GFP) of the jellyfish Aequorea victoria has lately gained much importance in
molecular biology as a fluorescent label. It is currently the only protein that can be expressed in prokaryotic as
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well as in eukaryotic cells and that fluoresces without the addition of external cofactors. Its widespread
applicability led to a quest for new mutants of GFP with altered spectroscopic properties. However any specific
mutation aimed at producing a desired spectroscopic change obviously affords an intimate knowledge of the
protein's basic photophysics. For this reason we developed a new two color fluorescence correlation
spectroscopy (FCS) for investigations of the GFP. The technique employs two color excitation of one
chromophore. In contrast to conventional FCS our technique allows us to completely analyze the dynamics of
the molecular multilevel system and to determine all the relevant transition rates. These results and those
obtained from low temperature high resolution spectroscopy performed in our group yield important information
for the production of better mutants.

Left: Two color fluorescence autocorrelation functions of the GFP mutant E222Q. Right: Structure
of the wild-type GFP (from Brejc et al., PNAS 94 (1997) 2306).

Functional Nanoassemblies (Nanomachines) with DNA Architecture Characterized by
Single Molecule FRET Measurements (Bräuchle, Steipe)
It has been shown by N. C. Seeman et al. that DNA can be used for building up nanostructures with specific
intermolecular associations. In this project a DNA Y-Junction will be prepared (group of B. Steipe) with special
antigen-antibody recognition sites. An additional pair of donor/acceptor molecules will detect the receptor ligand
bonding of the antigen and the antibody by fluorescence resonance energy transfer (FRET). The function of this
nanomachine will be studied in detail. So far first single molecule FRET measurements on donor/acceptor
molecules attached to DNA and an Y-Junction have been carried out.

Coherent Anti-Stokes Raman (CARS) Microscopy (Zumbusch)
Fluorescence microscopic methods based on confocal microscopy or two photon excitation have become
important tools in molecular biology. Despite their undeniable value, some problems inherent to fluorescence
excitation like phototoxicity of the employed dyes or their bleaching persist. To overcome the need for staining
we developed a novel microscopic technique with contrast generation based on Coherent Anti-Stokes Raman
Scattering (CARS). In this case the resonant excitation of molecular vibrations of the sample is exploited for
selective imaging. Simple tuning of the frequency of one of the exciting lasers now allows for the visualization
of structures with different vibrational spectra. Other than IR microscopy and conventional Raman microscopy,
CARS microscopy offers high sensitivity at low excitation intensities with a three dimensional spatial resolution
similar to confocal microsopy. With this method live cell imaging with a molecular vibrational contrast and
visible optical resolution for the first time becomes possible.
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The figure shows a CARS microscopic image of live HeLa cells, 30 Pm x 30 Pm, imaging at 2900
cm-1. The intense features are mitochondria.

Simultaneous Force and Fluorescence Microscopy of Single Molecules (Seitz, Frank,
Zumbusch)
In this project we study the fluorescence properties of single molecules under controlled mechanical stress. For
this purpose we simultaneously monitor the force applied onto a single chromophore while detecting changes in
its fluorescence spectra, oscillator strengths and fluoresence life times. Quantum chemical calculations of the
expected effects are performed in order to gain a better understanding of the experimental results. This unique
combination of force micrsocopy, optical single molecule spectroscopy and quantum chemical modeling lets us
expect important conclusions relevant for the manipulation of nanostructured materials.

Confocal microscopy and spectroscopy of heterogeneities in guest/molecular sieve
nanocomposites (Deeg, Bräuchle, Behrens)
In this project heterogeneities in chromophor/molecular
sieve nanocomposites are characterized by confocal
microscopy in combination with optical spectroscopy.
Central goal is a detailed documentation of the spatial
distribution of encapsulated chromophores as well as
the heterogeneities of the oprical properties. These
properties are evaluated as a function of topology, pore
size and polarity of the host as well as size, form,
electronic properties and concentration of the guest. As
far as possible we want to observe directly the
formation of the molecular sieve and the evolution of
the specific properties of the nanocomposite. This
should allow to define the conditions which are
necessary to synthesize composites of chromophores in
molecular sieves with well-defined properties with
respect to spatial distribution as well as optical
properties. The Figure shows fluorescence of an in-situ
synthesized
sample
of
stilbene
derivative
chromophores in an AlPO4-5 host. Although in this
case the loading seems to be homogeneous, the spectral
properties vary from location to location within the
crystal.

Dynamics and interaction of individual molecular guests in nanoporous host systems
(Bräuchle, Deeg, Behrens)
Upon incorporation of molecular guests in nanoporous inorganic molecular sieves, there are very specific
interactions between host and guest. Therefore these guest/host systems are a new class of materials with degrees
of freedom of the guest molecule drastically different from a molecule in the gas phase, a liquid or a
conventional solid matrix. Single molecules can act as local probes for the equilibrium positions and adsorption
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sites and the electric fields in nanoporous cages and channels. We want to investigate the mechanical degrees of
freedom of these guest chromphores like rotation and translation and observe the diffusion of large molecules in
the restricted geometry of the nanoporous host.

The figure shows bright spots due to the fluorescence of individual terrylenediimide molecules in a MCM-48
monolith sample. This is a snapshot from a series of pictures taken with a confocal scanning microscope
showing the diffusion of single molecules along the channels of the host.

Optical manipulation of single molecules in nanoporous crystals (Deeg/Bräuchle/Bein)
Supramolecular structures of organic guests in inorganic and organic cage and channel structures (molecular
sieves) have intrinsic mechanical degrees of freedom on the (sub)nanometer scale which depend very subtly on
size and form of the guest
and extensions and topology
of the surrounding void.
Through illumination with
light these degrees of
freedom can be excited and
individual chromophores can
be moved and switched
between two distinguishable
states. These investigations
shall reveal the conditions
necessary for the function of
a molecular switch based on
the motion of an individual molecule in a nanometer-sized vessel and the optimization of such a switch.. Long
term goal is the realization of molecular rotors, counters and switches in these nanostructured systems. The
figure shows a schematic representation of a nanosized molecular lock (left) and a molecular rotor (right).

22

Creation and nanostructuring of molecular architectures (Edelwirth/Griessl Heckl)
Organic molecular beam epitaxy in UHV and molecular self-assembly via “sizzling” technique under ambient
conditions allows for the spontaneous creation of two-dimensional organic crystals. We investigate the process
of directed molecular self-assembly (with LEED, TDS, STM and molecular modelling) with the aim of building
custom tailored (functional) architectures from a bottom up approach on the nanometer scale. Besides high
resolution imaging, the STM tip allows for the direct manipulation and investigation of the interaction of single
molecules via nanoablation. Since write, read and erase cycles have been realized, possible application of direct
molecular writing of nanosized patterns may be in the area of massive data storage.

STM image of molecular logo of the LMU written in PTCDA molecules

Principle of molecular nanowriting
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Adsorption of large organic H-bride bonded heterocyclic molecules on metals and
semiconductors (Trixler/Reiter/Edelwirth/Heckl)
The structure analysis of self organized molecular organic adsorbates via complementary techniques LEED and
STM-imaging is a prerequisite for the understanding of the bio-organic/solid interface. Heteroepitactic template
directed growth of organic molecules on solid supports might become more important in the area of
manufacturing on the nanoscale. Additionally such systems can be used for testing molecular self-assembly
under primordial conditions. We have suggested that the spontaneous self-assembly of DNA-base molecules on
mineral template surfaces may play an essential role for the emergence of life under prebiotic conditions
(collaboration with Dr. S.J. Sowerby, New Zealand).
For a complete understanding of the system quantumchemical calculations of the effect of directed molecular
bonds on the self-assembly and the STM-imaging process are performed in the group of Dr. Frank.

Determined structure of self-assembled adenin on graphite
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Design of an UHV-low temperature STM/LEED/MS-system for molecular adsorption
studies (Schloderer/Heckl)
In order to investigate the molecular self-assembly with complementary surface science techniques an UHV-low
temperature STM is constructed. Complete structure determination and experiments in the area of molecular
nanomanipulation shall be performed.

Thermal desorption spectra of trimesic acid on Ag(111)

Design of STM-UHV chamber

25

2. CENS PUBLICATIONS IN 1999
M. Aspelmeyer, U. Klemradt, L.T. Wood, S.C. Moss, J. Peisl. Time-dependent aspects of the athermal
martensitic transformation: first observation of incubation time in Ni-Al, Phys. stat. sol. (a) 174, R9-10 (1999).
M. Aspelmeyer, U. Klemradt, H. Abe, S.C. Moss, J. Peisl. Martensitic relief formation on an electropolished
Ni63Al37 (001) surface by diffuse x-ray scattering under grazing angles, Mat. Sci. Eng. A 273-275, 286-290
(1999).
V.M. Axt, K. Siantidis, M. Herbst, T. Kuhn, S. Grosse, M. Koch, and J. Feldmann. Coherent and incoherent
aspects of the coupled exciton-photon system, Materials Science Forum 297/298, 79-86 (1999).
V.M. Axt, T. Kuhn, K. Siantidis, S. Grosse, M. Koch, J. Feldmann and W. Stolz. Spatio-temporal dynamics of
optical nonlinearities in semiconductor quantum well, Proceedings of SPIE, Vol. 3624 Ultrafast Phenomena in
Semiconductors III, Ed. K.T. Tsen, 68 (1999).
U. Beck, C.H. Chang, T.H. Metzger, P.B. Griffin and J.R. Patel., Phys.stat.sol(b) 174, 395 (1999).
J.C. Behrends, E. Rumpel. Use-dependent block of synaptic GABAA-receptors by t-butyl-biciclo [2,2,2]
phosphorothionate, Pflügers Arch. 437 Suppl. R111 (1999).
R. H. Blick, A. Erbe, A. Tilke, H. Krömmer, L. Pescini, S. Manus, A. Kriele, and J. P. Kotthaus.
Nanomechanical Resonators Operating in the Radio Frequency Regime as Single Charge Detectors,
BLICK.PDF auf CD-ROM "Advances in Solid State Physics 39", Ed. Bernhard Kramer, (Vieweg,
Braunschweig/Wiesbaden) (1999).
M. C. Bödefeld, R. J. Warburton, K. Karrai, J. P. Kotthaus, G. Medeiros-Ribeiro, and P. M. Petroff. Storage of
Electrons and Holes in Self-Assembled InAs Quantum Dots, Appl. Phys. Lett. 74, 1839-1841 (1999).
O. Briel, K. Sünkel, I. Krossing, H. Nöth,E. Schmälzlin, K. Meerholz, C. Bräuchle, W. Beck , Synthesis and
nonlinear optical properties of carbonylrheniumbromide complexes with conjugated pyridines, Europ. J. Inorg.
Chem., 483 (1999).
A.C.J. Brouwer, J. Köhler, A.M. van Oijen, E.J.J. Groenen and J. Schmidt. Single-molecule fluorescence
autocorrelation experiments on pentacene. The dependence of intersystem crossing on isotopic composition.
J.Chem. Phys, 110, 9151 (1999).
V. T. Dolgopolov, A. A. Shashkin, E. V. Deviatov, F. Hastreiter, M. Hartung, A. Wixforth, K. L. Campman, and
A. C. Gossard. Magnetic-Field-Induced Hybridization of the Electron Subbands in a Coupled Double Quantum
Well, Proc. 24 ICPS, Jerusalem 1998, (1999).
V. T. Dolgopolov, A. A. Shashkin, E. V. Deviatov, F. Hastreiter, M. Hartung, A. Wixforth, K. L. Campman, and
A. C. Gossard. Electron subbands in a double quantum well at a quantizing magnetic field, Phys. Rev. B 59,
13235-13241 (1999).
I. T. Dorn, R. Eschrich, E. Seemüller, R. Guckenberger, R. Tampé. High-resolution AFM-imaging and
mechanistic analysis of the 20S proteasome, J. Mol. Biol. 288, 1027-1036 (1999).
T. Drobek, R.W. Stark, M. Gräber and W.M. Heckl. Overtone atomic force microscopy studies of the surface of
decagonal quasicrystals in ambient conditions, New Journal of Physics 1, 15.1-15.11 (1999).
T. Drobek and W. M. Heckl. Atomic force microscopy studies of the surface of decagonal quasicrystals in
ambient conditions, Materials Science and Engineering A, in press.
I. Frank, D. Marx, and M. Parrinello. First-principles molecular dynamics study of a photochromic molecular
crystal, J. Phys. Chem., 103, 7341 (1999).
M. Friesen, M. Junker, A. Zumbusch, H. Schnökel, Raman-spectroscopy of oligomeric SiO species isolated in
solid methane, J. Chem. Phys., 111 7881 (1999).

26

M. Fromm, U. Klemradt, G. Landmesser, J. Peisl. Grazing incidence x-ray reflectivity: a new experimental
approach to the martensitic surface relief, Mat. Sci. Eng. A 273-275, 291-295 (1999).
A. O. Govorov, M. Rotter, M. Streibl, C. Rocke, A. V. Kalameitsev, A. Wixforth, and J. P. Kotthaus. Acoustoelectric transport through a two-dimensional system in the nonlinear regime, Proc. of the 7th Int. Symposium
"Nanostructures: Physics and Technology", St. Petersburg, Ioffe Institute (1999).
R. D. Grober, J. Acimovic, J. Schuck, D. Hessman, P. Kindlemann, J. Hespanha, S. Morse, K. Karrai, I.
Tiemann, S. Manus. Fundamental limits to force detection using quartz tuning forks, Scientific Instruments,
submitted (1999).
M. Groß, D. Müller, C. Bräuchle, K. Meerholz, Dependence of the hole-injection barrier on the hole conductor
in organic light emitting diodes based on composites, Synthetic Metals 102, 1147 (1999).
M. Grundmann, R. Heitz, D. Bimberg, J.H.H. Sandmann and J. Feldmann. Microstate modeling of quantum dot
optical properties, Proceedings of the 24.th International Conference on the Physics of Semiconductors (ICPS),
Jerusalem, World Scientific, 1999.
S. de Haan, A. Lorke, J. P. Kotthaus, R. Hennig, M. Suhrke, W. Wegscheider, M. Bichler. Magnetotransport
Properties of Arrays of Cross-Shaped Antidots, Proc. 24 ICPS, Jerusalem 1998, #0531.PDF on CD-ROM (ISBN
981-02-4030-9) (1999).
A. Haugeneder, M. Neges, C. Kallinger, W. Spirkl, U. Lemmer, J. Feldmann, U. Scherf, E. Harth, A. Gügel, and
K. Müllen. Exciton diffusion and dissociation in conjugated polymer/fullerene blends and heterostructures,
Phys. Rev. B 59, 15346-51 (1999).
A. Haugeneder, M. Neges, C. Kallinger, W. Spirkl, U. Lemmer, J. Feldmann and U. Scherf, Nonlinear emission
and recombination in conjugated polymer waveguides, J. Appl. Phys. 85, 1124 (1999).
W.M. Heckl. Rastersondenwerkzeuge als Schlüsselelemente für die Nanowissenschaften, Bioforum 7-8, 425430 (1999).
Nanowerkzeuge, Messer und Spatel für Moleküle, Spektrum der Wissenschaften, 106-108 (1999).(in
collaboration with W.M Heckl)
H. Hong, D. Davidov, C. Kallinger, U. Lemmer, J. Feldmann, E. Harth, A. Gügel und K. Müllen. Self-assembly
of functionalised fullerenes, Synthetic Metals 102, 1487 (1999).
B. Irmer, F. Simmel, R.H. Blick, H. Lorenz, J. P. Kotthaus, M. Bichler, and W. Wegscheider. Nano-Ploughed
Josephson Junctions as On-Chip Radiation Sources, Superlattices and Microstructures 25, 785-795 (1999).
C. Kallinger, A., Haugeneder, S. Riechel, U. Lemmer und J. Feldmann, Laser aus Plastik, Einsichten: Forschung
an der Ludwig-Maximilians-Universität München 1/99, p. 22 (1999).
C. Kallinger, M. Hauder, A. Haugeneder, U. Lemmer, W. Spirkl, J. Feldmann, U. Scherf, E. Harth, A. Gügel and
K. Müllen. Control of electron transfer in conjugated polymer/fullerene heterostructures, Synthetic Metals 101,
285-6 (1999).
I. Kegel, T. H. Metzger, J. Peisl, P. Schittenhelm and G. Abstreiter. Lateral ordering of coherent Ge islands on
Si(001) studied by triple-crystal grazing incidence diffraction, Appl. Phys. Lett. 74, 2978-80 (1999).
I. Kegel, T.H. Metzger, J. Peisl, J. Stangl, G. Bauer, D. Smilgies. Vertical alignment of multilayered quantum
dots studied by X-ray grazing-incidence diffraction, Phys. Rev.B, 60, 2516-21 (1999).
I. Kegel, T. H. Metzger, P. Fratzl, J. Peisl, A. Lorke, J. M. Garcia, and P. M. Petroff. Interdependence of Strain
and Shape in Self-Assembled Coherent InAs Islands on GaAs, Europhys. Lett. 45, 222-227 (1998).
M. Koch, R. Otremba, S. Grosse, G. von Plessen, J. Feldmann, R. Rettig, W. Stolz, V.M. Axt and T. Kuhn.
Coherent signatures in space- and time-resolved pump and probe experiments Proceedings of the 24.th
International Conference on the Physics of Semiconductors (ICPS), Jerusalem, World Scientific (1999).
J. Köhler, Magnetic Resonance of a Single Molecular Spin, Physics Reports, 310, 261 (1999).

27

I. Koltover, T. Salditt, C.R. Safinya. Phase diagramm, stability, and overcharging of lamellar cationic lipidDNA self-assembled complexes, Biophysical Journal 77, 915 (1999).
I. Koltover, J.O. Rädler, T. Salditt, C.R. Safinya. Phase Behavior and Interactions of the Membrane-Protein
Bacteriorhodopsin, Physical Review Letters 82, 3185 (1999).
Jörg P. Kotthaus. Toward Efficient Smart Pixels, Science 286, 2286-2287 (1999).
J. P. Kotthaus, A. O. Govorov, C. Rocke, A. Wixforth, S. Zimmermann, M. Bichler, G. Böhm, W. Wegscheider,
and G. Weimann. Optics of Carriers Trapped in Lateral Superlattices, The Physics of Semiconductors, 24th
ICPS Jerusalem 1998, Ed. D. Gershoni, World Scientific, 113-120, Singapore (1999).
Z. Kovats, T. Salditt, T. H. Metzger, J. Peisl, T. Stimpel, H. Lorenz, I. O. Chu, and K.Ismail. Interface
Morphology in Strainerd Layer Epitaxy of Si/Si1-xGex Layers Studied by X-Ray Scattering under Grazing
Incidence and Atomic Force Microscopy, J. Phys. D: Appl.Phys. 32, 359-368 (1999).
F. Kulzer, R. Matzke, C. Bräuchle, T. Basché, Nonphotochemical hole burning investigated at the singlemolecule level: stark effect measurements on the original and photoproduct state, J. Phys. Chem. A, 103, 2408
(1999).
C. Lambert, W. Gaschler, E. Schmälzlin, K. Meerholz, C. Bräuchle, Subchromophore interactions in
tricyanovinyl-substituted triarylamines – a combined experimental and computational study, J. Chem. Soc.,
Perkin Trans. 2, 577 (1999).
G. Landmesser, U. Klemradt, T.R. Finlayson, R.L. Johnson, J. Peisl. Studies of displacive phase
transformations in crystalline solids using grazing incidence x-ray techniques, Proceedings of the Internat.
Conference on Solid-Solid Phase Transformations '99 (JIMIC-3), Jap. Inst. of Metals Proc. Vol. 12 (II), 973-976
Hrsg. M. Koiwa. K. Otsuka, T. Miyazaki , The Japan Inst. of Metals, Sendai (1999).
U. Lemmer, A. Haugeneder, C. Kallinger, J. Feldmann. Lasing in conjugated polymers, Semiconducting
Polymers - Chemistry, Physiscs and Engineering, G. Hadziioannou and P. van Hutten (Eds.), Wiley-VCH, 309331, Weinheim (1999).
I.H. Libon, M. Hempel, S. Seitz, N.E. Hecker, J. Feldmann, A. Hayd, G. Zundel, D. Mittleman and M. Koch.
THz spectroscopy of polar liquids, Proceedings of SPIE, Vol. 3617 Terahertz Spectroscopy and Applications,
Ed. M.S. Shervin, 24 (1999).
I.H. Libon, S. Baumgärtner, M. Hempel, N.E. Hecker, J. Feldmann, M. Koch and P. Dawson, Appl. Phys. Lett.,
submitted.
H. Lipsanen, M. Sopanen, J. Ahopelto, J. Sandmann und J. Feldmann. Effect of InP passivation on carrier
recombination in In/sub 1-x/As/GaAs surface quantum wells, Jpn. J. Appl. Phys. 38, 1133-4 (1999).
A. Lorke, R. J. Luyken, M. Fricke, J. P. Kotthaus, G. Medeiros-Ribeiro, J. M Garcia, and P. M. Petroff.
Electronic structure of nanometer-size quantum dots and quantum rings, Microelectronic Engineering 47, 95-99
(1999).
R. J. Luyken. A. Lorke, M. Fricke, J. P. Kotthaus, G. Medeiros-Ribeiro, and P. M. Petroff. Coulomb-coupling in
vertically aligned self-assembled InAs quantum dots, Nanotechnology 10, 14-17 (1999).
R. J. Luyken, A. Lorke, A. O. Govorov, and J. P. Kotthaus. The dynamics of tunneling into self-assembled InAs
dots, Appl. Phys. Lett. 74, 2486-2488 (1999).
S. Mais, T. Basché, G. Müller, K. Müllen, C. Bräuchle, Probing the spectral dynamics of single terrylenedimiide
molecules in low-temperature solids, Chem. Phys. 247, 41 (1999).
E. Mecher, R. Bittner, C. Bräuchle, K. Meerholz, Optimization of the recording scheme for fast holographic
response in photorefractive polymers, Synthetic Metals 102, 993 (1999).

28

E. Mecher, C. Bräuchle, H.H. Hörhold, J. C. Hummelen, K. Meerholz, Comparison of new photorefractive
composites based on a poly(p-phenylenvinylene)-derivative with traditional poly(n-vinylcarbazole)-based
composites, Phys. Chem. Chem. Phys 1, 1749 (1999).
O. Medalia, M. Heim, R. Guckenberger, R. Sperling, and J. Sperling.
Macromolecular Assemblies, J. Struct. Biol. 127, 113-119 (1999).

Gold-Tagged RNA-Probe for

T. H. Metzger, I. Kegel, R. Paniago and J. Peisl., J. Phys. D: Appl. Phys.32 A202 (1999).
T. H. Metzger, U. Pietsch and E. Gartstein. Phys. Stat. Sol. (a); 174, 512 (1999).
H.L. Meyerheim, F. Trixler, W. Stracke and W.M.Heckl. Structure analysis of surface adorbed large organic
molecules by X-Ray diffraction and scanning tunneling microscopy, Zeitschrift für Kristallographie 214, 771-775
(1999).
C. Molteni, I. Frank and M. Parrinello. An excited state density functional theory study of the rhodopsin
chromophore, J. Am. Chem. Soc., 121, 12177 (1999).
T.J.J. Müller, A. Netz, M. Ansorge, E. Schmälzlin, C. Bräuchle, K. Meerholz, Synthesis and NLO-properties of
chromiumcarbonyl arene complexes with conjugated sidechains – the amphoteric nture of chromiumcarbonyl
complexation in push-pull chromophores, Organometallics, 18, 506 (1999).
C. Münster, Y. Lu, B. Bechinger, T. Salditt. Grazing incidence x-ray diffraction of highly aligned phospholipid
membranes containing antimicrobial peptides magainin 2, accepted for publication in European Biophysics
Journal as Biophysics Letter.
C. Münster, T. Salditt, M. Vogel, J. Peisl. Nonspecular neutron scattering from highly aligned membranes,
Europhysics Letters 46, 486 (1999).
C. Obermüller, A. Deisenrieder, G. Abstreiter, K. Karrai, S. Grosse, S. Manus, J. Feldmann, H. Lipsanenen, M.
Sopanen, and J. Ahopelto. Pauli-blocking imaging of single strain-induced semiconductor quantum dots, Appl.
Phys. Lett. 74, 3200 (1999).
C. Obermüller, A. Deisenrieder, G. Abstreiter, K. Karrai, S. Grosse, S. Manus, J. Feldmann, H. Lipsanen, M.
Sopanen, and J. Ahopelto. Mechanical nanomanipulation of single strain-induced semiconductor quantum dots,
Appl. Phys. Lett. 75, 358-360 (1999).
A.M. van Oijen, M. Ketelaars, J. Köhler, T.J. Aartsma and J. Schmidt. Unraveling the electronic structure of
individual photosynthetic pigment-protein complexes, Science, 285, (1999), 400.
A.M. van Oijen, J.Köhler, J.Schmidt, M.Müller and G.J.Brakenhoff. Far-field fluorescence microscopy beyond
the diffraction limit, J. Opt. Soc. Am. A, 16, 909-15 (1999).
R. Otremba, S. Grosse, M. Koch, J. Feldmann, V.M. Axt, T. Kuhn, and W. Stolz. Excitonic wave packets
observed in space- and time-resolved pump and probe experiments, Solid State Commun., 109, 317-22 (1999).
W.J. Parak, J.Domke, M.George, A. Kardinal, M. Radmacher, H.E. Gaub, A.D.G. deRoos, A.P.R. Theuvenet, G.
Wiegand, E. Sackmann and J.C. Behrends. Electrically excitable NRK fibroblasts - a new model system for cellsemiconductor hybrid,. Biophysical Journal, 76(3) 1659-1667 (1999).
W. J. Parak, M. George, M. Kudera, H. E. Gaub and J. C. Behrends. Effects of Semiconductor Substrate and
Glia-Free Culture on the Development of Voltage Dependent Currents in Rat Striatal Neurone, Journal of
Neuroscience Methods, submitted.
W.J. Parak, M. George, H. E. Gaub, S. Böhm, A. Lorke. The Field-Effect-Addressable Potentiometric
Sensor/Stimulator (FAPS)- a New Concept for a Surface Potential Sensor and Stimulator with Spatial
Resolution, Sensors and Actuators, B 58, 497-504 (1999).
B. Pedersen, G. Wagner, R. Herrmann, W. Scherer, K. Meerholz, E. Schmälzlin, C.
Bräuchle,
Ferrocenylethenylsilatranes and a cymantrenylsilatrane, Journal of Organometallics Chemistry, 590, 129
(1999).

29

M. Perner, G. von Plessen and J. Feldmann, Optically induced damping of the surface plasmon resonance in
gold colloids, Phys. Rev. Lett. 82, 3189 (1999).
M. Perner, G.V. Hartland, J.H. Hodak, G. von Plessen and J. Feldmann. Comment on "Optically induced
damping of the surface plasmon resonance in gold colloids" [and reply], Phys. Rev. Lett. 82, 3188-9 (1999).
L. Pescini, A. Tilke, R. H. Blick, H. Lorenz, J. P. Kotthaus, W. Eberhardt, and D. Kern. Suspending Highly
Doped Silicon-on-Insulator Wires for Applications in Nanomechanics, Nanotechnology 10, 418-420 (1999).
H. Pettersson, R. J. Warburton, C. Bödefeld, J. P. Kotthaus, N. Carlsson, L. Landin, M.-E Pistol, W. Seifert, and
L. Samuelson. Excitons and Stored Charge in Self-Organized InAs Quantum Dots in InP, Proc. 24 ICPS,
Jerusalem 1998, #0531.PDF on CD-ROM (ISBN 981-02-4030-9), 1999.
H. Pettersson, R. J. Warburton, J. P. Kotthaus, N. Carlsson, W. Seifert, M. -E. Pistol, and L. Samuelson.
Electronic structure of self-assembled InAs quantum dots in InP: An anisotropic quantum-dot system, Phys. Rev.
B 60, R11289 (1999).
A. Plech, T. Salditt, C. Münster, J. Peisl. Investigation of structure and growth of self-assembled polyelectrolyte
layers by x-ray and neutron scattering, zur Veröffentlichung angenommen in Journal of Colloid and Interface
Science.
T. Pompe, A. Frey. S. Herminghaus, A. Kriele, H. Lorenz, and J. P. Kotthaus. Submicron contact printing ion
silicon using stamp pads, Langmuir 15, 2398-2401 (1999).
J. Rau, C. Ferrante, F.W. Deeg, C. Bräuchle, Solvation dynamics of rhodamine 700 in the nematogenic liquid
octylcyanobiphenyl, J. Phys. Chem. B 103, 931 (1999).
J. Rau, C. Ferrante, F.W. Deeg, C. Bräuchle, Characteristics of solvation dynamics of rhodamine 700 in
cyanobiphenyls, Mol. Cryst. Liq. Cryst. 331, 155 (1999).
M. Reiter, M. Edelwirth, W.M.Heckl, S.J. Sowerby. Scanning tunneling microscopy of adenine layers selfassembled on the graphite surface: molecular packing and crystallite morphology, Probe Microscopy 1, 291-301
(1999).
M. Rotter, A. V. Kalameitsev, A. O. Govorov, W. Ruile, and A. Wixforth. Charge conveyance and nonlinear
acoustoelectric phenomena for intense surface acoustic waves on a semiconductor quantum well, Phys. Rev.
Lett. 82, 2171-2174 (1999).
M. Rotter, W. Ruile, A. Wixforth, and J. P. Kotthaus. Voltage Controlled SAW Velocity in GaAs/LiNbO3
Hybrids, IEEE Transaction on Ultrasonics, Ferroelectrics, and Frequency Control, Vol. 46, pp. 120-124 (1999).
E. Rumpel and J.C. Behrends. Benzodiazepine action and the relation between quantal and unitary postsynaptic
responses at a central GABAergic synapse, Biophysical Journal 76, A84 (1999).
E. Rumpel and J.C. Behrends. Sr2+-dependent, evoked asynchronous transmission rat striatal inhibitory
synapses. Journal of Physiology (London), 514, 447-485 (1999).
Rumpel, E., Meyer, M., ten Bruggencate, G. and Behrends, J.C. 1999. Kinetics of transmission and presynaptic
Ca2+-buffering at rat striatal inhibitory synapses in vitro, Pflügers Arch. 437 Suppl. R118.
E. Rumpel and J.C. Behrends. The effect of flunitrazepam on evoked and miniature IPSCs at a rat GABAergic
synapse, Pflügers Arch. 437 Suppl. R111 (1999).
E. Rumpel and J.C. Behrends. Mitochondrial uncoupling potentiates frequency-dependent depression at
GABAergic striatal synapses. Soc. Neurosci Abstr. Vol. 25, Part 1 p.480 (1999).
T. Salditt, Q. An, A. Plech, J. Peisl, Ch. Eschbaumer, Ch. H. Weidl, U. S. Schubert. Self-assembled thin films of
organo-metal complexes, Thin Solid Film 354, 208-214 (1999).
W. Sauer, M. Streibl, T. H. Metzger, A. G. H. Haubrich, S. Manus, A. Wixforth, and J. Peisl. X-Ray Imaging
and Diffraction from Surface Phonons on GaAs, Appl. Phys. Lett 75, 1709-1711 (1999).

30

L. Schermelleh, S. Thalhammer, W.M. Heckl, H. Pösl,, T. Cremer, K. Schütze and M. Cremer, Laser
microdissection and laser pressure catapulting as an approach for the generation of chromosome specific
painting probes, BioTechniques 27, 362-367 (1999).
P. Schlichting, B. Duchscherer, G. Seisenberger, T. Basché, C. Bräuchle, K. Müllen , A bichromophore based on
perylene and terrylene for energy transfer studies at the single molecule level, Chem. Eur. J. 5 (8) 2388, (1999).
E. Schmälzlin, U. Bitterer, H. Langhals, C. Bräuchle, K. Meerholz, Determination of the first hyperpolarizability
of multiphoton fluorescent nonlinear optical chromophores via hyper-Rayleigh scattering using fluorescence
quenching, Chem. Phys. 245, 73 (1999).
U.S. Schubert, C. Eschbaumer, Q. An, T. Salditt. Terpyridine metal complexes as building blocks for
supramolecular assemblies and polymers: thermal stability and thin film preparation, Journal of Inclusion
Phenomena and Macrocyclic Chemistry 35 (1/2), 35-42 (1999).
C. Seebacher, F.W. Deeg, C. Bräuchle, J. Wiehler, B. Steipe, Stable low-temperature photoproducts and hole
burning of green fluorescent protein (GFP), J. Phys. Chem. B 103(36), 7728 (1999).
M. Seitz, C. K. Park, J. Y. Wong, J. N. Israelachvili. Study of the fusion process between solid- and soft
supported phospholipid bilayers with the surface forces apparatus, G. Warr and S. Manne (Hrsg.),
Supramolecular Structure in Confined Geometries, ACS Symposium Series, Vol. 736, Chapter 15, Washington
D.C. (1999).
A. A. Shashkin, V. T. Dolgopolov, E. V. Deviatov, B. Irmer, A. G. C. Haubrich, J. P. Kotthaus, M. Bichler, and
W. Wegscheider. Lateral tunneling through the controlled barrier between edge channels in a two-dimensional
electron system, JETP Lett. 69, 603-609 (1999).
F. Simmel, R. H. Blick, J. P. Kotthaus, W. Wegscheider, and M. Bichler. Anomalous Kondo-effect in a quantum
dot at non-zero bias, Phys. Rev. Lett. 83, 804-807 (1999).
F. Simmel, David Abusch-Magder, D. A. Wharam, M. A. Kastner, and J. P. Kotthaus. Statistics of the coulombblockade peak spacings of a silicon quantum dot, Phys. Rev. B 59, 10441-10444 (1999).
A. M. Song. Formalism of nonlinear transport in mesoscopic conductors, Phys. Rev. B 59, 9806-9809 (1999).
A. M. Song, S. Manus, M. Streibl, A. Lorke, J. P. Kotthaus, W. Wegscheider, and M. Bichler. A nonlinear
transport device with no intrinsic threshold, Superlattices and Microstructures 25, 269-272 (1999).
A. M. Song, A. Lorke, J. P. Kotthaus, W. Wegscheider, and M. Bichler. Ballistic magnetotransport in a
seminconductor microjunction with broken symmetry. Superlattices and Microstructures 25, 149-152 (1999).
A. M. Song, A. Lorke, J. P. Kotthaus, W. Wegscheider, and M. Bichler. Experimental and Theoretical Studies
on Nonlinear Transport in Ballistic Rectifiers, Proc. 24 ICPS, Jerusalem 1998, (1999).
J. Stangl, V. Holy, P. Mikulik, G. Bauer, I. Kegel, T. H. Metzger, O.G. Schmid, C. Lange and K. Eberl. Selfassembled carbon-induced germanium quantum dots studied by grazing-incidence small-angle X-ray scattering,
Appl. Phys. Lett. 74, 3785-7 (1999).
M. Stark, R. Guckenberger. Fast low-cost phase detection setup for tapping-mode atomic force microscopy,
Rev. Sci. Instr. 70, 3614-3619 (1999).
R.W. Stark, T. Drobek and W.M.Heckl. Tapping-mode atomic force microscopy and phase-imaging in higher
eigenmodes, Applied Physics Letters 74, 22, 3296-3298 (1999).
M. Streibl, A. Wixforth, J. P. Kotthaus, A. O. Govorov, C. Kadow, A. C. Gossard. Imaging of Acoustic Charge
Transport in Semiconductor Heterostructures by Surface Acoustic Waves, Appl. Phys. Lett. 75, 4139-4141
(1999)
A. Tilke, C. Rocke, and A. Wixforth. Frequency- and Spin-Dependent Absorption of Surface-Acpoustic-Waves
by a 2D Electron Gas in the Quantum Hall Regime, Physica E 5, 41-44 (1999).

31

A. Tilke, R. H. Blick, H. Lorenz, J. P. Kotthaus, and D. A. Wharam. Coulomb Blockade in Quasi-Metallic
Silicon-on-Insulator-Nanowires, Appl. Phys. Lett. 75, 3704-3706 (1999).
A. Tilke, M. Vogel, F. Simmel, A. Kriele, R. H. Blick, H. Lorenz, D. A. Wharam, and J.P. Kotthaus. LowEnergy Electron Beam Lithography Using Calixarene, J. Vac. Sci. Technol. B17 (4), 1594-1597 (1999).
M. Vogel, C. Münster, W. Fenzl, and T. Salditt. Thermal unbinding of highly oriented phospholipid membranes,
Physical Review Letters 84, 390-393 (1999).
R. J. Warburton, C. Bödefeld, C. S. Dürr, K. Karrai, J. P. Kotthaus, G. Medeiros-Ribeiro, and P. M. Petroff.
Charged excitons in InAs quantum dots, Festkörperprobleme/Advances in Solid State Physics 38, 180-192, Ed.
B. Kramer (Vieweg, Braunschweig/Wiesbaden 1999).
A. Wixforth. Surfen im Nanokosmos, Physik in unserer Zeit, 3/1999, p. 123-130 (1999).
A. Wixforth, C. Rocke, S. Zimmermann, and J. P. Kotthaus. Storage of photonic signals in semiconductor
heterostructures, Microelectronic Engineering 47, 317-319 (1999).
A. Wixforth. Nanobeben auf dem Chip, Einsichten 16, Universität München im Selbstverlag, 28-31 (1999)
J. Y. Wong, J. Majewski, M. Seitz, C. K. Park, J. N. Israelachvili, G. S. Smith. Polymer-Cushioned Bilayers. I.
A Structural Study of Various Preparation Methods Using Neutron Reflectometry, Biophys. J., 77, 1445-1457
(1999).
J. Y. Wong, C. K. Park, M. Seitz, J. N. Israelachvili. Polymer-Cushioned Bilayers. II. An Investigation of
Interaction Forces and Fusion Using the Surface Forces Apparatus, Biophys. J., 77, 1458-1468 (1999).
P. Yang, U. Klemradt, Y. Tao, J. Peisl, R.W. Peng, A. Hu, S.S. Jiang. Long-term stability of a quasiperiodic
Ta/Al multilayer: disintegration at room temperature analyzed by grazing angle x-ray scattering and
photoelectron spectroscopy, J. Appl. Phys. 86, 267-274 (1999).
S. Zimmermann, A. Wixforth, J. P. Kotthaus, W. Wegscheider, and M. Bichler. A semiconductor based
photonic memory cell, Science 283, 1292-1295 (1999).
A. Zumbusch, G.R. Holtom, X.S. Xie, Three-dimensional vibrational imaging by coherent anti-stokes raman
scattering, Phys. Rev. Lett., 82, 4142 (1999).
W. Zwerger, with C. Höppler. Quantum fluctuations in the cohesive force of metallic nanowires, Phys. Rev.
B59, R7849 (1999).
W. Zwerger, with C. Weiß. Accuracy of a mechanical single-electron-shuttle, Europhys. Lett. 47, 97 (1999).

3. PATENTS
F. Beil, M. Streibl, A. Wixforth
Positionsdetektor mit akustischen Oberflächenwellen,
German Patent # 199 44 452.8
N. Fertig, A. Tilke, R. Blick, J.C. Behrends
Device and Method for the Investigation of Ion Channels in Membranes.
submitted
K. Karrai, M. Haines
Sample holder apparatus,
European Patent # 0 969 474 A1
W. Heckl
Nahfeldoptische Spitze
German Patent # 195 04 662.5-42

32

4. PHD THESES COMPLETED IN 1999
Udo Beck. Untersuchung von oberflächennahen Nanostrukturen in Silizium-Systemen nach Ionenimplantation
und bei epitaktischem Wachstum mit Methoden der Röntgenstreuung
M. Fromm. Untersuchung der martensitischen Phasenumwandlung in Ni62.5Al37.5 und Ni2MnGa mit
oberflächenempfindlichen Röntgenstreumethoden
Andreas Haugeneder. Femtosekunden-Spektroskopie an organischen optoelektronischen Bauelementen
Bernd Irmer. Nano-Lithographje mit dem Rasterkraftmikroskop: mesoskopische Tunnelstrukturen
und Josephson-Kontakte
Barbara Jager. Lokale Ferninfrarot-Spektroskopie nanostrukturierter 2-dimensionaler Elektronengase
Axel Kramer. Optische Nahfeldmikroskopie an oberflächenaktiven Filmen und einzelnen Molekülen"
Georg Landmesser. Untersuchung von phononischen Vorläufereffekten displaziver Phasenumwand-lungen an
einer freien Ni2MnGa-Oberfläche mittels Röntgenstreuung unter streifenden Winkeln
Johannes Luyken.
Nanostrukturen.

Elektronische Eigenschaften von verspannungsinduzierten InGaAs/AlGaAs-Halbleiter-

Christian Kallinger. Nanostrukturierte optoelektronische Bauelemente aus organischen Materialien
Wolfgang J. Parak. Zell-Halbleiter-Hybride
Martin Perner. Optische Untersuchung der Elektronen- und Gitterdynamik in Edelmetall-Nanopartikeln
Anton Plech. Benetzungsphasenübergänge in binären flüssigen Mischungen:Untersuchung der Struktur und
Thermodynamik mit Röntgenstreuung unter streifenden Winkeln
Jenspeter Rau.
Solvatationsdynamik von Flüssigkristallen in der isotropen Phase am Beispiel der
Alkylcyanobiphenyle
Markus Rotter.
Wechselwirkung zwischen Oberflächenwellen und zweidimensionalen Elektronensystemen in
LiNbO3/GaAs-Schichtstrukturen
Veronika Schwarz. Rotationsdynamik beim nematischen Ordnen in nanoporösen Gläsern
Friedrich Simmel. Transporteigenschaften von Quantenpunkten
Andreas Timinger. Sekundärreflektoren für Solarturmkraftwerke

33

5. DIPLOMA THESES COMPLETED IN 1999
Qingrui An. Herstellung und Charakterisierung ultradünner Schichten aus Metallkomplexen
Florian Beil.
Entwicklung komplexer
optoelektronischen Anwendungen

Wandlergeometrien

für

akustische

Oberflächenwellen

in

Issam Al Dardari. Entwicklung einer nahfeldoptischen Sonde auf der Basis von porösem Silizium mittels eines
lokalen Ätzverfahrens
Alexander Duch. Nahfeldoptik an metallischen Nanolöchern. Wie Oberflächenplasmonen die Lichttransmission
erhöhen können
Eric Dulkeith. Nachweis kollektiver Protonenbewegungen an proteingebundenem Oberflächenwasser mittels
THz-Spektroskopie
Niels Fertig. Nanostruktrierte Meßsonde für Ionenkanäle in Zellmembranen
Dorothea Güntzer. Optische Messungen an Oberflächenplasmonen - Aufbau und Konzeption eines Versuches
des Fortgeschrittenenpraktikums
Wolfgang Helfer.
Abhängigkeit der Elektron-Loch-Rekombinationslebensdauer
verspannungsinduzierter Halbleiter-Quantenpunkte

von

der

Größe

Martin Hempel. Zeit- und ortsaufgelöste THz-Spektroskopie an polaren Flüssigkeiten
Eva Höhberger. Magnetotransport in lateralen Halbleiterübergittern unter Einfluß vom Symmetriebruch
Olaf Holderer. Manipulation der optischen Eigenschaften von organischen Halbleitern mit Hilfe von MetallNanopartikeln
Alexander Holleitner. Mikrowellenspektroskopie an Quantenpunkten
M. Huber. Röntgenreflektivität an der Grenzfläche binärer Flüssigkeiten
Christoph Jabs. Intrasubband-Plasmonen in InAs-Quantentöpfen
Tarek Khalil. Untersuchung der nichtadiabaten Zweiphasenströmung bei niedrigen Wärmestromdichten
Helmut Krömmer.
Strukturen

Nanomechanische Resonatoren auf der Grundlage von freitragenden Gold-Silizium-

A. Maier. Thermodynamik kleiner supraleitender Körner
Ulrike Mennicke. Röntgenstreuung an mesostrukturierten Silikatcompositen
Jörg Müller. Röntgenbeugung an Purpurmembranen
Laura Pescini. Suspended Nanostructures in Silicon-On-Insulator
Franz Pfeiffer. X-ray Waveguides
Christian G. Schäflein. Optische Spektroskopie an einzelnen InGaAs-Quantenringen
Christian Sebald.
Systemen

Elektron-Loch-Transport mit akustischen Oberflächenwellen in niedrigdimensionalen

Bernhard Stein. Rasterkraftspektroskopie an Halbleiterheterostrukturen bei tiefen Temperaturen
Kai Stock. Optische Verstärkung und Rekombinationsdynamik in InAs/GaAs-Quantenpunkten

34

Robert Alexander Wildfeuer. Separate Kontaktierung von Randkanälen im Quanten-Hall-Effekt
Gerhard Wörle. Neuartige Photodetektoren aus organisch/anorganischen Multischichtsystemen
Peter Zehetmayer. Aufbau und Ansteuerung eines konfokalen Mikroskops bei Tief- und Raumtemperatur

35

6. INVITED TALKS OF CeNS MEMBERS
Jan C. Behrends: Pre-and postsynaptic determinants of the dynamics of inhibitory transmission in a striatal
network in vitro
Meeting of the Federation of European Neuroscience Societies (Brighton, Juli 2000).
R. Blick: Nanomechanische Resonatoren
Kolloquiumsvortrag (Universität Hamburg, Oktober 1999).
R. Blick: Quantum computation with laterally gated quantum dots
Naval Research Laboratories, Conference on ‘The Physics of Quantum Dots for Quantum Computing’
(Washington, USA, September 1999).
R. Blick: Mechanical nano-resonatorsKonferenz über Electronic Properties of two-dimensional Systems
(EP2DS) (Ottawa, Kanada, August 1999).
R. Blick: A mesoscopic tool to study quantum coherent transportWorkshop ‘Statistical and dynamical
aspects of mesoscopic systems’ (Sitges, Barcelona, Juni 1999).
R. Blick: Kicking electrons with nanomechanical resonators1st CeNS-Workshop on "Nanoscience: Scientific,
technological and economic aspects" (San Servolo, Venedig, 18. – 23. April 1999).
R. Blick: Nanomechanical resonators operating in the radio frequency regime as single charge detectors
Frühjahrstagung der Deutschen Physikalischen Gesellschaft (Münster, März 1999).
C. Bräuchle
GDCh-Kolloquium (TU Berlin, 11.01.1999).
C. Bräuchle
University of Leuven (Belgium, 18.02.1999).
C. Bräuchle
University of Linz (Austria, 11.03.1999).
C. Bräuchle
5th International Conference on Solar Energy“, Ain Shams University (Cairo, C. Egypt, 30.03.-04.04.1999).
C. Bräuchle
1st CeNS Workshop (San Servolo, Venice, Italy, 18.-23.04.1999).
C. Bräuchle
GDCh-Kolloquium (Stuttgart, 06.05.99).
C. Bräuchle
„Nobel Conference on Single Molecule Spectroscopy in Physics, Chemistry and Biology“ (Stockholm, Sweden,
05.-09.06.1999).
C. Bräuchle
VW-Symposium „Einzelmolekülspektroskopie in Physik, Chemie und Biologie“ (Wiesbaden, 14.-16.06.1999).
C. Bräuchle
„Unconventional Photoactive Solids Conference“ (Würzburg, 31.08.-04.09.1999).
C. Bräuchle
„Hole-Burning and Related Spectroscopies Conference (Hourtin/Bordeaux, France, 18.-23.09.1999).
C. Bräuchle
University of Hohenheim (Hohenheim, 15.10.1999).
C. Bräuchle
Wacker-Chemie Forschungszentrum (Munich, 12.11.1999).
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Jochen Feldmann: 'Nano-optics with surface plasmons‘1st CeNS-Workshop on "Nanoscience: Scientific,
technological and economic aspects" (San Servolo, Venedig, 18. – 23. April 1999).
Jochen Feldmann: Optomechanical response of metal nanoparticles to ulltrashort laser pulses
12th International Conference on Dynamical Processes in Excited States of Solids (Humacao, Puerto Rico 1999).
Jochen Feldmann: Ultrafast processes in metal nanoparticlesWorkshop on Ultrafast Processes in Solids
(Marburg, Germany 1999).
Jochen Feldmann: Relaxations- und Rekombinationsprozesse von Elektron-Loch Paaren in HalbleiterQuantenpunkten
Mauterndorfer Laserseminar (Mauterndorf, Österreich, 1999).
Jochen Feldmann: Spatiotemporal dynamics of optical nonlinearities in semiconductor quantum wells
SPIE’s International Symposium (San Jose, USA 1999).
Jochen Feldmann: THz spectroscopy of liquidsSPIE’s International Symposium (San Jose, USA 1999).
Jochen Feldmann: Ultrafast optical nonlinearities of metal colloidsCLEO/QELS (Baltimore, USA 1999).
Jochen Feldmann: Slow and fast carrier relaxation in semiconductor quantum dots
OSA Topical Meeting on ‘Quantum Optoelectronics’ (Snowmass USA 1999).
Jochen Feldmann: Nano-optics with single metal nanoparticles
VW-Symposium on “Single Molecule Spectroscopy” (Wiesbaden, 1999).
Jochen Feldmann: Optische Spektroskopie an einzelnen Metall-Nanopartikeln
Kolloquium der Physikalischen Chemie (TU München).
Jochen Feldmann: Nano-Optik mit metallischen Nanopartikeln
Kolloquium der Fakultät für Elektrotechnik (TU Braunschweig).
Jochen Feldmann: Nano-Sensorik mit einzelnen Metall-Nanopartikeln
Kolloquium der Physikalischen Chemie (Universität Ulm).
Jochen Feldmann: Realization of a flexible polymer laser
Washington State University (Pullman, USA).
Jochen Feldmann: From polymer LED’s to polymer lasers
JILA (University of Colorado, USA).
I. Frank: Simulation of radical reactions in the atmosphere
Car-Parrinello Molecular Dynamics (Schloß Ringberg, Rottach-Egern, 19.1.1999).
Mingyuan Gao: Preparation, optical properties of nanoparticles and their potential applications
(Universität Innsbruck, Dezember 1999).
Nancy Hecker: The promising future in semiconductor physics
(Universität Innsbruck, September 1999).
Nancy Hecker: Propagation of single cycle THz pulses in optically excited semiconductors
Photonik Symposium der Volkswagen-Stiftung (Duisburg, 29.September - 1.Oktober 1999)
Nancy Hecker: From chemical nanoassembly to physics
DECHEMA-Arbeitskreis "Chemische Nanotechnologie" (Frankfurt am Main, 9. November 1999).
W.M. Heckl: Direct observation of the self assembly of potentially prebiotic purine molecules on mineral
surfaces by scanning tunneling microscopy
International Conference on the Origion of Life, ISSOL 99 (San Diego, Mai 1999).
W.M. Heckl: Atomic force microscopy
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CMI Workshop on Phyllantus Amarus (Schloss Elmau, 23.1.1999)
W.M. Heckl: Visualization and nanomanipulation of biomaterial with SPM
European Science Foundation, Intl. Workshop (Brügge, 30.1.1999).
W.M. Heckl: Self assembly of organic molecules at mineral surfaces - implications for the emergence of life
Gordon Research Conference (Ventura, California 25.2.1999).
W.M. Heckl: Molecular self assembly
1st CeNS-Workshop on "Nanoscience: Scientific, technological and economic aspects" (San Servolo, Venedig,
18. - 23. April 1999).
W.M. Heckl: Mapping von Erbsubstanz mit Rastersondenmethoden
Workshop BioNano Technologie (Neu Fahrland, 15.6.1999).
W.M. Heckl: Perspektiven der Nanotechnologie in der Genetik
Internationales Technologieforum Life Science (München, 23. 6.1999).
W.M. Heckl: Direct observation of the self assembly of potentially prebiotic purine molecules on mineral
surfaces by scanning tunneling microscopy
Smarton Workshop 2, Creation and Characterisation of nanostructered surfaces, layers and particles
(Loipersdorf, Österreich, 27.9.99).
W.M. Heckl: Zukunftschancen der Nanotechnologie: Bausteine der Zukunft
5. Internationales Holzbauforum (Garmisch, 1.12.99).
B. Irmer: Nanolithographie: klein ist fein
Workshop "Nanoforum" (Linz, 1999)
K. Karrai: Nano-optical spectroscopy of semiconductor quantum dots
1st CeNS-Workshop on "Nanoscience: Scientific, technological and economic aspects" (San Servolo, Venedig,
18. – 23. April 1999).
K. Karrai: Near-field optical microscopy
WE-Heraeus Ferienkurs "Physik technologisch relevanter Defekte in Halbleitern" (FB Physik der Martin-LutherUniversität Halle-Wittenberg, 13. - 24. September 1999).
K. Karrai: Optical spectroscopy of semiconductor quantum dots
WE-Heraeus Ferienkurs "Physik technologisch relevanter Defekte in Halbleitern" (FB Physik der Martin-LutherUniversität Halle-Wittenberg, 13. - 24. September 1999).
K. Karrai: Optical absorption of charged tunable semiconductor quantum rings
Fall Meeting of the Materials Research Society (Boston, 29. November- 3. Dezember 1999).
K. Karrai: Near-field optical microscopy
WE-Heraeus Ferienkurs "Physik technologisch relevanter Defekte in Halbleitern" (FB Physik der Martin-LutherUniversität Halle-Wittenberg 13.9.1999 - 24.9.1999).
K. Karrai: Interband spectroscopy of charge tunable quantum rings
Fall Meeting of the Materials Research Society (Boston, 29. November- 3. Dezember 1999).
I. Kegel: Analysis of semionductor quantum-dot systems by grazing incidence x-ray scattering techniques
XVIIIth International Union of Crystallography Congress and General Assembly, (Glasgow, Scotland, U.K., 4.13.August1999).
U. Klemradt: Martensitic transformations by surface scattering
Workshop "Order, Disorder, Phase Transitions" (Wien, 27.-29. Juni 1999).
U. Klemradt: A study of premonitory martensitic surface relief via novel x-ray diffuse and laser-light reflectivity
from the (001) surface of a Ni63Al37 single crystal
Fall Meeting of the Materials Research Society (Boston, USA, 29. November- 3. Dezember 1999).
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J. Köhler: Unraveling the electronic structure of individual photosynthetic pigment-protein complexes
1st CeNS-Workshop on "Nanoscience: Scientific, technological and economic aspects" (San Servolo, Venedig,
18. – 23. April 1999).
J. Köhler: Optische Spektroskopie an einzelnen photosynthetischen Antennenkomplexen
Münchner Biophysik Kolloquium (LMU München, 28.5.99).
J. Köhler: Optical spectroscopy of individual photosynthetic pigment proteins
Nobel-Conference on "Single Molecule Spectroscopy in Physics, Chemistry and Biology", by the Royal
Academy of Science, Nobel Forum (Lindingö, Sweden, 5.-9. Juni 1999).
J. Köhler: Optische Spektroskopie an einzelnen Photosynthetischen Antennenkomplexen
Physics Colloquium, Johannes-Kepler University (Linz, 24. Juni 1999).
J. Köhler: Unravelling the electronic sStructure of individual photosynthetic pigment-protein complexes
9th International Conference on Unconventional Photoactive Systems (UPS'99) (Würzburg, Germany, 31.
August - 4. September 1999).
J. Köhler: Optische Spektroskopie an einzelnen photosynthetischen Antennenkomplexen
DFG-Rundgespräch: Spektroskopie an Photorezeptoren (Schloss Landsberg, Essen-Kettwig, Germany, 26. - 30.
September 1999).
J. Köhler: Optical Spectroscopy of Single Quantum Systems
Physics Colloquium (Rijksuniversiteit Leiden, The Netherlands, 15. Oktober 1999).
J. Köhler: Optische Spektroskopie an einzelnen Quantensystemem
Physics Colloquium (Universität Bayreuth, 9. November 1999).
J. Köhler: Optische Spektroskopie einzelner Quantensysteme
Kolloquium der Münchner Physiker, (LMU München, TU München, MPI München, Germany, 29.Novemer
1999).
J. P. Kotthaus: Nanostructured semiconductors as sensors and manipulators
Workshop on "Hierarchic Structure Formation and Function of Organic-Inorganic Hybrid Systems", (Ulm,
Germany, 1999)
J. P. Kotthaus: Manipulating charges in nanostructured semiconductors
1st IUPAC Workshop on Advanced Materials: Nanostructured Systems, (Hongkong, China 1999).
J. P. Kotthaus: Manipulating electrons in nanostructured semiconductors
XXVIII Int. School on Physics of Semiconducting Compounds, "Jaszowiec '99", ( Jaszowiec, Poland, 1999).
J. P. Kotthaus: Excitons in static and dynamic lateral superlattices as photonic memories
Nato ARW "Optical Properties of Semiconductor Nanostructures", ( Jaszowiec, Poland 1999).
J. P. Kotthaus: Manipulating excitons and electron-hole pairs in static and dynamic superlattices
Winterschool on "Low-Dimensional (<2D) Electron Systems in Solids", (Les Houches, France, 1999).
Jörg P. Kotthaus: Electronic structure and single electron charging in self-assembled quantum dots
Winterschool on "Low-Dimensional (<2D) Electron Systems in Solids", (Les Houches, France, 1999).
Jörg P. Kotthaus: Eigenschaften selbstgeordneter Quantendots
DFG Rundgespräch "Aspekte nanoskaliger Systeme", (Bad Honnef, Germany, 1999).
U. Lemmer: Low threshold organic thin film lasers using two dimensional distributed feedback
E-MRS-Conference (Straßburg, Frankreich, 1.6.1999).
U. Lemmer: Organische Optoelektronik: Laser und Solarzellen auf der Basis molekularer Halbleiter
Physikalisches Kolloquium (Universität Bonn, 15.4.99).
U. Lemmer: Laser auf der Basis organischer Halbleiter
Institut für Laserphysik (Universität Hamburg, 11.5.1999).
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U. Lemmer: Laser und Solarzellen auf der Basis von Polymeren
Physikalisches Kolloquium (Universität Freiburg, 31.5.1999).
U. Lemmer: Laser und Solarzellen auf der Basis organischer Materialien, Kolloquium Fachbereich Physik
(Philipps-Universität Marburg, 11.6.1999).
U. Lemmer: Stimulated emission in organic solids
Workshop Organic Semiconductors (Philipps-Universität Marburg, 29.9.1999).
U. Lemmer: Laser und Solarzellen auf der Basis organischer Materialien
Kolloquium des SFB 481 „Komplexe Makromolekül- und Hybridsysteme in inneren und äußeren Feldern"
(Universität Bayreuth 12.07.1999).
U. Lemmer: Organische Optoelektronik: Laser aus Polymere
Institutskolloquium Institut für Technische Physik (DLR Stuttgart, 10.11.1999).
U. Lemmer: Organic nanostructures for optoelectronic applications
Workshop on "Hierarchic Structure Formation & Function of Organic-Inorganic Hybrid Systems" (Universität
Ulm, 26.11.1999).
U. Lemmer: Organic lasers based on a 2D photonic bandstructure
Institut für Theorie der kondensierten Materie (Universität Karlsruhe, 13.12.1999).
H. Lorenz: Quanten-Dots: Möglichkeit zur Realiisierung eines Quantenprozessors
Workshop "Quanteninformatonsverarbeitung" (Düsseldorf, 1999).
Lorke: Electronic states and excitations in self-organized InAs/GaAs, nanostructures
Low Energy Electrodynamics in Solids '99 (Pecs/ Hungary, June 1999).
Lorke: Ballistic rectification in semiconductor nano-structures with broken symmetry
Centennial Meeting of the American Physical Society (Atlanta/ USA, March 1999).
T.H. Metzger: Self-organized semiconductor nano-islands in the light of synchrotron radiation
MRS Spring Meeting 1999 (San Francisco, USA, April 5-9, 1999).
T. H. Metzger: Grazing incidence small-angle X-ray scattering to study shape, strain and correlation in
semiconductor quantum dot systems
XI International Conference on Small-Angle Scattering, Brookhaven National Laboratory (New York, USA, 17.20. Mai 1999)
G. v. Plessen: Near-field spectroscopy on metal nanostructures
29th Winter School on the Physics of Quantum Electronics (Snowbird, USA, 1999).
G. v. Plessen: Near-field microscopy of plasmon excitations in small metal structures
Symposium "Methods and materials for the nanometer regime" (Schöneck/Vogtland, 1999).
G. v. Plessen: Nonlinear optical responses of netal nanoparticles
German-Israeli Bi-National Workshop on Ultrafast Optical Technologies (Tel Aviv, Israel, 1999).
T. Salditt: Fluctuations and interactions of lipid-DNA complexes from x-ray lineshape analysis
1st Workshop on DNA-Lipid Interactions, (Jena, 8. Februar 1999).
T. Salditt: Structure and interactions of biomolecular assemblies probed by x-ray scattering
Cennenial Meeting of the American Physical Society, (Atlanta, Symposium on Biomolecules and
supramolecular materials, 20.-26. März 1999.
T. Salditt: Self-assembly of macromolecular films
CeNS Symposium, 1st CeNS-Workshop on "Nanoscience: Scientific, technological and economic aspects" (San
Servolo, Venedig, 18. – 23. April 1999).
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Tim Salditt: Beugungsexperimente an hochgeordneten Lipidmultischichten
Deutsche Neutronenstreutagung (Potsdam, 25.-27. Mai 1999)
Tim Salditt: X-ray scattering from highly aligned membranes: from simple phospholipids
native biological systems
1st MRL Complex Materials Conference, (Santa Barbara, USA, 22.-27. August, 1999).
R. Warburton: Interband optics of charge-tunable quantum dots
NATO Advanced Research Workshop on "Optical properties of Semiconductor Nanostructures" (UstronJaszowiec, Polen, 12. – 16. Juni 1999).
C. Weiss: Accuracy of a mechanical single-electron-shuttle
Exotic states in quantum nanostructures, Summer school (Windsor, England, 16.-19. August 1999).
A. Wixforth: Surface acoustic wave nanostructures
DARPA/MEMS workshop "Nanoelectromechanical Systems” (NEMS) (San Diego, 22.-23. April, 1999).
A. Wixforth: Nano-Beben auf dem Chip
Scientific Colloquium "Frontiers in Nanoscale Chemistry and Biochemistry" (Forschungszentrum Karlsruhe, 7.8. Oktober 1999).
A. Zumbusch: Vibrational Microscopy using Coherent Anti-Stokes Raman Scattering
Single-molecule Spectroscopy and Molecular Motors, ( Leiden, Netherlands, 19.-22.1.1999).
A. Zumbusch: Vibrational Microscopy using Coherent Anti-Stokes Raman Scattering
Physikalisch-Chemisches Kolloquium (LMU München, Germany, 27.1.1999).
A. Zumbusch: Hochauflösende Mikroskopie mit Coherent Anti-Stokes Raman Scattering (CARS)
Frühjahrstagung der Deutschen Physikalischen Gesellschaft (Münster, Germany, 23.-26.3. 1999)
A. Zumbusch: 3D-Vibrational Microscopy with Vibrational Contrast: Coherent Anti-Stokes Raman Scattering
(CARS) Microscopy
11th Int. Conference on Confocal Microscopy, EMBL (Heidelberg, Germany, 11.-15.4., 1999).
A. Zumbusch: Vibrational Microscopy using Coherent Anti-Stokes Raman Scattering (CARS)
6eme Congres international sur le creusement de trous spectraux et les spectroscopies apparentes: de la science
aux applications, Hourtin, France, 18.-23.9.1999)
A. Zumbusch: Neue Methoden der Fluoreszenz- und Schwingungsmikroskopie mit Einzelmolekülsensitivität
Bayer AG (Leverkusen, Germany, 29.11.1999)
A. Zumbusch: Mikroskopie und Spektroskopie einzelner Moleküle: Techniken und Anwendungen in Physik,
Biologie und Chemie
Institut für Analytische Chemie, Universität Wien, Austria, 10.12.1999)
W. Zwerger: Topological effects and universal force fluctuations in nanocohesion
Rencontres de Moriond (Les Arcs, France, January 23-31, 1999).
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7. AWARDS
Dr. I.Frank: Bayerischer Habilitationsförderpreis 1999
Jochen Feldmann, 1999 Award for excellent teaching by the Bavarian State
Ulrich Lemmer and Jochen Feldmann, 1999 Philip Morris' Forschungspreis, Philip Morris Foundation
Jochen Feldmann: Visiting research fellowship at JILA, University of Colorado, USA

8. NEW @ CeNS
Cand. chem. Daniel Aktah (PhD Student)
M. Aspelmeyer (PhD student)
Dipl. Phys. Clemens Hofmann (PhD student)
Dr. Armelle Vix (Post-Doc)
Dr. Mingyuan Gao (Assistant)
Dr. Samuel Gresillon (Postdoc)
Dipl.-Phys. Christoph Lingk (PhD student)
Dipl.-Phys. Jürgen Müller (PhD student)
Ingetraud Krella (Secretary)
Christian Holopirek (Technician)
Dipl.-Phys. Dirk Haft (PhD student)
Dipl.Phys. Marc Hennemeyer (PhD Student)
Dipl. Phys. Hans-Jörg Kutschera (PhD student)
Dipl. Phys. Jan Krauß (PhD student)
Dipl. Phys. Laura Pescini (PhD student)
Dipl. Phys. Niels Fertig (PhD student)
Dipl. Phys. Alexander Holleitner (PhD student)
Dipl. Phys. Eva Höhberger (PhD student)
Dipl. Phys. Christian Schäflein. (PhD student)
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9. LEAVING SCIENTISTS
Martin Koch, TU Braunschweig
Dr. Richard Warburton, Heriott Watt University, Edinburgh

10. GUESTS @ CENS
Helmut Ringsdorf, Universität Mainz und School of Pharmacy, London
Patrick Theato, Rudolf Zentel, BGHU Wuppertal
Dr. Kimmo Jensen, Dept. of Physiology, Univ. of Arhus, Denmark
Prof. F. Zawadowski, TU Budapest, Hungary
Dr. Steven Cundiff, JILA Boulder Colorado, USA
Prof. Martin Koch, TU Braunschweig, Braunschweig
Prof. Franz Aussenegg, Universität Graz, Graz, Austria
Prof. Perakis, Vanderbilt University, Nashville, Tennessee, USA
Prof. Frankevich, Moscow, Russia
Dr. Phil Dawson, UMIST, Manchester, England
Dr. Joachim Spatz, Universität Ulm, Ulm
Dr. Smith, Oxford University, Oxford, England
Prof. Robert D. Grober, Yale Unversity, USA
Prof. Mansour Shayegan, Princeton Universtiy, USA
Dipl. Phys. Rubio Sierra, Sevilla, Spain
Prof. S. J. Allen, University of California, Santa Barbara, USA
Prof. A. V. Chaplik, Russian Academy of Sciences, Novosibirsk, Russia
Prof. V. Dolgopolov, Russian Academy of Sciences, Chernogolovka, Russia
Dr. A. V. Govorov, Russian Academy of Sciences, Novosibirsk, Russia
Prof. R. Grober, Yale University, New Haven, USA
Dr. H. Pettersson, Lund University, Sweden
Hua Qin, Nanjing University, China
Prof. M. Shayegan, Princeton University, Princeton, USA
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11. COOPERATING LABORATORIES
Institut des Neurosciences, Paris VI, France (St. Charpier, J.-M. Deniau)
Dept. of Physiology, Aarhus,Denmark (K. Jensen, J.D.C. Lambert)
Siemens Research Laboratory, Munich, Germany
Walter-Schottky-Institute, Technical University Munich, Germany
Center for Quantized Electronic Structures (QUEST), University of California, Santa Barbara, USA, .
Institute of Solid Stae Physics, Russian Academy of Sciences, Chernogolovka, Russia
Institute of Semiconductor Physics, Russian Academy of Sciences, Novosibirsk, Russia
Laboratoire de Microstructures et de Microélectronique, CNRS, Bagneux, France
Nanostructure Consortium, Lund University, Sweden

12. FINANCIAL SUPPORT
J. Behrends. Analyse der GABAergen synaptischen Übertragung, DFG Be 1739-2.
R. Blick. Elektromechanischer Einzelelektronentransport, DFG SFB 487/1-1.
R. Blick, J.P. Kotthaus. Ein-Elektronen-Bauelemente, DFG SFB 348/B 8.
R. Blick, J.P. Kotthaus, H. Lorenz. Top Gate Einzel-Elektronen-Transistoren in Si/SiGe, BMBF 01 M 2413 C6.
R. Blick, H.Lorenz. Quanten-Infomationsverarbeitung, DFG Blick 487/2-1.
C. Bräuchle. The use of spectral hole burning to characterise the interactions between chromophores and the
surrounding porous lattice or amorphous phase with reduced dimensionality, DFG main research program
„Nanostructured host/guest systems“, DFG-De 446/4.
C. Bräuchle. The characterisation of the dynamics and interactions between single guests in nanoporous host
systems, VW foundation I/74475
C. Bräuchle. Time resolved confocal microscopy of the dynamics of molecular guests in nanoporous crystals,
DFG main research program „Nanostructured host/guest systems“, DFG-De 446/3-3.
C. Bräuchle. Employment of confocal microscopy and spectroscopy to characerise the heterogeneity in
host/guest composites, DFG main research program „Nanostructured host/guest systems“, DFG-De 446/3-4
C. Bräuchle. Photoionisation and charge separation in large molecules, clusters and in condensed phases, DFG
SFB 377/B7
C. Bräuchle. Light-induced dynamics of biopolymers, DFG SFB 533/B7.
J. Feldmann. Femtosekunden-Spektroskopie elementarer Anregungen in Atomen, Molekülen und Clustern,
DFG-Schwerpunkt, Pl 261/2-2.
J. Feldmann. Stimulierte Emissionsprozesse in elektroluminszierenden organischen Materialien", VW-Stiftung
Photonik-Programm, I/73 433.
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J. Feldmann. EU Network on Ultrafast Processes in Semiconductors, FMRX-CT97-0134.
J. Feldmann. Polmeric donor-acceptor photoconductors for photovoltaic applications, INTAS, 97-992.
J. Feldmann. Herstellung von funktionalisierten Halbleiter-Nanokristallen und Anwendung in lateral
strukturierten Bauelementen, BMBF 03N8604 9.
J. Feldmann. Ladungsträgerrelaxation und elektrische Feldeffekte in Quantenpunkten, DFG SFB 348.
J. Feldmann. Primärschritte der Ladungstrennung in konjugierten Polymeren, DFG SFB 377.
J. Feldmann. Dynamik optisch erzeugter elektronischer Wellenpakete in Halbleiterheterostrukturen, DFG
J. Feldmann. Neuartige organische Multischicht-Leuchtdioden aus vernetzbaren Monomeren, Bayerisches
Lanzeitprogramm Neue Werkstoffe.
R. Guckenberger. Untersuchung von synthetischen und biologischen Grenzflächen mit “scanned probe"
Mikroskopie: Tunnelmikroskopie, Kraftmikroskopie und Mikroskopie im optischen Nahfeld, DFG SFB 266.
R. Guckenberger.
Fixierung, Orientierung und Funktion von individuellen Proteasomkomplexen in
selbstorganisierten Chelatorlipid-Schichten, Schwerpunkt “Physik, Chemie und Biologie mit Einzelmolekülen",
Volkswagenstiftung.
W. Heckl. Neuartige Sonden- und Detektionsprinzipien, Teilvorhaben "Nanoporöses Silizium als Sonde für die
nahfeldoptische Mikroskopie, BMBF
W. Heckl. Adsorption von Purin- und Pyrimidinbasen auf Metall-und Halbleiteroberflächen" DFG SFB
338
W. Heckl. Entwicklung einer NanoLichtquelle, Bayern Innovativ
W. Heckl. Entwicklung eines BioNanomanipulators, Bayerische Forschungsstiftung
W. Heckl. OverTone AFM on quasicrystals, DFG Schwerpunkt Quasikristalle
W. Heckl. Interaction of Phytopharmaca with cell membranes, Centers for Medical Innovation
K. Karrai.
Optische Eigenschaften von ein- und nulldimensionalen Quantentöpfen, Nanometer –
Halbleiterbauelemente, DFG SFB 348/A13.
K. Karrai/A. Wixforth. Elektronen-Loch-Transport in niedrigdimensionalen Systemen, DFG
SFB 348/A11.
K. Karrai/R. Warburton. Optische Eigenschaften von ein- und nulldimensionalen Quntentöpfen, DFG
SFB 348/A13.
J. Köhler. Investigation of the Electronic Structure
Complexes,Volkswagen-Stiftung, Hannover, Az: I/75 086.

of

Individual

Photosynthetic

Antenna

J.P. Kotthaus/A. Lorke. Quantentransport in lateralen Übergittern, DFG SFB 348/A 15.
J.P. Kotthaus/A. Lorke. Dynamischer Response von Quantenpunkten und lateralen Übergittern unter den
Einfluß von Verspannung und elektronischer Kopplung, BMBF 01BM623.
J.P. Kotthaus/A. Wixforth. Optische Modulatoren und Speicher auf der Basis von lateral modulierten
Halbleiterschicht-systemen, Bayerische Forschungsstiftung 294d/98.
J.P. Kotthaus/A. Wixforth. Optoelektronische Eigenschaften von InAs/AlSb Quantentöpfen, VW
I/69 329.
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J. P. Kotthaus/H. Lorenz.
Topographie und Herstellung von Halbleiter-Nanostrukturen mit einem
Rasterkraftmikroskop, VW I/73967.
J.P. Kotthaus/A. Wixforth. Optische Signalverarbeitung mit dynamischen lateralen Übergittern auf HalbleiterQuantentopf-strukturen, VW I/74960.
H. Lorenz. Decoherence and dissipation effects in quantum dots, DFG BL 487/2-1.
H. Lorenz. Characterization and fabrication of semiconductor nanostructures by atomic force microscopy,
Volkswagen-Stiftung Az: I / 73967.
H. Lorenz. Top Gate Einzel-Elektronen-Transistoren in Si/SiGe, BMBF Az.: 01 M 2413 C 6.
T. Salditt. Makromolekulare Schichtsysteme, DFG, Einzelantrag.
A. Wixforth/J.P. Kotthaus. Entwicklung und Anwendung von OFW-Sensoren mit Halbleiterschichten, Siemens
AG.
A. Wixforth/J.P. Kotthaus. Dynamik des Quantisierten Hall-Effektes, DFG Wi 1091/4-2.
W. Zwerger. DFG ZW 31/5-2.
W. Zwerger. SFB 348/B10.
Untersuchung von oberflächennahen Nanostrukturen in Silizium-Systemen nach Ionenimplantation und bei
epitaktischem Wachstum mit Methoden der Röntgenstreuung, DFG, PE 127/4-1.
Gitterverspannung, Struktur und Wachstumsmechanismen von selbstordnenden Inseln in gitterfehlangepassten
Halbleiterheterostrukturen, DFG PE 127/ 6-1+2.
Static and dynamic deformation fields in thin crystal layers for optoelectronic applications,
G.I.F.; I006-401.02/95.
Charakterisierung von lateralen und vertikalen Korrelationen der Grenzflächenrauhigkeit in Si/SiGe
Heterostrukturen mit Hilfe neuartiger Röntgenstreumethoden”, VW Stiftung; I/72512.

13. ELSE
J. Köhler (gemeinsam mit Jörg Wrachtrup TU Chemnitz): Organisation des Symposiums: New Trends in
Physics, Chemistry and Biology with Single Molecules, Wiesbaden, 14.07. - 16.07.2000 (begleitend zum VW
Schwerpunkt)
LS Photonik&Optoelektronik: Workshop on 'Nanostructured materials and photonic crystals' in Riezlern, Austria
THz spectroscopy and its applications: Messestand auf der Materialica `99 Messe
NanoTOOLS, ein Spin-Off-Unternehmen der LMU München
W.M. Heckl: Rastertunnelmikroskop zur Abbildung von DNA-Molekülen
Deutsches Museum Bonn (permanent)
W.M. Heckl: Genwelten
Rastersondenmikroskopie und Ursprung des Lebens
Wanderausstellung Kunst- und Ausstellungshalle (Bonn, 27.3.1998 - 31.1.1999),
W.M. Heckl: Genwelten
Rastersondenmikroskopie und Ursprung des Lebens
Museum Mensch und Natur München (Dauerausstellung)
W.M. Heckl Aussteller bei der Messe Analytica 1999 eines NanoEndoskops
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