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Invited Talks

DS 8.1 Mon 14:30–15:15 H34 Processing, properties and application potential of nanostructured hard
coatings — •Paul Mayrhofer

DS 11.1 Tue 9:30–10:00 H32 Strained silicon for advanced nanotechnology — •Michael Goryll, Dan
Buca, Qing-Tai Zhao, Bernd Holländer, Siegfried Mantl, Roger Loo,
Duy Nguyen, Manfred Reiche

DS 11.2 Tue 10:00–10:30 H32 Integration of functional epitaxial oxides into silicon: From high-K ap-
plication to nanostructures — •H. Jörg Osten

DS 11.3 Tue 10:30–11:00 H32 Rare Earth based amorphous ternary oxide layers as alternative gate di-
electrics — •Jürgen Schubert, Tassilo Heeg, Martin Roeckerath, Joao
Marcelo Jordao Lopes, Uffe Littmark, Chao Zhao, Matty Caymax,
Valerie Avanasiev, Lisa Edge, Yunfa Jia, Wei Tian, Darrell Schlom

DS 11.4 Tue 11:00–11:30 H32 Advanced SOI CMOS transistors for high performance microprocessors
— •Manfred Horstmann

DS 11.6 Tue 11:45–12:15 H32 Graphene: A new Electronic Material — •Max Christian Lemme, Tim
Echtermeyer, Matthias Baus, Heinrich Kurz

DS 11.7 Tue 12:15–12:45 H32 Electronic Transport in Carbon Nanotube FETs — •Joachim Knoch
DS 12.1 Tue 14:30–15:15 H34 Surface Analytics with Monolayer Resolution using Ions — •Pedro

Grande, Agenor Hentz, Rafael Pezzi, Israel Baumvol, Gregor Schi-
wietz

DS 18.1 Wed 15:00–15:30 H34 Analysis of protein layer structure using real-time ellipsometry — •Hans
Arwin

DS 18.2 Wed 15:30–16:00 H34 Optical Spectroscopy with high Spatial Resolution — •Wolfgang
Richter, Eugen Speiser, Benjamin Buick, Silvano Del Gobbo

DS 18.3 Wed 16:00–16:30 H34 Surface enhanced Raman spectroscopy as a probe for studying
metal/organic interfaces — •Georgeta Salvan, Dietrich Zahn

DS 18.4 Wed 16:30–17:00 H34 In-situ monitoring of stress evolution in growing group-III-nitride layers
— •Alois Krost, Armin Dadgar, Rainer Clos, Gunther Straßburger,
Fabian Schulze

DS 19.1 Wed 17:15–17:45 H34 Optical in-situ diagnostics of device growth in MOVPE — •Martin Zorn,
Frank Brunner, Thomas Zettler, Markus Weyers

DS 19.2 Wed 17:45–18:15 H34 In-situ investigations of electronic and structural properties of Si sur-
faces during electrochemical surface functionalization — •Jörg Rappich,
Florent Yang, Katy Roodenko, Aleix Güell, Carl Matthias Intel-
mann, Thomas Dittrich, Karsten Hinrichs

DS 19.3 Wed 18:15–18:45 H34 Water at model membranes: structure, dynamics and biomolecular sens-
ing — •Mischa Bonn

DS 21.1 Thu 11:15–12:00 H32 Growth morphology evolution in real time and real space — •Joachim
Krug

DS 21.2 Thu 12:00–12:45 H32 Growing metals on silicon surfaces - STM study in-vivo — •Ivan
Ošťádal, Pavel Sobot́ık, Pavel Kocán, Jan Pudl
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DS 22.1 Thu 9:30–10:00 H34 Grain Growth and Film Growth observed with Real-time, in-situ STM
— •Marcel J. Rost

DS 25.1 Thu 15:00–15:45 H32 Pentacene thin film growth — •George Malliaras
DS 25.4 Thu 16:15–17:00 H32 Growth, Interface Formation and Electron Dynamics of Pentacene Thin

Films — •Frank Meyer zu Heringdorf

DS 25.7 Thu 17:30–18:15 H32 Charge Injection across Self-Assembly Monolayers in Organic Field Ef-
fect Transistors: Odd-Even Effects — •Fabio Biscarini, Pablo Stoliar,
Rajendra Kshirsagar, Massimiliano Massi, Paolo Annibale, Cristiano
Albonetti, Dago de Leeuw

Invited Talk in Section Surface Physics

O 3.1 Mon 10:15–11:00 H36 Some aspects of chirality in molecules adsorbed at metal surfaces —
•Neville Richardson

Prize Talk of the Gaede Prize Winner

O 37.1 Wed 14:00–14:45 H36 Gallium-Nitride-on-Silicon: Mission possible! — •Armin Dadgar

Invited talks of the joint symposium SYSE
See SYSE for the full program of the Symposium.

SYSE 1.1 Mon 14:30–15:00 H1 Wavy and Buckled Nanoribbons and Nanotubes: Mechanics and Ap-
plications — •John Rogers

SYSE 2.1 Mon 16:15–16:45 H1 Enhancing Ferroelectrics and Multiferroics using Strain — •D.G.
Schlom, M.D. Biegalski, A. Soukiassian, J.H. Haeni, J.H. Lee, R.W.
Ulbricht, C.M. Brooks, Y. Jia, V. Vaithyanathan, W. Tian, X. Ke,
D.A. Tenne, A.V. Rao, A. Kumar, L. Tian, A. Sharan, S. Choudhury,
Y.L. Li, P. Schiffer, S. Trolier-McKinstry, X.X. Xi, V. Gopalan, L.Q.
Chen, K.J. Choi, D.M. Kim, C.B. Eom, Y.B. Chen, H.P. Sun, X.Q. Pan,
D.D. Fong, M.A. Zurbuchen, J.A. Eastman, P.H. Fuoss, S.K. Streiffer,
P. Irvin, J. Levy, W. Chang, S.W. Kirchoefer, T. Heeg, J. Schubert,
A. Bruchhausen, N.D. Lanzillotti-Kimura, A. Fainstein, R.S. Katiyar,
A. Cantarero, M.E. Hawley, Q.X. Jia, C.J. Fennie, S.M. Nakhmanson,
K.M. Rabe, A.K. Tagantsev, B. Velickov, R. Uecker, P. Reiche

SYSE 2.3 Mon 17:00–17:30 H1 Patterning ferroelectric nanostructures by epitaxial strain — •Ho Nyung
Lee, Matthew Chisholm

SYSE 2.4 Mon 17:30–18:00 H1 Curl in Photonic Crystals Induced by Drying Stresses upon Sol-Gel
Infiltration — •Vladimir Kitaev, Evangellos Vekris, Geoffrey Ozin

Invited talks of the joint symposium SYOE
See SYOE for the full program of the Symposium.

SYOE 4.1 Tue 9:30–10:15 H1 Vapor and Solution Deposited Small Molecule Organic Thin Film
Transistors — •Thomas Jackson

SYOE 5.1 Tue 11:15–12:00 H1 Organic electronic devices and their applications — •Paul Heremans
SYOE 6.1 Tue 14:30–15:15 H32 Theory of polymer devices: OFETs and OLEDs — •Reinder Co-

ehoorn

SYOE 7.1 Tue 16:30–17:15 H32 Electronic spectrum and spin states of a single organic molecule —
•Herre van der Zant

SYOE 10.1 Wed 16:45–17:30 H32 Single grain contacts — •Gregor Witte
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Invited talks of the joint symposium SYBM
See SYBM for the full program of the Symposium.

SYBM 1.1 Thu 9:30–10:00 H1 Using Ice to Mimic Nacre: From Structural Materials to Artificial Bone
— •A. P. Tomsia, S. Deville, E. Saiz

SYBM 1.2 Thu 10:00–10:30 H1 On the structure of biogenic CaCO3 — •B. Pokroy
SYBM 1.3 Thu 10:30–11:00 H1 Bio-Inspired Hybrid Materials from Block Copolymer Assemblies and

Nanoparticle Co-assemblies — •U. Wiesner

SYBM 1.4 Thu 11:15–11:45 H1 Bio-Inspired Organic-inorganic Hybrid Materials — •U. Steiner
SYBM 1.5 Thu 11:45–12:15 H1 Structural, Nanomechanical, and Nanotribological Characterization of

Human Hair Using Atomic Force Microscopy and Nanoindentation —
•Bharat Bhushan

Sessions

DS 1.1–1.6 Mon 9:30–11:00 H32 Organic Thin Films I
DS 2.1–2.7 Mon 11:15–13:00 H32 Organic Thin Films II
DS 3.1–3.6 Mon 9:30–11:00 H34 Metal Layers and Multilayers
DS 4.1–4.6 Mon 11:15–12:45 H34 Nanoengineered Thin Films
DS 5.1–5.5 Mon 14:30–15:45 H32 Organic Interfaces (SYOE 1)
DS 6.1–6.7 Mon 16:00–17:45 H32 Organic Photovoltaics (SYOE 2)
DS 7.1–7.4 Mon 18:00–19:00 H32 Organic Film Aging (SYOE 3)
DS 8.1–8.1 Mon 14:30–15:15 H34 Hard Coatings I
DS 9.1–9.7 Mon 15:15–17:00 H34 Hard Coatings II
DS 10.1–10.7 Mon 17:15–19:00 H34 Layers with Magnetic Properties
DS 11.1–11.9 Tue 9:30–13:15 H32 Symposium: New Materials for Nanoelectronics
DS 12.1–12.1 Tue 14:30–15:15 H34 Thin Film Analytics I
DS 13.1–13.5 Tue 15:15–16:30 H34 Thin Film Analytics II
DS 14.1–14.5 Tue 16:45–18:00 H34 Thin Film Analytics III
DS 15.1–15.66 Tue 15:00–17:00 Poster B Poster Session
DS 16.1–16.8 Wed 14:30–16:30 H32 Organic Light Emitting Diodes (SYOE 9)
DS 17.1–17.6 Wed 16:45–18:45 H32 Contact Properties (SYOE 10)
DS 18.1–18.4 Wed 15:00–17:00 H34 Symposium: In situ Optics I
DS 19.1–19.3 Wed 17:15–18:45 H34 Symposium: In situ Optics II
DS 20.1–20.6 Thu 9:30–11:00 H32 Symposium: Real Time Growth Studies I
DS 21.1–21.2 Thu 11:15–12:45 H32 Symposium: Real Time Growth Studies II
DS 22.1–22.1 Thu 9:30–10:00 H34 In situ STM
DS 23.1–23.4 Thu 10:00–11:00 H34 Symposium: In situ Optics III
DS 24.1–24.8 Thu 11:15–13:15 H34 Ion Beam Techniques
DS 25.1–25.8 Thu 15:00–18:30 H32 Symposium: Real Time Growth Studies III
DS 26.1–26.11 Thu 15:00–17:45 H34 Oxides
DS 27.1–27.7 Fri 9:30–11:15 H32 Polymer and Composite Films
DS 28.1–28.5 Fri 11:30–12:45 H32 Silicon Thin Films and Interfaces

Mitgliederversammlung des Fachverbands Dünne Schichten

Mittwoch 18:45–19:15 H34

Mitgliederversammlung der Deutschen Vakuumgesellschaft

Mittwoch 19:15–19:45 H34
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DS 1: Organic Thin Films I

Time: Monday 9:30–11:00 Location: H32

DS 1.1 Mon 9:30 H32
Anisotropic optical constants and exciton-phonon coupling
of diindenoperylene thin films — •Ute Heinemeyer1, Ste-
fan Kowarik1, Alexander Gerlach1, Reinhard Scholz2, M. Is-
abel Alonso3, Miquel Garriga3, J. Oriol Ossó3, and Frank
Schreiber1 — 1Institut für Angewandte Physik, Universität Tübin-
gen — 2Walter Schottky Institut, Technische Universität München —
3Institut de Ciència de Materials de Barcelona

Diindenoperylene (DIP) has received increased attention due to its well
defined ordering and promising electronic transport properties [1,2].
We investigate the optical properties of DIP thin films on Si-substrates
by spectroscopic ellipsometry. Since the molecules are highly ordered,
the DIP films exhibit strong anisotropic optical properties with uni-
axial symmetry so that it is necessary to perform variable angle ellip-
sometry. The data analysis of such anisotropic systems and the results
in the energy range of 1.25 to 3 eV are presented. The aggregated
molecules show a pronounced vibrational progression, allowing direct
access to the exciton-phonon coupling. In addition a new mode ap-
pears that does not exist in the absorption spectra of free molecules
in solution. It cannot be assigned to the vibronic progression and it
is probably due to intermolecular coupling. Furthermore it is possible
to take the spectra sufficiently fast to follow organic molecular beam
deposition in detail. The analysis of the in-situ and real-time data
taken at one fixed angle of incidence will be discussed. [1] S. Kowarik
et al., PRL 96, 125504 (2006) [2] A. K. Tripathi and J. Pflaum, APL
89, 082103 (2006).

DS 1.2 Mon 9:45 H32
Influence of substrate treatment and temperature on the
electronic structure of diindenoperylene (DIP) thin films on
Ag(111) — •Stefan Krause, Sönke Sachs, Achim Schöll, and
Eberhard Umbach — University of Würzburg, Experimental Physics
II, Am Hubland, 97074 Würzburg, Germany

Diindenoperylene (DIP) has recently attracted high interest in the or-
ganic electronics community due to the reported very high hole mobil-
itiy and favorable ordering properties in thin films on SiO2 and gold
substrates.

In this work we focus on the growth of DIP on the stronger interact-
ing Ag(111) substrate. Due to the increased interface interaction an
additional influence of the substrate can be expected, giving additional
possibilities to manipulate the film growth. Ultraviolet Photoelectron
Spectroscopy (UPS) data show substantial differences in the valence
electronic structure before and after the annealing of low tempera-
ture deposited films. The annealing is believed to increase the degree
of structural order particularly in the case of film growth far from
thermal equilibrium conditions. Moreover, a marked influence of the
substrate treatment could also be observed in the UPS spectra. The
Ag(111) sample reveals a change of the work function depending on
the duration and temperature of the annealing cycle after the Ar+-
sputter treatment which can be associated with differences in the step
density. The photoemission results indicate that different structural
phases with different intermolecular interaction exist on the substrate
morphology and growth parameters.

DS 1.3 Mon 10:00 H32
Epitaxial Heterolayers of Quaterrylene and HBC on Au(111)
— •Daniel Kasemann, Robert Franke, Roman Forker, and
Torsten Fritz — Institut für Angewandte Photophysik, Mommsen-
str. 13, D-01069 Dresden, Germany

As growth and electronic properties of perylene derivatives [1] and
other medium-sized planar aromatic molecules [2] have already been
studied intensively, we have now investigated larger organic molecules,
namely quaterrylene (QT).

In our contribution, we will present the first results on the inves-
tigation of thin, highly ordered double layers of QT and hexa-peri-
hexabenzocoronene (HBC). These layers were prepared on a gold single
crystal (Au(111)) by Organic Molecular Beam Epitaxy (OMBE).

We were able to image these structures with molecular resolution by
room temperature STM. With these real space images and an addi-
tional LEED analysis, the system could be succesfully characterized.
The QT was found to grow in a point-on-line mode on the HBC, the
lattice vectors are relaxed compared to the growth of QT directly on

Au(111) [3].
[1] M. Toerker et al., PRB 65 (2002) 245422
[2] H. Proehl et al., PRB 63 (2001) 205409
[3] R. Franke et al., APL 88 (2006) 161907

DS 1.4 Mon 10:15 H32
Molecular chains and carpets of sexithiophenes on Au(111)
— •Hendrik Glowatzki1, Steffen Duhm1, Kai F. Braun2, Jürgen
P. Rabe1, and Norbert Koch1 — 1Humboldt-Universität zu Berlin,
Institut für Physik, Newtonstrasse 15, 12489 Berlin — 2Universität
Hamburg, Institut für Angewandte Physik, 20355 Hamburg, Germany

We investigated two organic semiconductors sexithiophene (6T) and
dihexylsexithiophene (DH6T) adsorbed on Au(111) in the (sub-
)monolayer range by scanning tunneling microscopy (STM). At low
coverage, 6T formed continuous chains of single molecular width along
Au step edges, facilitated by 6T conformation changes. At monolayer
coverage, substantially different structures were observed for the two
molecules, despite the identical conjugated core. 6T formed rows of
molecules with parallel long molecular axes, whereas DH6T formed
lines along these axes, where the conjugated cores were embedded in
a matrix of hexyl chains (brick-wall-like). Alkylation of 6T thus led to
significantly reduced inter-molecular interactions of conjugated parts
in the monolayer. Consequently, 6T formed a continuous ”molecular
carpet” on extended Au(111) terraces, whereas DH6T resembled a
patchwork-like carpet, as domain boundaries were induced by the
Au(111) herringbone surface structure.

DS 1.5 Mon 10:30 H32
Combined Spectroscopic Ellipsometry and Reflectance
Anisotropy Spectroscopy Measurement of Phthalocyanines
on ZnO (0001) Semiconducting Surface — •Sindu John Louis,
Marion Friedrich, and Dietrich Zahn — Chemnitz University of
Technology, Semiconductor Physics, D-09107 Chemnitz, Germany

Phthalocyanines (Pcs) are important class of materials exhibiting high
thermal and chemical stability and also high optical absorption in the
visible range. The growth of this molecule on the wide gap (3.2 eV)
semiconductor ZnO of wurtzite structure is an interesting study. De-
tailed information about the interaction between the Pcs and the ZnO
substrate can be obtained from Spectroscopic Ellipsometric (SE) mea-
surements and the extent of in-plane anisotropy can be detected by
the Reflectance Anisotropy Spectroscopy (RAS) measurements.

Thin films of Pcs are prepared by organic molecular beam deposi-
tion method in ultrahigh vacuum conditions. Spectroscopic ellipsomet-
ric studies were carried out using Variable Angle Spectroscopic Ellip-
someter (VASE) in the NIR-Vis-UV range from 0.75 eV to 5 eV. RAS
is sensitive to very small anisotropies of order 10−3 or even smaller.
The accessible range is from 1.5 eV to 5.5 eV. Both these RAS and SE
measurements are performed in situ together.

Since the optical absorption of the Pcs in the Q band region (around
2 eV) is due to π to π* transitions of the macro cycle π - system, any
change in the line shape of imaginary part of the dielectric function
for ultra thin layers provide insight to the interaction with the surface
through π - orbitals.

DS 1.6 Mon 10:45 H32
Photochromism in thin spiropyran films — •Michael Karcher,
Celine Elsäßer, Christoph Rüdt, Martin Schübbe, and Paul Fu-
magalli — Freie Universität Berlin, Deutschland

Photochromic molecules are reversibly switchable molecules that can
be both addressed and read out using light. Possible applications are
optical memory devices and smart materials [1]. Thin films of 6-nitro
derivatives of the spiropyrans have been prepared using thermal evap-
oration under high vacuum conditions on different substrates. The
photochromism of the films has been studied using optical absorption
spectroscopy in the UV-VIS range. Reversible switching by light irradi-
ation between the spiropyran and the merocyanine state was observed.

Steady-state transmission spectra of 10 to 40 nm thick films on
quartz and magnesium-oxide substrates will be shown for both the
spiropyran ground state as well as the metastable merocyanine state.
Furthermore, the switching kinetics on a time scale of seconds will be
presented.
[1] Chem. Rev. 100, 1741-1753 (2000)
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DS 2: Organic Thin Films II

Time: Monday 11:15–13:00 Location: H32

DS 2.1 Mon 11:15 H32
Structural analysis of small organic hydrocarbon ring
molecules on GaAs(001) surfaces — •R. Passmann1,2, T.
Bruhn2, W. Braun3, M. Kneissl2, W. Richter4, N. Esser1, and
P. Vogt2 — 1ISAS Berlin, Albert-Einstein-Str. 9, 12489 Berlin, Ger-
many — 2TU Berlin, Institute of Solid State Physics, Hardenbergstr.
36, 10623 Berlin, Germany — 3BESSY GmbH, Albert-Einstein-Str.
15, 12489 Berlin, Germany — 4Universita Tor Vergata, Via della
Ricerca Scientifica 1, 00133 Rome, Italy

Organic molecules are capable to functionalize semiconductor surfaces.
Therefore it is essential to understand the resulting structure of the or-
ganic molecules and the semiconductor surfaces. To get some insight
into the question how this depends on the molecule properties and
the substrate surface, we investigated the dependence of the num-
ber of double bonds whithin hydrocarbons to the adsorption pro-
cess. We have studied the structural configuration of three differ-
ent GaAs(001) surface reconstructions occurring with Cyclopentene
(C5H8) and 1,4-Cyclohexadiene (C6H8) adsorbed on them. This was
studied by reflectance anisotropy spectroscopy (RAS), soft X-ray photo
electron spectroscopy (SXPS), scanning tunnelling microscopy (STM)
and LEED. SXPS measurements show clear new contributions in the
As3d and C1s core levels. Additionally the RAS line shape changed
significantly for the surface related features. This indicates a bonding
between C5H8 (C6H8) and the top-layer dangling bonds. STM mea-
surments support these results. Based on these experiments we can
derive possible structure models for the bonding configuration.

DS 2.2 Mon 11:30 H32
Self-assembled alkyl monolayers on Si(111) investigated by
NEXAFS and HR-UPS — •M. Häming1, J. Ziroff1, S. Hame1,
A. Salomon2, L. Segev2, T. Boecking3, O. Seitz2, D. Cahen2, F.
Reinert1, A. Schöll1, and E. Umbach1 — 1University of Würzburg,
Experimental Physics II, 97074 Würzburg — 2Weizmann Institute of
Science, Department of Materials and Interfaces, Rehovot 76100 Israel
— 3The University of New South Wales, Sydney, NSW 2052, Australia

The electronic structure of organic condensates is of crucial impor-
tance for the charge transport properties in these materials. Inter-
and intramolecular interactions have a strong impact on the electronic
system, leading to energy shifts in all levels. Moreover, for oriented
chains band dispersion may occur and in the case of long range or-
der even lateral band dispersion is possible. Self-assembled monolay-
ers (SAMs) are ideal model systems to systematically study the in-
tramolecular electronic band dispersion along the chains as function of
chain length. In this work we investigate alkyl SAMs of various chain
lengths directly bound to Si(111) substrates via Si-C bonds. Near edge
x-ray absorption fine structure (NEXAFS) measurements provide in-
formation on unoccupied states and the molecular orientation with
respect to the surface (∼40◦ for C14H29). Also, the influence of radi-
ation damage is observed in the NEXAFS spectra by the formation of
intra- or intermolecular π-bonds. The high resolution UV photoemis-
sion spectroscopy (HRUPS) data recorded with variable photon energy
(UE112-PGM at BESSY) shows marked dispersion within the valence
regime which is compatible with a tight binding model taking into
account the film geometry.

DS 2.3 Mon 11:45 H32
Arrays of crystalline C60 and pentacene nanocolumns — •jian
zhang1, ingo salzmann1, fujun zhang1,2, zheng xu2, siegfried
rogaschewski1, jürgen p rabe1, and norbert koch1 — 1Institut
für Physik, Humboldt-Universität zu Berlin, Newtonstrasse 15, D-
12489 Berlin — 2Key Laboratory of Luminescence and Optical Infor-
mation, Ministry of Education, Institute of Optoelectronic Technology,
Beijing Jiaotong University, Beijing 100044, China

Organic nanocolumn arrays have been the focus of many research stud-
ies owing to the wide range of potential applications for these struc-
tures, particularly in the field of optoelectronics. In our work, crys-
talline nanocolumnar arrays of two widely studied organic semiconduc-
tors, i.e., Fullerene (C60) and pentacene were fabricated by glancing
angle deposition (GLAD), and characterized by scanning electron mi-
croscopy and X-ray diffraction. For both materials, column diameters
of typically 100 nm are found on the transparent conductive oxide ITO,
essentially independent of column height (up to 360 nm for pentacene).

However, on Si-oxide only C60 formed nanocolumns, while pentacene
exhibited a morphology resembling that obtained by regular normal
incidence deposition. The molecular surface diffusion length on the
substrate is thus identified as critical parameter for the formation of
columnar nanostructures by GLAD. Our results indicate that glancing
angle deposition is a simple technique to fabricate organic crystalline
nanocolumn arrays, and that controlling the molecular surface diffu-
sion via chemical and/or morphological patterning may lead to entirely
new functional organic nanostructures.

DS 2.4 Mon 12:00 H32
Unusual narrow absorption bands of PTCDA submonolayers
on potassium chloride — •Thomas Dienel, Christian Loppacher,
Karl Leo, and Torsten Fritz — Institut für Angewandte Photo-
physik, Technische Universität Dresden, 01062 Dresden, Germany

Here we report on the first observation of unusually narrow absorp-
tion bands of perylene-3,4,9,10-tetracarbxylic-dianhydride (PTCDA)
on potassium chloride (KCl(001)) at room temperature. While sub-
monolayers of the same compound deposited on muscovite mica exhibit
absorption bands of similar width as in solution spectra [1], the full
width at half maximum of a submonolayer PTCDA on KCl(001) is
3 times smaller. The molecular layer starts to crystallize immediately
once a thickness of 1 monolayer (ML) is reached, accompanied with the
absorption development towards the well-known spectrum of PTCDA
crystallites.

As the spectral width is usually caused by inhomogeneous broad-
ening, we are going to present low-temperature AFM measurements,
which exhibit a very unusual structure of the PTCDA submonolay-
ers on KCl, where all molecules are commensurately aligned in rows
rather than in the common herringbone structure, therefore experienc-
ing the very same local environment. On top of the aggregated islands
one observes the herringbone arrangement, as reported for PTCDA
islands on potassium bromide (KBr(001)) [2], which confirms nicely
the optical assignment of polycrystalline PTCDA.

[1] H. Proehl et al., Phys. Rev. Lett., 2004, 93, 097403
[2] T. Kunstmann et al., Phys. Rev. B, 2005, 71, 121403

DS 2.5 Mon 12:15 H32
Characterization and Modification of the Hexaphenyl Wet-
ting Layer on Mica (001) — •Paul Frank1, Gregor Hlawacek2,
Christian Teichert2, and Adolf Winkler1 — 1Institute of Solid
State Physics, TU Graz, Petersgasse 16, A-8010 Graz, Austria —
2Institute of Physics, University of Leoben, Franz Josef Straße 18,
A-8700 Leoben, Austria

In this contribution we investigate the hexaphenyl (6P) monolayer for-
mation on mica (001) by surface science methods. The 6P films were
prepared by organic molecular beam deposition (OMBD). TDS was
used to get information on the monolayer formation. XPS and LEED
were used to characterize the mica surface before 6P thin film depo-
sition. All measurements were carried out under UHV conditions. In
addition, the grown films were investigated ex-situ by AFM. The TDS
measurements show that there exists a monolayer of flat laying 6P
molecules on the untreated mica surface. The main goal of this work
was to tailor the monolayer formation and for this purpose surface
modifications were applied on the mica sample. The modifications have
been realized through a change in surface composition or by a change
of the surface structure. For this purpose, the surface was covered with
a carbon layer via X-ray induced dissociation of 6P (change of surface
composition) or sputtered, using low energy Ar+ ion beams (change of
surface structure). TDS and AFM investigations showed a significant
change in the monolayer formation, from flat laying molecules on the
untreated mica surface to upright standing molecules on the carbon
covered as well as on the sputtered mica surface.

DS 2.6 Mon 12:30 H32
Sub-nm control of the inter-layer spacing in thin films of
intercalated rod-like conjugated molecules — •Jörn-Oliver
Vogel1, Ricarda Opitz1, Ingo Salzmann1, Steffen Duhm1, Bert
Nickel2, Jürgen Rabe1, and Norbert Koch1 — 1Humboldt-
Universität zu Berlin, Berlin, Deutschland — 2Ludwig-Maximilians-
Universität, München, Deutschland

We present evidence for the mutual intercalation of three rod-like
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molecular materials, which are widely used as active layers in molec-
ular electronics: α-sexithiophene (6T), its alkylated analogue α,ω-
dihexylsexithiophene (DH6T), and p-sexiphenyl (6P). We co-deposited
pairs of these molecular materials by organic molecular beam deposi-
tion on silicon oxide and Mylar (a polymeric gate insulator used in all-
organic thin film transistors) and studied the properties of the resulting
thin film samples by atomic force microscopy (AFM), X-ray diffraction
(XRD), and infrared spectroscopy (IR). As a key result, we found ev-
idence for mutual intercalation of the pairs 6T/DH6T and 6P/DH6T
in thin films and no indications for phase separation. Furthermore, the
inter-layer distance of neighbouring molecular layers could be varied
almost linearly as function of the molecular mixing ratio in the range
of ca. 2.3 nm to ca. 3.7 nm, which was brought about by the con-
formational flexibility of the DH6T hexyl-chains. Thus, vapour phase
co-deposition of appropriate molecular material pairs appears to be a
promising route towards controlling inter-layer spacing with sub-nm
precision.

DS 2.7 Mon 12:45 H32
Influence of gas molecules on the electrical characteris-
tics of organic semiconductors — •Harald Graaf1 and Derck
Schlettwein2 — 1Centre for nanostructured materials and analytics,

TU Chemnitz, 09107 Chemnitz — 2Institut für Angewandte Physik,
Justus-Liebig-Universität Giessen, 35392 Giessen

The stability of the electrical characteristics of organic thin films under
ambient conditions is one of the key issues on the way to a product.
Gas molecules are an important factor to influence strongly the per-
formance of a number of electronic devices.

We report here on the influence of some selected gas molecules on
the electrical properties of organic thin films prepared from perylene
dicarboxilic acid bis imides. Thin films of a crystalline (MePTCDI)
and an amorphous representative (Cl4MePTCDI) were prepared by
physical vapour deposition. As gas molecules oxygen was chosen as
a typical ambient gas and ethanol, acetone and n-butane were cho-
sen as representatives of processing solvents as well as volatile organic
compounds in air quality monitoring. All studied gas molecules led
to a change in the observed conductivity of the semiconducting films.
Field effect measurements served to differentiate between changes in
charge carrier mobility and charge carrier concentration and hence in-
crease the selectivity of the measurements. The charge carrier mobility
was found to decrease in all cases. Gas molecules which diffused into
the bulk effected the mobility at least 10 times more efficiently than
molecules whose interaction was restricted to the surface.[1]

[1] H. Graaf, D. Schlettwein, J.Appl.Phys. accepted

DS 3: Metal Layers and Multilayers

Time: Monday 9:30–11:00 Location: H34

DS 3.1 Mon 9:30 H34
High Kinetic Energy Photoelectron Spectroscopy on Metal
Heterostructures — •Mihaela Gorgoi1, Olof Karis2, Svante
Svensson1,2, Gunnar Öhrwall2, Gabriella Andersson2, Moreno
Marcellini2, Franz Schäfers1, Walter Braun1, and Wolfgang
Eberhardt1 — 1BESSY GmbH, Albert-Einstein-Str. 15, 12489
Berlin, Germany — 2Department of Physics, Uppsala University, PO
Box 530 SE 751 21 Uppsala, Sweden

In the present work, results on different Cu/Ni heterostructures stud-
ied by high kinetic energy photoelectron spectroscopy are presented.
Core level shifts are found as a function of the Cu layer thickness within
the multilayer structure as well as a function of the interface type be-
tween the copper and nickel. While the thickness of the Ni layer was
fixed at 5ML, the thickness of the Cu layer varied. Three samples
are studied for Cu thicknesses of 2ML, 4 ML and 5ML. The measured
core level shifts are found to confirm theoretical calculations of these
systems [1, 2]. We have been able to study the destruction of the
layered structures from the core photoelectron chemical shifts. Thus
we have developed a new non destructive tool to study the quality of
deeply buried interfaces. This study may therefore have considerable
technical and commercial applicability.

[1] W. Olovsson, E. Holmström, J. Wills, P. James, I.A. Abrikosov,
A.M.N. Niklasson, Phys. Rev. B 72 (2005) 155419; [2] W. Olovsson, E.
Holmström, I.A. Abrikosov, A.M.N. Niklasson, M. Gorgoi, O. Karis,
S. Svensson, G. Öhrwall, G. Anderson, M. Marcellini, W. Braun, W.
Eberhardt, accepted Phys. Rev. Lett.

DS 3.2 Mon 9:45 H34
Reactive Surfaces under Electrochemical Control:
Cl/Cu(100) — •Hubert Zajonz1, Helmut Dosch1, Peter
Broekmann2, Sascha Huemann2, and Klaus Wandelt2 — 1Max-
Planck-Institut für Metallforschung, Heisenbergstr.3, 70569 Stuttgart,
and Institut für Theoretische und Angewandte Physik, Universität
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany — 2Institut
für Physikalische und Theoretische Chemie, Universität Bonn, Wegel-
erstr. 12, 53115 Bonn, Germany

The surface structure of Cu(100) modified by chloride has been stud-
ied in an electrochemical environment by means of in-situ surface x-ray
scattering with a particular focus on adsorbate and potential depen-
dent surface relaxation effects. An extraordinary large Cu-Cl bond
length of 2.63 Å is found for the c(2 × 2)-Cl phase on the basis of
diffraction data analysis at positive potentials close to the on-set of the
copper dissolution reaction. This finding points to a largely ionic char-
acter of the Cu-Cl interaction on Cu(100) with chloride particles likely
retaining their full charge upon adsorption. In combination with the
positive surface charging at these high potentials this ionic Cu-Cl bond
is discussed as the origin of the observed 2.2% outward relaxation be-

tween the first two copper layers. These results indicate that the bond
between the first and the second copper layer is significantly weakened
which seems to be the crucial prerequisite for the high surface mobility
of copper-chloride species under electrochemical annealing conditions
at these high potentials.

DS 3.3 Mon 10:00 H34
Evolution of the Quantum Well States in Ag layers
on Au(111) — Frank Forster1, Eugen Gergert1, •Andreas
Nuber1, Azzedine Bendounan1, Li Huang2,3, Xingao Gong2, and
Zhenyu Zhang3 — 1Universität Würzburg, Experimentelle Physik
II, Am Hubland, 97074 Würzburg — 2Surface Physics Laboratory
and Department of Physics, Fudan University, Shanghai 200433, P.R.
China — 3Materials Science and Technology Division, Oak Ridge Na-
tional Laboratory, Oak Ridge, TN 37831, USA

Electronic quantum well states (QWS) confined in ultrathin films are
of great scientific interest. Outside the substrate energy gap the con-
finement is supressed. They can couple with substrate states and form
quantum well resonances (QWR). We present systematic studies on
epitaxial layer-by-layer growing Ag films up to 45ML on Au(111) using
angular resolved photoelectron spectroscopy (ARUPS) (∆E = 3 meV,
∆Θ = 0.3◦).

Our data in combination with density functional theory show the
transition from QWR to QWS. We investigated the localization of
the states in terms of their center-of-charge, peak position and line-
shape. In contrast to comparable systems like Ag/W(110) QWS in
Ag/Au(111) are formed not before a thickness of ≈ 8ML. The center-
of-charge and the peak position are localized within the Ag overlayer
and Au energy gap, respectively, at the same film thickness and hence
can be used as criteria for the formation of QWS. Further investiga-
tions on their lineshape close to the substrate gap edge allow access to
further many-body characteristics of the QWS.

DS 3.4 Mon 10:15 H34
Self-organization of multilayers during the co-deposition of
— •Dominika Lyzwa1, Hayo Zutz1, Inga Gerhards1, Carsten
Ronning1, Hans Hofsäss1, Michael Seibt2, Wan-Yu Wu3, and
Jyh-Ming Ting3 — 12.Physikalisches Institut, Universität Göttin-
gen, Friedrich-Hund-Platz 1,37077 Göttingen — 24.Physikalisches In-
stitut, Universität Göttingen, Friedrich-Hund-Platz 1,37077 Göttingen
— 3Department of Materials Science and Engineering, National Cheng
Kung University,Tainan,Taiwan,ROC

Multilayers grown by simultaneously deposition of carbon and Fe, Au,
Cu or Ni ions reveal a self-organization process with alternately metal-
rich and metal-deficient layers. These layers are of the size of a few
nanometers. The metal-rich layers consist of crystalline clusters while
the metal-deficient ones of amorphous carbon. Concentration distri-
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butions were analyzed by Rutherford backscattering (RBS) measure-
ments while the structure induced by the ions was examined via trans-
mission electron microscopy (TEM). A model of the multilayer forma-
tion can be described by an interplay of sputtering, surface segrega-
tion, ion induced diffusion, and the stability of small clusters against
ion bombardment. First investigations on the optical and magnetic
properties of such multilayers will be presented.

DS 3.5 Mon 10:30 H34
Triple junction and interface transport in nano-crystalline
Cu/Ag bi-layers — •Henning Galinski and Guido Schmitz — In-
stitut für Materialphysik der WWU Münster, Münster, Deutschland

Cu and Ag are distinguished by strongly repulsive chemical interaction.
Thus no mixing or reaction between these two elements should be ex-
pected. We investigated the chemical stability of Cu/Ag bi-layers with
state-of-the-art wide angle atom probe tomography (WATAP). This
method provides an extended volume of analysis so that grain bound-
aries are reliably located and even minor chemical modifications are
detected with improved statistical significance. Bi-layer samples were
deposited on tungsten substrate tips and subjected to heat treatments
up to 500◦C/30 min. Two surprising observations are remarkable: i)
In contrast to bulk thermodynamics an intermixing zone of 1.5 nm in
thickness develops at the bi-layer interface. Since its apparent activa-
tion energy amounts to only 0.3 eV, we conclude that this intermixing
is not controlled by diffusion kinetics. Instead, it may be understood
quantitatively by the Cahn-Hilliard approach. Thus, our experiments
allow a direct measurement of the gradient term in this theory. ii)
One-dimensional, worm-like segregation zones develop at both sides of

the interface. The geometric analysis proves that these zones represent
triple junctions of the grain boundary structure. In consequence, the
measurements demonstrate that triple junctions are distinguished by
remarkably large segregation factors and the triple junction diffusion
coefficient can be determined in the type C kinetic regime.

DS 3.6 Mon 10:45 H34
Investigation of the Mechanical Properties of Thin Iron
and Molybdenum Films — •Andreas Schneider1, Gunther
Richter2, Thomas Wübben2, and Eduard Arzt1,2 — 1Universität
Stuttgart, Institut für Metallkunde, Heisenbergstraße 3, 70569
Stuttgart — 2Max-Planck-Institut für Metallforschung, Heisen-
bergstraße 3, 70569 Stuttgart

The mechanical properties of thin films and small structures with di-
mensions in the range of microns or below differ fundamentally from
their bulk counterparts. Many experiments have shown that flow
stresses of thin films are inversely related to the film thickness. How-
ever, so far this size effect has only been observed in fcc metal thin
films. To date there is no evidence that thin films with a bcc crystal
structure also show this effect. In the current investigation we want to
shed light on this open question by studying the mechanical properties
of thin α-Fe and Mo films. The films were deposited in ultra high vac-
uum conditions via molecular beam epitaxy and magnetron sputtering
on different substrates. They were tested with the substrate curva-
ture technique as well as micro tensile tests. Additionally, bulge tests
on freestanding films were performed to eliminate the influence of the
substrate. Our results show that the mechanical behavior of the films
depends on the film thickness and the microstructure.

DS 4: Nanoengineered Thin Films

Time: Monday 11:15–12:45 Location: H34

DS 4.1 Mon 11:15 H34
Dewetting of Ni thin films and formation of nanorods on ripp-
le patterned substrates — •Jan Petersen und S. G. Mayr — I.
Physikalisches Institut, University of Göttingen, Friedrich-Hund-Platz
1, 37077 Göttingen, Germany

Self-organisation processes are currently of particular interest due to
the need of higher structure densities to increase the performance of
electronic devices. They might also replace expensive and time con-
suming lithography processes. We investigated the dewetting process
of thin Ni films during thermal annealing on smooth and ripple pat-
terned silicon dioxide. The ripple pattern was created by ion etching
under oblique incidence and has a corrugation wavelength of about
50nm. Scanning electron microscopy images show a faster decrease of
Ni surface coverage on the ripple pattern with increasing temperature
indicating an additional driving force of curvature induced diffusion.
The ridges act as diffusion barriers trapping Ni in the valleys. Fin-
ding the adequate film thickness and annealing temperature this leads
to the formation of nanorods or nanowires. Electrical resistance was
measured to analyze the dynamics of the dewetting process.

Financial support by the DFG - SFB 602, TP B3 is acknowledged.

DS 4.2 Mon 11:30 H34
Tuning the structure of electrodeposited ZnO — •Thomas
Loewenstein1, Christian Neumann2, Joachim Sann2, Bruno K.
Meyer2, and Derck Schlettwein1 — 1Institut für Angewandte
Physik, Justus-Liebig-Universität Gießen, 35392 Gießen, Germany —
2I. Physikalisches Institut, Justus-Liebig-Universität Gießen, 35392
Gießen, Germany

Zinc oxide thin films were electrodeposited on (0001) GaN and (0001)
ZnO from aqueous electrolytes. Electrochemical deposition of com-
pound semiconductors is attractive because of a widely tuneable nanos-
tructure, especially if molecular adsorbates serve as structure directing
agents as shown in this study for ZnO/Eosin Y hybrid materials. Scan-
ning electron microscopy (SEM) revealed the formation of domains
with different crystal sizes pointing at a varying density of nucleation
sites on the substrate. Crystalline ZnO was deposited as proven by X-
ray diffraction (XRD). The intensity pattern showed the expected pref-
erential orientation with the c- plane of ZnO parallel to GaN (0001).
XRD rocking curves with FWHM= 0.25◦ indicated a surprisingly high
level of in-plane orientation of the grown ZnO crystalline domains. The
peak position of (0002) ZnO was shifted by 2Θ = 1.3◦. This difference

and the corresponding simultaneous shift of (0004) ZnO were explained
by a lattice expansion by 3.6% in the c-direction. This clearly indi-
cated the strong influence of the Eosin Y molecules adsorbed during
the growth of ZnO and implications for the use of electrodeposited
ZnO in practical devices are discussed.

DS 4.3 Mon 11:45 H34
Template-Directed Growth – When Control is Lost —
•Felix Kalischewski1, Jia Zhu2, and Andreas Heuer1 — 1Institut
für Physikalische Chemie, Universität Münster, 48149 Münster —
2Physikalisches Institut, Universität Münster, 48149 Münster

Template-directed aggregation/crystallization is widely used to build
architectures of functional materials. In this technique, substrate sur-
faces are pre-patterned to define the places of aggregation for the func-
tional material, which is then added to the substrate e.g. by molecular
beam deposition. Ideally, the deposited material will diffuse along the
surface until a pattern site is met and it is immobilized. If, however,
the distance between the pattern sites is too large or the deposition flux
is too high, it becomes likely that a critical number of molecules aggre-
gates and a stable 2d-nucleus is formed on an off-pattern position. At
this point the intended nucleation control is lost and structural errors
occur.

We focus on the behavior of this transition point. Intuitively, one
would expect the transition when the area-density of the pattern is
equal to the saturated density of the 2d-nuclei on an un-patterned
substrate. This is not exact however, because the maximum concen-
tration of adsorbed molecules, which is responsible for the formation
of new nuclei, strongly depends on the specific pattern. We model the
resulting concentration field by a set of differential equations which
are solved numerically as well as analytically. In addition, we apply
off-lattice Monte-Carlo simulations and compare the results to exper-
imental data.

DS 4.4 Mon 12:00 H34
Multi-Component Langmuir-Blodgett Transfers for Chem-
ical and Structural Surface Patterning — •Michael Hirtz1,
Xiaodong Chen1, Marion Brinks2, Armido Studer2, Harald
Fuchs1, and Lifeng Chi1 — 1Physikalisches Institut, Westfälis-
che Wilhelms-Universität, Wilhelm-Klemm-Straße 10, 48149 Münster,
Germany — 2Organisch-Chemisches Institut, Westfälische Wilhelms-
Universität, Corrensstraße 40, 48149 Münster, Germany
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Self-assembly and self-organization are of great interest for the cre-
ation of micro- and nanostructured patterned surfaces by bottom-up
approaches. By transferring mixed Langmuir monolayers of a phospho-
lipid (DPPC) with small ad-mixings of other components onto solid
substrates large area chemical patterns structured in the meso- up to
the nanoscale can be created. These patterns can provide the basis
for further chemical modification to form topographical or more com-
plex chemical structures. We present the transfer of DPPC mixed
with different dyes yielding luminescent stripe patterns as a proof of
concept. Furthermore, transferred patterns composed of DPPC and
alkoxyamines followed by polymerization of the pattern yield struc-
tured polymer brushes. The concept should be expandable to various
other substances opening a wide field of possible applications in bio-
logical science and surface modification.

DS 4.5 Mon 12:15 H34
Organophosphonate Functionalized Silicon Nanowires for
DNA Hybridization Studies — •Daniel Pedone1, Anna Cattani
Scholz1, Stefan Birner1, Manish Dubey2, Jeffrey Schwartz2,
Marc Tornow3, and Gerhard Abstreiter1 — 1WSI, TU München
— 2Princeton University, USA — 3IHT, TU Braunschweig

Semiconductor nanowire field effect devices have great appeal for label-
free sensing applications due to their sensitivity to surface potential
changes that may originate from charged adsorbates. In addition to
requiring high sensitivity, suitable passivation and functionalization
of the semiconductor surface is obligatory. We have fabricated both
freely suspended and oxide-supported silicon nanowires from Silicon-
on-Insulator substrates using standard nanopatterning methods (EBL,
RIE) and sacrificial oxide layer etching. Subsequent to nanofabrica-
tion, the devices were first coated with an hydroxyalkylphosphonate
monolayer and then bound via bifunctional linker groups to single
stranded DNA or PNA oligonucleotides, respectively. We investigated
DNA hybridization on such functionalized nanowires using a differ-

ence resistance setup, where subtracting the reference signal from a
second wire could be used to exclude most non-specific effects. A net
change in surface potential on the order of a few mV could be detected
upon addition of the complementary DNA strand. This surface poten-
tial change corresponds to the hybridization of about 1010cm−2 probe
strands according to our model calculations that takes into account
the entire hybrid system in electrolyte solution.

DS 4.6 Mon 12:30 H34
Nanopatterning by Phase Mask Projection Laser Ablation
— •Marisa Mäder, Thomas Höche, Jürgen Gerlach, and Rico
Böhme — Leibniz Institute of Surface Modification, Permoserstrasse
15, 04318 Leipzig, Germany

Nanostructures attached to a substrate promise optical and electronic
applications like LEDs or diodes. Moreover, for Nanodots applica-
tions in various probing techniques (including Surface Enhanced Ra-
man Spectroscopy) are also aspired. So far, however, the fabrication
process of most nanostructures is still very complex and often too
costly for industrial use. An alternative, versatile, fast, and relatively
easy process is the technique of laser ablation using phase-mask projec-
tion. Pulsed laser light with the wavelength of 248 nm is sent through
a phase mask. The phase mask modulates the phase of the incident
beam at defined positions. Using a Schwarzschild reflection objective,
the resulting interference pattern is demagnified and projected onto
a thin film. At positions where the intensity exceeds the ablation
threshold of the film but not the substrate, material is ablated from
the substrate. Different shapes of nanostructures can be fabricated
this way, depending on the pattern of the phase mask. GaN nanowires
were produced with a striped mask while Au nanodots were fabricated
using a checkerboard mask. In principle, every combination of thin film
and substrate material is possible, as long as the ablation thresholds
are matching, respectively.

DS 5: Organic Interfaces (SYOE 1)

Time: Monday 14:30–15:45 Location: H32

DS 5.1 Mon 14:30 H32
Structural and morphological study of perylene films grown
on different substrates — •Maryam Beigmohamadi, Phenwisa
Niyamakom, Azadeh Farahzadi, Stephan Kremers, Christian Ef-
fertz, Thomas Michely, and Matthias Wuttig — Institute of
Physics (IA), RWTH Aachen University of technology 52056 Aachen,
Germany

Recently, organic semiconductors have emerged as a technologically
important class of electronic materials. Of particular interest is the
morphology and the growth of organic films, deposited on insulating
substrates, since this configuration is used in Organic Thin Film Tran-
sistors (OTFTs). Key elements for the device performance are the
structure of the functional organic layer and the charge injection from
the metallic contacts. Therefore, understanding of structural proper-
ties and the morphology of organic films deposited on metallic sub-
strate is essential for applications in future devices. Also improved
internal ordering of the organic thin film, together with increased elec-
trical conductivity and with reduced activation energy for electrical
conductivity could enhance field-effect carrier mobilities. The growth
of highly ordered perylene films deposited on oxidized and metallic
substrates is studied. By employing Atomic Force Microscopy (AFM)
and X-ray Diffraction (XRD), the structure and the morphology of
the films are characterized. AFM reveals the existence of dislocation
in the grains. From XRD, it has been observed that the perylene films,
deposited on Al2O3/Si, have fiber texture ordering in c-axis. However,
for perylene films deposited on Au layer the crystalline structure is less
developed.

DS 5.2 Mon 14:45 H32
A photoemission electron microscopy investigation of diin-
denoperylene thin films — •Maria Benedetta Casu1, Indro
Biswas1, Mathias Nagel1, Peter Nagel2, Stefan Schuppler2,
and Thomas Chassé1 — 1University of Tübingen, Institute
of Physical and Theoretical Chemistry, Tübingen, Germany —
2Forschungszentrum Karlsruhe, Institut für Festkörperphysik, Karl-
sruhe, Germany

Organic-based displays are widely present on the market, used for HI-
FI cars, mp3 player, and mobile phones, as well as in television screens,
without mentioning e-paper, one of their most fascinating applications.
It is very important to reach a deep general understanding of their
electronic, structural, and morphological properties that despite the
numerous investigations is still missing. We present the results of pho-
toemission electron microscopy (PEEM) investigations on diindenop-
erylene thin films deposited on polycrystalline gold. The thin films
were prepared by using organic molecular deposition and thickness-
dependent investigations were performed. PEEM is a very powerful
tool that can give a deep insight in in-situ growth. The opportunity
to use a synchrotron radiation source allows the simultaneous inves-
tigation of morphology, structure, and electronic characteristics. All
these aspects usually investigated by using separated techniques, often
on differently prepared samples, are univocally related in our results
with special attention to the molecular arrangement. This approach,
in synergy with micro near- edge x-ray absorption fine structure, helps
in gain a detailed knowledge also in case of critical phenomena like
polymorphism in organic materials.

DS 5.3 Mon 15:00 H32
Molecular Orientation and Adsorption Energies of Pen-
tacene: SiO2 versus Metals — •Daniel Käfer and Gregor
Witte — Physikalische Chemie I, Ruhr-Universität Bochum, 44780
Bochum

Having a high charge carrier mobility, pentacene is still one of the most
promising organic semiconductors for the fabrication of organic thin
film transistors. Of particular interest is the interaction at the inter-
face with noble metals and SiO2 substrates since these materials are
commonly used in field-effect devices. Because of the high anisotropy
of the charge carrier mobility the molecular orientation of pentacene
within the first layers of thin films plays a crucial role. Moreover,
the subsequent film growth depends largely on this interface struc-
ture. By combining NEXAFS and XRD to determine the molecular
orientation and crystalline phase with TDS to probe the interaction
strength, pentacene films grown on SiO2, gold and silver surfaces as
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well as SAM covered Au substrates have been investigated in detail.
Distinctly different desorption temperatures were obtained for the var-
ious crystalline phases grown on bare metal substrates and for the thin
and thick film phases formed on SiO2 and SAM covered gold.

DS 5.4 Mon 15:15 H32
Charge Transfer Across Hexyl Layers Driven by Thermo-
dynamics — •Steffen Duhm1, Hendrik Glowatzki1, Jürgen P.
Rabe1, Robert L. Johnson2, and Norbert Koch1 — 1Institut für
Physik, Humboldt-Universität zu Berlin, Newtonstr. 15, D-12489
Berlin, Germany — 2Institut für Experimentalphysik, Universität
Hamburg, D-22761 Hamburg, Germany

The energy level alignment of α,ω-dihexylsexithienyl (DH6T)
on tetrafluoro-tetracyanoquinodimethane (F4-TCNQ) pre-covered
Ag(111) and polycrystalline Au substrates was investigated with ul-
traviolet photoelectron spectroscopy (UPS). On both substrates DH6T
exhibits a transition from flat lying molecules in the monolayer to in-
clined molecules in multilayers, accompanied by a shift of molecular
levels. A transition from vacuum-level alignment to molecular level
pinning - reminiscent of Fermi-level pinning - at the homo-interface
between DH6T monolayer and multilayers was observed, which de-
pended on the amount of pre-deposited F4-TCNQ. The measured shift
in the vacuum level between monolayer and multilayer DH6T is direct
evidence for interface dipoles and for thermodynamically driven charge
transfer between molecular layers. The observed pinning behavior sug-

gests that hexyl chains are not appropriate insulating layers for the use
in molecular electronics, and longer chains may be needed.

DS 5.5 Mon 15:30 H32
Determination of Transport Levels in Organic Semiconduc-
tors by UPS, IPES, and 2PPE — •Sönke Sachs1, Stefan
Krause1, Christian Schwalb2, Ulrich Höfer2, Achim Schöll1,
and Eberhard Umbach1 — 1Universität Würzburg, Experimentelle
Physik II, Am Hubland, 97074 Würzburg — 2Universität Marburg,
Fachbereich Physik, Renthof 5, 35032 Marburg

The determination of the energetic position of transport levels in or-
ganic semiconductors is crucial to answer fundamental and application
related questions, e.g. about transport properties and exciton binding
energies, which are important for the development of organic devices.

We present a systematic approach to determine transport levels of
the model system PTCDA/Ag(111) using a combination of different
photoelectron-spectroscopies (UPS, IPES, and 2PPE). The applied
methods differ in their excitation mechanisms and thus provide in-
formation about electron relaxation dynamics. We classify the results
on the one hand with respect to the optical gap, exciton binding en-
ergy and localization. On the other hand we discuss them with respect
to common models on charge carrier localization and transport. The
experiments yield results that show a rather unexpected behaviour of
highly delocalized charge carriers and only weakly bound excitons.

DS 6: Organic Photovoltaics (SYOE 2)

Time: Monday 16:00–17:45 Location: H32

DS 6.1 Mon 16:00 H32
Exciton Diffusion length Measurements in Diindenoperylene
Thin Films — •Tobias Roller, Dieter Kurrle, Philipp Neumann,
and Jens Pflaum — 3. Physikalisches Institut, Universität Stuttgart

To accomplish large exciton diffusion lengths is a major task for the
successful implementation of molecular thin films in organic photo-
voltaic cells. The exciton diffusion length determines the maximal
useful thickness of the absorbing layer in excitonic photovoltaic (PV)
cells, thus governing their internal quantum efficiency.

To analyse the exciton diffusion length in relation to the structural
properties we have studied thin films of the organic semiconductor
Diindenoperylene (DIP) prepared by MBE in HV at thicknesses up
to 400nm. Due to its tapered ends this molecule provides long-range
order in the direction normal to the surface of weakly-interacting sub-
strates such as ITO. By XRD we were able to access the structural film
parameters along the exciton diffusion path, namely their out-of-plane
lattice spacing, crystallite size and average tilting angle. The exciton
diffusion lengths were estimated from the spectral photocurrent of DIP
PV-cells and, additionally, measured by quenched photoluminescence
of Palladium Phthalocyanine capped DIP layers. The observed dif-
fusion length in DIP exceeds 100nm for the thickest films and shows
a direct correlation with the crystallite sizes along the surface nor-
mal. We will discuss these results and possible mechanisms of exciton
trapping and annihilation with respect to the film structure of DIP.

Financial support by the DFG (PF385/2-3) and BASF is acknowl-
edged.

DS 6.2 Mon 16:15 H32
Efficient photon harvesting strategies in ZnPc/PPV/Fullerene
solar cells — •Robert Koeppe1, Pavel A. Troshin2, Rimma N.
Lyubovskaya2, and N. Serdar Sariciftci1 — 1LIOS, Altenberger-
str. 69, A-4040 Linz, Austria — 2Institute of Problems of Chemical
Physics of RAS, Chernogolovka, Moscow region, 142432, Russia

A novel multicomponent organic solar cell architecture is suggested
in order to expand the active layer absorption of organic solar cells
by a combination of solution-processed bulk heterojunction poly-
mer/fullerene cells with bilayer ZnPc/fullerene devices [1]. For this
purpose, a blend of different fullerene derivatives with the conjugated
polymer MDMO-PPV is spin-coated on an evaporated ZnPc film.
Supramolecular complexation of the highly soluble pyrrolidinofullerene
with ZnPc ensures a very efficient charge separation [2] and therefore a
high contribution of the ZnPc to the overall photocurrent generation.
This yields photovoltaic devices that demonstrate power conversion
efficiencies above 2% and efficient photocurrent generation of up to

20% external quantum yield in the full range from 350 nm to 820 nm.
[1] R. Koeppe et al., APL 87(24), 244102, [2] R. Koeppe et al., Full.
Nanotub. Carb. Nanostruct. 14(2-3), 441-446

DS 6.3 Mon 16:30 H32
Efficient thin film organic solar cells containing low band
gap oligothiophenes with tailored heterojunction level align-
ment — •R. Schüppel1, K. Schmidt2, C. Uhrich1, K. Schulze1,
D. Wynands1, J. L. Brédas2, B. Männig1, M. Pfeiffer3, K. Leo1,
E. Brier4, E. Reinold4, and P. Bäuerle4 — 1Institut für Ange-
wandte Photophysik, Technische Universität Dresden, Germany —
2Georgia Institute of Technology, School of Chemistry and Biochem-
istry, Atlanta, Georgia, USA — 3Heliatek GmbH Dresden, Germany
— 4Institut für Organische Chemie II und Neue Materialien, Univer-
sität Ulm, Germany

The recently demonstrated power conversion efficiency of 3.4% in a thin
film solar cell (OSC), which utilized C60 as acceptor (A) and a new
acceptor-substituted oligothiophene (OT) as donor (D) [1], stimulated
us to study the energy (ET) and electron transfer (CT) taking place at
this D/A heterojunction along a homologous series of these OT. The
HOMO is tuned using different OT chain lengths, while the LUMO is
essentially fixed by the acceptor-type end-groups (dicyano-vinylene).
We study electron transfer at the heterojunction to C60 using pho-
toinduced absorption. The observed transitions were unambiguously
identified by TD-DFT calculations. With increasing the effective en-
ergy gap of the D/A pair, CT is eventually replaced by ET, which
alters the OSC operation. Therefore, the optimum open circuit volt-
age between 1.0V-1.1V in our OSC has to be considered as a trade-off
between an efficient charge separation and a maximized effective gap.
[1] K. Schulze et al., Adv. Mater. 18, 2872 (2006)

DS 6.4 Mon 16:45 H32
Spin-Coated Hybrid Layers of Crystalline Silicon Nanopar-
ticles and Semiconducting Polymers: Optical, Structural
and Electronic Properties — •Roland Dietmüller1, Robert
Lechner1, André R. Stegner1, Rui N. Pereira1, Martin S.
Brandt1, Heiko Thiem2, Martin Trocha2, Hartmut Wiggers3,
and Martin Stutzmann1 — 1Walter Schottky Institut, Technis-
che Universität München, Am Coulombwall 3, 85748 Garching, Ger-
many — 2Degussa AG, Paul-Baumann-Str.1, 45764 Marl, Germany
— 3Universität Duisburg-Essen, Institute of Combustion and Gas Dy-
namics, Lotharstr. 1, 47048 Duisburg, Germany

Organic semiconductors have received a lot of attention for novel, low
cost electronic applications (e.g. printable electronics). Silicon, in form
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of nanoparticles, could be incorporated in such organic devices to tailor
their physical properties. For example, hybrid organic-inorganic solar
cells could benefit from the solution processing of polymer semicon-
ductors and from the high electron mobility of the non-toxic silicon.

We have investigated the optical properties, in particular absorp-
tion spectra, of spin-coated layers of crystalline silicon nanoparticles,
semiconducting π-conjugated polymers like poly(3-hexylthiophene-2,5-
diyl) (P3HT), [6,6]-phenyl C-61-butyric acid methyl ester (PCBM) or
poly[(9,9-dioctylfluorene-2,7-diyl)-co-bithiophene] (F8T2) and mixed
layers of polymers and silicon nanoparticles. To further characterize
the spin-coated layers, atomic force and optical microscopy has been
employed. Also, the electrical properties of sandwich-like structures of
polymers and crystalline silicon nanoparticles are discussed.

DS 6.5 Mon 17:00 H32
Preparation and Characterization of Colloidal ZnO:Al
Nanoparticles for Organic-Inorganic Hybrid Solar Cells — Jan
Friedmann1,2, Daniel Rauh1,2, Volker Lorrmann1,2, Carsten
Deibel2, Vladmir Dyakonov1,2, and •Ingo Riedel1 — 1Functional
Materials for Energy Technology, ZAE Bayern e.V., Am Hubland,
D97074 Würzburg, Germany — 2Experimental Physics VI, Faculty of
Physics and Astronomy, Julius-Maximilians University of Würzburg,
Am Hubland, D97074 Würzburg, Germany

Colloidal nanoparticles of non-capped ZnO:Al have been wet-
chemically synthesized as functional materials for novel hybrid device
concepts related to organic photovoltaics. The nanoparticles were char-
acterized by means of optical spectroscopy, current-voltage character-
ization and magnetic resonance techniques. The material was found
to fulfil the requirements to become a fullerene substitute in polymer-
based organic solar cells and/or to serve as a wave guiding n-conducting
buffer layer between the light absorber and the back-reflecting metal
electrode. We fabricated polymer-fullerene bulk heterojunction solar
cells with and without ZnO:Al layer. The effects of improved light ab-
sorption and enhanced selectivity of the metal electrode are discrimi-
nated by optical simulations and electrical interface characterization.

DS 6.6 Mon 17:15 H32
Nanomorphology of Poly[3-alkylthiophene] based Poly-
mer/Fullerene Bulk Heterojunction Solar Cells — •Harald
Hoppe1, Le Huong Nguyen2, Tobias Erb1, Serap Günes2, Ger-
hard Gobsch1, and N. Serdar Sariciftci2 — 1Institute of Physics,

Ilmenau Technical University, Weimarer Str. 32, 98693 Ilmenau, Ger-
many — 2Physical Chemistry - LIOS, Johannes Kepler University
Linz, Altenbergerstr. 69, 4040 Linz, Austria

We report on nanomorphology evolution within poly[3-
alkylthiophene]/[6,6]-phenyl C61-butyric acid methyl ester
(P3AT/PCBM) blends upon film formation and subsequent thermal
annealing. In detail, the influence of the P3AT side chain length on
the extend of the polymer/fullerene phase separation is discussed for
butyl, hexyl, octyl, decyl and dodecyl side groups. We apply atomic
force microscopy (AFM), X-ray diffraction and optical spectroscopy to
understand the underlying processes. Photovoltaic devices based on
the different P3ATs have been processed and optimised. In conclusion
a correlation between the achieved solar cell performance and the
corresponding nanomorphology is drawn.

DS 6.7 Mon 17:30 H32
Inkjet Printing of Polymer based Solar Cells — •Claudia
Klepek, Pavel Schilinsky, Stelios Choulis, and Christoph
Brabec — Konarka Technologies GmbH, Nürnberg, Germany

A variety of approaches have been used to deposit organic semiconduc-
tors based on the nature of those materials. The commonly applied
technique is the solution-processed deposition. Due to the low-cost
roll-to-roll production, the printing technologies are attracting more
and more attention. Inkjet printing is very promising because the
polymer devices can be fabricated very easily in terms of no-mask pat-
terning. We report an organic photovoltaic device depositing the pho-
toactive layer, comprising P3HT blended with the fullerene PC61BM
in a solvent mixture, by a piezoelectric inkjet printing system. We
compared two P3HTs differing in the molecular weight distribution
(MW). A lower MW of the P3HT has been suited for inkjet printing
since the latency time until gelification of the solution occurs is longer.
The device performance and limitation of an IJ printed cell were well-
investigated and remarkable losses in the short circuit current have
been assessed. Among other things, losses in the short circuit current
can be attributed to the low deposition temperature for comparatively
high-boiling solvents. The drying rate affects the device performance
significantly. The morphology and surface roughness of IJ printed films
have been examined by atomic force microscopy. The roughness has
been controlled by a careful selection of organic solvents. Due to an
adapted solvent mixture the short circuit current and the efficiency
have been improved.

DS 7: Organic Film Aging (SYOE 3)

Time: Monday 18:00–19:00 Location: H32

DS 7.1 Mon 18:00 H32
In situ studies of gas influence on the transport proper-
ties of organic thin-film transistors — •Sven Issing, Markus
Michelfeit, Michael Leufgen, Jean Geurts, Georg Schmidt, and
Laurens Molenkamp — Universität Würzburg, physikalisches Insti-
tut (EP3), Am Hubland, D-97074 Würzburg, Germany

The stability of organic thin-film transistors (OTFT) remains a criti-
cal issue for applications. Especially the influence of different ambient
atmospheres needs systematic investigation. Therefore, we fabricated
OTFTs with dihexylquarterthiophene (DH4T) as active material by
organic molecular-beam deposition in ultra high vacuum (UHV) and
performed in situ electrical characterization. Afterwards the OTFTs
were exposed to different gases in the UHV-chamber: ambient air, dry
air, oxygen, nitrogen or argon up to 1 · 10−2 mbar·s (= 104 Lang-
muir). The charge carrier mobility µ and the threshold voltage VTh

were measured vs. exposure. Furthermore, we investigated the relax-
ation after termination of the gas flow. The onset of a change of µ and
VTh is observed at ≈100 L. µ (initially ≈10−2 cm2/V s) shows a rela-
tive decrease between 51% (for argon) and 73% (for oxygen). In clear
contrast to the other exposures, for oxygen a shift of VTh towards less
negative values is observed. Both µ and VTh showed no reversibility
after the exposure.

This work was supported by the EU Integrated Project NAIMO (No
NMP4-CT-2004-500355)

DS 7.2 Mon 18:15 H32
Zinc-Tetraphenylporphyrin based field effect transistor —
•Daniel Lehmann and Dietrich R.T. Zahn — Chemnitz University

of Technology, Semiconductor Physics, D-09107 Chemnitz, Germany

Porphyrin derivatives are interesting molecules for organic electronics
because of their low cost and interesting light emitting and absorbing
properties. While already being used in organic light emitting diodes,
Zinc-Tetraphenylporphyrin (ZnTPP) has never been considered as ma-
terial usable for organic field effect transistors as well. We present a
ZnTPP field effect transistor in top contact configuration. On a 100
nm SiO2 gate oxide, a 30 nm film of ZnTPP was grown using organic
molecular beam deposition. Gold electrodes were grown on top by
thermal evaporation through a shadow mask. The organic field effect
transistor was electrically characterized in situ. We show the effects
of different gases, introduced into the vacuum by a leak valve, on the
electrical characteristics.

DS 7.3 Mon 18:30 H32
Real-time observation of oxidation and photo-oxidation of
rubrene thin films by spectroscopic ellipsometry — •Milan
Kytka1,2, Alexander Gerlach1, Frank Schreiber1, and Jaro
Kováč2 — 1Institut für Angewandte Physik, Universität Tübingen,
Auf der Morgenstelle 10, 72076 Tübingen, Germany — 2Faculty of
Electrical Engineering and Information Technology, Slovak University
of Technology, Ilkovičova 3, 812 19 Bratislava, Slovak Republic

We follow in real-time and under controled conditions the oxidation of
the organic semiconductor rubrene grown on SiO2 using spectroscopic
ellipsometry. We derive the complex dielectric function ε1 + iε2 for
pristine and oxidized rubrene showing that the oxidation is accom-
panied by a significant change of the optical properties, namely the
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absorption. We observe that photo-oxidation of rubrene is much faster
than oxidation without illumination.

By following different absorption bands (around 2.5 eV and 4.0 eV
for pristine rubrene and around 4.9 eV for oxidized rubrene) we infer
that the photo-oxidation of these films involves non-Fickian diffusion
mechanisms.

DS 7.4 Mon 18:45 H32
Structural and desorption measurements on encapsulated
rubrene thin films — •Maximilian Nothaft1, Silke Goettling2,
Gerhard Ulbricht3, and Jens Pflaum1 — 13. Phys. Inst., Univ.
Stuttgart, 70550 Stuttgart, Germany — 2Inst. fuer Systemtheorie
und Bildschirmtechnik, Univ. Stuttgart, 70569 Stuttgart, Germany
— 3Max-Planck-Institut fuer Festkoerperforschung, 70569 Stuttgart,
Germany

FET-measurements on the surface of rubrene single crystals yield high
room-temperature hole mobilities in the order of 10 cm2/Vs. However,

it proves to be difficult to grow crystalline films by thermal evaporation
because of molecular conformational changes [1]. As an approach to
achieve a crystalline phase via thermal activation, structural proper-
ties of rubrene thin films capped by SiO2, Al2O3 and PPX have been
investigated by x-ray diffraction. Crystallisation of amorphous rubrene
capped with SiO2 was detected at about 155◦C which is 50◦C above
the desorption point of uncapped rubrene layers.

In order to obtain information about the integrity of capped or-
ganic layers during heating, we performed thermal desorption studies
on capped rubrene thin films. The data indicated different desorption
mechanisms depending on the capping material. Desorption of rubrene
in SiO2 or Al2O3 capped samples is mainly dominated by cracks. In
contrast, desorption of PPX capped samples is governed by a diffusion
process. Developing a suited model we could estimate the diffusion
constant of rubrene in PPX to 1.2 · 10−10cm2/s.

[1] Käfer et al., Phys. Chem. Chem. Phys. 7, 2850 (2005)

DS 8: Hard Coatings I

Time: Monday 14:30–15:15 Location: H34

Invited Talk DS 8.1 Mon 14:30 H34
Processing, properties and application potential of nanos-
tructured hard coatings — •Paul Mayrhofer — Department of
Physical Metallurgy and Materials Testing, Montanuniversität Leoben,
8700 Leoben, Austria

Nanostructural design strategies have attracted increasing interest
in modern development of hard coatings for wear-resistant applica-
tions. Here, we demonstrate the correlation between microstructure
(or nanostructure) and mechanical as well as tribological properties of
hard ceramic coatings. The microstructure can be designed by choice
of the deposition technique, either by sequential deposition of layers
or by taking advantage of newly discovered self-organization processes

including segregation effects of the elements. Limited atomic assembly
kinetics during the deposition process are responsible for the forma-
tion of defects (point-, line-, and area-defects), supersaturated, and
metastable phases. Due to their particular structures, such coatings
can exhibit superhardness (H > 40 GPa). The microstructural changes
of hard ceramic coatings during a post-deposition annealing treatment
are discussed in detail. The review clearly shows that nanostructure
dependent hardness increase (compared to hardness of the bulk coun-
terparts) sustains higher annealing temperatures than hardness in-
crease which is obtained by and increased density of point- and/or line-
defects. Tribological properties of hard thin films can be engineered
by adding phases with lubricious properties at operation temperature
(either room or elevated temperatures) and prevailing environment.

DS 9: Hard Coatings II

Time: Monday 15:15–17:00 Location: H34

DS 9.1 Mon 15:15 H34
High Quality Cubic Boron Nitride Films - A Starting Point
for Doping Experiments — •Hong Yin1, Ivan Pongrac1, Xuyang
Wang1, Hans-Gerd Boyen1, Paul Ziemann1, Bastien Dohuard2,
Laurent Houssiau2, and Carla Bittencourt3 — 1Institute of Solid
State Physics, University of Ulm, D-89081 Ulm, Germany — 2LISE,
University of Namur, B-5000 Namur, Belgium — 3Materia Nova, B-
7000 Mons, Belgium

After the successful demonstration that c-BN films can be epitaxially
grown at 900◦C on top of (001)-oriented diamond substrates [1], such
high quality samples serve as starting point for their doping with Si
atoms. For this purpose, a small stripe of a Si-wafer is co-sputtered
during the c-BN deposition and the resulting concentration of Si as
well as of unintentionally incorporated contaminants are determined
by XPS, AES for near surface concentrations and ToF-SIMS for depth
profiling. These results will be related to first temperature-dependent
resistance measurements.

[1] X.W. Zhang, H.-G. Boyen, N. Deyneka, P. Ziemann, F. Banhart,
M. Schreck, Nature Materials 4 (2003) 312.

DS 9.2 Mon 15:30 H34
Residual Stress in Nanocrystalline Diamond Films —
•Nicolas Woehrl and Volker Buck — Thin Film Technology Group
FB 7, University of Duisburg-Essen, Universitaetsstr. 3-5, 45141 Es-
sen, Germany

Nanocrystalline films were deposited by microwave-plasma CVD at a
pressure of 200mbar from an Ar/H2/CH4 plasma where the hydrogen
fraction in the process gas was varied between 2 and 7%. Residual
stress is a critical parameter in thin film deposition and especially im-
portant for technical applications of nanocrystalline diamond because
high residual stress can lead to cracking or even to delamination of the

film from the substrate. An ex-situ optical device was used to measure
the residual stress of the substrate. It is shown that by controlling the
process parameters the residual stress in the NCD films can be adjusted
in a wide range even from compressive to tensile. The films were char-
acterized by two wavelength scanning micro Raman spectroscopy and
SEM. In this work a correlation is made between the intrinsic stress
measurements and the Transpolyacetylene peaks (around 1120 cm−1

and 1450 cm−1) in the Raman spectra of NCD films. It is shown that
the intensity and the FWHM of the peaks correlate with the tensile
stress in the films. A model correlating the Raman spectra to the
grain size and thus to the intrinsic stress measurements is given in this
paper.

DS 9.3 Mon 15:45 H34
Kinetic modeling of BN deposition by PECVD — •Sarah
Panowitz, Jens Matheis, and Achim Lunk — Institut für Plas-
maforschung, Universität Stuttgart, Pfaffenwaldring 31, D-70569
Stuttgart

We present kinetic modeling of BN deposition by PECVD in the sys-
tem B-N-H-X where X represents the gases F, Cl, Br or O, respectively.
In the first step the thermodynamic data as well as kinetic coefficients
are collected from literature and compared with each others. The ki-
netic coefficients also include the most important plasma reactions.
With data set up selected calculations were performed in the pro-
gram ”CHEMKIN”. Kinetic modeling was executed with the perfectly
stirred reactor model. This model requires modeling of volume reac-
tions as well as reactions on the surface. The rate coefficients for the
surface reactions are investigated through parameter studies. Results
of these parameter studies are compared with data known from exper-
iments to obtain the probably way of reaction mechanisms. Data from
kinetic modeling are also compared with results from calculations in
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thermodynamic equilibrium. Results of kinetic and equilibrium mod-
eling show that the range where BN can be deposited is very sensitive
to the mole fraction of the species X which is used. Using oxygen as
well as fluorine there exist only few parameter compositions to deposit
BN. These parameter sets are very important in relation to possible
etching effects in PECVD of c-BN deposition.

DS 9.4 Mon 16:00 H34
Correlation of structural properties of DLC films to their
mechanical and optical properties — •Oleksiy Filipov, Alexei
Poukhovoi, Nicolas Woehrl, and Volker Buck — Thin Film Tech-
nology Group, Dept. of Physics, University of Duisburg-Essen, Uni-
versitätsstr. 3-5, 45141 Essen, Germany

Diamond-like carbon films refers to a form of amorphous carbon a-C
and hydrogenated amorphous carbon a-C:H containing a sizeable frac-
tion of sp3 bonding, which makes them mechanically hard, infrared
transparent and chemically inert. But DLC films have a big drawback
high residual stress. In order to adjust stress and investigate proper-
ties of deposited films, DLC films were deposited onto different types
of substrates like glass to investigate optical properties, Si and steel
to investigate structural and mechanical properties, by using different
deposition methods such as PVD DC-anodic arc and CVD RF-plasma.
Both deposition methods allow us independently adjust substrate bias
and gas admixture in order to influence the film properties. The struc-
tural properties of the films were characterized by Raman and FTIR
spectroscopies. The optical properties of the films were ex-situ ex-
amined by UV-IR spectroscopy. The intrinsic stress was measured
ex-situ by determining the substrate curvature using SSIOD method.
It was shown correlation between structural and optical properties of
deposited films and influence of deposition parameters onto intrinsic
stress. The influence of hydrogen flow rate on film properties was also
shown.

DS 9.5 Mon 16:15 H34
Electronic properties of graphite-like ion tracks in insulating
tetrahedral amorphous carbon — Anne-Katrin Nix1, Daniel
Schwen1, Carsten Ronning1, Johann Krauser2, Christina
Trautmann3, and •Hans Hofsäss1 — 1II. Physikalisches Institut,
Universität Göttingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Ger-
many — 2Hochschule Harz, Friedrichstrasse 57-59, 38855 Wernigerode,
Germany — 3Gesellschaft für Schwerionenforschung, Planckstrasse 1,
64291 Darmstadt, Germany

We investigated the formation of quasi one-dimensional conducting fil-
aments in diamond like carbon (DLC) films created by swift heavy
ion irradiation. Various DLC films with thicknesses of about 100 nm
were grown using mass separated ion beam deposition (MSIBD) on
highly conducting Si and Ni substrates. After deposition the films
were irradiated with 1GeV 238U ions with fluences between 109 and
1011 ions/cm2. Due to their high electronic energy loss of about
30 keV/nm the swift heavy ions graphitize the predominantly (80 %)
sp3-bound carbon film along their trajectories yielding conducting
nanowires embedded in an insulating matrix. Using atomic force mi-
croscopy (AFM) with conducting cantilevers and applied bias voltage
the presence of conducting tracks was confirmed and their conductiv-
ities were determined to be several orders of magnitude higher than
of the host matrix. Temperature dependent electrical measurements

were performed on the irradiated samples at 300 K - 10 K with fields
up to 5V/µm. We will discuss the results with respect to contact re-
sistances and possible one-dimensional conduction mechanisms within
the tracks.

DS 9.6 Mon 16:30 H34
Synthesis of MAX Functional Coatings by PLD — •Peter
Schaaf1, Christian Lange1, Salvatore Cusenza1, and Michel
Barsoum2 — 1Universität Göttingen, II.Physikalisches Institut,
Friedrich-Hund-Platz 1, 37077 Göttingen, Germany — 2Drexel Univer-
sity, Department of Materials Science and Engineering, Philadelphia,
PA, USA

MAX phases - short for Mn+1AXn - constitute an exciting new class
of materials. The prototype of this material class, Ti3SiC2, was first
discovered and characterized in 1967 [1], but only in 1996 it was dis-
covered that this material is stiff, lightweight, machinable, made from
relatively inexpensive raw materials, resistant to oxidation and thermal
shock, and capable of remaining strong up to temperatures in excess
of 1300◦C in air [2,3]. Since then, many MAX phases have been syn-
thesized and characterized and first industrial applications occur [3].
Nevertheless, the potential of this material as a protective coating is
not yet exploited. We report on experiments on the deposition of MAX
coatings by PLD. The films were deposited at increasing substrate tem-
peratures and subsequently analyzed by a variety of methods. Results
on MAX coatings in the Ti-Si-C and the Ti-Al-N regime are reported.
[1] W Jeitschko and H Nowotny. 1967. Monatschrift für Chemie
98:329-337.
[2] MW Barsoum and T El-Raghy. 1996. Journal of the American
Ceramic Society 79:1953-1956.
[3] MW Barsoum and T El-Raghy, American Scientist 89, 334 (2001).

DS 9.7 Mon 16:45 H34
An empirical bond-order potential for simulating amorphous
(hydro)carbon film formation — •Lars Pastewka1 and Michael
Moseler1,2 — 1Fraunhofer Institut Werkstoffmechanik, Wöhlerstraße
11, 79108 Freiburg — 2Freiburger Materialforschungszentrum, Stefan-
Meier-Straße 21, 79104 Freiburg

Process simulation, and especially the modeling of amorphous carbon
and hydrocarbon thin film formation, has been of scientific interest
for decades. The length and time scales which have to be covered
for meaningful simulations are, however, still out of reach for quantum
simulation techniques. Only quite recently insight has been gained into
thin film formation using empirical potentials [1,2]. Available empirical
potentials on the other hand have their own deficiencies: They either
fail to describe carbon hybridization correctly, do not include hydro-
gen interaction, or if reliable are still too expensive. Here we present a
straighforward extension of the carbon potential of Erhart and Albe [3]
building on the original ideas of Brenner [4]. By utilizing an extended
fitting database our potential manages to describe hybridization cor-
rectly while not sacrificing execution speed. This enables large scale
studies of hydrocarbon thin film formation.

[1] M. Moseler et al., Science 209, 1545 (2005) [2] H. U. Jäger and
K. Albe, J. Appl. Phys. 88, 1129 (2000) [3] P. Erhart and K. Albe,
Phys. Rev. B 71, 035211 (2005) [4] D. W. Brenner, Phys. Rev. B 42,
9458 (1990)

DS 10: Layers with Magnetic Properties

Time: Monday 17:15–19:00 Location: H34

DS 10.1 Mon 17:15 H34
Thermal stability of Py/Cu and Co/Cu giant magnetoresis-
tance (GMR) systems — •Vitaliy Vovk1, Guido Schmitz1, and
Andreas Hütten2 — 1Institute of material physics, WWU Münster,
Münster, Germany — 2Institute of nanotechnology, Forschungszen-
trum Karlsruhe, Karlsruhe, Germany

The long-term thermal stability in thin film functional materials of-
ten becomes a critical restriction regarding the technical application.
GMR multilayer (ML) systems (Co/Cu and Py/Cu) are studied in
this aspect since their automotive application requires operation in
hot environments.

Tomographic atom probe analysis of Py/Cu system [1] conducted in
our group has shown the minor broadening of the layer interfaces to

be the most probable reason for the GMR degradation. Comparable
results are observed in Co/Cu system using wide angle atom probe
tomography (WATAP), though the systems have rather different ther-
modynamics. Besides the atomic transport, another important trans-
formation takes place at elevated temperatures. The broad <111>-
changes to sharp <200>-texture during the recrystallization process.
It is shown that this texture reorientation is due to the anisotropic en-
ergy terms competition in the multilayer system. Since the RKKY cou-
pling length depends among other parameters on the crystallographic
orientation of the system, the thermal stability of the GMR effect can
be significantly improved by the control of texture reorientation.

[1] C. Ene, G. Schmitz, R. Kirchheim, A. Hütten, Acta Materialia
53, 3383, 2005.
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DS 10.2 Mon 17:30 H34
Structural and magnetic characterization of Heusler multilay-
ers — •Miriana Vadala1, Alessio Lamperti2, Alexei Nefedov1,
Gregor Nowak1, Kurt Westerholt1, Maximillian Wolff1, and
Hartmut Zabel1 — 1Experimentalphysik/Festkörperphysik, Ruhr-
Universität Bochum, Germany — 2Departement of Physics, University
of Durham, United Kingdom

Heusler alloys are attractive candidates for application in spin de-
pendent electron transport devices such as Giant Magneto Resistance
(GMR), and in magnetic high performing devices. - We have grown
by rf-sputtering multilayers of Heusler phase Co2MnGe on Al2O3 and
MgO substrates. We performed hard X-rays measurements to deter-
mine the chemical density profile and the epitaxial orientation inside
these systems and polarized neutron reflectivity to study the mag-
netization profile of thin Co2MnGe/Al2O3 and Co2MnGe/MgO thin
multilayers. X-ray scattering both at small and high angles showed in-
tense Bragg peaks, respectively indicating high interface sharpness and
crystallinity of the Heusler phase. Neutron maps, taken at room tem-
perature and 10 K, both in saturated and remanence magnetization,
evidenced a sharp magnetisation profile at the Heusler/Oxide inter-
faces with Bragg peaks detected up to the 4th order; the absence of
diffuse scattering indicates that the magnetic roughness is very small.

Financial support provided through the EU RTN ”ULTRA-
SMOOTH”, as well as the partial support by SFB 491 and by BMBF
03ZA6BC1 is acknowledged.

DS 10.3 Mon 17:45 H34
Geometry and magnetic structure of epitaxial metallic lay-
ers on substrates with a large misfit — •Stephan Schönecker,
Carsten Neise, Manuel Richter, Klaus Koepernik, and Helmut
Eschrig — IFW Dresden, P.O. Box 270116, D-01171 Dresden, Ger-
many

Modern electronic theory has provided a reliable theoretical procedure
for finding total energies of crystalline materials for any configuration
of atoms in the unit cell. Hence, we can look at epitaxial layers on sub-
strats and perform total energy calculations for different geometries of
layers in order to find metastable phases, that are locally stable against
small perturbations.

Our calculations were done with the scalarrelativistic version of the
full-potential local-orbital code FPLO. The method of fixed spin mo-
ment (FSM) was used to detect a possible magnetic ground state. We
limit our discussion to crystals with body centered tetragonal (bct)
Bravais lattice, and present results for palladium and cobalt. Both
metals can be grown in a metastable but stress-free state on substrates,
with a large misfit of up to 12%.

DS 10.4 Mon 18:00 H34
Multilayered Polycrystalline Iron Garnet Structure of
Bi3Fe5O12 and Y3Fe5O12 grown on SiO2 substrates by pulsed
laser deposition — •Timo Körner1, Andreas Heinrich1, Stephan
Leitenmeier1, Michael Herbort1, Bernd Stritzker1, Jürgen
Simon2, and Werner Mader2 — 1Universität Augsburg, EPIV,
86135 Augsburg — 2Universität Bonn, Institut für Anorganische
Chemie, 53117 Bonn

Iron Garnet single crystals like Y3Fe5O12 (YIG) are important ceramic
systems with extensive applications in structural ceramics and opto-
electronics. Currently, it is desirable to integrate such macroscopic
components on a single chip (e.g. Si, SiO2, . . . ) as in the case of mi-
croelectronics (integrated optics). High quality magnetooptical (MO)
active garnet films with high Faraday rotation are also needed for MO
imaging and microscopy. In our work we studied the influence of pa-
rameters during the deposition of YIG films and developed a new way
to grow polycrystalline Bi3Fe5O12 (BIG) thin films on different SiO2

substrates using the pulsed laser deposition (PLD) method. There-
fore we deposited a YIG buffer which was annealed above 1000◦C in
order to form a polycrystalline phase. On top of this buffer layer we
deposited a thermodynamical unstable BIG layer. We measured the
Faraday rotation of the films and studied them with x-ray diffraction
(XRD), Rutherford backscattering spectroscopy (RBS), Environmen-
tal Scanning Electron Microscopy (ESEM) and high-resolution trans-
mission electron spectroscopy (HRTEM). Their Faraday rotation can
be compared with epitaxial BIG films grown on garnet substrates.

DS 10.5 Mon 18:15 H34
Pulsed Laser Deposition and Growth Studies of Bi3Fe5O12

on Gd3Ga5O12 — •Andreas Heinrich1, Timo Körner1, Stephan
Leitenmeier1, Michael Herbort1, Bernd Stritzker1, Jürgen
Simon2, and Werner Mader2 — 1Universität Augsburg, EP IV,
86135 Augsburg — 2Universität Bonn, Inst. f. Anorganische Chemie

Magneto-optical garnets stand out because they exhibit a high Fara-
day rotation and low optical losses in the near infrared region. In
this spectral range garnets are the only materials discussed in optical
communications to realize nonreciprocal devices such as optical iso-
lators. Such isolators are necessary to prevent reflected light caused
by e.g. cable splices from irregularly entering optical components and
hence to reduce the noise signal. Nowadays one wants to integrate
such macroscopic optical components on a single chip leading to inte-
grated optics. In order to achieve this, it is necessary to understand
the principle growth mechanism, so that one can deposit high quality
thin films of the optical active materials. We deposited Bi3Fe5O12 on
(100), (110) and (111) Gd3Ga5O12 by Pulsed Laser Deposition. Here
we want to give details on the growth and preferential growth direc-
tion of the films. Our investigations have been carried out by utilizing
an Environmental Scanning Electron Microscopy, Energy Dispersive
X-ray Analysis, Rutherford Backscattering Spectroscopy, and X-ray
Diffraction. We also report on the Faraday rotation of the films, which
has been determined in a special setup polarization microscope.

DS 10.6 Mon 18:30 H34
Magnetization in homogenous ferrofluidic films — •Birgit
Graf1, George Tzvetkov1, Jörg Raabe2, Konstantin
Petukhov3, and Rainer Fink1 — 1Universität Erlangen-Nürnberg,
Lehrstuhl für Physikalische Chemie II, Erlangen, Germany — 2Paul
Scherrer Institut, Villigen, Switzerland — 3Universität Erlangen-
Nürnberg, Physikalisches Institut III, Erlangen, Germany

Ferrofluids are comprised of microscopic ferromagnetic nanoparticles,
usually magnetite (Fe3O4), hematite (Fe2O3) or some other compound
containing Fe2+ or Fe3+ suspended in a carrier fluid. The nanoparti-
cles are typically of order 1-10 nm. Therefore and because of the fact
that they are usually coated with a surfactant, most of the ferrofluids
are stable. Since they do not retain magnetization in the absence of
an externally-applied field they do not display macroscopic ferromag-
netism.

As a model substance, we investigated thin films of APG L23 (from
FerroTec, Nürtingen), which were prepared by spin-coating of the low
viscous material. This material consists mainly of 10 nm magnetite
particles. Using scanning transmission x-ray microscopy (STXM) at
the SLS PolLux beamline we could monitor small inhomogeneities
within the films, which show distinct variations in the Fe L-Edge spec-
tra. These variations may be due to phase separated species with
different oxidation states. Using XMCD spectra and SQUID measure-
ments, we derive the magnetic properties of differently prepared films
(funded by the BMBF, contract 05 KS4 WE1/6).

DS 10.7 Mon 18:45 H34
LCMO Films Deposited on (100) and (111) STO Substrates
— •Gulgun Hamide Aydogdu1, Yener Kuru2, and Hanns Ul-
rich Habermeier1 — 1Max Planck Institut für Festkörperforschung
Heisenbergstraße 1, D-70569 Stuttgart, Germany — 2Max Planck In-
stitut für Metallforschung Heisenbergstraße 3, D-70569 Stuttgart, Ger-
many

Epitaxial LCMO thin films of various thicknesses were grown on (100)
and (111) STO substrates by pulse laser deposition technique (PLD).
Determination of epitaxial relationship between the film and the sub-
strate, phase analysis were carried out by X-ray diffraction (XRD). It
is understood by pole figures that films on (111) STO display three-
fold symmetry however, four-fold symmetry is observed for the ones
on (100) STO. Surface morphologies and roughnesses of the films were
characterized by atomic force microscopy (AFM). Electrical resistivi-
ties and magnetization of the samples were measured within a temper-
ature range between 5 K and 300K. Films on (100) STO were found to
behave as an insulator for all thicknesses while the films on (111) STO
show metallic behavior when film thickness exceeds 145 nm. Structural
variations induced by the (111) STO substrate cause the increase of
the Mn-O-Mn angle and the equatorial Mn-O distances. Consequently,
double exchange mechanism is enhanced and the Jahn-Teller distortion
is decreased. This study is an example that shows how the substrate
material can be used to modify the electronic and magnetic properties
of the LCMO films although chemical compositions and the thicknesses
of films remain unchanged.
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DS 11: Symposium: New Materials for Nanoelectronics

Time: Tuesday 9:30–13:15 Location: H32

Invited Talk DS 11.1 Tue 9:30 H32
Strained silicon for advanced nanotechnology — •Michael
Goryll1, Dan Buca1, Qing-Tai Zhao1, Bernd Holländer1,
Siegfried Mantl1, Roger Loo2, Duy Nguyen2, and Manfred
Reiche3 — 1Institut für Bio- und Nanosysteme (IBN1) und cni,
Forschungszentrum Jülich, D-52425 Jülich, Germany — 2IMEC,
Kapeldreef 75, B-3001 Leuven, Belgium — 3MPI für Mikrostruktur-
physik, Weinberg 2, D-06120 Halle, Germany

Introducing strain into silicon layers has shown carrier mobility in-
crease in CMOS devices. Two prevailing approaches, the global strain
and the local strain platform, will be presented. While in case of local
strain, small-area selective epitaxial SiGe growth is employed, global
strain presents more challenges regarding layer deposition. We will dis-
cuss our approach towards global strain based on thin pseudomorphic
SiGe layers, that are being strain relaxed using He+ ion implantation
and thermal annealing. The morphology and crystallinity of the layers
was investigated using optical microscopy, atomic force microscopy and
transmission electron microscopy. Characterization methods employed
to determine the residual strain in the silicon layers comprise angular
ion beam scanning and Raman spectroscopy. Strained silicon on in-
sulator (sSOI) layers were produced by layer transfer to an insulating
substrate. This process includes wafer bonding as well as splitting
performed by H+

2 ion implantation and annealing. Electrical measure-
ments on n-channel MOSFETs fabricated on this sSOI material will
be presented that exhibit the expected electron mobility enhancement.

Invited Talk DS 11.2 Tue 10:00 H32
Integration of functional epitaxial oxides into silicon: From
high-K application to nanostructures — •H. Jörg Osten —
Institut für Materialien und Bauelemente der Elektronik, Leibniz Uni-
versität Hannover, Appelstr. 11A, 30167 Hannover

There are several attempts to increase the material variety that is com-
patible with Si technologies. The ability to integrate crystalline dielec-
tric barrier layers into silicon structures can open the way for a variety
of novel applications ranging from high-K replacements in future MOS
devices to oxide/silicon/oxide heterostructures for nanoelectronic ap-
plication in future quantum-effect devices. First, we will demonstrate
and discuss the epitaxial growth of oxides on different oriented Si sub-
strates based on surface and interface considerations. Here, we will
present results for crystalline lanthanide oxides on silicon in the cubic
bixbyite structure grown by solid state MBE.

Experimental results for Gd2O3-based MOS capacitors show that
these layers are excellent candidates for application as very thin high-
K materials replacing SiO2 in future MOS devices. In addition, we will
present a new approach for nanostructure formation which is based on
solid-phase epitaxy of the Si quantum-well combined with simultane-
ous vapor-phase epitaxy of the insulator on top of the quantum-well.
Ultra-thin single-crystalline Si buried in a single-crystalline insulator
matrix with sharp interfaces was obtained by this approach on Si(111).
Finally, the incorporation of crystalline Si islands into single-crystalline
oxide layers will be demonstrated.

Invited Talk DS 11.3 Tue 10:30 H32
Rare Earth based amorphous ternary oxide layers as alter-
native gate dielectrics — •Jürgen Schubert1, Tassilo Heeg1,
Martin Roeckerath1, Joao Marcelo Jordao Lopes1, Uffe
Littmark1, Chao Zhao2, Matty Caymax2, Valerie Avanasiev3,
Lisa Edge4, Yunfa Jia4, Wei Tian4, and Darrell Schlom4 —
1IBN 1-IT and CNI, Forschungszentrum Jülich GmbH, 52425 Jülich
— 2IMEC, Kapeldreef 75, B-3001 Leuven, Belgium — 3Department of
Physics, University of Leuven, Celestijnenlaan 200D, B-3001 Leuven,
Belgium — 4Penn State University, 16802 University Park, Pennsyl-
vania, USA

Rare Earth based oxide thin films are promising candidate materials to
replace SiO2 as a gate dielectric in MOSFETs of the next generation.
So far most attention attracted HfO2 and Hf-containing silicates but
they have severe drawbacks such as too low recrystallization temper-
ature (Tcr = 600◦C). Calculations on the thermal stability of ternary
oxides in direct contact with silicon were resulted in a number of more
appropriate oxides [1]. E.g. GdScO3 single crystals showed excellent
properties which could be reproduced for amorphous films. Permit-
tivity of 22, a bandgap of 5.6 eV, band offsets larger than 2 eV and a

good thermal stability (Tcr > 900◦C) could be verified. Furthermore
those oxides are not hygroscopic in contrast to most of the binary sys-
tems. Another promising system is LaLuO3 which shows k-values of
32 combined with a high thermal stability (Tcr > 900◦C). Most recent
results will be presented and discussed. [1] D.G. Schlom and J. Haeni,
MRS Bulletin V. 27, No. 3 (2002)

Invited Talk DS 11.4 Tue 11:00 H32
Advanced SOI CMOS transistors for high performance mi-
croprocessors — •Manfred Horstmann — AMD Saxony LLC &
Co. KG, Wilschdorfer Landstrasse 101, 01109 Dresden, Germany

An overview of state of the art advanced Silicon on Insulator CMOS
transistors used for high performance microprocessors will be given.
For advanced SOI transistors stress engineering has become a stan-
dard feature since the 90 nm technology node due to gate oxide scal-
ing limitations [1]. Especially techniques to induce local strain like
compressive and tensile stressed over-layer films, embedded-SiGe, and
stress memorization are keys to maintain transistor performance. With
optimization, the different stressors are highly compatible and additive
to each other, improving PMOS and NMOS saturation drive current
by ca. 50% and 30 %, respectively. This results in 40 % higher product
speed. In addition to reduce the lateral and vertical device dimensions
advanced Laser or Flash) annealing has been applied [2]. These an-
neal processes yield an improved dopant activation for active and gate
regions resulting in lower source-drain resistance and gate depletion
without any additional diffusion. These techniques have been applied
and optimized for 90 nm and 65 nm volume manufacturing and are
scaleable to 45 nm design rules. Technology options for future transis-
tors like Strained Silicon directly bonded on SOI, fully depleted SOI,
High K or FinFETs will be discussed.

[1] M. Horstmann, et al., IEDM 2005, p. 243 [2] Th.Feudel et al.,
RTP Conference, Kyoto, 2006

DS 11.5 Tue 11:30 H32
Herstellung und Charakterisierung von MOSFETs mit Gado-
liniumscandat als alternatives Gatedielektrikum — •Martin
Roeckerath, Joachim Knoch, Joao Marcelo Jordao Lopes, Tas-
silo Heeg, Jürgen Schubert und Siegfried Mantl — Institut für
Bio- und Nanosysteme (IBN 1 - IT) und CNI, Forschungszentrum
Jülich, D-52425 Jülich, Germany

Seltene-Erd-Scandate sind durch ihre herausragenden morphologischen
und elektrischen Eigenschaften eine vielversprechende Materialklasse
für die Verwendung als High-k-Dielektrikum in zukünftigen CMOS An-
wendungen. Speziell GdScO3 weist eine hohe thermische Stabilität so-
wie eine DK von ca. 23 auf. In dieser Arbeit wurde dieses Material nun
in Feldeffekt-Transistoren (MOSFETs) als alternatives Gateoxid inte-
griert. Besonderer Schwerpunkt der Untersuchung lag auf dem Einfluss
der High-k-Silizium-Grenzfläche auf die elektrischen Eigenschaften der
Bauelemente. Das Oxid wurde mittels Elektronenstrahlverdampfen
von stöchiometrischem Quellenmaterial im Hochvakuum hergestellt.
Um die Grenzfläche zu variieren wurde das GdScO3 sowohl auf che-
mischem Oxid als auch auf wasserstoffterminierter Si(100)-Oberfläche
abgeschieden und einige Proben außerdem nachträglich in Sauerstoff
getempert. Die elektrische Charakterisierung der Bauelemente zeigt
einen deutlichen Einfluss sowohl des Temperns als auch der Vorbehand-
lung auf deren Ströme sowohl im Aus- als auch im Anzustand. Außer-
dem kann eine Schwellspannungsverschiebung beobachtet werden. In
diesem Beitrag wird auch der Einfluss der Grenzflächeneigenschaften
auf die Ladungsträgerbeweglichkeit diskutiert.

Invited Talk DS 11.6 Tue 11:45 H32
Graphene: A new Electronic Material — •Max Christian
Lemme1, Tim Echtermeyer1, Matthias Baus2, and Heinrich
Kurz1,2 — 1Advanced Microelectronic Center Aachen (AMICA),
AMO GmbH, Otto-Blumenthal-Str. 25, 52074 Aachen, Germany —
2Institut für Halbleitertechnik, RWTH-Aachen, Sommerfeldstr. 24,
52074 Aachen, Germany

Carbon based electronics offer one of the most promising options to
enhance silicon CMOS technology in the future. Great attention has
been paid to carbon nanotubes (CNTs) because of their intriguing
electronic properties. Their application in electronics, however, will de-
pend strongly on the availability of self organizing processes. Graphene
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films, monolayers of carbon, have only recently been identified as a
new contender for carbon electronics. Graphene’s planar form pre-
destinates it as a booster for silicon technology. In this talk, field ef-
fect devices (FEDs) manufactured from few- and monolayer graphene
are presented. Except for graphene deposition, only conventional
top-down CMOS-compatible processes have been used. Raman spec-
troscopy is presented as the method of choice for distinguishing few-
from monolayer graphene. Electron and hole mobilities in graphene
pseudo-MOS structures are compared to those obtained from double-
gated Graphene-FEDs. Even when covered by silicon oxide, the values
exceed the universal mobility of silicon and silicon-on-insulator MOS-
FETs.

Invited Talk DS 11.7 Tue 12:15 H32
Electronic Transport in Carbon Nanotube FETs — •Joachim
Knoch — IBM Research GmbH, Zurich Research Laboratory, Säumer-
strasse 4, 8803 Rüschlikon, Switzerland

Carbon nanotubes have recently attracted a great deal of interest due
to their unique structural and electronic properties. In particular, car-
bon nanotube field-effect transistors have been widely investigated as
an alternative for future nanoelectronics applications. In the present
talk we will discuss the electronic transport properties of CNFETs.

Usually, contacts are formed by depositing metals on top of the
nanotube. One focus of the talk will be the investigation of the role of
these source/drain contacts on the device behavior. As it turns out,
CNFETs behave similarly to ultrathin-body Schottky barrier MOS-
FETs. Although the ultrathin diameter (body) allows for an excellent
carrier injection through the Schottky-barrier, its presence prohibits
the observability of multi-mode transport in such CNFETs. Details
regarding multi-mode transport and the role of scattering for the vis-
ibility of multi-mode transport will be discussed. Furthermore, we
will present CNFETs with ‘doped’ source/drain contacts and study
the relevant phenomena occuring in such conventional-type devices.
A charge pile-up in case of short channel devices deteriorates the de-
vice performance and leads to large off-state leakage currents. Finally,
a new device architecture based on band-to-band tunneling is intro-
duced which allows to combine an excellent on-state performance with
a switching ability superior to any conventional FET. It will be shown
that one-dimensional objects are ideally suited for the realization of
such tunneling FETs.

DS 11.8 Tue 12:45 H32
Strukturierte Schichtsysteme für horizontal gerichte-
tes Wachstum von Kohlenstoff-Nanoröhren — •Matthias

Büenfeld1, Bernd Schröter1, Frank Schmidl1, Matthias
Grube1, René Geithner2, Thomas Pertsch1, Detlef Schelle2,
Wolfgang Richter1, Andreas Tünnermann2 und Paul Seidel1

— 1Institut für Festkörperphysik, Friedrich-Schiller-Universität, Je-
na, Germany — 2Institut für Angewandte Physik, Friedrich-Schiller-
Universität, Jena, Germany

Kohlenstoff-Nanoröhren ermöglichen durch ihre Form und Größe sehr
interessante Anwendungen. Das gerichtete Wachstum ist für solche
Anwendungen ein grundlegender Aspekt. Ziel ist es, die Nanoröhren
gezielt horizontal auf Oberflächen wachsen zu lassen. Dabei bieten
sich unterschiedliche Einflussmöglichkeiten. Für das Wachstum der Na-
noröhren sind Katalysatorpartikel im nm-Bereich (im wesentlichen Ei-
sen, Nickel oder Kobalt) notwendig. Vorstrukturierung dieser Materia-
lien und die Größe dieser Partikel haben wesentlichen Einfluss auf den
Durchmesser und das Wachstum der Nanoröhren. Durch Kombination
unterschiedlicher, strukturierter Oxidschichten sind weitere Auswahl-
kriterien für Wachstumsort und Wachstumsrichtung gegeben.

DS 11.9 Tue 13:00 H32
Determination of the coefficient of thermal expansion (CTE)
of porous dielectric films using x-ray reflectometry —
•Sebastian Taube, Holm Geisler, Ulrich Mayer, Inka Zienert,
Michael Hecker, and Ehrenfried Zschech — AMD Saxony LLC
& Co. KG, Wilschdorfer Landstr. 101, D-01109 Dresden, Germany

In advanced integrated circuits thin interlayer dielectric (ILD) films
with reduced relative permittivity (k) will be used for reducing
crosstalk and interconnect signal delay. It is the final goal to achieve
as small as possible k-values which are close to the physical limitation
( kvacuum = 1). For reaching lowest possible k values, new mate-
rials or nano porous layers are potential candidates. However, these
layers have many different properties in comparison with the tradition-
ally used silica glass, e.g., considerably reduced mechanical stiffness.
The CTE value is one important property of such an ILD layer. The
advanced integrated circuits undergo during the fabrication and later
in the practice permanent changing temperature cycles. Thin film
stacks with relatively large differences in the CTE of the individual
thin films are a reliability concern for microelectronic products. The
thickness of a thin film as well as the variation of the thickness due
to increased temperature can be measured very precisely with XRR.
It will be shown here that the CTE of (ultra) low-k layers can be de-
termined for relevant process and application temperatures with the
XRR method. The measured CTE values are typically higher than for
metals, e.g., copper.

DS 12: Thin Film Analytics I

Time: Tuesday 14:30–15:15 Location: H34

Invited Talk DS 12.1 Tue 14:30 H34
Surface Analytics with Monolayer Resolution using Ions
— •Pedro Grande1, Agenor Hentz1, Rafael Pezzi1, Israel
Baumvol1, and Gregor Schiwietz2 — 1Instituto de F́ısica da
UFRGS, Porto Alegre, Brazil — 2Hahn-Meitner-Institut, Abteilung
SF4, Berlin, Germany

Determining the depth distribution of the different chemical elements
near and at the surface of solids is of major relevance for many aspects
of nanotechnology. In principle, this can be accomplished quantita-
tive with deep subnanometric depth resolution, using ion scattering
at energies corresponding to the maximum ion energy loss and high-
energy resolution detection systems. The method is called medium
energy ion scattering (MEIS), and is currently used for near-surface

elementary profiling in amorphous thin films and to investigate sur-
face crystallography and surface reconstruction and dynamics. How-
ever, the simple data analysis framework successfully used for other
low-resolution backscattering techniques (such as RBS) is not applica-
ble to MEIS, since the much higher energy resolution of MEIS reveals
new spectral features. The most relevant one is that in the first few
nanometers below the solid surface the ion energy loss departs from a
symmetric, Gaussian distribution. We propose an analytical formula
for the line shape to replace the usual Gaussian distribution widely
used in low-resolution ion-beam analysis. Furthermore, we provide a
simple physical method to derive the corresponding shape parameters.
We also present a comparison with full coupled-channel calculations
as well as with experimental data at nearly single collision conditions.



Section Thin Films (DS) Tuesday

DS 13: Thin Film Analytics II

Time: Tuesday 15:15–16:30 Location: H34

DS 13.1 Tue 15:15 H34
Measurement of oxide layers with laser-assisted atom probe
tomography (LA-TAP) — •Christian Oberdorfer1, Carsten
Nowak2, Christoph Reinke1, Patrick Stender1, and Guido
Schmitz1 — 1Institut für Materialphysik, Universität Münster —
2Institut für Materialphysik, Universität Göttingen

Conventional atom probes use high voltage pulses of only a few
nanoseconds pulse width to trigger the field-evaporation-process. Be-
cause of this approach, it is hard to investigate materials of low con-
ductivity. In the past successful measurements of oxide layers where
reported only with severe restrictions on the specimen geometry.

Laser-assisted atom probe tomography circumvents this limitation.
By using very short laser pulses (< 1 ns) it is now possible to measure
oxidic films of a few tens of nanometers in thickness.

The talk will present results obtained with the new atom probe at
the university of Münster. Examples of measurements of nickel-oxide
and tungsten-oxide will be presented.

DS 13.2 Tue 15:30 H34
Low-level hydrogen profiling with RNRA — •Johannes
Bosman, Michael Uhrmacher, Holger Schebela, Carsten Ron-
ning, and Hans Hofsäß — II. Institute of Physics, University of
Göttingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany

Our intention is to detect hydrogen and its profile in thin films. We will
use the resonant nuclear reaction analysis method (RNRA) to achieve
this aim, because it is difficult or rather impossible with other methods
like RBS, XPS, AES or SIMS. We utilise the nuclear reaction 1H(15N,
αγ)12C, which means, that an accelerator providing a 15N-beam with
energies up to 7 MeV is neccessary. The tandem accelerator facility at
the II. Institute of Physics includes a so called ’Amsel-deflector’ sys-
tem and a low-level measurement unit, whose combination affords the
required non-destructive ion beam method, which enables H-profiling
with RNRA. The depth resolution is 2 nm at the surface and 10 nm
in the maximum analysing depth of 400 nm. A H-concentration of
450 ppm is detectable using a measuring time of 1 min per energy set-
ting. We analysed ta-C:H layers with a thickness of 100 nm grown
by mass separated ion beam deposition (MSIBD) using 100 eV C2H2-
ions. The optical properties, measured by Raman and FTIR, will be
correlated to the H-content. These first experiments and results will
be discussed.

DS 13.3 Tue 15:45 H34
High resolution Rutherford backscattering spectrometry
for investigating interdiffusion of thin films — •Christian
Borschel1, Martin Schnell1, Michael Uhrmacher1, Carsten
Ronning1, Christian Wenger2, and Hans Hofsäss1 — 1II.
Physikalisches Institut, Universität Göttingen, Friedrich-Hund-Platz
1, D-37077 Göttingen — 2IHP microelectronics, Im Technologiepark
25, D-15236 Frankfurt (Oder)

Rutherford backscattering spectrometry (RBS) is a widely used tech-
nique to measure concentration-depth profiles of thin films. Usually a
semiconductor detector is used to measure the energy of the backscat-
tered ions. The typical energy resolution of 10 to 15 keV of these
detectors is the limiting factor for the achievable depth resolution. We
use an electrostatical analyzer to measure the energy of the backscat-

tered ions which can improve the energy resolution (and along with
that the depth resolution) by a factor of about 10. The enhanced
depth resolution makes RBS utilizable to investigate the interdiffusion
at the interfaces of thin films. As an example we present experiments
on the interdiffusion at the interface of a high-k dielectric Pr2O3 film
on SiO2. We show what information about the diffusion of Pr and
Si could be extracted from the experimental results and compare the
method with other characterization techniques.

DS 13.4 Tue 16:00 H34
Elemental Characterisation of Mn-, Mg- an Co- doped ZnO
nanostructures — •Christoph Meinecke, Andreas Rahm, Jürgen
Vogt, and Tilman Butz — Universität Leipzig, Fakultät für Physik
und Experimentelle Physik II, Linnéstrasse 5, D-04103 Leipzig, Ger-
many

ZnO based nanostructures have attracted increasing interest in recent
years due to their structural diversity. Furthermore, transition metal
doping (e.g. by Co or Mn) of ZnO films has been shown to create a
promising ferromagnetic material for spintronics.

We report on the high-pressure pulsed laser deposition (PLD) growth
of zinc oxide nanowires (300 - 500 nm in diameter) containing Co, Mg
and Mn grown with NiO and Au catalysts.

Elemental analysis (PIXE, RBS) was carried out using a 2.25 MeV
scanning proton beam with a spot size of app. 500 nm. This high
spatial resolution at beam currents of app. 100 pA is necessary for the
elemental analysis of single nanowires using RBS and PIXE.

Scanning electron microscopy, RBS and Particle induced X-ray emis-
sion measurements revealed differences between the compositions of
nanowires compared to simultaneously grown films.

DS 13.5 Tue 16:15 H34
The reflectometer ADAM at ILL - Perspectives for an an-
gle dispersive instrument — •Max Wolff, Kyrill Zhernenkov,
and Hartmut Zabel — Lehrstuhl für Festkörperphysik/EP IV, Ruhr-
Universität Bochum, 44780 Bochum, Germany

The angle dispersive neutron reflectometer ADAM at the ILL offers
high flux combined with an excellent Q resolution and full polarization
analysis with privileged access for the german user comunity. During
the last ten years nearly all components of the instrument have been
modified to remain a state-of-the-art instrument. We will give a brief
overview on the most recent improvements and most outstanding re-
sults obtained during the last years.

To further improve the performance of the instrument we plan to
reconstruct the reflectometer. ADAM-2 will again be an angle disper-
sive reflectometer. The challenging task is to offer both options high
resolution and high intensity on a monochromator instrument. To ac-
count for this we plan to use an intercalated graphite monocromator in
combination with focusing guide elements. In addition the instrument
will feature different recent and new developments like, grazing inci-
dent small angle scattering, spherical polarisation analysis and pump
probe experiments. Combined with an improved infrastructure for
sample preparation and environment unique possibilities for the inves-
tigations of magnetic thin films, self assembling layers and biological
systems will be provided due to the high flux, the low background and
excellent polarization analysis.

We acknowledge financial support by the BMBF (ADAM ZAE8BO).

DS 14: Thin Film Analytics III

Time: Tuesday 16:45–18:00 Location: H34

DS 14.1 Tue 16:45 H34
Non-destructive speciation of deeply buried TiOx nanolay-
ers and their interfaces — •Beatrix Pollakowski1,
Burkhard Beckhoff1, Stefan Braun2, Peter Gawlitza2, Falk
Reinhardt1,3, and Gerhard Ulm1 — 1Physikalisch-Technische Bun-
desanstalt, Abbestr. 2-12, 10587 Berlin — 2Fraunhofer Institut
Werkstoff- und Strahltechnik, Winterbergstr. 28, 01277 Dresden —
3TU Berlin, Straße des 17. Juni 135, 10623 Berlin

Enabling high dynamics of depth information the analysis with grazing
incident X-ray fluorescence combined with near edge X-ray absorption
fine structure (GIXRF-NEXAFS) provides a tool to probe buried in-
terfaces with an information depth in the range from a few to several
hundreds of nanometers. In our study we focused on different oxidized
titanium layers (thickness 30 nm) deposited with ion beam sputtering
deposition on a standard 8” silicon wafer and buried with a 5 nm car-
bon layer to have an appropriate system and, in addition, to prevent
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further oxidation processes.
The GIXRF-NEXAFS measurements were carried out a the plane

grating monochromator (PGM) beamline for undulator radiation at
the PTB laboratory at BESSY II. Distinguishing between different
kind of chemical bonds GIXRF-NEXAFS at the O -K edge and re-
spectively the Ti-Liii,ii edges was employed for the speciation of the
TiOx layers.

Initial results confirm that GIXRF-NEXAFS has the potential of
depth profiling of deeply buried interfaces with respect to layer com-
position and elemental speciation.

DS 14.2 Tue 17:00 H34
Self assemblied Ge nanocrystals on high-k cubic Pr2O3(111)
/Si(111) support systems — •Alessandro Giussani1, Thomas
Schroeder1, Cristian Mokuta2, Till Metzger2, Dorin Geiger3,
Peter Formanek3, and Hannes Lichte3 — 1IHP-Microelectronics,
Im Technologiepark 25, 15236 Frankfurt (Oder), Germany —
2European Synchrotron Radiation Facility, BP 220, 38043 Grenoble,
France — 3Technical University of Dresden, Institute of Structure
Physics, Zellescher Weg 16, 01062 Dresden, Germany

The stoichiometry, structure and defects of self-assemblied heteroepi-
taxial Ge nanodots on twin-free type B oriented cubic Pr2O3(111) lay-
ers on Si(111) substrates is studied to shed light on the fundamental
physics of nanocrystal based nonvolatile memory effects. XPS stud-
ies prove the high stoichiometric purity of the Ge nanodots on the
cubic Pr2O3(111)/Si(111) support system. Synchrotron based X-ray
diffraction, including resonant scattering techniques, were applied to
determine the epitaxial relationship, showing that the heteroepitaxial
Ge(111) nanodots crystallize in the cubic diamond structure with an
exclusive type A stacking configuration with respect to Si(111). GI-
SAXS was used in addition to analyse the average shape, size and
distance parameters of the single crystalline Ge nanocrystal ensem-
ble. Furthermore, TEM micrographs report that partial dislocations
are the prevailing extended defect structure in the Ge nanodots, prob-
ably induced by surface roughness on the atomic scale of the cubic

Pr2O3(111) support.

DS 14.3 Tue 17:15 H34
Beitrag wurde abgesagt — •XXX XXX —

DS 14.4 Tue 17:30 H34
Gitteranpassung von kristallinen, SE-dotierten PLD-
Schichten am Beispiel YVO4 — •Bilge Ileri1, Günter Huber1

und Sebastian Bär2 — 1Institut für Laser-Physik, Universität Ham-
burg — 2Universität Tübingen

Die Herstellung epitaktisch gewachsener, kristalliner Schichten ist für
eine Vielzahl von Anwendungen wie Wellenleiterschichten oder kris-
talline Coatings interessant. Entscheidend hierbei ist für die meisten
Anwendungen die hochwertige Qualität der Schichten. Dabei entschei-
dend ist das unmittelbare Wachstum auf dem Substrat, die sogenannte
Grenzschicht.

Bei der Schichtherstellung mittels Pulsed Laser Deposition wird git-
terangepasstes, epitaktisches Wachstum untersucht und am Beispiel
von Ortho-Vanadatschichten vorgestellt. Ausgehend von Eu-dotierten
GdVO4-Schichten auf Saphir mit einer Gitterfehlanpassung von eini-
gen Prozenten werden die strukturellen und spektroskopischen Aus-
wirkungen bei gradueller Reduzierung der Fehlanpassung bis hin zu
gitterangepasstem Schichtwachstum untersucht.

Dabei werden Strukturuntersuchungen mittels Röntgenbeugung und
Spektroskopie von Al2O3-Eu:GdVO4, YVO4-Eu:GdVO4 und YVO4-
Eu:(GdLu)VO4 präsentiert und gitterangepasstes Schichtwachstum
demonstriert. Ergänzende Untersuchungen mittels AFM und Ober-
flächenröntgenbeugung werden vorgestellt.

DS 14.5 Tue 17:45 H34
Characterization of GdScO3 layers by Spectroscopic Ellip-
sometry — Martin Roeckerath, •Jürgen Moers, Jürgen Schu-
bert, and Siegfried Mantl — Institut of Bio- und Nanosystems,
Forschungszentrum Jülich, D-52425 Jülich

This contribution has been appended to session DS 26.
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DS 15.1 Tue 15:00 Poster B
The dielectric function of coronene studied by spectroscopic
ellipsometry — •Daniel Lehmann and Dietrich R.T. Zahn —
Chemnitz University of Technology, Semiconductor Physics, D-09107
Chemnitz, Germany

Coronene is a planar molecule and a promising candidate to be used
as organic semiconductor due to its similarity to anthracene and pen-
tacene. Especially for a possible use in organic light emitting diodes
and organic solar cells the knowledge of the dielectric properties is
crucial. We present the dielectric function of coronene thin films in
the energy range from 0.73 eV to 5.00 eV. Several films with different
thicknesses were grown in high vacuum on oxidized silicon substrates
using organic molecular beam deposition and characterized ex situ by
spectroscopic ellipsometry. The measured data of all samples were cou-
pled to simulate the dielectric function using a mathematical model of
summed Gauss functions to describe the optical response of the organic
material.

DS 15.2 Tue 15:00 Poster B
Optical Properties of Spiro-linked Organic Thin Films —
•Simona Silaghi1, Till Spehr2, Christoph Cobet1, Christoph
Werner1, Josef Salbeck2, Sven Peters3, Walter Braun4, and
Norbert Esser1 — 1ISAS - Institute for Analytical Sciences, De-
partment Berlin, D-12489 Berlin, Germany — 2Institut für Chemie,
Universität Kassel, D-34132 Kassel, Germany — 3SENTECH Instru-
ments GmbH, D-12489 Berlin, Germany — 4BESSY-GmbH, D-12489
Berlin, Germany

Spiro-linked organic materials are very stable candidates [1] for organic
optoelectronics and can be employed in charge transport and emitting
layers of organic light-emitting diodes [2] as well as solid-state lasers
[3]. Particularly, information about the effective refractive index is
needed in the case of spiro-linked organic solid-state UV-lasers based
on distributed feedback resonators [3]. Therefore, spectroscopic el-

lipsometry method is employed here in the energy range from 1.4 to
9.5 eV to extract accurate information about the optical properties of
such spiro-linked organic thin films of Octo1 (2,2’,4,4’,7,7’-hexaphenyl-
9,9’-spirobifluorene) and Octo2 (2,2’,4,4’,7,7’-hexakis(biphenyl-4-yl)-
9,9’-spirobifluorene) grown on silicon substrates. [1] J. Salbeck, N.
Yu, J. Bauer, F. Weissörtel, H. Bestgen, Synth. Met. 91 (1997) 209
[2] D. Gebeyehu, K. Walzer, G. He, M. Pfeiffer, K. Leo, J. Brandt, A.
Gerhard, P. Stößel, H. Vestweber, Synth. Met. 148 (2005) 205 [3] T.
Spehr, A. Siebert, T. Fuhrmann-Lieker, J. Salbeck, T. Rabe, T. Riedl,
H.H. Johannes, W. Kowalsky, J. Wang, T. Weimann, P. Hinze, Appl.
Phys. Lett. 87 (2005) 161103

DS 15.3 Tue 15:00 Poster B
IR mapping ellipsometry of ultrathin organic films on
metallic and semiconducting substrates — •Dana Maria
Rosu1, Michael Gensch3, Karen Kavanagh4, Wenjie Li4, Ju-
lia Hsu5, Norbert Esser1, Ullrich Schade2, and Karsten
Hinrichs1 — 1ISAS - Institute for Analytical Sciences, Department
Berlin, Albert-Einstein-Str. 9, 12589 Berlin, Germany — 2Berliner
Elektronenspeicherring-Gesellschaft für Synchrotronstrahlung mbH,
Albert-Einstein-Str. 15, 12589 Berlin, Germany — 3DESY - Deutsches
Elektronen-Synchrotron, Notkestr. 85, 22607 Hamburg, Germany —
4Kavanagh Lab, Dept. of Physics, Simon Fraser University, 8888 Uni-
versity Dr., Burnaby, BC, V5A 1S6, Canada — 5Sandia National Lab-
oratories, Albuquerque, New Mexico 87185- 1120

An infrared spectroscopic ellipsometer is used for analysis of organic
films on metals or semiconducting substrates. Monolayer sensitiv-
ity is achieved and lateral resolution was improved by utilizing the
synchrotron mapping ellipsometer at BESSY II. IR synchrotron el-
lipsometry enables investigation of sample areas from 0.0625 mm2 to
1mm2. The organic compound is identified by specific vibrational
bands. Evaluation of measured spectra with optical models gives in-
formation about coverage and molecular orientation.
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DS 15.4 Tue 15:00 Poster B
Light induced oxidative switching of anthracene monolay-
ers — •Burkhard Stiller1, Werner Fudiker2, Fred Albrecht1,
Stephan Katholy1, Torsten Linker2, and Dieter Neher1 —
1Universität Potsdam, Institut für Physik, Potsdam, Deutschland —
2Universität Potsdam, Institut für Chemie, Potsdam, Deutschland

We present studies on the reversible photooxygenation of anthracene
monolayers. Dioxygen can reversibly be added to anthracene deriva-
tives by the photoinduced self-sensitised formation of singlet oxygen
affording the corresponding anthracene endoperoxides. A quantitative
reconversion to the parent anthracene is achieved either by heating or
irradiation with UV-light. Calculations suggest significant changes of
the molecular geometry and the dipole moments of the used anthracene
derivatives upon oxidation. This reversible light induced change of the
molecular dipole moment was monitored on-line by Kelvin probe tech-
nique and ellipsometry on anthracene monolayers. We have further
employed this approach to establish a new method for eversible light
and air driven lithography.

DS 15.5 Tue 15:00 Poster B
Low temperature reflection anisotropy spectroscopy investi-
gation of vanadyl phthalocyanine — •Michael Fronk, Björn
Bräuer, Dietrich Zahn, and Georgeta Salvan — Chemnitz Uni-
versity of Technology, D-09107 Chemnitz, Germany

Magneto optical Kerr effect (MOKE) spectroscopy is often used to
characterise metallic films but there are hardly any reports about in-
vestigations on organic layers. It would thus be interesting to prove
whether MOKE spectroscopy is a suitable technique to detect magnetic
phase transitions in organic materials. Here thin films of a paramag-
netic metal phthalocyanine molecule, namely vanadyl phthalocyanine,
are investigated. The films are grown on Si(111) by vacuum evapo-
ration. The MOKE spectra are recorded in the spectral range from
1.5 eV to 5.5 eV with a home-made set-up that analyses the change
in the polarisation state of the reflected light upon applying an exter-
nal magnetic field perpendicular to the sample surface. In addition
to MOKE, the optical anisotropy of the film can lead to a noticeable
change in the polarisation state of the reflected light. The effect of the
optical anisotropy, however, is independent of the applied magnetic
field and in a first approach the two effects sum up. As a first step
in this work the optical anisotropy of the films is investigated in the
temperature range from 300K to 7.5K. With decreasing temperature
all spectral features show slight changes in their relative intensity. The
most pronounced changes are observed in the sub-structure of the Q
band related feature when cooling down from 300K to 100K.

DS 15.6 Tue 15:00 Poster B
XPS and ARPES studies of azobenzene derivatives on HfS2

— •Jaroslaw Iwicki, Susanne Kobelt, Christian Hamann, Kai
Rossnagel, and Lutz Kipp — Institut für Experimentelle und Ange-
wandte Physik, Universität Kiel, D-24098 Kiel, Germany

The light induced isomerization of switchable molecules is of poten-
tial importance for several applications, e.g., molecular electronics. In
this study derivatives of azobenzene (phenylazobenzoic acid, disperse
orange 3) were evaporated onto the layered material HfS2 under UHV
conditions. As a consequence of the weak bonding to the inert surface
of HfS2 the molecules do not deform and should retain their switcha-
bility. XPS and ARPES measurements were carried out at the BW3
beamline at HASYLAB with a Specs Phoibos 150 analyzer. XPS mea-
surements confirm the adsorption of the azobenzene derivatives on the
substrate and XANES and EXAFS reveal the adsorption geometry.
ARPES, XANES and EXAFS data will be presented and discussed.
This work is supported by the DFG Forschergruppe 353.

DS 15.7 Tue 15:00 Poster B
Preparation of organic thin films from solution on metal tem-
plates — •Stephan Wenzel, Norman Schmidt, George Tzvetkov,
and Rainer Fink — Physikal. Chemie 2, Universität Erlangen,
Egerlandstr.3,91058 Erlangen

The preparation of well ordered organic nanostructures is an interest-
ing topic with respect to potential applications in photonic crystals.
We have started with a comprehensive study to investigate the for-
mation of well-ordered and well-oriented organic nanostructures using
metallic microstructures on inert surfaces when the organic substance
is deposited from solution. Emphasis is lying on the effect of reduced
template sizes on the growth of particular crystallites upon slow evapo-
ration of the solvent. We employed various molecular substances which

are attractive for optical investigations. The formation of crystallites
is characterized in-situ by light microscopy and ex-situ by UV pho-
toelectron emission microscopy (PEEM) and scanning transmission
x-ray microspectroscopy (STXM). The latter is used to investigate the
orientation of the microcrystallites from the linear NEXAFS dicroism
which is accessible at the recently installed PolLux beamline at the
Swiss Light Source. The project is funded by the BMBF under con-
tract 05/KS4WE1/6.

DS 15.8 Tue 15:00 Poster B
Optical Investigation of Thin Photochromic Spiropyran
Films — •Martin Schübbe, Michael Karcher, Celine Elsäßer,
Christoph Rüdt, and Paul Fumagalli — Freie Universität, Berlin,
Deutschland

Photochromic molecules, such as spiropyrans, can be reversibly
switched between two different states, a so-called spiropyran and a
merocyanine state, using ultraviolet and visible light. Hence, they can
be read and addressed by a light source and thus be used for optical
devices. Although this switching behavior is established for a series of
photochromic molecules in an isotropic environment like, e.g., solutions
[1,2], little is known about thin organic films on surfaces.

Here, thin films of spiropyran derivatives with a thickness between
10 and 40 nm have been prepared using thermal evaporation in UHV
on quartz, MgO(100), Si(100), Si(111) and Au-coated Si as substrates.
The photochromism of the molecules has been studied using optical
absorption spectroscopy in the UV-VIS range. The films on quartz
and MgO substrates were measured in transmission, the films on Si
and Au-coated Si substrates in reflection. Absorption spectra indi-
cate 80 % reversible switching between the spiropyran and the mero-
cyanine state induced by light irradiation. In addition, a setup for
time-dependent absorption spectroscopy on a time scale of seconds is
presented together with first experimental results.
[1] Berkovic et al., Chem. Rev., 100, 1741-1753 (2000)
[2] Görner, PCCP, 3, 416-423 (2001)

DS 15.9 Tue 15:00 Poster B
Electrospray Ionization Mass Spectrometry and Vacuum De-
position — Nicha Thontasen, •Stephan Rauschenbach, Yeliang
Wang, Giovanni Costantini, Nicola Malinowski, and Klaus Kern
— Max-Planck-Institut for Solid State Research, Nanoscale Science
Department, Heisenbergstr. 1, 70569 Stuttgart

Scanning Tunneling microscopy offers an atomic scale view of func-
tional molecules and nanostructures at surfaces. In case of large bio-
logical molecules or inorganic nanoparticles, their controlled deposition
on well defined surfaces under ultra-high vacuum conditions is hindered
by their low vapor pressure.

To overcome this limitation electrospray ionization, a soft ionization
technique, is used to create an ion beam for soft vacuum deposition.
The developed apparatus employs RF- and electrostatic ion optics to
control the beam’s properties such as energy, focusing and tempera-
ture. The ion beam, generated at ambient pressure, is guided through
several pumping stages into high or ultrahigh vacuum.

Using time-of-flight mass spectrometry the composition of the beam
can be characterized before deposition. The deposition of clusters,
large molecules and proteins was demonstrated for high vacuum con-
ditions. Current studies are focusing on the destruction free deposition
of molecules and clusters, so called soft landing.

S. Rauschenbach, F. Stadler, E. Lunedei, N. Malinowski, S. Koltsov,
G. Costantini, K. Kern, Electrospray Ion Beam Depostion of Clusters
and Biomolecules, Small 4 (2006)

DS 15.10 Tue 15:00 Poster B
Layer-by-layer growth of Metal-Organic Open Frameworks
on a Functionalized Organic Surface — •Osama Shekhah, Hui
Wang, Thomas Strunskus, and Christof Woell — Ruhr Univer-
sity Bochum, Lehrstuh fur Physikalshe Chemie 1, Universitatsstr 150,
44780 Bochum

Using a novel layer-by-layer approach, Metal-Organic Open Frame-
works (MOFs) based on benzenetricarboxylic acid (BTC) ligand and
Zn(II)-ions were deposited on a COOH-terminated organic surface.
The deposited layers were characterized using XPS, IRS, NEXAFS
and AFM. AFM data showed the selective deposition of a BTC layer
with a height of about 1.6 nm. XPS and IRS data showed the same
increase in thickness per layer up to 8 layers. Considering AFM data
and the fact that NEXAFS data reveal an orientation of the BTC-
units which is mainly perpendicular to the surface, allowed to put a
model, yielding a structure of almost vertical layers of the authentic
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Zn(II)-BTC MOFs which are interconnected as in the bulk structure
by water molecules. Attempts to obtain a powder XRD pattern for
MOFs with a thickness of up to 8 layers were unsuccessful, as expected
for organic adlayers of small thickness. We could, however, success-
fully demonstrate the gas-loading properties of a 8-layer MOF by an
exchange experiment where the water in the BTC-layer is repeatedly
and reversibly exchanged by Ammonia. This layer-by-layer deposition
of MOFs on organic surfaces opens up the possibility to synthesize
completely new types of MOFs with compositions and structures not
accessible by bulk synthesis routes.

DS 15.11 Tue 15:00 Poster B
Creation of microstructured poly(glycidyl-methacrylate) sur-
faces — •Viatcheslav Gruzdev, Anton Kiriy, and Manfred
Stamm — Leibniz Institute of Polymer Research Dresden, Hohe Str.
6, D-10069 Dresden, Germany

Here we describe a novel method for fabricating of microstructured
polymer brushes based on grafting of monocarboxylated end-functional
polymers to the microstructured poly(glycidyl-methacrylate) (PGMA)
anchor layer. To achieve desirable morphology of PGMA layer two
methods were applied. In the first method solutions of PGMA in
different solvents spin-coated onto Si-wafer form porous, chainlike or
patched PGMA surfaces. Type and size of PGMA structures depends
on used solvent, modification of a substrate, concentration of PGMA
and used add-ons. Addition of 1-0.5% (mass.) of 1,4-butandiol to so-
lutions of PGMA greatly increases reproducibility of the method and
gives possibility to obtain PGMA structures from different solvents.
Second method is based on the phase separation of PGMA/PS blend
in thin film. Upon spincoating, blend forms regions of PS and PGMA
on the surface. Chemical or termical fixation of PGMA structures on
the surface followed by extraction of PS gives structured PGMA sur-
face. Lateral dimensions of PGMA structures in both methods were
in the range of 100-500 nm. Microstructured polystyrene brush and
bicomponent PS/P2VP brush have been prepared. Combination of
scanning probe microscopy, ellipsometry and contact angle measure-
ments was used to study surface properties and morphology.

DS 15.12 Tue 15:00 Poster B
Sensing investigations of tungsten oxide nano-particle thin
films using Impedance Spectroscopy — •Tim Hülser1,2, Hart-
mut Wiggers2, Sonja Hartner1, and Axel Lorke1 — 1Department
of Physics, University of Duisburg-Essen, 47057 Duisburg, Germany —
2Institute of combustion and gas dynamics, University of Duisburg-
Essen, 47057 Duisburg, Germany

Tungsten oxide nanoparticles particles are synthesized in a low pres-
sure premixed H2/O2/Ar flame reactor using WF6 as precursor ma-
terial. The parameters can be adjusted to synthesize WOx particles
with 2.6 < x < 3. Thin films of particles in the size range from 5 nm to
9 nm deposited on interdigital structures are investigated. Impedance
spectroscopy on the as-prepared WOx thin films have been performed
under synthetic air and synthetic air with 1000 ppm NO or CO in the
range from 553 K to 583 K. The overall impedance data reveal sensi-
tivities of S = 3.8 for CO at 553 K and a maximum of sensitivity S= 5
for NO at 573 K. Fits of the overall impedance data using equivalent
circuit reveal two contributions to the overall impedance which are as-
signed to grain-boundary contacts on the surface of each particle and
a semi-conducting core conductivity. Furthermore, we have been able
to calculate the sensitivity for both processes separately. From this
investigation we show that the sensitivity of the grain boundary con-
tribution in presence of CO exhibits values up to S = 12, much higher
than the core sensitivity with S= 2.6 at 553 K. A similar behaviour is
observed under the presence of NO.

DS 15.13 Tue 15:00 Poster B
Adsorption of CdTe nanoparticles on Poly(acrylic acid)
brushes — •Smrati Gupta1, Petra Uhlmann1, Nikolai Gaponik2,
and Manfred Stamm1 — 1Leibniz-Institut für Polymerforschung
Dresden, 01069 Dresden, Germany — 2Technische Universität Dres-
den, Institut für Physikalische Chemie und Elektrochemie, 01062 Dres-
den, Germany

We report on the adsorption of amino functionalized CdTe nanoparti-
cles on Poly(acrylic-acid) (PAA) polymer chains, tethered by one end
to an underlying substrate in a polymer brush configuration. PAA
brushes were prepared on silica substrate via *grafting to* method
and 2-aminoethanethiol stabilized CdTe nanoparticles (2-4 nm) were
prepared using the reaction between Cd2+ and NaHTe under specific
reaction conditions. Functionalized particles were found to get ad-

sorbed on the brushes by the physical interaction between carboxylic
groups of PAA polymer chains and amino groups of CdTe nanopar-
ticles. Presence of CdTe nanoparticles on the polymer brushes was
confirmed by the Atomic Force Microscopy (AFM), X-ray photoelec-
tron spectroscopy (XPS) and Photoluminescence (PL) spectroscopy.
Switching of the modified PAA brushes by changing the pH of sur-
rounding media, explore the use of this system in the fabrication of
the sensors.

DS 15.14 Tue 15:00 Poster B
The Growth of Carbon Nanotubes on Prestructured Sub-
strates by Chemical Vapour Deposition — •Thomas Reichel,
Mathias Steglich, and Bernd Schröter — Friedrich-Schiller-
Universität Jena, Institut für Festkörperphysik, Max-Wien-Platz 1,
07743 Jena, Deutschland

Today, carbon nanotubes (CNT) with various parameters like diameter
and length, with single or multi walls can be produced using arc dis-
charge, chemical vapour deposition (CVD) and laser ablation methods.
A controlled growth of carbon nanotubes with particular properties
like chirality at predefined positions is a prerequisite to utilize CNTs
in electronic or nanooptical devices. CVD is the favoured fabrication
technique to grow CNTs directly on substrates with prestructured cat-
alysts.

Our CVD system allows to grow nanotubes in a large temperature
range up to 2000K with different process gases and gas mixtures. The
Fe or Ni catalyst is vacuum evaporated as a thin layer onto the silicon
oxide substrate. The nanotubes are characterized by scanning electron
microscopy, photoelectron and raman spectroscopy.

DS 15.15 Tue 15:00 Poster B
Magnetoelectrolysis of Co nanowire arrays grown in a track-
etched polycarbonate membrane — Jaime Sánchez-Barriga1,3,
Manuel Lucas2, •Florin Radu3, Guillermo Rivero1, Pilar
Marin1, and Antonio Hernando1 — 1Instituto de Magnetismo Apli-
cado (UCM-RENFE-CSIC), P.O. Box 155, 28230, Las Rozas, Madrid,
Spain — 2Technische Universität Berlin, Institut für Theoretische
Physik, Hardenbergstr. 36, D-10623, Berlin, Germany — 3BESSY
GmbH, Albert-Einstein Strasse 15, D-12489, Berlin, Germnay

Arrays of Cobalt nanowires with a controlled length of 6 µm have been
fabricated by electrochemical deposition into the pores of track-etched
polycarbonate membranes with a nominal pore diameter of 30 nm.
The magnetic properties of Co-deposited nanowires and the effects of
a magnetic field applied during electrodeposition of the arrays have
been studied. An enhancement of the mass deposition rate due to
the presence of a 50Oe magnetic field along the nanowire axis has
been observed by measuring the experimental development of the cur-
rent in the electrochemical cell during the fabrication process. X-Ray
diffraction measurements reveal a different polycrystalline degree for
each deposition configuration, indicating that the crystalline structure
of the deposited material has been substantially modified. Magnetic
measurements show a clear dependence of the anisotropy directions
on the orientation of the magnetic field applied during the electrode-
position.

DS 15.16 Tue 15:00 Poster B
Surface plasmonic properties in swift heavy ion (SHI) treated
Au, Ag, and Cu based polymer-metal nanocomposite films
— •Venkata Sai Kiran Chakravadhanula1, Christian Hanisch1,
Henry Greve1, Dietmar Fink2, Vladimir Zaporojtchenko1, and
Franz Faupel1 — 1Chair for Multicomponent Materials, Technical
Faculty of CAU Kiel, Kaiserstrasse2, 24143 Kiel, Germany — 2Hahn-
Meitner-Institut, Department SF4, P.O.Box 39 01 28, Glienicker Str.
100, D-14109 Berlin, Germany

Surface plasmonic properties of polymer-metal nanocomposites has
gained interest in the field of nanocomposites for optical applica-
tions. In the present work, various Au, Ag, and Cu based polymer-
metal nanocomposites were prepared by employing a vapor phase co-
sputtering technique. Irradiation was performed of these nanocompos-
ites by 350MeV Au ions with fluences of 1× 1011, 5× 1010, 2.5× 1010

and 1.25 × 1010 at the HMI, Berlin. The characterizations of the op-
tically functional nanocomposite materials were carried out by trans-
mission electron microscopy, energy dispersive X-ray analysis, and UV-
visible spectroscopy. The UV extinction spectra of the pristine samples
show a sharp absorption maximum at the surface plasmon resonant
wavelength according to their geometry and material properties. De-
pending on the variation in the SHI fluences, changes were observed
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in the microstructure and the optical spectra. These will be discussed
in terms of ion material interactions.

DS 15.17 Tue 15:00 Poster B
Structural properties of cobalt implanted TiO2 rutile films —
•Numan Akdogan1, Alexei Nefedov1, Werner Becker2, Rustam
Khaibullin3, Lenar Tagirov3,4, and Hartmut Zabel1 — 1Institut
für Experimentalphysik IV, Ruhr-Universität Bochum — 2Institut
für Physik mit Ionenstrahlen, Ruhr-Universität Bochum — 3Kazan
Physical-Technical Institute of RAS — 4Kazan State University

Recently we have reported room temperature ferromagnetism (FM)
and in-plane magnetic anisotropy of single-crystalline rutile structures
after high dose Co implantation [1]. From the observation of in-plane
magnetic anisotropy we concluded that FM in this system results from
incorporation of Co ions in the TiO2 lattice, but co-existence with Co
nanoclusters could not be excluded. To clarify this situation we stud-
ied the structural properties of Co-doped (100)-oriented rutile TiO2

single crystals for different implantation doses. Co ions implanted into
rutile TiO2 substrates with energy of 40 keV and implantation dose
in the range of 0.25-1.50·1017 ions/cm2. The structural characteriza-
tion was carried out using synchrotron radiation at the HASYLAB.
The specular and off-specular reflectivity measurements probe the im-
planted Co density profile. In addition, with RBS the depth profile was
determined and used for fitting the x-ray reflectivity data. This way a
consistent and very good agreement of the fit to the x-ray reflectivity
data could be achieved. - Partial support by SFB 491, by RFBR (grant
04-02-97505), and by TUBITAK (project 104T176) is acknowledged.
N. Akdogan acknowledges a fellowship through IMPRS-SurMat. [1]
N. Akdogan et al., J. Phys.: Condens. Matter. 17, L359 (2005)

DS 15.18 Tue 15:00 Poster B
A transmission electron microscopy study of TiO2 thin films
epitaxially grown on SrTiO3 and yttria-stabilized zirconia
substrates — •Andriy Lotnyk, Stephan Senz, and Dietrich Hesse
— Max Planck Institute of Microstructure Physics

Anatase and mixed (brookite and anatase) TiO2 thin films deposited
on SrTiO3 (STO) and yttria-stabilized zirconia (YSZ) substrates, re-
spectively, by reactive electron beam evaporation were investigated
using high-resolution transmission electron microscopy (HRTEM) and
electron diffraction analysis (ED). HRTEM and ED insvestigations
showed that epitaxial anatase thin films were grown on the (100)- and
(110)-oriented STO substrates. The anatase thin films consist of grains
with low angle grain boundaries showing a rather perfect microstruc-
ture of the films. Defects, such as misfit dislocations were found near
the anatase/STO interface. The anatase films were transformed into a
cubic structure similar to TiO when extensively exposed to the 400 keV
electron beam. The crystallographic reason for the epitaxy between
anatase films and a perovskite substrate is given. On the other hand,
HRTEM insvestigations showed that a film deposited on (100)-oriented
YSZ substrates at a substrate temperature of 600◦C consist of mixed
epitaxial anatase and brookite grains. (112) anatase twins were found
in the film.

DS 15.19 Tue 15:00 Poster B
Time dependent desciption of thermal effects during trans-
mission of electrons through thin solids — •Werner Koch1,
Frank Grossmann1, Axel Rother2, and Rüdiger Schmidt1 —
1Institut für Theoretische Physik, Technische Univeristät Dresden,
01062 Dresden — 2Institut für Strukturphysik, Technische Univeristät
Dresden, 01062 Dresden

As it has been shown by Schmidt[1], the coherence length of projectile
electrons propagating in Transmission Electron Microscopes (TEM) is
of the same order of magnitude as the target thickness. Therefore the
modelling of the processes involved in high resolution microscopy by
means of a plane wave approach seems too crude an approximation.
The purpose of this project is to develop a method to describe this
process by propagating localized electron wave packets. A comparison
of the incorporation of thermal effects is given between a full ensem-
ble average of independent simulations in frozen lattice approximation
and the modelling via the Debye-Waller factor.

[1]: Schmidt, H. 1985: Fakultaet der Physik, der Eberhard-Karls-
Universitaet zu Tuebingen, Diss.

DS 15.20 Tue 15:00 Poster B
Relaxation effects in NiMnSb-Half-Heusler thin films —
•Andreas Stahl, Christian Kumpf, and Eberhard Umbach — Uni-
versität Würzburg, Experimentelle Physik II

Due to its unusual half-metallic properties the Half-Heusler alloy
NiMnSb is an important material which may be utilized for the fabri-
cation of spintronic devices. It can be grown in high crystalline quality
on InGaAs/InP substrates, however, as for all heteroepitaxial systems
mechanical stress is an important factor which influences crystalline
quality, film growth, and magnetic properties. One example is a mag-
netic anisotropy which depends on the thickness of the Half-Heusler
layer [1].

It turned out that the properties of the NiMnSb layers are strongly
influenced by air. Therefore we present results from two series of sam-
ples, one with, the other without an amorphous Au/Ti cap layer.
Reciprocal space mapping and x-ray reflectivity measurements were
performed at the six-circle-diffractometer at BW2, HASYLAB, Ham-
burg. Structural properties like the critical thickness for pseudomor-
phic growth, relaxation, interface roughnesses, and the influence of the
capping on these parameters are discussed.

[1] A. Koveshnikov et al.: J. Appl. Phys. 97, 073906 (2005).

DS 15.21 Tue 15:00 Poster B
Roughness of laser deposited metal / metal oxide layered
structures — •Tobias Liese, Andreas Meschede, Johanna Röder,
and Hans-Ulrich Krebs — Institut für Materialphysik, University of
Göttingen, Friedrich-Hund-Platz 1, 37077 Göttingen

The roughness of laser deposited Ti/MgO and Ag/ZrO2 layered thin
films were investigated by atomic force microscopy (AFM) and X-ray
reflectivity (XRR), which are sensitive on the surface and interface
roughness, respectively. When depositing the metals, nucleation and
island growth occur which first roughen the surfaces with increasing
layer thickness. Then, coalescence and island zipping processes reduce
the roughness again. Minimal roughness is reached, when the metal
layers are just closed. In both systems, the deposition of the metal
oxide leads to layer smoothing. The underlying growth processes for
single and double layers as well as the reduction of roughness in mul-
tilayers are discussed.

DS 15.22 Tue 15:00 Poster B
In-situ surface sensitive X-ray investigations of quench
condensed thin metal films — •Christian Markert, Dirk
Lützenkirchen-Hecht, Sascha Gertz, and Ronald Frahm — Ber-
gische Universität Wuppertal, Fachbereich C / Abteilung Physik,
Gaußstraße 20, 42119 Wuppertal

We report of ultrahigh vacuum (UHV) experiments on ultra thin Au,
Bi and Pb films (thickness less than 10 nm) deposited on atomically flat
float-glass substrates which are held at cryogenic temperatures down to
10 K. For deposition temperatures below 100K the formation of highly
disordered or even amorphous metal films can be expected, because
thermally activated diffusion of the ad atoms should be inhibited. An
UHV chamber was constructed which is suited for grazing incidence
X-ray experiments during the quench condensation of the metal films.
Various X-ray methods were used for the in-situ investigation of the
films growth and their structural evolution with the thickness and an
subsequent annealing process. EXAFS (Extended X-ray Absorption
Fine Structure) in reflection is used to study the local structure of the
films. Furthermore specular and non-specular X-ray reflectivity mea-
surements were performed to get information about the films density
and surface roughness parameters (correlation length, hurst parameter
etc.). In addition in situ resistivity measurements which are sensitive
towards changes of the films microstructure were performed in parallel
to the X-ray experiments.

DS 15.23 Tue 15:00 Poster B
Retardation correction for PEM based multi-channel re-
flectance difference spectroscopy — •Chunguang Hu1,2, Li-
dong Sun1, Michael Hohage1, J. Flores-Camacho1, Peter
Zeppenfeld1, and Xiaotang Hu2 — 1Institute of experimental
physics, Johannes Kepler University Linz, Linz, Austria — 2Key lab of
precision measurement technology and instrument, Tianjin University,
Tianjin, China

Reflectance difference spectroscopy (RDS) is a highly surface sensitive
optical probe, providing information on the surface structure, morphol-
ogy, and electronic properties. To realize the fast spectroscopy mea-
surement, several photoelastic modulator (PEM) based multi-channel
RDS systems have been developed [1, 2]. A general problem that arises
in this type of RDS setup is the wavelength dependence of the PEM.
Different from the more conventional setup, for a multi-channel RDS,
PEM voltage must be held fixed while all the channels are detected
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simultaneously. As a result, the retardation of PEM is unequal for
different wavelengths and the optimized condition is only fulfilled for a
single wavelength. Consequently, a retardation correction is necessary
for other wavelengths. Here, we introduce two generalized methods
for the retardation correction in which the wavelength dependence of
birefringence coefficient has also been taken into consideration. The
result is compared with that reported in [1, 2].

[1] C. Kaspari et al, Phys. Stat. Sol. (b) 242, 2561 (2005).
[2] P. Harrison et al, Meas. Sci. Technol. 12, 2185 (2001).

DS 15.24 Tue 15:00 Poster B
Structural Properties of CoFeB/MgO Magnetic Tunnel Junc-
tion Multilayers — •Miriana Vadala, Alexei Nefedov, Gregor
Nowak, Arndt Remhof, Kurt Westerholt, and Hartmut Zabel
— Experimentalphysik/Festkörperphysik, Ruhr-Universität Bochum,
Germany

The focus of the spintronics community is presently on CoFeB/MgO
based Magnetic Tunnel Junctions (MTJs). Tunnel Magneto Resis-
tance values above 200% at room temperature with a crystalline MgO
barrier have already been reported. Depending on the boron con-
tent, annealing at low temperatures, typically in the range from 270◦C
to 360◦C, leads to a re- crystallisation of CoFeB. We present results
from the characterization of different series of CoFeB/MgO multilay-
ers grown on a Si/SiO2 substrate, synthesized by ion beam deposition.
Key parameters for MTJs are the single-layer thickness, the growth
process of the oxide barriers, and the annealing temperatures. They
rule the degree of re-crystallization of the CoFeB/MgO together with
the interface roughness. Three different growth procedures for the
MgO spacer layers have been tested. Polarized neutron reflectivity
data confirm that reactive deposition provides the proper stoichiome-
try for MgO. From X-ray specular and transverse diffuse reflectivities
we obtain the structural parameters, namely the layer thickness and
the interface roughness. Although the layer thickness does not vary
with the annealing procedures, the roughness slightly changes before
and after annealing. Financial support provided through the EU-RTN
*ULTRASMOOTH*, support by SFB 491 and by BMBF 03ZA6BC1
is acknowledged.

DS 15.25 Tue 15:00 Poster B
Speciation of carbonitride nanolayers — Olaf Baake1, Pe-
ter Hoffmann1, Andreas Klein1, Wolfgang Ensinger1, •Beatrix
Pollakowski2, Burkhard Beckhoff2, Jan Weser2, Gerhard
Ulm2, Nadeshda Fainer3, Marina Kosinova3, and Valentina
Trunova3 — 1TU Darmstadt, Materials Science, Petersenstr. 23,
64287 Darmstadt, Germany — 2Physikalisch-Technische Bunde-
sanstalt, Abbestr. 2-12, 10587 Berlin, Germany — 3Nikolaev Institute
of Inorganic Chemistry SB RAS, 630090 Novosibirsk, Russia

The aim of this work is the determination of the chemical bonds char-
acter of novel and technologically relevant layered systems of boron and
silicium carbonitrides. Carbonitrides are mainly produced by plasma-
enhanced chemical vapor deposition processes with various kind of
precursor materials. Having yet not fully understood the behavior of
these materials there are still important questions like whether the
produced carbonitrides are new materials with well-defined bonds or
simply mixtures of carbide and nitrides.

For their speciation, methods like total reflection X-ray fluorescence
combined with near edge X-ray absorption fine structure (TXRF-
NEXAFS) and X-ray photoelectron spectroscopy (XPS) were em-
ployed. Both techniques can substantially contribute to the clarifica-
tion of the chemical bond structure of the given carbonitride samples.

DS 15.26 Tue 15:00 Poster B
Rauigkeitsanalyse von Cäsiumoberflächen über die Auswer-
tung der Autokorrelationslänge — •Armin Fubel1, Martin
Zech1, Paul Leiderer1, Jürgen Klier1 und Valeri Shikin2 —
1Universität Konstanz, Fachbereich Physik, D-78457 Konstanz —
2ISSP, 142432 Chernogolovka, Moskau, Russland

Cäsiumoberflächen, die bei tiefen Temperaturen durch abschrecken-
de Kondensation erzeugt wurden, werden auf Nanometerskala mittels
Rastertunnelmikroskopie untersucht. Es wird die Analyse der Ober-
flächenrauigkeit mit Hilfe der Auswertung der Autokorrelationsfunk-
tion von den Cs-Oberflächen vorgestellt. Um die richtige Autokorre-
lationsfunktion zu extrahieren, zeigen wir die Bedingung für die late-
rale Auflösung von Rastersondenmikroskopie (RSM) im Allgemeinen.
Dies wird durch ein ’numerisches Experiment’ belegt. Darüber hinaus
stellen wir einige Methoden vor, wie man höhere Ordnungen der Au-
tokorrelationslänge ableitet, welche benötigt werden, um RSM Bilder

mit nichtzufälliger Verteilung der Rauigkeitsamplituden auszuwerten.
Diese charakteristischen Größen der Autokorrelationsfunktion sollten
die Schlüsselrolle in weiteren statistischen Berechnungen spielen, z.B.
bei der Fragestellung, wie die Oberflächenrauigkeit das Benetzungsver-
halten von flüssigem Helium, das auf der Cäsiumoberfläche adsorbiert
ist, verändert.

DS 15.27 Tue 15:00 Poster B
Comparative study of PLD and sputtered Pr0,68Ca0,32MnO3

films: Resistance switching effect at room temperature —
•Julia Fladerer, Peter Moschkau, Sebastian Schramm, Chris-
tian Jooss, and Jörg Hoffmann — Institut für Materialphysik, Uni-
versität Göttingen

PCMO thin films were grown on SrTiO3 substrates with an average
thickness of 330 nm via ion-beam sputtering and pulsed laser deposi-
tion (PLD). A temperature series was carried out to be able to control
polycrystalline and epitaxial growth. It was found, that initial resis-
tivity and film strain could also be controlled this way. Both types
of films were analysed in via SEM, AFM and x-ray and a systematic
comparison of the lattice parameters, twinning and resistivity was per-
formed. The remanent resistance change after applying positive and
negative voltage pulses was analyzed at room temperature. In order
to study the impact of different preparation techniques on the colos-
sal electro- and magnetoresistance, temperature dependent resistance
measurements at different current and magnetic fields are presented
for selected samples.

DS 15.28 Tue 15:00 Poster B
Herstellung mittels PLD und Charakterisierung der kris-
tallographischen Eigenschaften von ZnO/YBa2Cu3O7−x-
Schichtsystemen — •Robert Pietzcker, Veit Grosse, Gabri-
el Zieger, Frank Schmidl und Paul Seidel — Institut für
Festkörperphysik, Friedrich-Schiller-Universität Jena, Helmholtzweg 5,
D-07743 Jena

Zinkoxid (ZnO) ist ein vielseitig einsetzbarer Halbleiter mit großer
Bandlücke, dessen Leitfähigkeit durch Veränderung der Sauerstoffkon-
zentration um mehrere Größenordnungen variiert werden kann.

Im Rahmen der Untersuchung verschiedener Isolatoren für
Hochtemperatur-Supraleiter-Dünnschichtsysteme wurden 200-
1000 nm dicke ZnO-Schichten mittels PLD epitaktisch auf
YBa2Cu3O7−x (YBCO)-Schichten auf SrTiO3 (STO)-Substraten ab-
geschieden. Der Schichtherstellungsprozess wurde durch Variation des
Sauerstoffdrucks (1 - 10Pa) und der Substrattemperatur (200 - 550◦C)
auf Kristallinität und Oberflächenmorphologie optimiert.

Oberflächenanalysen mittels SEM und AFM ergaben glatte Schich-
ten mit Rauhigkeiten um 8 nm. Mittels Röntendiffraktometrie wurde
die Kristallinität der Schichtsysteme analysiert und Halbwertsbreiten
der Rockingkurven von ZnO zwischen 1◦ und 6◦ ermittelt. Darüber
hinaus wurde die Sauerstoffverarmung der YBCO-Schichten bei ver-
schiedenen Abscheideparametern untersucht.

DS 15.29 Tue 15:00 Poster B
Characterisation of praseodymium-oxide films on Si(111)
including SPALEED, XRD and GIXRD measurements
— •Sebastian Gevers1, Thomas Weisemoeller1, Thomas
Schroeder2, Peter Zaumseil2, Lars Boewer1, Carsten Deiter1,
and Joachim Wollschlaeger1 — 1Fachbereich Physik, Universität
Osnabrück, Barbarastrasse 7, 49076 Osnabrück, Germany — 2IHP Mi-
croelectronics, Im Technologiepark 25, 15236 Frankfurt (Oder), Ger-
many

Materials with high dielectric constants k offer great potentialities to
improve performance of semiconductor devices. In this context the in-
vestigation of praseodymium-oxide films leads to a deeper understand-
ing of fundamental aspects of heteroepitaxial growth of oxide films on
Si(111). Object of this research are Si(111) samples on which Pr2O3

films of thickness d ≤ 10 nm have been deposited. The oxide films were
produced using MBE, so that the Pr2O3 films have hexagonal struc-
ture. Afterwards they were annealed in N2 to form Pr2O3 films of cubic
structure. Several investigation methods like SPALEED and AES as
well as (GI)XRD were used. (GI)XRD investigations were performed
at beamlines BW2 and W1 at HASYLAB(DESY). Throughout these
experiments a complete transformation of the crystallographic phase
from hexagonal-Pr2O3 to cubic-Pr2O3 (B oriented) could be observed.
This can be attributed to the annealing process. The thickness of
the crystalline part of the oxide film annealed at higher temperatures
decreases. Therefore silicate is formed at the interface. SPALEED
investigation shows a 4× 4 reconstruction at the cubic phase.
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DS 15.30 Tue 15:00 Poster B
Infrared in-situ analysis of solid-liquid interfaces — •Karsten
Hinrichs1, Katy Roodenko1, and Jörg Rappich2 — 1ISAS - Insti-
tute for Analytical Sciences, Department Berlin, Albert-Einstein-Str.
9, 12489 Berlin, Germany — 2Hahn-Meitner-Institut Berlin GmbH,
Abt. Silizium-Photovoltaik, Kekuléstr. 5, 12489 Berlin, Germany

Polarisation dependent Infrared (IR) spectroscopy and I-V measure-
ments were used for monitoring the etching of silicon oxide and the
electrochemical grafting of nitrobenzene on H passivated silicon sur-
faces. A new type of in-situ cell is presented which allows nanometer
thickness sensitivity for investigation of inorganic or organic films at
the liquid-solid interface. The spectra taken in the mid infrared spec-
tral range were simulated within an optical model and the etch rate
was determined quantitatively.

DS 15.31 Tue 15:00 Poster B
Determination of intrinsic stresses in thin films by nanoin-
dentation — •Olena Chkhrai1, Norbert Schwarzer2, and Frank
Richter1 — 1Chemnitz University of Technology, Institute of Physics,
09107 Chemnitz — 2SIO - Saxonian Institute of Surface Mechanics,
Am Lauchberg 2, 04838 Eilenburg

Intrinsic stresses often occur in thin films as a result of the complex
formation of the thin film structure. It is well known, that such stresses
may influence not only the mechanical behaviour of thin films but -
via band-bending - also electrical and optical properties. Therefore,
knowledge of mechanical film stresses is desired in many cases.

The aim of this work is to determine intrinsic stresses by means
of nanoindentation. One of us (N.S.) has shown [1], that intrinsic
stresses can be derived from nanoindentation data by combination of
”pure normal”and mixed (normal + tangential) loading, in particular,
when the concept of the ”effectively shaped indenter”is used.

In order to compare this theory with experiment, a experimental
setup was constructed which allows to vary the film stresses in a de-
fined way and then to do nanoindentation. Indentation experiments
were performed using a novel device (UNAT, Asmec GmbH) which
allows to utlise both normal and tangential loads.

[1] N. Schwarzer: ”Determining of intrinsic stresses in layered ma-
terials via nanoindentation: the question of in principle feasibility”,
http://archiv.tu-chemnitz.de/pub/2006/0018/index.html

DS 15.32 Tue 15:00 Poster B
Development of a new software tool to characterize mechani-
cal properties in layered structures — •Ferenc Molnar1, Nor-
bert Schwarzer2, Matthias Herrmann1, and Frank Richter1

— 1Chemnitz University of Technology, Solid State Physics, 09107
Chemnitz, Germany — 2Saxonian Institute of Surface Mechanics, Am
Lauchberg 2, 04838 Eilenburg, Germany

For complicated film structures such as multilayered systems (up to 10
single layers) or films with a gradient Young’s Modulus we are develop-
ing a new software tool named FILMDOCTOR. It allows us to analyse
the elastic stress fields inside these structures under a great variety of
loading conditions. The software is based on the theory of image loads,
leading to a complete analytical solution of the contact equations for
almost arbitrary mixed loading conditions of normal, lateral, tilting
and rotating loads together with a specimen definition including in-
trinsic stresses or gradient Young’s Modulus structures. With the help
of the effective indenter model we are also able to calculate the Young’s
Modulus of very thin films even if we get an inelastic response of the
specimen during indentation experiments. To verify the analytical cal-
culations we employ FEM-Simulations and experiments with respect
to typical loading and specimen conditions. Measurements were done
using the Nanotester UNAT which allows to utilise both normal and
lateral forces. Results of these comparisons will be shown in this work.
Based on the obtained Young’s Modulus we are able to calculate the
stress fields during indentation such as the Von-Mises stress.

DS 15.33 Tue 15:00 Poster B
Investigations of the mechanical loss of tantala films be-
tween 5 and 300K — •Matthias Hudl1, Ronny Nawrodt1,
Anja Zimmer1, Sandor Nietzsche1, Wolfgang Vodel1, Andreas
Tünnermann2, and Paul Seidel1 — 1Friedrich Schiller University -
Institute of Solid-State Physics, Helmholtzweg 5, D-07743 Jena, Ger-
many — 2Friedrich Schiller University - Institute of Applied Physics,
Albert-Einstein-Straße 15, D-07745 Jena, Germany

Mechanical losses in dielectric mirror coatings of interferometric grav-
itational wave detectors are a main issue for the proposed advanced

generation of gravitational wave detectors. Recent investigations have
shown that the mechanical loss of the dielectric mirror coatings (tan-
tala/silica stacks) is probably the main contribution to the detector
noise. There are indications that among both coating materials tantala
gives the major contribute to mechanical loss. Experimental details of
a measuring setup and investigations of the temperature dependency of
the mechanical dissipation in thin tantala films on different substrates
are presented.

This work is supported by the DFG under contract SFB TR7.

DS 15.34 Tue 15:00 Poster B
Adhesion energy measurements by means of white-light mi-
croscopy and controlled-buckling technique — •Eugen Nikitin,
Astrid Pundt, and Reiner Kirchheim — Institut für Materialphysik,
Friedrich-Hund-Platz 1, 37077 Göttingen

Adhesion energies determine the attachment of different materials to
each other and therefore, are rather important for multi-material stack
designs. However, there is a lack of data in this field and existing data
vary from each other depending on the method. This can be usually
attributed to plastic deformation which accompanies the measurement
process. In this contribution, two methods were used to determine ad-
hesion energies between an adhering film (Nb) and a rigid substrate
(PC). Both methods use film buckling upon mechanical stress to cal-
culate the adhesion energy. For the first method, applying the theory
of Gille and Rau, the cross-sectional buckle-morphologies of straight
sided buckles were measured by using a white-light interferometer. The
second method, the controlled-buckling-technique, uses the critical hy-
drogen concentration above which film buckling sets in.[1-2] It will be
shown that the two methods give similar results. But, it results also,
that the Gille-and-Rau-method is very sensitive to shape variations
occurring from local plastic deformations. [1] A. Pundt, P. Pekarsky,
*Buckling of thin Nb-films on polycarbonate substrates upon hydrogen
loading* Scripta Mat. 48 (2003) 419-423. [2] A. Pundt, E. Nikitin, P.
Pekarsky, R. Kirchheim, *Adhesion energy between metal films and
polymers obtained by studying the buckling of the film*, Acta Mater.
52 (2004) 1579-1587.

DS 15.35 Tue 15:00 Poster B
Nanocrystalline Diamond films: Morphology, Spectroscopy
and Nano-Structuring — •Frederik Klauser1, Xianjie Liu1,
Norbert Memmel1, Erminald Bertel1, Doris Steinmüller2, and
Alexander Kromka2 — 1Institute of Physical Chemistry, LF Univer-
sity of Innsbruck, Austria — 2rho-BeSt company, Innsbruck, Austria

Raman spectroscopy, atomic force microscopy (AFM), x-ray diffrac-
tion (XRD), x-ray photoemission spectroscopy (XPS) and electron
energy loss spectroscopy (EELS) were used for the investigation of
nanocrystalline diamond films, produced by a modified hot filament
CVD method (rho-BeSt process). For diamond deposition, sample
pre-treatment is essential to enhance the rate of primary nucleation.
The primary nucleation density affects future film roughness and mor-
phology as shown by Secondary Electron Microscopy (SEM) and AFM
images. Using specific deposition conditions, the rate of secondary nu-
cleation can be tuned, yielding different diamond crystallite sizes and
textures. Grain sizes were determined from XRD peak profiles and
AFM images. Depending on the deposition conditions, the films show
particle sizes ranging from several hundreds of nanometers down to
approximately 5 nm. The change of crystallite size can also be ob-
served by Raman Spectroscopy. However, for the most fine-grained
films the Raman signal is determined by the sp2 carbon in the grain
boundaries, due to its higher Raman cross section. XPS still shows
the characteristic diamond loss features and reveals for all films an sp2

content below 5 %. On Hydrogen-terminated surfaces, nanostructures
were grafted using scanning probe methods.

DS 15.36 Tue 15:00 Poster B
Model Experiments concerning the transition from
Nanocrystalline Diamond to Microcrystalline Diamond —
•Nicolas Woehrl, Jutta Mack, and Volker Buck — Thin Film
Technology Group, Dept. of Physics, University of Duisburg-Essen,
Germany

Since over 40 years now diamond films are deposited. Though a lot
of work has been done to elucidate the mechanism, the process of dia-
mond deposition - especially the role of surface reactions - is still not
fully understood. Because recombination of radicals at the substrate
holder - and thus the design of the substrate holder - can influence the
properties of the growing film, a mask (3mm thickness) was introduced
on top of the sample for systematical investigation of this effect. Using
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this experimental setup, a peripheral growth zone was discovered on
the silicon substrates where a different form of diamond was growing.
By SEM and Raman analysis of the peripheral zone it was found that
the deposited film was nanocrystalline there, while it was microcrys-
talline at the centre. The dependence of the size of this peripheral zone
on the substrate from process parameters such as pressure, gasflow and
methane fraction in the process gas was investigated. Based on these
experiments a model is proposed that explains the results by arguing
with the depletion of hydrogen in the gas phase due to recombination
effects at the side walls of the substrate holder.

DS 15.37 Tue 15:00 Poster B
Annealing behaviour of hydrogenated and oxidized nanocrys-
talline diamond — Maxim Eremtchenko1, Jens Uhlig1, Mar-
tin Finsterbusch1, •Roland Koch1, Anita Neumann1, Syed Imad-
Uddin Ahmed1, Jose A. Garrido2, Martin Stutzmann2, and Juer-
gen A. Schaefer1 — 1Institut für Physik und Institut für Mikro- und
Nanotechnologien, Technische Universität Ilmenau, P.O. Box 100565,
98684 Ilmenau, Germany — 2Walter Schottky Institute, Technical
University Munich, Am Coulombwall 3, D-85748 Garching, Germany

Hydrogenated and oxidized Nanocrystalline Diamond (NCD) is a very
promising material for future electronic, especially bioelectronic appli-
cations. In the past it has been shown that hydrogen, oxygen, and
gases from the ambient environment as well as water can be responsi-
ble for causing drastic changes in surface conductivity and wettability
(hydrophobicity, hydrophilicity), friction, wear, etc. In this contribu-
tion we have investigated differently prepared NCDs as function of
the annealing temperature under ultrahigh vacuum conditions (UHV)
with various electron spectroscopies like UPS and XPS as well as High
Resolution Electron Energy Loss Spectroscopy (HREELS). We were
able to identify the thermal stability of a number of different species
at the interface, which are related to different characteristics of C-H,
O-H, C-O, and C-C bonding. Finally, a carbonization of the interface
appeared at higher annealing temperatures.

DS 15.38 Tue 15:00 Poster B
Measuring and tailoring the intrinsic stress in amorphous
carbon films — •Oleksiy Filipov, Nicolas Woehrl, and Volker
Buck — Thin Film Technology Group, Dept. of Physics, University
of Duisburg-Essen, Universitätsstr. 3-5, 45141 Essen, Germany

Amorphous hydrogenated carbon a-C:H and non-hydrogenated a-C
films are DLC materials characterized by attractive mechanical, opti-
cal and chemical properties. One of the biggest problems that affect
the application of the DLC films is a very high compressive stress devel-
oped during the film deposition. Intrinsic stress is a critical parameter
in thin film deposition and very important for different applications of
DLC films especially tribological and biomedical coatings.

In order to adjust DLC films properties, they were deposited in UHV
chamber onto different types of substrates such as a glass, polished
Si(100) and steel by using PVD DC-anodic arc deposition method.
The intrinsic stress in the deposited DLC films was measured ex-situ by
determining the substrate curvature using SSIOD method. The varia-
tion in process parameters such as substrate bias and gas admixture is
used to investigate the influence onto the intrinsic stress of deposited
films. The plasma parameters were monitored during deposition by
ion energy analyser and mass-spectrometer. The structural properties
of the deposited DLC films, mostly sp3/sp2 ratio, were characterized
by Raman Spectroscopy and by FTIR.

It is shown that the intrinsic stress in the DLC films can be varied
in a wide range from compressive to tensile just by variation of the
deposition parameters.

DS 15.39 Tue 15:00 Poster B
FEM Simulation of the Laser Plasma Interaction during
Laser Nitriding — •Daniel Höche1, Gerd Rapin2, and Pe-
ter Schaaf1 — 1Universität Göttingen, II. Physikalisches Institut,
Friedrich-Hund-Platz 1, 37077 Göttingen, Germany — 2Universität
Göttingen, Institut für Numerische und Angewandte Mathematik,
Lotzestrasse 16-18, 37083 Göttingen, Germany

Laser nitriding of materials is based on the interaction of short pulsed
laser radiation with the treated material and the resulting laser plasma
[1]. The process is very promising for the formation of surface coat-
ings with superior properties. Due to the short interaction times and
the thin surface films an experimental observation of the underlaying
processes is very difficult. In order to access the basic mechanism,
FEM simulations of laser heating, evaporation, plasma formation and
expansion, plasma composition and interaction with the materials sur-

face have been performed. As a result, evaporation and expansion
velocities, pressure balances and dissociation degrees have been de-
rived. The results give a better insight into the physical processes and
dependencies of the coating formation. In addition, the adsorption
of nitrogen into the surface can be described as a function of process
parameters. This finally allows an optimization of the coating forma-
tion. The numerical results are compared with experimental results
obtained by FEL laser nitriding of titanium in nitrogen atmosphere
[2].
[1] P. Schaaf. Progress in Materials Science 42 (2002) 1-161.
[2] D. Höche, M. Shinn, G. Rapin, E. Carpene, P. Schaaf. J. of Physics
D: Applied Physics (2006) in print.
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Influence of different halides and oxygen on BN thin film de-
position — •Sarah Panowitz, Jens Matheis, and Achim Lunk —
Institut für Plasmaforschung, Universität Stuttgart, Pfaffenwaldring
31, D-70569 Stuttgart

Cubic boron nitride (c-BN) is a material with various fields of appli-
cations due to its high hardness, chemical inertness and the possibility
for p- and n-doping. c-BN can be produced by high-pressure-high-
temperature process, plasma enhanced physical vapor deposition as
well as by plasma enhanced chemical vapor deposition. With the last
mentioned method c-BN films with low internal stress can be pro-
duced. Therefore modeling of the chemical route was performed with
”CHEMKIN”to restrict the parameter compositions.

The contribution is divided into two parts. In part I deposition of
boron nitride is calculated at conditions in thermodynamic equilib-
rium. In the equilibrium model we have studied the system B-N-H-X
where X represents F, Cl, Br or O. While the flow B, N, H was kept
constant according to experimental conditions the flow of the halides
and oxygen was varied in a wide range. The formation of BN decreases
sensitively going from bromine to fluorine. In the case of oxygen B2O3

will be produced additionally in a wide temperature range. Only in a
small parameter range the formation of B2O3 can be prevented dur-
ing BN deposition. Part II includes the comparison of the calculated
results in the thermodynamical equilibrium with the experiments.

DS 15.41 Tue 15:00 Poster B
Spectroscopic ellipsometry study of thin diffusion barriers
of TaN and Ta for Cu interconnects in integrated circuits
— •Sukumar Rudra1, Marion Friedrich1, Sindu Louis1, Ovidiu
Gordan1, Thomas Wächtler2, and Dietrich Zahn1 — 1Chemnitz
University of Technology, Semiconductor Physics, D-09107 Chemnitz,
Germany — 2Chemnitz University of Technology, Centre for Mi-
crotechnologies, D-09107 Chemnitz, Germany

The objective of this work is to study the optical and electrical prop-
erties of tantalum nitride and tantalum barrier thin films against the
copper diffusion in integrated circuits using spectroscopic ellipsometry
in the VUV and UV-Visible range. Single layers of tantalum nitride,
bilayer of Ta/TaN and tri-layer of Cu/Ta/TaN were produced on Si
(111) substrates with a native oxide layer using the technique of sput-
tering. The dielectric functions were modelled using effective medium
approximation (EMA) and Drude-Lorentz model to obtain informa-
tions regarding film thickness, film composition, surface roughness,
mean free path and electrical resistivity. It was observed that for the
thicker layer of Ta on TaN, contribution of α-phase is higher than
that of the β-phase of Tantalum. Depositions of Cu on Ta were also
done using other techniques of chemical vapour deposition (CVD) and
atomic layer deposition (ALD) at different temperatures and ambient.
It was observed that a small change in deposition temperature give
rise to a pronounced change in the dielectric functions and hence in
the film morphology.

DS 15.42 Tue 15:00 Poster B
Band Bending Investigation of Ag/S-GaAs(100) Schottky
Contacts by Raman Spectroscopy — •Steve Pittner and Di-
etrich Zahn — Chemnitz University of Technology, Semiconductor
Physics, D-09107 Chemnitz, Germany

Raman spectroscopy is a powerful tool to study in situ the growth
processes of Schottky contacts [1]. It also can be used to determine
band bending changes in GaAs [1].

In this investigation the band bending changes of n-and p-doped
GaAs are monitored a sulfur passivation with a S2Cl2 + CCl4 (1:3)
solution during the formation of a Ag/S-GaAs Schottky contact. The
sulfur passivation changes the position of acceptor and donator levels
in the band gap and the deposition of Ag on S-GaAs creates metal in-
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duced gap stats (MIGS) within the gap. The new charge distribution
at the surface leads to change in the width of the depletion layer. This
yields a change of the intensity of the longitudinal-optical phonon (LO-
Phonon) in the depletion layer and the coupled Plasmon-LO-Phonon
(PLP) mode in the bulk of GaAs. Thus the band bending can be
calculated, using the ratio of both elementary Raman excitations [2].

This technique was used to determine the band bending induced
by the sulfur passivation and the subsequent annealing process as by
well as the formation of a Ag/GaAs Schottky contact for both n- and
p-doped GaAs substrates.

[1] Salvan G., PhD. Thesis TU Chemnitz (2003)
[2] Geurts J. , Surf. Sci. Rep., 18, (1993), 1
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Production and characterisation of bandwidth- and phase-
optimised La/B4C- and Cr/Ti-multilayer-mirrors for the re-
flection of ultra short XUV-pulses — •Stefan Hendel1, Marc
D. Sacher1, Wiebke Hachmann1, Ulf Kleineberg2, and Ulrich
Heinzmann1 — 1Department of Physics, Bielefeld University, 33615
Bielefeld — 2Department of Physics, LMU Munich, 85748 Garching

The applicability of reflective optical components for the soft X-ray
region depends upon the existence of multilayer-optics. In particu-
lar the optimisation of multilayers for the soft X-ray spectral range
calls for new material combinations. For the photon energy range of
about 180 eV Lanthanum (La) is favoured as the absorber material
and Boroncarbide (B4C) as the spacer material, for the region above
300 eV Chromium (Cr) and Titanium (Ti) are the preferred materi-
als. Thin periodic layer systems of those materials with double layer
periods of 3.5 nm (La/B4C) and < 2 nm (Cr/Ti) have been produced
by UHV Electron Beam Evaporation (combined with Ion Polishing)
and Ion Beam Sputtering. The characterisation of the layer purity is
done by ex-situ Sputter Auger Spectroscopy, whilst structural analysis
is performed by X-ray Diffraction, Transmission Electron Microscopy
and at-wavelength reflectivity measurements with Synchrotron radia-
tion. A further goal is the production of aperiodic (chirped) multilay-
ers which exhibit an optimised spectral bandwidth and spectral phase
required for the reflection of ultra short soft X-ray pulses from High
Harmonic Sources. We report on first experimental results as well as
corresponding simulations.
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The structure and composition of oxidized and reduced tung-
sten oxide films — •Christoph Rameshan, Simon Penner, Bern-
hard Klötzer, Xianjie Liu, and Frederik Klauser — Institut für
Physikalische Chemie Universität Innsbruck, Innrain 52a, A-6020 Inns-
bruck

The structure, morphology and composition of pure WO3 thin films
deposited onto vacuum-cleaved NaCl(001) single crystals were studied
at substrate temperatures up to 580K and under different oxidative
and reductive treatments in the temperature range 373-873K by trans-
mission electron microscopy (TEM), selected-area electron diffraction
(SAED) and x-ray photoelectron spectroscopy (XPS). A transition
from an amorphous structure obtained after deposition at 298K to
a more porous structure with small crystallites at the highest sub-
strate temperatures was observed. XPS spectra reveal the presence of
W+

6 irrespective of the preparation procedure. Significant changes in
the film structure were only observed after an oxidative treatment in
1 bar O2 at 673K, which induces crystallization of a monoclinic WO3

structure. After raising the oxidation temperature to 773K, the film
shows additional reconstruction and a hexagonal WO3 structure be-
comes predominant. This hexagonal structure persists at least up to
873K oxidation temperature. However, these structural transforma-
tions observed upon oxidation were almost completely suppressed by
mixing the WO3 thin film with a second oxide, e.g. Ga2O3. Reduction
of the WO3 films in 1 bar H2 at 723-773K induced the formation of
the β -W metal structure, as evidenced by SAED and XPS.
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Optimization of optical properties of thermochromic VO2

films — Ganhua Fu, •Jennifer Stiebich, Angelika Polity, Niklas
Volbers, and Bruno Kurt Meyer — 1. Physikalisches Institut, Jus-
tus Liebig Universität Giessen

Vanadium dioxide shows a thermally induced semiconductor-metal
phase transition at 68◦C. Especially the related change in the optical
properties enables many applications in infra-red light (IR)-switching
or bolometric devices or as ”intelligent”energy conserving window coat-
ing. For certain applications the transition temperature has to be

tuned and the transmittance in the visible and infra-red spectral range
should be optimized. An appropriate way to achieve the required prop-
erties is doping. We studied a series of VO2 layers prepared by radio
frequency sputtering and doped by an additional solid in the target or
by a reactive gas used in the deposition process. The optical switching
properties were evaluated from wavelength and temperature depen-
dent transmission measurements. The crystal structure of the films
was studied by X-ray diffraction (XRD) and the composition of the
layers was determined by energy-dispersive X-ray analysis (EDX) and
secondary ion mass spectroscopy (SIMS).
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First-principles characterization of charged oxygen vacan-
cies in cubic HfO2 — Stephan Kremers1, •Jörg Neugebauer2,
Matthias Wuttig1, and Blazej Grabowski2 — 1I. Physikalisches
Institut (1A), RWTH Aachen, 52056 Aachen — 2Max-Planck-Institut
für Eisenforschung, GmbH Max-Planck-Straße 1, 40237 Düsseldorf

HfO2 is a prominent candidate for applications necessitating the use
of high-k dielectrics. It could e.g. replace SiO2 layers in small-sized
metal-oxide semiconductor devices (MOS). Thus the electrical and
structural properties of HfO2 have to be investigated. Using first prin-
ciples methods, the properties of charged oxygen vacancies in cubic
HfO2 have been analysed, because they are probably one of the major
traps contributing to charge trapping in HfO2. Although the cubic
phase is the high temperature phase, it is frequently found in HfO2

thin films. With the help of supercell calculations the formation energy
of differently charged oxygen vacancies in this phase are determined.
This will help to understand the nature of defects in this material
and consequently to understand the electrical properties. Differently
charged states (-2, -1, 0, +1 and +2) of the defect systems have been
relaxed with an optimisation algorithm and a bandstructure calcula-
tion of HfO2 bulk has been performed. With these calculations we
intend to study the nature of the defect levels in the band gap, e.g.
whether they show negative-U behaviour. This can help to understand
the electronic transport mechanism in HfO2.
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Polarization coupled response of ZnO-BaTiO3 heterojunc-
tions: A model approach — •Venkata Voora1, Tino Hofmann1,
Matthias Brandt2, Mathias Schubert1, Michael Lorenz2, and
Marius Grundmann2 — 1Department of Electrical Engineering , Uni-
versity of Nebraska-Lincoln, Lincoln, Nebraska, USA — 2Institut für
Experimentelle Physik II, Universität Leipzig, Leipzig, Germany

Heterojunctions composed of wurtzite-structure ZnO and perovskite-
structure BaTiO3 are very interesting because of the observed ionic
lattice charge polarization coupling at their interface, which bears
large potential for future device applications. Here we report on po-
larization hysteresis measurements on ZnO-BaTiO3 heterostructures
with Pt front and back contacts deposited by pulsed laser deposition
on (001) silicon substrate. The electrical data are analyzed using a
physical model that accounts for the switchable spontaneous polariza-
tion of BaTiO3 and the non-switchable spontaneous polarization of
ZnO. In this model we have implemented a polarization dependent
net-interface-charge driven depletion layer, which represents the ex-
perimentally observed rectifying behavior of the heterostructure. We
find a good agreement between our model generated data and our ex-
periment, and we identify switching voltages and their conditions for
the incompletely polarized ferroelectric ionic lattice polarization. We
use our model to predict design of such heterostructures for switchable
resistance and memory device structures. The influence of physical
model parameters on the ZnO-BaTiO3 heterojunction characteristics
will be discussed.
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Functional oxide films patterned by soft-lithography — •Ole
Fridthjof Göbel, Sajid Ullah Khan, Johan Evert ten Elshof,
and David Hermanus Adrianus Blank — Inorganic Materials Sci-
ence Group, University of Twente, the Netherlands

Soft-lithographic techniques, e.g. micromoulding in capillaries
(MIMIC), have been applied to relief-pattern sol-gel precursor solu-
tions for functional oxides such as TiO2, BaTiO3, or CoFe2O4. Subse-
quent heat treatment yields patterned oxide films, patterns being par-
allel lines or grids. The periodicities of the patterns amount typically a
few micrometers. Unlike with standard micromoulding, with MIMIC
the relief-patterned mould is in contact with the substrate before ap-
plying the precursor solution, such that the formation of a thin residue
layer between the pattern features is avoided. Since, however, MIMIC
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is restricted to patterns with interconnected features, inverse MIMIC
must be applied to create patterns of isolated features: In a first step,
a negative image of the final pattern is created in a fully organic poly-
mer (e.g. poly(urethane)) by MIMIC, yielding a grid-patterned film
with pits, the bottom of which is the substrate. In a second step, the
isolated pits in the polymer film are filled with the precursor solution.
To improve the patterning process in MIMIC, the physical properties
of the surfaces of the elastomeric moulds have been modified. Besides
sol-gel precursors, also suspensions of TiO2 nanoparticles have been
used to reduce film shrinkage.
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Deposition of Metal-Oxide Particles by Spray Pyrolysis —
Alexandre Santos Abreu, •Matthias Knoll, Reinhard Tidecks,
and Siegfried Horn — Universität Augsburg, Institut für Physik,
Lehrstuhl für Experimentalphysik II, Universitätsstraße 1, 86159 Augs-
burg

Metal-oxide coatings play a key role in state-of-the-art applications in
optics and as diffusion barriers. For these applications, an adequate
adhesion of the coating, a sufficient thermal and mechanical stability,
as well as an excellent chemical stability is necessary. Most properties
of the coatings are affected by their morphology and by the growth of
the interface layer.

Yttria and alumina particles and coatings were deposited using the
Spray Pyrolysis method. For this purpose, an ultrasonically nebu-
lised metal-salt-solution is disposed by a carrier gas into a tubular
furnace, in which the oxidation to the metal-oxide takes place. Spher-
ical particles arising during this process are deposited on a soda-lime
glass-substrate in the furnace or in a glass-fiber-filter at the outlet of
the furnace. By oxidising the aerosol on the soda-lime glass-substrate,
thin metal-oxide-coatings can be fabricated. The deposited particles
and coatings were investigated using SEM, XPS, XRD and TEM.

The growth of the coating and the deposition mechanism of the
particles are influenced by several parameters. By varying these pa-
rameters (e.g. the concentration of the solution, the mass flow of the
carrier gas, the furnace and substrate temperature), the morphology
of the coatings could be controlled.
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Nanoscaled surface structures on Silicon induced by low en-
ergy sputtering under different angles — •Raphael Niepelt,
Klaus Jesiek, Kun Zhang, Carsten Ronning, and Hans Hofsaess
— II. Physikalisches Institut, Universität Göttingen, Friedrich-Hund-
Platz 1, D-37077 Göttingen

The balance between surface roughening by sputtering and smoothing
by atomistic diffusion leads to the formation of periodic nanoscaled
ripples on surfaces upon ion irradiation. We investigated the surface
morphology of Xe-irridiated Si(100) surfaces, using an ion energy of 2-
5 keV under angles from 0◦ up to 85◦ and fluences between 2·1016 cm−2

and 1 · 1018 cm−2. Characteristic patterns were observed with differ-
ent wavelengths for angles above 60◦. Below this angle no ripples were
detected, which is in contrast to existing literature. This discrepancy
might be owing to different ion fluxes; therefore we will present first
results obtained using a microbeam with varying fluxes over several
orders of magnitude.
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Ion induced self-organization on pre-patterned Si surfaces
— Theresa Lutz, •Bashkim Ziberi, Renate Fechner, Dietmar
Hirsch, Klaus Zimmer, Frank Frost, and Bernd Rauschenbach
— Leibniz-Institut für Oberflächenmodifizierung e. V., 04318 Leipzig

Due to the simplicity of the method, and the possibility to produce
large-area nanostructured surfaces self-organization induced by low-
energy ion beam erosion offers an alternative, simple and cost-efficient
route for nanostructuring of surfaces. Especially the short-range order
of the formed nanostructures can be quite high. However, usually this
self-organization process lacks long-range order and positional control
of the pattern. One possibility to improve this ordering is a appropriate
choice of erosion conditions to achieve a long range ordering of the dot
or ripple structures. Another possibility to influence the ordering of
structures is by using pre-patterned substrates. In this way due to spa-
tial limitations and guided by the lateral ordering of the pre-patterned
templates the evolving topography shows an improved ordering. Ad-
ditionally, an improved positional control can be achieved. In this
work the fabrication principle also known as guided self-organization
is applied to form ripple and dot pattern on pre-patterned Si surfaces
during low energy (≤ 2000 eV) Kr+ and Xe+ ion beam erosion.
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GISAXS and GID studies of ripple and dot pattern on Si
and Ge surfaces by low-energy ion beam erosion — •Bashkim
Ziberi1, Frank Frost1, Geradina Carbone2, Till Metzger2, and
Bernd Rauschenbach1 — 1Leibniz-Institut für Oberflächenmodi-
fizierung e. V. , 04318 Leipzig, Germany — 2ID 01, ESRF, Grenoble,
France

Low-energy ion beam erosion of solid surfaces is a very effective al-
ternative approach for the generation of self-organized nanostructures.
Under certain conditions, sputtering can produce well-ordered pat-
terns, like ripples or dots on Si and Ge surfaces. In this contribution
GISAXS (Grazing Incidence Small Angle X-ray Scattering) and GID
(Grazing Incidence Diffraction) techniques are used to study the pe-
riodicity, ordering and lateral correlation of nanostructures formed by
low-energy ion beam erosion on Si and Ge surfaces (Eion ≤ 2000 eV).
While GISAXS gives information about structures on the surface, GID
enables us to study the crystalline structure of nanostructures. The
beam spot (along the sample) for the experiments was few millime-
ters in size. The measurements indicate the high lateral ordering of
nanostructures and the strong correlation between the amorphous part
of nanostructures and the crystalline interface. The results show that
the ripple are aligned perpendicular to the incoming ion beam and the
orientational ordering of ripples increases with increasing ion fluence.
Further, the results demonstrate the asymmetric shape of ripples. Ad-
ditionally, the long range hexagonal ordering of dots covering the whole
sample surface as observed with atomic force microscopy is verified.
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Modification of Solid Surfaces by Slow Highly Charged Ions
— •Rene Heller and Stefan Facsko — Inst. für Ionenstrahlphysik
u. Materialforschung, Forschungszentrum Dresden/Rossendorf, Dres-
den, Germany

Due to their high amount of potential energy highly charged ions in-
duce various changes in morphology and electronic structure of solid
surfaces. The potential energy which is the sum of the ionization ener-
gies of all removed electrons, is released on a very small localized area
of a few nm2 and in very short times of tens of fs. Hence the power den-
sity deposited into the surface can reach values of up to 1014 Wcm−2

depending on the ions incident charge state. The changes in surface
topology depend strongly on the electronic excitation in the surface
which is the main reason for the big differences in the hillock forma-
tion on insulators and on conductors. Focus of our investigations is
to observe the influence of the incident ions charge state, the kinetic
energy and ion species on the hillock formation process for both kinds
of materials.

We present systematic scanning probe microscopy studies of surface
modifications induced by single ion impact. Insulating and conducting
samples were irradiated with ions of argon (q = 1 . . . 16) and xenon
(q = 1 . . . 40). The diameter and the height of the created nano struc-
tures were investigated in dependence on the ion charge state and the
kinetic energy.
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Modifizierung von medizinischen CoCr-Legierungen mit PIII
— •Johanna Lutz1,2, Antje Lehmann2 und Stephan Mändl2 —
1Translationszentrum regenerative Medizin, Universität Leipzig, Leip-
zig — 2Leibniz-Institut für Oberflächenmodifizierung, Leipzig

Stickstoffimplantation in CoCr-Legierungen mit hohen Fluenzen
bei erhöhter Temperatur führt zur Ausbildung einer dicken Ober-
flächenschicht mit Stickstoffgehalten bis zu 30 at.%. Als Verfahren wur-
de die Plasmaimmersionsionenimplantation bei einem Hintergrund-
druck von 0.1 bis 1Pa bei einer Plasmadichte von etwa 5 − 10 ×
1010 cm−3 verwendet. Unterhalb von 450 ◦C findet sich eine thermisch
aktivierte Diffusion mit einer Aktivierungsenergie von ungefähr 0.6 eV.
Für höhere Temperaturen beobachtet man jedoch eine Sättigung der
Schichtdicke, unabhängig von Stickstofffluenz bzw. Behandlungszeit.
Untersuchungen zur Menge des eingebauten Stickstoffs bzw. der Druck-
abhängigkeit legen den Schluss nahe, dass neben der Implantation eine
erhöhte Stickstoffaufnahme aus der Gasphase vorhanden ist, die dann
bei höheren Temperaturen die Prozesskinetik begrenzt.
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Nitriding of Fe-Cr-Ni thin films by ion implantation —
•Darina Manova and Stephan Mändl — Leibniz-Institut für
Oberflächenmodifizierung, Leipzig
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Nitrding of austenitic stainless steel is a process leading to the for-
mation of thick modified layers by an unusual fast nitrogen diffusion,
which is investigated and applied for many years. Additionall, a vary-
ing nitrogen diffusion by 4−5 orders of magnitude is reported in the lit-
erature, depending on the microstructure. However the investigations
are performed predominantly on rolled samples or heavily distorted
bulk samples. Here, thin Fe-Cr-Ni films with a thickness of 500 nm
and more were synthesized using ion beam sputter deposition from
an austenitic stainless steel target (AISI 304, respective DIN 1.4301).
Low energy implantation and plasma immersion ion implantation were
performed to insert the nitrogen ions into the films at different tem-
peratures and ion energies. The modified layers were investigated by
SIMS, TEM and XRD. The diffusion rate was calculated from SIMS
measurements. The microstructural and phase composition changes
were estimated from XRD and TEM measurements.
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Controlled ion bombardment during sputter-deposition of
thin films — •Evelyn Scheer, Dominik Köhl, Daniel Severin,
and Matthias Wuttig — I. Physikalisches Institut, RWTH-Aachen,
D-52056 Aachen

We present a setup that enables the in-situ bombardment of grow-
ing films with ions from a broad-beam ion source. An additional ion
source has been mounted to an existing sputter-chamber such that si-
multaneous bombardment during deposition is possible at an angle of
incidence of 45◦ with respect to the substrate normal. The ion source
can be operated with various gases. This allows a detailed study of
the film growth. Thereby the ion energy can be varied between 100 eV
up to 2 keV with ion current densities of up to 100 µA/cm2.

Various techniques, such as x-ray diffraction, x-ray reflectometry,
spectroscopic ellipsometry and electrical measurements, have been em-
ployed to investigate the effects of the bombardment. A correlation
between film properties and the deposition parameters such as ion
flux and ion energy provides the means for tailoring films with desired
functionalities.
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Structure modification of sputtered oxide films upon oxygen
ion bombardment — •Christoph Angerhausen, Dominik Köhl,
Daniel Severin, and Matthias Wuttig — 1. Physikalisches Institut
IA, RWTH Aachen, 52056 Aachen, Germany

Tailoring the structural properties of transition metal oxides is often
fundamental to produce films with specific, desired functionalities. Fre-
quently for such applications sputtering is used as the deposition tech-
nique of choice. Upon reactive sputtering of many transition metal
oxides the generation of negatively charged oxygen ions at the target
surface is observed. These ions are accelerated in the cathode dark
space and bombard the growing film. J. Ngaruiya [APL] has shown
that the resulting bombardment of the growing film leads to modifi-
cations in various film properties, in particular in the resulting film
structure. While the flux of negative oxygen ions is related to the
oxygen partial pressure it can not be controlled independently. To cir-
cumvent this shortcoming, an ion gun was implemented into a sputter
chamber. This enabled a controlled bombardment by oxygen ions with
well defined energy and current density.

In this presentation the effect of the impact of oxygen ion bombard-
ment on the growing film is demonstrated. The flux of negative oxygen
ions from the target surface to the substrate has been shielded. Hence
the film is only bombarded by oxygen ions from the separate ion gun.
Examinations of the structure allow the definition of thresholds in ion
energy and current density above which a significant modification of
the film structure is observed.
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Ni-Filme in reaktiven Plasmen — Marion Quaas1, Oxana
Ivanova2, Christiane Helm2 und •Harm Wulff1 — 1Institut für
Biochemie, Universität Greifswald, Soldmannstraße 23, 17489 Greifs-
wald — 2Institut für Physik, Universität Greifswald, Jahnstraße 16,
17489 Greifswald

20 nm dicke Ni-Filme mit einer mittleren Domänengröße von 7 nm
werden in einem Mikrowellen-Plasma (SLAN, 700 W) abwechselnd
im Ar/H2 und Ar/O2 Gasstrom behandelt. Die chemischen Umsätze
und die kinetischen Prozesse bei der Plasma-Wand-Wechselwirkung
werden durch die Kombination von Röntgenreflektometrie,
Röntgendiffraktometrie im streifenden Einfall (GIXD) und Raster-
kraftmikroskopie (AFM) untersucht.

Drei verschiedene Prozesse lassen sich bei der Plasmabehandlung

beobachten:

a) partielles Verdampfen und Kristallwachstum der Ni Teilchen im
Ar/H2 Plasma
b) Oxidation von Ni zu NiO im Ar/O2 Plasma bis zu einem Massen-
verhältnis von 40/60 NiO/Ni
c) Reduktion von NiO im Ar/H2 Plasma.

Der Reaktionsschritt a) ist irreversibel, die Oxidations- und Redukti-
onsprozesse können beliebig oft wiederholt werden. Die Reduktionspro-
zesse verlaufen wesentlich schneller als die Oxidationsreaktionen. Al-
lerdings verläuft die erste Oxidation deutlich langsamer als die nachfol-
genden. Die kinetischen Prozesse werden quantifiziert und diskutiert.
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Deposition von TiNx-Schichten durch reaktives Sputtern
in einer DC-Magnetronentladung — •Stefan Wrehde1, Ma-
rion Quaas2, Robert Bogdanowicz3, Hartmut Steffen4, Harm
Wulff2 und Rainer Hippler1 — 1Institut für Physik, Ernst-Moritz-
Arndt-Universität Greifswald, Felix-Hausdorff-Straße 6, 17489 Greifs-
wald — 2Institut für Chemie und Biochemie, Ernst-Moritz-Arndt-
Universität Greifswald, Felix-Hausdorff-Straße 4, 17489 Greifswald —
3Department of Optoelectronics and Electronical Systems, Gdansk
University of Technlogy, ul. G. Narutowicza 11/12, 80-952 Gdansk, Po-
len — 4Institut für Niedertemperatur-Plasmaphysik, Felix-Hausdorff-
Straße 2, 17489 Greifswald

In einem reaktiven DC-Magnetron-Plasma (Arbeitsgas Argon, Re-
aktivgas Stickstoff) wurden unter verschiedenen Bedingungen TiNx-
Schichten abgeschieden. Reaktivgasfluss, Entladungsleistung und Be-
triebsmodus des Magnetrons (“balanced” bzw. “unbalanced”) wur-
den variiert. Die chemische Zusammensetzung und die Struk-
tur der abgeschiedenen Schichten wurden mit Hilfe verschiedener
Röntgenanalyseverfahren (XPS, GIXR, GIXD) untersucht. Hierbei
wurde fest gestellt, dass vor allem der Betriebsmodus des Magnetrons
wesentlichen Einfluss auf die Depositionsrate und den Stickstoffeinbau
in die Schichten hat. Durch weitere Analyse mittels spektroskopischer
Ellipsometrie (SE) und Fitten der hieraus erhaltenen Daten (optisches
Modell mit Bruggemann-Näherung und Lorentzoszillator) konnten die
Resultate der Röntgenverfahren bestätigt und um Informationen über
die optischen Eigenschaften der Schichten erweitert werden.
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The Influence of Cross-Magnetron Effect on the Functional
Film Properties of ITO Thin Films — •Ronny Kleinhempel,
Hartmut Kupfer, Thoralf Dunger, Thomas Welzel, Benjamin
Graffel, and Frank Richter — Chemnitz University of Technol-
ogy, Institute of Physics, D-09107 Chemnitz

For industrial applications reliable and lateral homogeneous properties
of thin films are required. In the case of display applications of ITO
films a high transparency and a constant low electric film resistivity
are indispensable preconditions. Typically, these films are deposited
by magnetron sputtering. This method, however, shows some inherent
inhomogeneities in process properties. Using dual-magnetron sputter-
ing and rectangular targets the Cross-Magnetron Effect (CME) occurs.
This is an inhomogeneity of the plasma along the torus which results
in an anomalous target erosion as well as modified film properties.

To characterise the CME more detailed the correlation between the
distribution of the process parameters and the functional film prop-
erties was investigated. ITO films were deposited in a pulsed dual-
magnetron discharge reactively from metallic In:Sn (90/10) targets in
the transition mode. Statically deposited films show a lateral vari-
ation of the optical transparency and the electrical resistivity. The
distribution could be correlated with results of plasma property and
thermal load measurements. The investigations revealed that the main
mechanisms influencing the film properties due to CME are the locally
increased ion bombardment onto the growing film and the concentra-
tion of dissociated oxygen at substrate position.
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The effect of target material and process parameters on the
deposition rate of films grown by high power pulse magnetron
sputtering — •Julia Dukwen, Kostas Sarakinos, Jones Alami,
and Matthias Wuttig — Institute of Physics (IA), RWTH Aachen
University of Technology, 52056 Aachen, Germany

High power pulsed magnetron sputtering (HPPMS) is a novel ionized
PVD (IPVD) technique, in which a high degree of ionization of the
sputtered material is obtained resulting in thin films with superior
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properties as compared to those achieved by other IPVD techniques,
e.g. dc magnetron sputtering (dcMS). Moreover in HPPMS lower de-
position rates (Rd) are obtained, in comparison to the dcMS ones,
when a constant average target power is used. However, we have re-
cently shown that at a constant average target current the HPPMS
rates are equal to the dcMS rates up to a threshold peak target cur-
rent (ITp) value. In this work we study the HPPMS and dcMS rates Rd

for a number of materials (Cr, Cu, C) at a constant average target cur-
rent and different ITp and target voltage (VT ) values. Time-resolved
optical emission spectroscopy is employed in order to determine the
plasma composition. It is shown that in the case of materials with a
low ionization fraction (e.g. C) the HPPMS rates are higher by up to
40 % in comparison to the dcMS ones, at all deposition conditions. On
the other hand, for materials with a high ionization fraction (e.g. Cr
and Cu) the HPPMS Rd values are higher up to 10% than the dcMS
rates for ITp < 10 A and VT < 450V. A further increase of the ITp

and VT results in a drop of the HPPMS Rd values by up to 20 %.
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Herstellung und Charakterisierung piezoelektrischer
Zinkoxid-Schichten für Biochipanwendungen — •Kerstin
Franziska Wätje1, Jens Ebbecke1, Jörg Lindner2, Walter
Assmann3 und Achim Wixforth1 — 1Universität Augsburg, Lehr-
stuhl für Experimentalphysik I, 86159 Augsburg — 2Universität
Augsburg, Lehrstuhl für Experimentalphysik IV, 86159 Augsburg —
3Beschleunigerlaboratorieum des MLL der LMU und TU München,
85748 Garching

Akustische Oberflächenwellen (SAW) finden unter anderem bei Hoch-
frequenzfiltern einen großen Anwendungsbereich; auch in der Biophy-
sik werden solche Bauelemente zur gezielten Agitation bzw. Aktorik
kleinster Flüssigkeitsmengen verwendet. Als Alternative zu piezoelek-
trischen Einkristallen, die zur Erzeugung von SAWs nötig sind, gilt po-
lykristallines, c- Achsen-orientiertes Zinkoxid. Betrachtet wird die De-
position von ZnO-Schichten der optimalen Textur (002) auf Silizium-
und Glassubstraten, wobei die Verfahren des RF-Magnetronsputterns
und der gepulsten Laserablation gegenübergestellt werden. Der Ein-
fluss der Prozessparameter auf die Schichteigenschaften wurde mit
Hilfe von XRD, RBS, ERDA und TEM charakterisiert. Die resultie-
renden Unterschiede bezüglich Kristallinität und Schichtzusammenset-
zung werden hier dargestellt und diskutiert.
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Electronic properties of amorphous and crystalline Germa-
nium Bismuth Tellurides — •Michael Austgen and Matthias
Wuttig — Institute of Physics (IA), RWTH Aachen University of
Technology, 52064 Aachen, Germany

In data storage applications such as CD-RWs, DVD-RWs or DVD-
RAMs phase change materials are already commercially used. The
information is stored in bits which can be switched between the crys-
talline and the amorphous state by a short laser pulse. Desired physical
properties of these non-volatile memories are high optical contrast. For
future applications in electronic memories such as PC-RAM’s the high
electrical contrast is an alternative feature.

In this study two different Germanium Bismuth Tellurium alloys
were investigated. Both have a low crystallization temperature and
were partially crystalline deposited. This is indicative for a low activa-
tion barrier against crystallization and could lead to very fast crystal-
lization phenomena at elevated temperatures. To prepare amorphous
films substrate cooling was invoked. This enabled the preparation of
amorphous films. Subsequently the properties of the amorphous and
crystalline state were investigated employing a variety of techniques
including x-ray diffraction, x-ray reflectometry, van der Pauw mea-
surements as well as spectroscopic ellipsometry. From these data the
suitability of were investigated. Germanium Bismuth Tellurides as
ultrafast storage materials has been accessed.

DS 15.64 Tue 15:00 Poster B
Crystallization kinetics in amorphous Tellurium alloys used
for phase change recording — •Tobias Sontheimer, Michael

Klein, and Matthias Wuttig — Institute of Physics (IA), RWTH
Aachen University of Technology, 52056 Aachen, Germany

Phase change materials perfectly meet all requirements expected from
materials used for data storage. The long-term stability of the amor-
phous phase on the one hand and the ability to switch from one phase
to the other within nanoseconds accompanied by a high change of re-
flectivity on the other hand paved the way to the commercial applica-
tion of phase change materials in CD-RW, DVD-RW and DVD-RAMs.
Even though various kinds of data storage devices based on these ma-
terials are commercially available neither their physical properties nor
their kinetic behavior are completely understood.

In this study, the nucleation and growth process of Tellurium al-
loys were investigated, driven by the ambition to gain a fundamen-
tal understanding of the phase transformation. Differential Scanning
Calometry measurements and annealing experiments followed by ex-
situ AFM-measurements, which are based on exploiting the density
difference between the crystalline and amorphous phase, are among
the characterization techniques employed in this investigation. This
combination of methods allows us to track the time- and temperature-
dependent nucleation and growth process and gain insight into the
crystallization mechanism.

DS 15.65 Tue 15:00 Poster B
In-Situ Observation of Electron Stimulated Eching of SiO2

and the Initial Stage of Thermal Desorption — •Oliver Sen-
ftleben, Tanja Stimpel-Lindner, Ignaz Eisele, and Hermann
Baumgärtner — Universität der Bundeswehr München, Institut für
Physik, Werner-Heisenberg-Weg 39, 85577 Neubiberg

Thermal desorption of SiO2 under low oxygen partial pressure and el-
evated temperature due to the dissociation to SiO (g) is a well known
process. Whereas electron irradiation causes dissociation of SiO2 to
elemental silicon and oxygen that partly desorbs. Combining these two
processes leads to a very effective way for etching of SiO2.

Therefore we investigated the etching effect on a thermally grown
SiO2 with a thickness up to 60 nm at temperatures between 700◦ and
900◦C under electron irradiation in a UHV chamber. The etching
process has been observed simultaneously via AES. The influence of
temperature and carbon contaminations on the etching process can be
shown.

We used this method to observe the initial stage of thermal desorp-
tion of SiO2. Therefore a hole 300 µm in diameter was etched into
a 60 nm thick SiO2 layer right down to the silicon substrate which
causes an inhomogeneity in SiO2 thickness in the transition region.
The initial stage of thermal desorption of SiO2 can be observed very
well utilizing this method.

DS 15.66 Tue 15:00 Poster B
Study of the carbon dioxide adsorption on silicon — •Daniela
Lietz, Michael Paulus, Christian Sternemann, and Metin Tolan
— Exp. Physics E1a/DELTA, University Dortmund

In order to investigate the adsorption of carbon dioxide on a silicon
wafer, the layer thickness and roughness are determined in dependence
of the CO2−pressure via X-ray reflectivity. Due to the use of a high
pressure cell the experiment has been accomplished at a photon en-
ergy of 27 keV at BL9 of the synchrotron radiation source DELTA.
In order to observe different degrees of adsorption, the gas pressure
was increased in 17 steps from 0 bar to 34.4 bar (near condensation
pressure of CO2). For each pressure step an X-ray reflectivity was
recorded. The measured reflectivities are refined with the use of the
effective density model. The layers thickness, roughness and disper-
sion were determined. The adsorption isotherm (layer thickness vs.
pressure) shows the anticipated increase of layer thickness with rising
pressure. From the adsorption isotherm the Hamaker constant was de-
termined in order to qualify the amplitude of the interaction between
substrate and layer on a microscopic scale. The roughness shows an
increase with the thickness which is due to the interaction between the
substrate and the surface which smoothes the layers surface especially
at low layer thickness.
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DS 16: Organic Light Emitting Diodes (SYOE 9)

Time: Wednesday 14:30–16:30 Location: H32

DS 16.1 Wed 14:30 H32
Dynamics of the triplet state in Alq3 — •Nils A. Reinke, Jo-
hannes Höchtl, Valentin Kamm, and Wolfgang Brütting — Uni-
versity of Augsburg, Institute of Augsburg, Experimental Physics IV,
Augsburg, Germany

As demonstrated by recent work, the organic electroluminescent ma-
terial Alq3 has a long–lived triplet state with a lifetime in the 10ms
range [1]. Depending on the excitation density and the sample prepa-
ration delayed fluorescence and phosphorescence with varying relative
intensities can be detected at low temperature. In order to get deeper
insight into the underlying mechanism, we have combined different
experimental techniques to study the triplet dynamics in Alq3. Using
time–resolved photoluminescence measurements on neat films, matrix-
isolated molecules as well as films doped with phosphorescent emitters
the direct observation of the excited states dynamics is possible in
a broad time-window from the nanosecond to the millisecond range.
Relatively intense phosphorescence can be observed in Alq3 doped
with phosphorescent molecules containing heavy metal atoms, such
as Ir(ppy)3[2]. A significantly reduced lifetime in such systems indi-
cates that the transition rate of the triplet state to the ground state
is strongly affected by the phosphorescent dopant. We will further
demonstrate an indirect determination of the triplet lifetime in Alq3

from singlet emission using a novel pump–probe technique. [1] M.
Cölle et al., JAP 96 (2004) 6133-6141, [2] I. Tanaka et al., PRB 71
(2005) 205207

DS 16.2 Wed 14:45 H32
Charge trapping and triplet quenching in conjugated poly-
mers — •Dirk Hertel and Klaus Meerholz — Institute of Physical
Chemistry, University of Cologne, Luxemburgerstr. 116

According to spin statistics the formation of excited states in OLEDs
from uncorrelated charge carriers yields 25% singlet and 75% triplet
states, the latter do usually not contribute to electroluminescence. Lit-
tle is know about triplet charge carrier (polaron) interaction in con-
jugated polymers. The quenching of triplets by polarons might play
an important role for the degradation of OLEDs or for applications
such as organic lasers, since triplets are accumulated in the device due
to their long lifetime. From combined experimental investigations of
time resolved emission and charge transport we are able to show that
in a poly-spirobifluorene doped with PtOEP triplet polaron quench-
ing is a major loss mechanism. We derived a triplet polaron quench-
ing constant of about 10-13 cm3/s from direct measurements of the
phosphorescence lifetime under space charge limited conditions. The
influence of PtOEP concentration and film thickness on the quenching
efficiency is studied. The investigation of charge transport by current
voltage characteristics as a function of temperature yields hole mobil-
ities of 10-4 cm2 /Vs for the SCLC regime. Comparison with mobility
measurements depending on temperature and electric field by time of
flight technique shows that in the SCLC regime the mobility is trap
limited.

DS 16.3 Wed 15:00 H32
Photophysical properties of deep blue emitting Iridium com-
plexes — •S. Haneder1, E. Da Como1, A. Rogach1, J. Feldmann1,
P. Erk2, E. Fuchs2, K. Kahle2, O. Molt2, S. Nord2, H. Reichelt2,
and G. Wagenblast2 — 1Photonics and Optoelectronics Group,
LMU, 80799 München — 2BASF AG, 67056 Ludwigshafen

Improving the efficiency of lighting is imperative in optimizing the use
of available energy resources. Electrophosphorescence based organic
light-emitting diodes (OLEDs) have shown an internal efficiency of
nearly 100% [1]. For lighting applications it is mandatory to produce
OLEDs with white light emission, based on red, green and blue phos-
phors. Highly efficient green and red OLEDs have been successfully
demonstrated. However, the development of blue emitting phosphors
with reasonable photophysical stability and operational lifetime is a
real challenge and still needs to be addressed.

Here we present results on a new family of phosphorescent Irid-
ium carbene complexes [2] emitting in the blue. By a combination of
steady-state and time-resolved spectroscopy techniques we study the
photophysics of these complexes in thin films. The results demonstrate
the influence of the ligand chemical structure in tuning the emission
colour. Moreover, the nature of the non-radiative pathways involved in

the emission process is figured out on the basis of phosphorescence life-
time and quantum yield measurements. These non-radiative pathways
are important in limiting the overall device efficiency.

[1] Y. Sun et al., Nature 440, 908 (2006) [2] BASF AG, PCT Patent
Appl. WO 2005/019373, August 19, WO 2005/113704, May 18, 2004

DS 16.4 Wed 15:15 H32
Lifetime enhancement of organic top and bottom light-
emitting diodes — •Michael Hofmann, Philipp Wellmann, To-
bias Canzler, and Jan Birnstock — Novaled AG, Tatzberg 49, Dres-
den, Germany

Recent efforts regarding the development of organic light-emitting
diodes (OLEDs) resulted in a major stability enhancement. Crucial
factors are the improved metal electrodes and the introduction of an
edge passivation layer preventing electrical shorts at the border of the
anode contact. We present latest data on long-living top-emitting
OLEDs with doped transport layers reaching 100.000 h for green and
12.000 h for blue devices at 500 cd/mˆ2.

Still the lifetime of blue OLEDs remains challenging because the sta-
bility of the emitter material itself is limited. Additionally, structures
which generate high energy excitons place further demands on the ad-
jacent transport and interlayer materials. A sensing layer method is
applied to locate the position of the recombination zone. It contains a
green emitter selected to quench blue excitons. The thin sensing layer
is sandwiched in the predominantly electron-conducting emission layer
(EML). In case of a high electron supply, the recombination zone is
close to the EBL/EML interface and 6 nm wide. We conclude that
this can be shifted away from the interface by an adjusted electron
supply. The reduced stress on the surrounding organic materials and
the broadening of recombination zone to 15 nm increases device stabil-
ity. The presented blue bottom-emitting OLED with modified electron
supply has a significantly increased lifetime of 18.000 h at 500 cd/mˆ2.

DS 16.5 Wed 15:30 H32
Polymer-based Optoelectronic Devices with Interlayers —
•D. Neher1, C. Yin1, X. Yang1, B. Pieper1, B. Stiller1, Th.
Kietzke1,2, and H.-H. Hörhold3 — 1Univ. Potsdam, Inst. Physics,
14469 Potsdam, Germany — 2Inst. Mater. Res. & Eng. (IMRE),
117602 Singapor — 3Univ. Jena, Inst. Org. Chem. & Macromol.
Chem., 07743 Jena, Germany

Recently, a novel approach to insert ultrahin polymer layers with
well-controllable electronic properties into solution-processed optoelec-
tronic device structures has been proposed [1]. This approach allows to
establish property-function relationships, which are not accessible by
the study of conventional blend device. Experiments on electrophos-
phorescent devices as well as Kelvin-probe experiments under illumina-
tion showed that these layers are dense and exhibit a strong electron-
blocking function [2]. Upon proper choice of the HOMO and LUMO
level of the interlayer material, efficient recombination of charges at the
interface could be realized. Comparable studies on bilayer and solar
cell devices based on poly(p-phenylene vinylenes) suggest that the per-
formance of these devices is not determined by charge transport and
free carrier recombination. This supports the view that the efficiency
to form free carriers is the main limiting factor.

[1] J. S. Kim, R. H. Friend, I. Grizzi, J. H. Burroughes, Appl. Phys.
Lett. 87 (2006) 023506.

[2] X.H. Yang, F. Jaiser, B. Stiller, D. Neher, F. Galbrecht, U. Scherf,
Adv. Funct. Mater. 16 (2006) 2156

DS 16.6 Wed 15:45 H32
Metal organic-interfaces and their impact on inverted top-
emitting organic light emitting diodes — •Qiang Huang1, Se-
bastian Scholz1, Karsten Walzer1, Karl Leo1, and Michael
Hofmann2 — 1Institut für Angewandte Photophysik, TU Dresden,
D-01062 Dresden — 2Novaled AG, Tatzberg, D-01307 Dresden

In order to compete with other flat panel display technologies, amor-
phous silicon TFT (α-Si TFT) backplanes,which operate by n-channel
transistors,are desired in active-matrix organic light-emitting displays
(AMOLEDs). Thus, inverted top-emitting OLEDs with a bottom
cathode and top anode have to be implemented. However, inverted
top-emitting OLEDs reported so far show worse performance, e.g. in-
creased operating voltage, than their corresponding non-inverted coun-
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terparts. This is mainly due to a charge carrier injection problem at
the metal/organic interface. We use single carrier devices to study
the difference between the metal-organic and organic-metal interface,
where asymmetric I-V characteristics demonstrate different interface
effects. It is found that when thermal metal deposition is used, the
topmost organic layer is destroyed or reacts with hot metal atoms
forming a deteriorated organic interlayer which hinders hole injection.
In contrast, this effect is beneficial for electron injection in the non-
inverted case due to the formation of additional gap states. Based on
the study, highly efficient inverted top-emitting OLEDs are presented
with a current efficiency well above 80 cd/A at a brightness of 1000
cd/m2.

DS 16.7 Wed 16:00 H32
Novel solution processable cathode structures for PLEDs
— •Riikka Suhonen1,2, Andreas Kanitz1, Wiebke Sarfert1,
Ralph Pätzold1, and Albrecht Winnacker2 — 1Siemens AG,
CT MM1, Günther-Scharowsky-Str. 1, 91058 Erlangen, Germany —
2Department of Material Science VI, University Erlangen-Nuremberg,
Martensstraße 7, 91058 Erlangen, Germany

Polymer light-emitting diodes (PLEDs) have attracted much attention
due to their potential use in large area, flat-panel displays. The key
challenges related to the use in commercial applications are the device
stability, device efficiency and the ease of fabrication.

The contacts between the inorganic and organic layers are known to
play a crucial role in the PLED device performance. In general, low
work function metals like barium or calcium are used to reduce the
energy barrier height between the cathode and the polymer. Also the
concept of a nanoscale thin interfacial layer of alkali halide salt, such
as LiF, has been shown to increase the electron injection in OLEDs

and is being widely used. However, both low work function metals and
alkali halides are reactive towards atmospheric moisture and oxygen
and must be processed under vacuum conditions.

In this contribution, we replace the low work function metals with
a thin layer of alkali salt. We show that comparable diode perfor-
mance can be achieved independent of the deposition method of the
thin salt layer. We compare the performance of solution processed and
evaporated salt cathodes to the standard barium-aluminum cathode.

DS 16.8 Wed 16:15 H32
Organic light emitting diodes on ITO-free polymer anodes —
•Karsten Fehse, Gregor Schwartz, Karsten Walzer, and Karl
Leo — Institut für Angewandte Photophysik, TU Dresden, D-01062
Dresden

The high material cost of indium, being the main component of the
commonly used indium-tin-oxide anodes (ITO) in organic light emit-
ting diodes (OLEDs), is an obstacle for the production of efficient
low-cost OLEDs. Therefore, new anode materials are needed for large
scale OLED production. Recently, we demonstrated that the poly-
mer PEDOT:PSS can substitute ITO as anode. Another highly con-
ductive polymer is polyaniline (PANI) that provides 200 S/cm with
a work function of 4.8 eV. In this study, we use PANI as anode for
OLEDs (without ITO layer underneath the polymer) with electrically
doped hole- and electron transport layers and intrinsic materials in
between. Fluorescent blue (Spiro-DPVBi) as well as phosphorescent
green (Ir(ppy)3) and red emitters (Ir(MDQ)2(acac)) were used for sin-
gle colour and white OLEDs. Green single and double emission OLEDs
achieve device efficiencies of 34 lm/W and 40.7 lm/W, respectively.
The white OLED shows a power efficiency of 8.9 lm/W at 1000 cd/m2

with CIE coordinates of (0.42/ 0.39).

DS 17: Contact Properties (SYOE 10)

Time: Wednesday 16:45–18:45 Location: H32

Invited Talk DS 17.1 Wed 16:45 H32
Single grain contacts — •Gregor Witte — Physikalische Chemie
I, Ruhr-Universität Bochum, 44801 Bochum

Because of attractive features such as low-temperature processing and
flexibility organic electronics is presently attracting significant atten-
tion. Of particular interest of current research is a detailed understand-
ing and ptimization of intrinsic charge transport mechanism present in
these materials. Besides their technological relevance organic thin film
transistors (OFETs) are frequently used to characterize the electronic
properties of such organic semiconductors. However, due to struc-
tural imperfections like grain or domain boundaries within the films as
well as contact related problems the intrinsic transport properties are
masked and typically only effective parameters are obtained.

While these problems can be avoided by investigating organic single
crystals they are difficult to grow and frequently are not available in
the required purity and perfection. An alternative strategy is based
upon investigation of films containing large single crystalline grains as
compared to the channel length of the used OFET device thus allowing
single grain studies. In this talk I will give an overview of experimen-
tal approaches to realize single grain devices and to deal with proper
contacts.

DS 17.2 Wed 17:30 H32
Comparison of the charge injection barrier at realistic and
ideal metal/organic interfaces: metals become faceless —
•Mandy Grobosch and Martin Knupfer — Leibniz-Institut für
Festkörper- und Werkstoffforschung, Dresden, Germany

Most of the organic electronic devices are nowadays fabricated under
poor vacuum conditions. In this regard, there is only little knowl-
edge about the impact of contamination of the metal electrode on
the charge injection barrier in this kind of electronic devices. In our
study we have performed X-ray and ultra violet photoemission spec-
troscopy (XPS, UPS) on interfaces between the organic semiconductor
α-sexithiophene and sputter cleaned (ideal) metals as well as contami-
nated (realistic) metals. As metal substrates we have used silver, gold,
palladium, and platinum. These metals provide us a wide range of
metal work functions from 4.2 eV for silver up to 5.5 eV for platinum.
For all interfaces of α-sexithiophene and contaminated metals we have
observed a reduction of the interface dipole and the hole injection bar-

rier. The charge injection barrier in all four cases is almost independent
of the underlying metal (within an error of 0.2 eV) and the interface
dipole remains a finite size. We could demonstrate that the injection
barrier of realistic interfaces is very different from that of the respec-
tive clean interfaces. Moreover, a loss of the individual characteristic
of the metal upon contamination is observed - it becomes faceless.

DS 17.3 Wed 17:45 H32
Influence of film thickness on contact resistance in nanoscale
oligothiophene field effect transistors — •Arne Hoppe1,
Torsten Balster1, Günther Götz2, Peter Bäuerle2, and Veit
Wagner1 — 1School of Engineering and Science, International
University Bremen, Campus Ring 8, 28759 Bremen, Germany —
2Department Organic Chemistry II, Ulm University, Albert-Einstein-
Allee 11, 89081 Ulm, Germany

Nanoscale organic transistors for high switching frequencies are often
limited by contact resistances. We report on a study of those con-
tact resistances in nanoscale organic field-effect transistors (OFETs)
by a systematic variation of the bandgap of the organic semiconduc-
tor. We use high mobility alkyl-substituted oligothiophenes (Dihexyl-
n-thiophenes, DHnT) with n, the number of thiophene rings, ranging
from four to seven. The bandgap variation also shifts the HOMO-level
by almost 0.5 eV, which is expected to modify contact properties.
Generally we find increasing mobilities up to 0.12 cm2/Vs towards
larger molecules and at the same time decreasing contact resistances.
We find for all materials a systematically decreasing mobility with
decreasing channel length while the contact resistance remains fairly
constant with channel length. We also report on thickness dependent
in-situ electrical measurements on those nano OFETs, which are in
agreement with the fact, that one monolayer is sufficient for electronic
transport. Furthermore, we demonstrate monolayer-oscillations not
only in the mobility, but also on the contact resistance. In contrast
to the mobility, the contact-resistance shows minimal values with any
closed monolayer.

DS 17.4 Wed 18:00 H32
Electrode - molecular semiconductor contacts: work-
function-dependent hole injection barriers versus Fermi-level
pinning — •Norbert Koch1 and Antje Vollmer2 — 1Humboldt-
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Universität zu Berlin, Institut für Physik, Berlin, Germany — 2BESSY
GmbH, Berlin, Germany

Contacts between two molecular organic semiconductors [p-sexiphenyl
(6P) and pentacene] and conducting polymers based on poly(3,4-
ethylenedioxythiophene)/poly(styrenesulfonate) (PEDT:PSS) were in-
vestigated with photoemission spectroscopy. The dependence of the
hole injection barrier (HIB) at 6P/CP interfaces on substrate work
function (WF) exhibited a transition from almost Schottky-Mott limit-
like behavior to Fermi-level pinning. For pentacene, no significant
variation of the HIB as function of WF was observed, despite the large
range of work function spanned by the conducting polymers (4.4 eV to
5.9 eV). The results on contacts with conducting polymers are com-
pared to those with metals, where none of the two limiting cases for
HIBs as a function of WF were observed. In addition, we present
clear-cut relations between residual water incorporation in PEDT:PSS
layers and the resulting surface morphology and work function. These
results are of direct relevance for organic opto-electronic device fabri-
cation processes.

DS 17.5 Wed 18:15 H32
Structure and growth of organic-organic heterojunctions
elucidated by in-situ X-ray diffraction studies — •Esther
Barrena1,2, Dimas G. de Oteyza1, Jusep Ossó3, Stefan Sellner1,
and Helmut Dosch1,2 — 1Max-Planck-Institut für Metallforschung
— 2Institut für Theoretische und Angewandte Physik, Universität
Stuttgart — 3Institut de Ciència de Materials de Barcelona

Although numerous studies have been devoted to the characteri-
zation and optimization of the performance of p-n organic-organic
heterojunctions-based devices, the present-day knowledge on the
physical principles of the growth of organic heterostructures is still
poor. By combining atomic force microscopy with surface-sensitive
X-ray diffraction, we have been able to get a detailed in-situ in-
sight into the microscopic processes which take place during the
growth of p-conducting di-indenoperylene (DIP) molecules onto n-
conducting copper-hexadecafluorophtalocyanine (F16CuPc) thin films.
We demonstrate the self-organization of well-ordered DIP nanodots

with high crystallinity and show that their growth is intimately related
to a novel type of interface reconstruction of the underlying F16CuPc
film which affects three monolayers adjacent to the organic p-n inter-
face. In spite of the close resemblance to the formation of semicon-
ductor nanostructures for inorganic heteroepitaxy, the present results
conclusively demonstrate a distinctly different growth mechanism for
organic heteroepitaxy whose understanding demands further theoret-
ical studies.

E. Barrena, D. G. de Oteyza, S. Sellner, H. Dosch, J. O. Osso, and
B. Struth Physical Review Letters 97, 076102-1-4 (2006)

DS 17.6 Wed 18:30 H32
Fabrication and temperature-dependent conductivity stud-
ies of conducting polymer nanowires — J.H. Franke, B. Dong,
H. Fuchs, and •L. Chi — Physikalisches Institut, WWU Münster,
Wilhelm-Klemm-Str. 10

We describe a general approach to pattern conductive polymer
nanowires, e.g. polypyrrole (PPy), at pre-defined areas on insulat-
ing surfaces and to address the wires with external microelectrodes.
E-beam lithography and AFM lithography were used to create defined
surface patterns. The successful construction of PPy structures (10-
120 nm in thickness and down to 80 nm in width) was achieved by
employing a random copolymer strategy combined with self-assembly.
The process can also be applied to structures of substituted thiophene,
aniline and their derivatives. Furthermore, surface patterns created
by parallel processes like nanoimprint lithography (NIL) can be com-
bined with this method to construct large area polymer nanowire de-
vices. Temperature-dependent conductivity studies on polymer struc-
tures were carried out to check for a metal-insulator transition. Results
indicate an increasingly ’insulating’ behaviour with decreasing thick-
ness, e.g. a steeper rise in conductivity with increasing temperature.

1. B. Dong, N. Lu, M. Zelsmann, N. Kehagias, H. Fuchs, C.M.
Sotomayor Torres, L. Chi Adv. Funct. Mater. 16,1937 (2006).

2. B. Dong, D. Zhong, L. Chi, H. Fuchs, Adv. Mater. 2005, Adv.
Mater. 17 (2005) 2736.

3. B. Dong, M. Krutschke, X. Zhang, L. Chi, H. Fuchs, Small, 1
(2005), 520-524.

DS 18: Symposium: In situ Optics I

Time: Wednesday 15:00–17:00 Location: H34

Invited Talk DS 18.1 Wed 15:00 H34
Analysis of protein layer structure using real-time ellipsom-
etry — •Hans Arwin — Laboratory of Applied Optics, Department
of Physics, Chemistry and Biology, Linköping University, SE-581 83
Linköping, Sweden

A thickness resolution in the sub-nm range and its in situ capabil-
ity make spectroscopic ellipsometry (SE) suitable for studies of thin
organic layers. Here SE used in internal reflection mode is reviewed
and it is shown that SE exhibits pm-sensitivity for protein adsorption
on thin metal layers if used at surface plasmon resonance conditions.
With such large sensitivity a determination of the microstructure of
adsorbed protein layers, e. g. in terms of mass distribution perpendic-
ular to a surface, is within reach. Another implication is an increased
sensitivity in biosensor applications.

The molecular structure of surface-bound proteins can be analyzed
with SE in the infrared spectral region by determining the refractive
index N=n+ik. In this way thermally induced structural changes can
be monitored. This is of importance for future devices containing pro-
tein layers for which thermal stability is important. Studies on protein
multilayers show that heating above 100 degrees influences the amide
bands and at 200 degrees layer degradation seen as irreversible changes
in n and k occur. Methodology and results from recent studies of ef-
fects of heating proteins monolayers are presented and possibilities to
perform real-time in situ infrared SE is discussed.

Invited Talk DS 18.2 Wed 15:30 H34
Optical Spectroscopy with high Spatial Resolution —
•Wolfgang Richter, Eugen Speiser, Benjamin Buick, and Sil-
vano Del Gobbo — U Roma2 ”Tor Vergata”, Roma, Italy

Optical spectroscopy, energetically and interactionwise, is one of the
ideal experimental tools to study the physical properties of materi-
als. On the other hand, the properties of such materials are modified

nowadays in a controlled manner by reducing the physical size in one or
more dimensions down into the nanometer scale. For such a situation,
standard optical equipment has a non-sufficient spatial resolution, be-
cause it detects the secondary radiation from the sample in distances
much larger than the wavelength (Far-Field) which gives at best (con-
focal microscope) a spatial resolution of several 100 nm using visible
light. The reason for this limited resolution is that finer details of
the sample are carried only in the evanescent fields, detectable only
in subwavelength distance from the sample (Near-Field). By putting,
however, a Nano-sized structure (small aperture, sharp metallic tip)
within wavelength distance near the sample the evanescent waves can
be converted into propagating waves which then can be detected in far
field. This is the scope of Near Field Optics or Nano-Optics. While this
secondary radiation is widely used for nanoscale imaging (Near Field
Optical Microscopy) we will concentrate here on optical spectroscopy
with nanoscale spatial resolution. We will focus especially the aper-
tureless techniques, with their definite intensity advantage and concen-
trate mainly on Raman scattering. The experimental considerations
and measurements on semiconductor nanorods will be discussed.

Invited Talk DS 18.3 Wed 16:00 H34
Surface enhanced Raman spectroscopy as a probe for study-
ing metal/organic interfaces — •Georgeta Salvan and Dietrich
Zahn — Chemnitz University of Technology, D-09107 Chemnitz, Ger-
many

The physical and chemical properties of the interfaces between metal-
lic contacts and organic semiconductor films in hybrid devices such as
organic light emitting diodes, organic solar cells or organic field effect
transistors influence significantly the device performance. In this work
the metal film growth is assessed by in situ monitoring of the Raman
scattering by the internal and collective vibrational modes in crys-
talline organic semiconductor layers. As model systems molecular lay-
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ers of two perylene derivatives, viz. 3,4,9,10-perylene-tetracarboxylic
dianhydride (PTCDA) and dimethyl 3,4,9,10-perylene-tetracarboxylic
diimide (DiMe-PTCDI) grown on sulfur passivated GaAs(100) sub-
strates were investigated. Silver, known to form rather inert contacts,
magnesium, known as a very reactive metal, and indium, a metal with
intermediate reactivity, were deposited each by thermal evaporation
under ultra-high vacuum conditions. The experiments benefit from a
strong enhancement of the scattering intensity of internal molecular
modes induced by the metals layers, known as Surface Enhanced Ra-
man Scattering (SERS). The analysis of the spectral evolution with the
metal thickness allows to extract information on the chemical aspects
of the interface formation, on the diffusion length of the metal atoms
into the organic layers as well as on the morphology of the growing
metallic layers.

Invited Talk DS 18.4 Wed 16:30 H34
In-situ monitoring of stress evolution in growing group-III-
nitride layers — •Alois Krost, Armin Dadgar, Rainer Clos,
Gunther Straßburger, and Fabian Schulze — Institute of Ex-

perimental Physics, Otto-von-Guericke-University Magdeburg

Strains and stresses in heteroepitaxy are omnipresent but until re-
cently, due to a lack of in-situ access, the potential problems were often
not observed at the source: Stress can lead to misfit dislocations or
cracking of layers as well as strongly curved wafers after epitaxy, which
has to be avoided for high quality devices. An in-situ sensor monitor-
ing stress is not only useful for monitoring strain during the growth
of highly mismatched systems as Group-III-Nitrides, which are usu-
ally grown on heterosubstrates, but also for strain balanced Quantum-
Wells or Bragg mirrors. It is a very useful tool, especially in difficult
to control systems as GaN-on-Si, where tensile thermal strain leads
to cracking for layers even below 1 µm in thickness. Therefore to ap-
ply strain engineering methods and optimize growth an in-situ stress
sensor is prerequisite. We will show how stress can be determined
during epitaxy and that not only film stress but also the composition
of ternary alloys can be determined exactly. We will discuss the lim-
its of Stoney’s equation, usually applied to calculate film stress, and
present an analytical method for the determination of wafer curvature
and elastic stress also in the non-linear range.

DS 19: Symposium: In situ Optics II

Time: Wednesday 17:15–18:45 Location: H34

Invited Talk DS 19.1 Wed 17:15 H34
Optical in-situ diagnostics of device growth in MOVPE —
•Martin Zorn1, Frank Brunner1, Thomas Zettler2, and Markus
Weyers1 — 1Ferdinand-Braun-Institut für Höchstfrequenztechnik
(FBH), Gustav-Kirchhoff-Str. 4, 12489 Berlin, Germany — 2LayTec
GmbH, Helmholtzstr. 13-14, 10587 Berlin, Germany

Metal-organic vapour phase (MOVPE) growth of semiconductor device
structures is the fundamental technique for the fabrication of todays
micro- and opto-electronic devices. The monitoring and control of
these growth processes in gas phase environment is highly desired and
can only be done by optical technologies.

Here, we report on in-situ diagnostics in MOVPE using normalized
reflectance (R), reflectance anisotropy spectroscopy (RAS), optical cur-
vature measurements and emissivity-corrected pyrometry.

In GaAs-based layer structures crucial layer properties like compo-
sition, doping, and strain can be determined in-situ. For example, the
optical RAS fingerprint of a laser structure includes information about
doping and composition. Growth of lattice matched material like Al-
GaInP on GaAs can be controlled by a combination of reflectance and
curvature measurements.

For GaN-based epitaxy in-situ temperature and strain measure-
ments play a crucial role in optimizing the growth process. Sensor
based strain engineering of the layer structures is state-of-the-art for
yield-enhancement. Recently, reflectance measurements at 400 nm and
950 nm have shown to give direct insight into the growth of (Al,In,Ga)N
heterostructures.

Invited Talk DS 19.2 Wed 17:45 H34
In-situ investigations of electronic and structural proper-
ties of Si surfaces during electrochemical surface function-
alization — •Jörg Rappich1, Florent Yang1, Katy Roodenko2,
Aleix Güell3, Carl Matthias Intelmann1, Thomas Dittrich4,
and Karsten Hinrichs2 — 1Hahn-Meitner-Institut Berlin GmbH,
Abt. SE1, Kekuléstr. 5, 12489 Berlin — 2ISAS - Institute for An-
alytical Sciences, Department Berlin, Albert-Einstein-Str. 9, 12489
Berlin — 3Department of Physical Chemistry, University of Barcelona,
C/Mart́ı i Franquès, 1, E-08028 Barcelona (Spain) — 4Hahn-Meitner-
Institut Berlin GmbH, Abt. SE2, Glienicker Str. 100, 14109 Berlin

In-situ investigations of Si surfaces are of high scientific relevance in or-
der to understand the electrochemical surface processing during oxide
formation and etch-back, the transformation towards H-termination
and grafting of organic molecules on (111) and (100) oriented sur-
faces. These surface modifications have an impact on the electronic
surface properties such as surface recombination velocity and band-
bending. For characterisation of electronic properties and identifica-

tion of changes in the type of surface species pulsed photoluminescence,
pulsed photo-voltage and infrared spectroscopic measurements (multi-
ple and single reflection geometry) have been applied. Experimental
results are discussed with respect to surface passivation, structural
modification and functionalization.

Invited Talk DS 19.3 Wed 18:15 H34
Water at model membranes: structure, dynamics and
biomolecular sensing — •Mischa Bonn — FOM-Institute for
Atomic and Molecular Physics, Kruislaan 407; NL- 1098 SJ, Ams-
terdam

Lipids form the basic building blocks of cell membranes. Thanks to
their bipolar nature (lipids consist of a polar head group and a long
apolar tail), they possess the ability to self-organize and thus form the
boundary of living cells. The interaction of lipids with water drives
the self-assembly process and water is therefore an essential ingredient
of a biological membrane. It has been a challenge to elucidate the role
of water in biomolecular processes, including those occurring at the
membrane surface.

Vibrational spectroscopies have been shown to be very useful for the
study of water, as the O -H stretch vibration of water is a very sensi-
tive reporter of the local environment of the water molecule. The non-
linear vibrational spectroscopic technique of sum frequency generation
(SFG) further allows us to distinguish bulk water near the membrane
from water physically bound to the membrane. This unique surface
specificity enables the detailed study of membrane-bound water. More-
over, we can investigate the femtosecond dynamics of interfacial water
molecules, as we use femtosecond laser pulses in our experiments.

We find that, although the SFG spectra of interfacial water at the
membrane-water interface very closely resembles that of interfacial wa-
ter at the air-water and air-quartz interfaces, the vibrational dynamics
are markedly different. Whereas for both the air-water and air-quartz
interfaces, the surface water molecules exchange energy very rapidly
with the bulk, this is not the case for membrane-bound water. This is
the first direct experimental evidence that membrane-bound water is
an inherent part of the membrane: water at the membrane interface
does not just terminate the bulk.

We further show that the preferential adsorption of DNA to a lipid
monolayer on water, results in dramatic changes in the interfacial wa-
ter structure. In this way, the water molecules, which are interrogated
with SFG, act as highly sensitive reporters for the presence of DNA,
constituting a novel, non-invasive method for label-free detection of
DNA with very high (picomolar) sensitivity. The approach we present
is very simple and it can easily be extended to be specific towards
unique DNA sequences.
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DS 20: Symposium: Real Time Growth Studies I

Time: Thursday 9:30–11:00 Location: H32

DS 20.1 Thu 9:30 H32
Real-time studies of MBE growth using electron and
synchrotron x-ray diffraction — •Wolfgang Braun1, Dil-
lip Kumar Satapathy2, Vladimir Kaganer1, Bernd Jenichen1,
Lutz Däweritz1, and Klaus Ploog1 — 1Paul-Drude-Institut für
Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin — 2Paul
Scherrer Institut, Swiss Light Source, CH-5232 Villigen PSI, Switzer-
land

Using reflection high-energy electron diffraction (RHEED) and syn-
chrotron x-ray diffraction, we can study epitaxial growth phenomena
in great detail under realistic growth conditions. Whereas RHEED
has a superior surface sensitivity, but is hampered by usually strong
multiple scattering effects, x-ray diffraction allows a straightforward
quantitative analysis using kinematical scattering theory. In addition,
x-rays can penetrate deeply into the material, allowing us to follow
the formation of a heteroepitaxial interface even as it is buried by
continued deposition.

The growth of MnAs on GaAs(001) by molecular beam epitaxy
serves as an example to demonstrate the synergy of both meth-
ods. Whereas RHEED offers a detailed view of the initial nucleation
phase, x-ray diffraction allows us to follow the formation of a strongly
anisotropic, periodic array of misfit dislocations at the heterointerface
that is governed by the misfit and the bonding between film and sub-
strate. A fascinatingly rich and complex sequence of growth stages
unfolds, taking us beyond the standard classification of Volmer–Weber
and Stranski–Krastanov growth.

DS 20.2 Thu 9:45 H32
X-ray in-situ investigations of growing SiGe nanostructures
on nominal substrates and patterned templates — •Tobias
Schulli1, Marie-Ingrid Richard1, Gilles Renaud1, Gang Chen2,
and Guenther Bauer2 — 11CEA Grenoble, DRFMC/SP2M 17 rue
des martyrs, 38054 Grenoble, France — 2Institut für Halbleiterphysik,
Johannes Kepler Universität Linz, 4040 Linz Austria

A challenge for the development of nano-electronics is to elaborate
semiconductor quantum dots that are homogeneous in shape, size,
strain and composition, thus resulting in well-defined electronic and
optical properties. Recently the growth of highly monodisperse Ge
islands on prepatterned Si substrates has been obtained by a combina-
tion of lithography and self-assembly techniques [1]. The complexity of
such growth modes calls for in-situ studies of the kinetics of epitaxy on
patterned surfaces. On BM32 at the ESRF in Grenoble, we have de-
veloped in-situ x-ray scattering methods giving access to the evolution,
of size, shape, faceting, strain relaxation and interdiffusion during the
growth. Utilizing grazing incidence small angle x-ray scattering and
diffraction these tools were used to track the facet size evolution for
growing Ge domes on nominal Si (001) surfaces, as well as in the de-
termination of material transport from the wetting layer during the
transition form two dimensional to island growth [2,3].

References
[1] Z. Zhong et al. Appl. Phys. Lett. 84, 1922 (2004).
[2] T.U. Schülli et al., Appl. Phys. Lett. 89, 143114 (2006).
[3] M.-I. Richard et al., submitted to Phys Rev. Lett. (2006).

DS 20.3 Thu 10:00 H32
Layer-by-layer growth of thin epitaxial iron silicide films on
GaAs — •Bernd Jenichen, Vladimir Kaganer, Wolfgang Braun,
Jens Herfort, Roman Shayduk, Claudia Herrmann, and Klaus
Ploog — Paul-Drude-Institut, Hausvogteiplatz 5-7, 10117 Berlin

The layer-by-layer growth mode during molecular beam epitaxy al-
lows the controlled fabrication of epitaxial layer sequences with very
sharp interfaces between them. The aim of the present work is the
in-situ characterization of the Fe3Si epitaxial growth process in the
layer-by-layer growth mode by x-ray surface diffraction methods in or-
der to achieve high-quality interfaces. The long range ordering in the
films is monitored by measuring different Fe3Si superlattice reflections.
The Fe3Si layers were grown under x-ray control on the As-rich GaAs
surface at different substrate temperatures near 200◦C which is the op-
timum growth temperature with respect to structural and interfacial
perfection and a high degree of long range atomic order. The Si and
the Fe cell temperatures were tuned in order to achieve perfect lattice
match of the Fe3Si to the GaAs substrate and at the same time full sto-

ichiometry of the films. An anneal of the surface at 310◦C for about
1 h together with the growth of one ML of Fe3Si improved the sur-
face quality considerably, which is determined in situ by the increasing
intensity of the x-ray surface reflections. X-ray intensity oscillations
were obtained after such an annealing procedure. Fe3Si grows indeed
layer-by-layer. The measured curves exhibit damping, indicating that
several terrace levels contribute to the diffracted intensity.

DS 20.4 Thu 10:15 H32
In Situ X-ray Diffraction during Pulsed Laser Deposi-
tion — •Vedran Vonk1, Mark Huijben2, Kurt Driessen3,
Guus Rijnders3, Dave Blank3, Sybolt Harkema3, and Heinz
Graafsma4 — 1Max-Planck-Institute for Metals Research, Stuttgart,
Germany — 2University of California, Berkeley, USA — 3University
of Twente, Enschede, The Netherlands — 4Deutsches Elektronen-
Synchrotron, Hamburg, Germany

The use of in situ X-ray diffraction for the study of thin film growth
enables in a straightforward way to derive the atomic structure, be-
cause the kinematical scattering approximation holds. Here we present
the results of studying the heteroepitaxial growth by Pulsed Laser
Deposition of complex oxides such as the High-Tc superconductor
YBa2Cu3O7−x [1] and the insulator LaAlO3 [2] on SrTiO3(001) sub-
strates. A special sample chamber has been constructed to be used
with synchrotron X-rays [3]. Detailed pictures of the growth kinetics
and of the atomic interface structure at deposition conditions result
from fitting quantitatively both the intensity growth oscillations and
the crystal truncation rods. The growth of the complex oxide thin films
presented here is characterized by substantial interlayer-mass transport
and large deviations from the bulk room-temperature atomic struc-
ture. The results show the effects of the interplay between formation
and diffusion energies on the processes of nucleation and kinetics dur-
ing heteroepitaxial growth. [1] V.Vonk et al. ESRF Highlights 2004
(2005) [2] V.Vonk et al., Phys. Rev. B (submitted) [3] V.Vonk et al.,
J. Synchr. Rad. 12 (2005) 833

DS 20.5 Thu 10:30 H32
Pressure Dependant in-situ Investigations on the Rapid
Thermal Processing of CuInS2 Thin Films — •Humberto Ro-
driguez Alvarez, Immo Michael Kötschau, Alfons Weber, and
Hans Werner Schock — Hahn Meitner Institut, Glienicker Str. 100.
14109 Berlin

The solid state transformations taking place during the rapid ther-
mal processing (RTP) for the sulfurization of metallic precursors
(Cu,In) were monitored using in-situ energy dispersive X-ray diffrac-
tion (EDXRD) experiments at the EDDI beamline of BESSY II
(Berlin). The new reaction chamber allows an RTP type processes at
high pressure (∼1mbar) and short heat-up time (550◦C,∼200K/min),
which is considerably different from the process conditions (pmax ∼
10−3 mbar) of a complementary experiment available at HASYLAB
(Hamburg). The time resolved analysis of the EDXRD spectra gives
information on the reaction pathway leading to the formation of the
CuInS2 thin film. The first experiments show a strong pressure de-
pendence of the formation of binary sulfides prior to the formation of
the ternary chalcopyrite. The changes in the reaction pathway under
variation of the maximum sulfur partial pressure will be discussed.

DS 20.6 Thu 10:45 H32
Coarsening kinetics of facetted 2D islands: theory and Monte
Carlo simulations — •Vladimir Kaganer1, Wolfgang Braun1,
and Karl Sabelfeld2 — 1Paul-Drude-Institut für Festkörperelek-
tronik, Hausvogteiplatz 5-7, 10117 Berlin — 2Weierstraß-Institut für
Angewandte Analysis und Stochastik, Mohrenstr. 39, 10117 Berlin

Two coarsening mechanisms, Ostwald ripening and dynamic coales-
cence, are studied by means of kinetic Monte Carlo simulations. Ost-
wald ripening is the leading coarsening mechanism in absence of a step
edge barrier, while dynamic coalescence takes place if an exchange of
atoms between islands is prohibited by a step edge barrier. We find
that the coarsening laws qualitatively change at large bond energies
or low temperatures, when the 2D islands become facetted. Ostwald
ripening proceeds through a sequence of ’magic’ sizes corresponding to
square or rectangular islands and becomes attachment-limited, but the
Wagner’s asymptotic law is reached after a very long transient time.
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The unusual coarsening kinetics obtained in Monte Carlo simulations
are well described by the Becker-Döring equations of nucleation kinet-
ics. We show that these equations can be applied to a wide range of
coarsening problems. Dynamic coalescence is a result of the Brownian
motion of the islands. For large bond energies, the island diffusion co-

efficient becomes size-independent and the size distribution becomes
monotonously decreasing. The results of the kinetic Monte Carlo sim-
ulations are supported by numerical solutions of the Smoluchowski
equations.

DS 21: Symposium: Real Time Growth Studies II

Time: Thursday 11:15–12:45 Location: H32

Invited Talk DS 21.1 Thu 11:15 H32
Growth morphology evolution in real time and real space —
•Joachim Krug — Institut für Theoretische Physik, Universität zu
Köln, Zülpicher Strasse 77, 50937 Köln, Germany

Understanding morphology evolution during thin film growth requires
the combination of real time probes, which provide information about
the layer coverage distribution and derived quantities such as the sur-
face roughness, and real space imaging which gives insight into the
lateral (regular or irregular) structure. The talk will summarize the
state of the art that has been achieved in the study of simple model
systems, such as homoepitaxial metal films. Starting from the statisti-
cal growth limit, where interlayer transport is completely suppressed,
we will sketch the quantitative theory of mound formation based on
the analysis of nucleation of new layers. We will discuss the relevance
of this mechanism for organic thin film growth, and argue that in-
formation on the possible suppression of interlayer transport in these
systems can be obtained from the shapes of growth spirals. Stochas-
tic roughening mechanisms giving rise to self-affine morphologies will
then be briefly reviewed, and the phenomenon of rapid roughening in
organic films, where roughness builds up faster than in the statistical
growth limit, will be discussed in the context of available theories.

Invited Talk DS 21.2 Thu 12:00 H32
Growing metals on silicon surfaces - STM study in-vivo —

•Ivan Ošťádal, Pavel Sobot́ık, Pavel Kocán, and Jan Pudl —
Faculty of Mathematics and Physics, Department of Electronics and
Vacuum Physics, Charles University in Prague, V Holešovičkách 2, 180
00 Praha 8, Czech Republic

Scanning tunneling microscopy (STM) was used for direct imaging
early stages of heteroepitaxial growth of Ag and In on silicon surfaces
during deposition by vacuum evaporation. An experimental arrange-
ment used for such STM in-vivo measurements is presented and dis-
cussed. Image sequences showed the behavior of single metal adatoms
after arriving on the Si(111)7× 7 surface and formation of metal clus-
ters at room and higher temperatures. The data revealed a kind of long
range interaction among metal adsorbate [1]. STM cannot image indi-
vidual, highly mobile, metal adatoms on the the Si(100)2 × 1 surface
at room temperature but dynamics of metal chains growth and decay
can be recorded with a single atom resolution. The chains composed of
metal adatom dimers form surface structures with morphology given
by a type of metal. In-vivo measurements indicate substantial role
of surface C-type defects at metal adatom nucleation [2]. The STM
data are discussed with respect of models used for kinetic Monte Carlo
simulations of the growth.

[1] I. Ošťádal, P. Kocán, P. Sobot́ık, J. Pudl, Phys. Rev. Lett. 95
(2005) 146101

[2] P. Kocán, I. Ošťádal, P. Sobot́ık, Surf. Sci. 600 (2006) 3928; P.
Kocán, P. Sobot́ık, and I. Ošťádal, Phys. Rev. B 74 (2006) 037401

DS 22: In situ STM

Time: Thursday 9:30–10:00 Location: H34

Invited Talk DS 22.1 Thu 9:30 H34
Grain Growth and Film Growth observed with Real-time,
in-situ STM — •Marcel J. Rost — Kamerlingh Onnes Labora-
tory, Leiden, The Netherlands

The ever-growing variety of applications of film and thin film tech-
nology clearly demands fundamental research that links well known
atomic processes, such as diffusion and nucleation, with the meso-
scopic evolution of film properties, both during film growth and during
a post deposition treatment (heating, stress, coating,...). We present
the first real-time, in-situ movies on polycrystalline gold films that
contain observations of film growth and grain growth obtained with a
variable-temperature Scanning Tunneling Microscope (STM).

Atomic step resolution all over the film allowed us to identify the in-

dividual grains and, thus, also the grain boundaries. As we heated the
film, we directly observed grain boundary diffusion and grain growth
and found unexpected changes in surface roughness: an initial decrease
of the roughness was followed by a later increase.

In order to further elucidate film growth, we evaporated several tens
of monolayers of gold under grazing incidence on top of a well an-
nealed polycrystalline gold film, while measuring with the STM. This
enabled us to visualize film growth in real time. Analyzing the inter-
mediate and developing film structures we succeeded in classifying the
growth mode within the empirical film-growth structure-zone model
introduced by Mochvan and Demchishin in 1969. Moreover, the di-
rect observation provides us with atomic-scale insight in this classical
growth mode: columnar grain growth is based on step-flow and spiral
growth.

DS 23: Symposium: In situ Optics III

Time: Thursday 10:00–11:00 Location: H34

DS 23.1 Thu 10:00 H34
Optical and electronic properties of the interface between
small organic ring molecules and GaAs(001) surfaces — •T.
Bruhn1, R. Passmann1,2, M. Kropp1, W. Braun3, M. Kneissl1,
W. Richter1,4, N. Esser1,2, and P. Vogt1 — 1TU Berlin, Institute
of Solid State Physics, Hardenbergstr. 36, 10623 Berlin, Germany
— 2ISAS Berlin, Albert-Einstein-Str. 9, 12489 Berlin, Germany —
3BESSY GmbH, Albert-Einstein-Str. 15, 12489 Berlin, Germany —
4Universita Tor Vergata, Via della Ricerca Scientifica 1, 00133 Roma,
Italy

Organic functionalization of semiconductor surfaces represents one of
the most promising aspects in recent years. For a systematic in-
stallation of functional organic units in semiconductor devices, how-
ever, a detailed understanding of the interface formation is crucial.
Due to the important role of III-V semiconductors in optoelectron-
ics, we have investigated small ring molecules (cyclopentene (C5H8)
and 1,4-cyclohexadiene (C6H8 )) on different GaAs surface reconstruc-
tions. The samples were investigated with reflectance anisotropy spec-
troscopy (RAS), soft X-ray photo electron spectroscopy (SXPS) and
scanning tunnelling microscopy (STM). For all reconstructions RAS
measurements show that the adsorption of the molecules significantly
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changes the spectral line shape where surface related transitions of the
clean surfaces contribute. Also a clear influence on the linear electro-
optical effect (LEO) was observed. Additional molecular components
were identified in the valence band spectra. A bonding to the arsenic-
atoms is supported by STM measurements and core-level spectroscopy.

DS 23.2 Thu 10:15 H34
Infrared in-situ analysis of solid-liquid interface of a mixed
polymer brush — •Y. Mikhaylova1, L. Ionov2, M. Gensch1, N.
Esser1, J. Rappich3, M. Stamm2, S. Minko4, K.-J. Eichhorn2, and
K. Hinrichs1 — 1ISAS - Institute for Analytical Sciences, Department
Berlin, Albert-Einstein-Str. 9, 12489 Berlin — 2Leibniz-Institut für
Polymerforschung Dresden e.V., Hohe Str. 6, 01069 Dresden — 3Hahn-
Meitner-Institut Berlin GmbH, Abt. Silizium-Photovoltaik, Kekuléstr.
5, 12489 Berlin — 4Chemistry Department, Clarkson University, Pots-
dam, New York 13699, USA

Mixed polymer brushes [1,2] find applications for control of wetabil-
ity and adhesion because surface properties can be changed by ex-
ternal stimuli (pH, solvent, light, electric field). A mixed poly(2-
vinylpyridine)-poly(acrylic acid) polymer grafted layer (mixed P2VP-
PAA brush) with 50/50 composition was prepared via two subsequent
”grafting to” reactions. The film was characterized in-situ by polar-
ization dependent infrared (IR) spectroscopic measurements in single
reflection geometry. During those measurements the brush was ex-
posed to different solutions at varying pH, where conformational re-
arrangements in the brush and an inversion of the charge of the film
occur. The reversible switching of the brush was analyzed in-situ via
the component specific vibrational bands of P2VP and PAA. The po-
larization dependent spectra are interpreted quantitatively by optical
simulation procedure. [1] S. Minko, D. Usov, E. Goreshnik, M. Stamm,
Macromo. Rapid Commun. 2001, 22, 206; [2] L. Ionov, A. Sidorenko,
K.-J. Eichhorn, M. Stamm, S. Minko, K. Hinrichs, Langmuir 2005, 21,
8711

DS 23.3 Thu 10:30 H34
Vibrational sum frequency spectroscopy studies of poly(lactic
acid) films — •magnus johnson1, albert sugiharto1, marc
smits2, johannes nijsen3, and sylvie roke1 — 1Max-Planck In-
stitute for Metals Research, Stuttgart, Germany — 2FOM-Institute
AMOLF, Amsterdam, The Netherlands — 3Department of Nuclear
Medicine, University Hospital, Utrecht, The Netherlands

In the search for biodegradable polymers with versatile applications,
poly lactic acid (PLA) has proven to be a fruitful option. This polymer

has successfully been used in the treatment of liver cancer [1] and in
the repair of blood vessels, for example. [2]

In order to increase the knowledge of the complex bulk and surface
structures of PLA, vibrational sum frequency spectroscopy (VSFS) has
been employed on PLA films with varying crystallinity and stereo reg-
ularity. The structure of the films can be determined by mapping both
the well understood stretching modes of the methyl groups as well as
the skeletal modes that have vibrational energies far down into the
fingerprint region. From these studies we are able to obtain a detailed
image of the interface and the bulk, and experiments performed with
different polarizations of the laser beams have enabled a deeper under-
standing of the orientation of various functional groups of the polymer.
Additionally, we are able to track the changes in crystallinity in the
films, initiated by annealing.

[1] Zielhuis, S.W. et. al. Biomaterials, 26, 925 (2005) [2] Postema,
A.R.; Pennings, A.J. J. Appl. Polym. Sci., 37, 2351 (1989)

DS 23.4 Thu 10:45 H34
In-situ Spectroscopic Ellipsometry studies of MOVPE grown
new materials: InN and InGaN — •Martin Leyer1, Massimo
Drago1, Markus Pristovsek1, Wolfgang Richter2, and Michael
Kneissl1 — 1Technische Universität Berlin, Institut für Festkörper-
physik, Hardenbergstr. 36, Germany — 2Univ. di Roma ”Tor Ver-
gata”, Dip. di Fisica, Via Ricerca Scientifica 1, 00133 Italy

Indium rich nitride semiconductors are especially challenging to grow,
resulting in yet unresolved discussions on some of their basic proper-
ties, i.e. the fundamental bandgap energy. Our investigations have
shown that spectroscopic ellipsometry is a very powerful tool for in-
situ growth analysis of InN and related alloys. We have characterized
in-situ several MOVPE grown InN layers of varying structural qualities
in the energy range between 1,6 eV and 6,5 eV prior to contamination
due to exposure to air. In this work we present a model for the dielec-
tric function of InN. Analysis of the shift of the critical points of InN
with the temperature allowed the determination of the temperature
dependence of the InN optical properties between 300K and 900 K.
Such model could be used quantitatively to determine in-situ the InN
growth rate as well as to determine surface effects such as roughening
and accumulation of metallic Indium on the surface of the growing
layer. The now known optical properties of the binary systems InN
and GaN are used to approximate InGaN layers. Since we have found
that ellipsometry is extremely sensitive to the formation of metallic In-
dium surfaces we are also investigating Indium segregation in InGaN
quantum wells.

DS 24: Ion Beam Techniques

Time: Thursday 11:15–13:15 Location: H34

DS 24.1 Thu 11:15 H34
Ion Beam induced Glancing Angle Deposition of silicon
nanostructures — •Christian Patzig1, Wilfried Erfurth2,
Alexey Milenin2, and Bernd Rauschenbach1 — 1Leibniz Institute
of Surface Modification, Permoserstraße 15, 04318 Leipzig, Germany
— 2Max Planck Institute of Microstructure Physics, Weinberg 2, 06120
Halle, Germany

Silicon nanostructures such as chevrons, four-fold spirals, screws and
vertical posts are grown on Si substrates using ion-beam induced
Glancing Angle Deposition (GLAD) at room temperature. GLAD is
a deposition technique developed in recent years. Based on a self-
shadowing process of particles that reach the substrate under a highly
oblique angle (the particle flux typically reaches the substrate under
an angle β > 80◦ as measured to the substrate normal), slanted posts
will grow in the direction of the incoming flux. Combined with suitable
substrate rotation, unique structures can be grown. The structures are
grown on bare Si substrates as well as on templates made with Elec-
tron Beam Lithography (EBL) and are analyzed by Scanning Electron
Microscopy (SEM). The effect of different rotation schemes and the
influence of period and size of the template pattern on the growing
structure will be discussed. It will be shown that the period of the
template pattern, compared to the natural dimension of the structure
on the bare substrate, dominates both dimension and periodicity of
the grown structures.

DS 24.2 Thu 11:30 H34

Energy dependence of the surface topography on Si and
Ge during ion beam erosion: Change of ripple orientation
— •Bashkim Ziberi, Frank Frost, Theresa Lutz, and Bernd
Rauschenbach — Leibniz-Institut für Oberflächenmodifizierung e. V.,
04318 Leipzig

Under certain conditions, induced by self-organization processes, low-
energy ion beam erosion can lead to the formation of well ordered
nanostructures on surfaces. The formation, ordering and size of nanos-
tructures depends on different process conditions. The underlying
mechanism is an interplay between curvature dependent sputtering
that roughness the surface and smoothing by different relaxation pro-
cesses. In the case of ripple formation current theories predict a ripple
orientation perpendicular to the projection of the incoming ion beam
for not too oblique angles of ion incidence and an increase of the ripple
wavelength with ion energy if the relaxation process is not a thermal
activated surface diffusion process. In this contribution the ripple sur-
face topography emerging on Si and Ge surfaces during low energy
Xe+ ion beam erosion at oblique ion incidence is investigated (ion en-
ergy ≤ 2000 eV). The results show that there is a much more complex
behavior of the surface topography with ion energy, that contradict
the predictions of the theoretical models. For example a change in
ripple orientation from perpendicular to parallel with decreasing ion
energy was found, and the ripples formed at lower ion energies have a
wavelength two times larger than the ripples at higher ion energies.

DS 24.3 Thu 11:45 H34
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Biaxially textured polycrystalline Ag films on amorphous Si
by ion beam assisted deposition — •Daniel Förster, Sebas-
tian Bleikamp, and Thomas Michely — II. Physikalisches Institut,
Universität zu Köln, Zülpicher Str. 77, 50937 Köln

Controlling the texture of polycristalline thin films is crucial for their
performance, i.e. in integrated circuits or as IR-reflective coatings.

We studied the early growth stages of Ag thin films on amorphous
silicon as a model system by scanning tunneling microscopy. If grown
by physical vapour phase deposition, these films develop a <111> fiber
texture.

In order to obtain biaxially textured films, ion beam assisted deposi-
tion is performed using 4 keV Argon ions. Three channeling directions,
corresponding to ion beam angles of 20◦, 35◦ and 85◦ with respect to
the surface normal are tested at different ion-to-atom arrival rates. For
the grazing incidence angle of 85◦ at an 1/10 arrival rate a pronounced
biaxial texture is found.

Details of the texture may be understood by considering the different
interaction of the grazing ion beam with terraces and step edges.

DS 24.4 Thu 12:00 H34
Selektive Diffusion durch Ionenbestrahlung: Gold in amor-
phem Silizium — Peter Kächler1, Andreas Klimmer1, Hans-
Gerd Boyen1, Christian Pfahler1, Moritz Trautvetter1, •Paul
Ziemann1, Johannes Biskupek2, Ute Kaiser2 und Paul Walther2

— 1Institut für Festkörperphysik, Universität Ulm, 89069 Ulm, Ger-
many — 2Zentrale Einrichtung Elektronenmikroskopie, Universität
Ulm, 89069 Ulm, Germany

Bestrahlt man 60 nm dicke Goldfilme auf Si(100)-Substraten mit
230 keV Ar+ Ionen, so reicht diese Energie aus, dass die Projektile
in einer mittleren projizierten Tiefe von 80 nm im Silizium zur Ruhe
kommen. Simulationen (SRIM) wie auch TEM-Messungen zeigen, dass
eine Gesamtfluenz von 4·1015 Ionen/cm2 genügt, um eine Si-Schicht
mit scharf definierter Dicke (230 nm) direkt an der Grenzfläche Au-Si
vollständig zu amorphisieren. Erfolgt eine solche Bestrahlung durch
geeignete Masken, kann man bei anschließendem Tempern ein Tem-
peraturfenster mit selektiver Au-Diffusion finden. So diffundiert Gold,
wie Rutherford-Rückstreuexperimente (RBS) zeigen, zwischen 290◦ -
350◦C in das amorphisierte Si-Substrat ein, während in den kristal-
linen Teilen noch keine merkliche Diffusion stattfindet [1]. Es wird
über kombinierte RBS-, TEM- und SEM-Experimente berichtet, wel-
che Aufschluss über die sich einstellenden Au/Si-Tiefenprofile liefern
und die durch Nutzung geeigneter Bestrahlungsmasken eine Bestim-
mung der so erreichten elektrischen Leitfähigkeitskontraste zwischen
bestrahlten und unbestrahlten Bereichen erlauben.

[1] J. Ehrhardt et al, J. Appl. Phys. 100, 063534 (2006).

DS 24.5 Thu 12:15 H34
Messung der winkelabhängigen Sputterrate und der Se-
kundärelektronenausbeute bei der FIB-Bearbeitung von
ein- und polykristallinen Metallen — •Yuliya Stark, Robert
Frömter und Hans Peter Oepen — Institut für Angewandte Phy-
sik, Universität Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany

Das direkte Bearbeiten von Metallfilmen zur Herstellung von Nano-
strukturen erfreut sich wegen der Verfügbarkeit hochauflösender FIB
Quellen zunehmender Beliebtheit. Während es relativ einfach ist, an-
hand einer Monte-Carlo Simulation [1] eine Abschätzung für die Sput-
terrate bei der Bearbeitung eines bestimmten Metalls zu erhalten, sind
experimentelle Werte hierfür in der Literatur rar. Wir haben daher
Messungen der Sputterrate von 30 kV Ga Ionen an polykristallinen Fe,
Co und Permalloy Schichten, sowie den Substratmaterialien Si, GaAs
und Graphit durchgeführt. Winkelabhängige Messungen an einkristal-
linem Fe zeigen, dass der Einfluss der Kristallstruktur (channeling),
der in [1] nicht berücksichtigt wird, bis zu einer Größenordnung be-
tragen kann. Auffälligerweise fallen hier nicht alle niedrig indizierten
Kristallrichtungen mit Minima der Sputterrate zusammen.

Die Sekundärelektronenausbeute spielt ebenfalls eine Rolle bei der
Bearbeitung, da sie beispielsweise die Bildqualität bei der Ionenmikro-
skopie und damit die zur Abbildung notwendige Grenzdosis bestimmt.
Wir haben mittels eines sphärischen retarding-field Spektrometers den
Ertrag sowie die Energieverteilung der Sekundärelektronen für eine
Reihe von Materialien bestimmt.

[1] James F. Ziegler; http://www.srim.org

DS 24.6 Thu 12:30 H34
Mechanical stress in low-energy ion-irradiated germanium:
Experiments and simulations — •Tobias Edler and S.G. Mayr
— I. Physikalisches Institut, Friedrich-Hund-Platz 1, Georg-August-
Universität Göttingen, 37077 Göttingen, Germany

In the present contribution we focus on the origins and impacts of
the swelling anomaly in amorphous germanium during ion bombard-
ment. Experimentally, amorphous germanium thin films were grown
from vapor, and subsequently bombarded with Ar+ ions with energies
of up to 3 keV. Stress generation is monitored by a laser beams deflec-
tion method. In order to identify the underlying mechanisms of stress
generation, molecular dynamics simulations were performed, in which
crystalline and amorphous germanium films of different densities were
irradiated.

We find a good agreement between experiments and simulations,
which both clearly show the generation of compressive stresses, which
saturate at 200MPa. These stresses can be attributed to the gener-
ation of voids with sizes of approximately 1 nm several nanometers
below the surface.

This work was financially supported by the DFG – SFB 602 TP B3.

DS 24.7 Thu 12:45 H34
Nanoporous carbon thin films manufactured by ion beam
treatment of self-assembled block-copolymer nanotemplates
— •Valeriy Luchnikov1, Manfred Stamm1, Alexey Konduyrin2,
and Marcela Bilek2 — 1Leibniz-Institut of Polymer Research Dres-
den, Hohe Str. 6, 01069 Dresden, Germany — 2School of Physics,
University of Sydney, New South Wales 2006, Australia

Well-defined nanoporous carbon materials are explored for a num-
ber of advanced applications such as separation media, energy stor-
age/conversion systems, catalyst supports, nano-electronic devices.
Self-assembled block-copolymer thin films constitute a promising pre-
cursor material to formation of highly-ordered nanoporous carbon thin
films via carbonization reactions. One of the carbonization techniques
is ion beam implantation that transforms a polymer to insoluble elec-
trically conductive carbonized structure, which can operate under ag-
gressive media, high energy irradiations, mechanical load and high
temperature. We have shown that a nanoporous BC-film can be com-
pletely carbonized by high-energy ion beam implantation, while pre-
serving highly-ordered morphology. Thickness and structure of the
carbonized nano-template are analyzed. Ion-beam induced carboniza-
tion does not require high tempratures and permits delicate modifi-
cation of only the top 100 - 200 nm thick layer. This opens up new
possibilities, such as formation of ordered carbon thin films on plastic
and fusible metal substrates for flexible electronics. The method is
also perspective for manufacture of free-standing nanoporous carbon
membranes for different applications.

DS 24.8 Thu 13:00 H34
Transport von Ionen durch dünne Filme und Membrane —
•Eva Unger, Thomas Kolling, Shutao Sun und Karl-Michael
Weitzel — Fachbereich Chemie, Universitaet Marburg, Hans Meer-
weinstr., 35032 Marburg

Dünne Filmschichten und Membrane spielen in Forschung und Tech-
nik eine grosse Rolle, z. B. in der Mikroelektronik, Medizintechnik aber
auch allgemein in der Oberflächenbearbeitung und -veredelung.

Ausgehend von Studien zur reaktiven Streuung von Ionen an film-
belegten Grenzflächen, u.a. an PPX-Filmen, haben wir in diesem Bei-
trag den Transport von Ionen durch freistehende PPX-Membrane
studiert. Dazu wurden dünne PPX - (Poly-Para-Xylene) Schich-
ten und PPX-Membrane variabler Dicke (100 nm bis 2 µm) durch
Plasma-Dampfabscheidung (CVD) präpariert. So erzeugte Membra-
ne wurden anschließend in einer Ultrahochvakuumkammer ”frei-
stehend”positioniert und mit Cs+ Ionen beschossen. Durch die Mem-
bran hindurchtretende Teilchen wurden mit einem Mikrokanalplatten-
detektor nachgewiesen und bezüglich ihrer kinetischen Energie analy-
siert.

Wir können den Durchtritt von Cs+ Ionen nachweisen, finden je-
doch auch deutliche Hinweise auf das Austreten von Elektronen und
im geringen Umfang auch neutraler Cs Atome. Diese Teilprozesse wer-
den vor allem als Funktion der Aufschlagsenergie (impact energy) und
der Schichtdicke untersucht.
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DS 25: Symposium: Real Time Growth Studies III

Time: Thursday 15:00–18:30 Location: H32

Invited Talk DS 25.1 Thu 15:00 H32
Pentacene thin film growth — •George Malliaras — Cornell
University, Ithaca, NY, USA

Organic thin film transistors (OTFTs) are being developed in aca-
demic and industrial labs for ”disposable” plastic electronics such as
radio-frequency identification tags. Among the most promising organic
semiconductors is pentacene, which yields transistors with performance
similar to that of amorphous silicon. The interfaces of pentacene films
with dielectric materials (gate oxide) and conductors (electrodes) play
a major role in determining OTFT performance. X-ray scattering has
proved to be superb tool for the study of crystalline organic films such
as pentacene. My talk will focus on the interface of pentacene films
with dielectric materials. Recent studies of growth of pentacene films
on silicon oxide has revealed interesting new physics: For example,
layer-by-layer growth can be obtained despite the fact that the inter-
action of pentacene with itself is stronger that that with the substrate.
I will discuss our current understanding of how the kinetics of growth
affects film morphology. A second topic that will be overviewed is the
evolution of structure of organic films with film thickness. As organ-
ics are highly polymorphic, they usually adopt a *thin-film* phase at
the substrate, with the bulk phase not seen until film thickness has
exceeded a certain thickness. I will show that the nucleation of the
bulk phase begins at the substrate, but it remains undetected due to
the fact that bulk crystallites scatter incoherently. Implications of this
phase co-existence on the electrical properties of organic films will be
discussed.

DS 25.2 Thu 15:45 H32
Real-time and in-situ study of organic semiconductor growth:
using X-ray growth oscillations beyond the anti-Bragg point
— •Stefan Kowarik1,2, Alexander Gerlach1,2, Stefan Sellner1,
Frank Schreiber1, Leide Cavalcanti3, and Oleg Konovalov3 —
1Institut für Angewandte Physik, Universität Tübingen, 72076 Tübin-
gen, Germany — 2Physical and Theoretical Chemistry Laboratory,
University of Oxford, Oxford OX1 3QZ, United Kingdom — 3ESRF,
6 Rue Jules Horowitz, Bôıte Postale 220, 38043 Grenoble Cedex 9,
France

In-situ and real-time X-ray scattering experiments during organic
molecular beam deposition (OMBD) have been performed at the
ESRF. Using an optimised setup and the high X-ray photon flux at
a synchrotron, we show that a wide region in reciprocal space (i.e.
many Fourier components of the real-space structure) can be moni-
tored in real-time. In particular we manage to simultaneously acquire
X-ray growth oscillations not only at the anti-Bragg condition but in
a broad q-interval and in particular at the 2/3, 3/4, 4/5 etc. Bragg
points. We will also discuss a simplified scheme for direct data anal-
ysis. The real-time measurements allow studying the growth kinetics
of organic semiconductors such as pentacene, perfluoropentacene, and
diindenoperylene in great detail. We find marked transitions from
layer-by-layer growth to roughening, changes in molecular orientation
during the growth process, as well as transient strain [1].

[1] S. Kowarik, et al. PRL 96, 125504 (2006).

DS 25.3 Thu 16:00 H32
Real-Time Observation of Organic Growth on metals
- a SMART Investigation — •Pierre Levesque1, Helder
Marchetto1, Ullrich Groh2, Florian Maier2, Thomas Schmidt2,
Rainer Fink3, Tomáš Skála1, Eberhard Umbach2, and Hajo
Freund1 — 1Fritz-Haber-Institut der Max-Planck-Gesellschaft, 14195
Berlin, Germany — 2Universität Würzburg, Experimentelle Physik
II, 97074 Würzburg, Germany — 3Universität Erlangen-Nürnberg,
Physikalische Chemie II, 91058 Erlangen, Germany

The growth of two similar molecules - PTCDA and NTCDA - on
Ag(111) and Au(111) surfaces has been studied in situ by the SMART,
using PEEM with UV-light and polarized monoenergetic synchrotron
radiation and LEEM. Above room temperature both systems grow in
the Stranski-Krastanov mode: first two closed layers of molecules are
formed, followed by three dimensional (3D) growths of islands. Strong
differences are observed in the molecular orientations: whereas the
PTCDA molecules are always flat-lying on the substrate, the NTCDA
behaves differently: the molecules are also flat-lying in the double layer
but tilted by about 45◦ in the islands. We report on surprising ob-

servations like reduced sticking coefficient, metastable layers, internal
crystal structures, and dynamic changes within the layers. Differences
in the growth and the temperature dependence of the two systems are
discussed. Contrast mechanisms leading to the presented results will
also be addressed. Project funded by BMBF under contract no. 05
KS4WWB/4.

Invited Talk DS 25.4 Thu 16:15 H32
Growth, Interface Formation and Electron Dynamics of Pen-
tacene Thin Films — •Frank Meyer zu Heringdorf — Univer-
sität Duisburg-Essen, Lotharstrasse 1, 47048 Duisburg

Pentacene has attracted significant attention lately, as it is an ex-
tremely promising candidate for organic field effect transistors in or-
ganic displays and radio frequency identification (RFID) tags. We
studied the growth and interface formation of Pentacene on various
Si surfaces. The initial interaction between the molecule and the sub-
strate is covalent and the molecules are forced to ”lie down” on the
substrate. Subsequent layers stand upright on top of this flat lying
layer and exhibit a fractal shape. As the flat layer remains between
the interface and the standing-up molecules, it shields the film from
the surface. Consequently, the growth behaviour is independent of the
orientation, reconstruction or symmetry of the initial Si surface. The
combination of PEEM with pulsed fs-laser sources allows the obser-
vation of the decay of electronic excitations in the films with spatial
resolution via two photon photoemission. Here, a first photon is used
to generate an excitation in the film, while a second photon initiates
photoemission. The time-delay between the two (pump- and probe-)
photons then allows observation of the decay of the excited intermedi-
ate state. The change in the molecular orientation between the initial
layer and the fractal islands is also reflected in the decay of electronic
excitations in the thin films.

DS 25.5 Thu 17:00 H32
Real-time growth investigations by means of reflectance dif-
ference spectroscopy — •Michael Hohage, Lidong Sun, Richard
Denk, Günther Weidlinger, Jose Manuel Flores-Camacho, and
Peter Zeppenfeld — Institut für Experimentalphysik, Johannes Ke-
pler Universität Linz, A-4040 Linz, Austria

Reflectance difference spectroscopy (RDS) has been proven to be a ver-
satile tool to study growth processes on crystalline substrates in-situ
and in real-time. RDS measures the difference in the reflectivity of
light polarized along two orthogonal directions. Since RDS uses light
with normal incidence, it measures the in-plane anisotropy of a sam-
ple. For crystals with cubic symmetry the bulk is not contributing to
the optical anisotropy, so that the RDS signal is only introduced by an
anisotropic surface. The growth on an anisotropic substrate may influ-
ence the optical anisotropy signal either by changing the anisotropy of
intrinsic surface transitions (e.g. scattering of surface states), by mod-
ifying substrate transitions due to anisotropic strain fields beneath the
growing structures, or by introducing specific transitions of the de-
posited material (e.g. HOMO-LUMO transitions of orientated organic
molecules). Simultaneously to the investigation of the morphology, the
out of plane magnetization of a growing film may be studied by RDS
via the polar magneto-optical Kerr effect (MOKE). The capabilities
of RDS regarding the real-time investigation of growth will be demon-
strated by introducing growth systems where the mentioned effects
have been identified.

DS 25.6 Thu 17:15 H32
Optical Spectroscopy of Ultrathin Stacked Nanolayers Grown
by Multiple Organic Heteroepitaxy — •Roman Forker1,
Thomas Dienel1, Klaus Müllen2, and Torsten Fritz1 — 1Institut
für Angewandte Photophysik, TU Dresden, 01062 Dresden, Germany
— 2MPI für Polymerforschung, Ackermannweg 10, 55128 Mainz, Ger-
many

Highly ordered quaterrylene (QT) films in the (sub-) monolayer regime
were examined by means of differential reflectance spectroscopy (DRS)
while being epitaxially deposited on various substrates. This in situ
technique provides unsurpassed sensitivity for the thickness-dependent
optical analysis during film growth. From the DR spectra, the optical
constants were extracted using a novel numerical algorithm [1]. Rather
broad and structureless spectra were obtained on Au(111). This be-
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haviour changes drastically by depositing a closed monolayer of hex-
abenzocoronene (HBC) on the Au(111) surface before growing the QT
film on top: Well-resolved QT-monomers become visible up to one
QT-monolayer, followed by a physical monomer-dimer transition [2, 3]
indicated by the appearance of isosbestic points in the spectra. The
results are discussed in terms of the different molecular orbital hy-
bridization on Au(111) and on HBC. Structural characterization was
done by means of STM and LEED showing closed layers of flat lying
molecules.

[1] R. Nitsche et al., Phys. Rev. B 70 (2004), 195432.
[2] H. Proehl et al., Phys. Rev. Lett. 93 (2004), 097403.
[3] H. Proehl et al., Phys. Rev. B 71 (2005), 165207.

Invited Talk DS 25.7 Thu 17:30 H32
Charge Injection across Self-Assembly Monolayers in Or-
ganic Field Effect Transistors: Odd-Even Effects — •Fabio
Biscarini1, Pablo Stoliar1, Rajendra Kshirsagar1, Massimiliano
Massi1, Paolo Annibale1, Cristiano Albonetti1, and Dago de
Leeuw2 — 1CNR-Istituto per lo Studio dei Materiali Nanostrutturati,
Bologna, Italy — 2Philips Research Labs, Eindhoven, The Netherlands

We investigate the role of self-assembly monolayers of chain length n,
with n ranging between 3 and 18, in modulating the charge injection
in pentacene field effect transistors.

The charge carrier mobility exhibits large fluctuations correlated
with odd-even n. For n < 8, increases by one order of magnitude.
For n > 8, charge mobility decays exponentially with an inverse decay
length β = 0.6 Å−1.

Charge injection across the interface occurs by tunneling of holes
mediated by the alkanethiol layer. At short chain length, decreasing
of both interfacial morphological disorder and pentacene-surface in-
teractions dominates over the increasing thickness of the alkanethiol
monolayer. At long chain length, the charge injection across the alka-

nethiol monolayer governs the transistor response.
The odd-even effect is ascribed to the anisotropic coupling between

the alkanethiol terminal sigma bond and the HOMO level of ordered
pentacene molecules. Our results show that the pentacene transistor is
a sensitive gauge for probing charge transport across single monolayers.

DS 25.8 Thu 18:15 H32
In- situ measurements to analyze the intermolecular cou-
pling and film growth of organic semiconductor thin films
— •Derck Schlettwein, Christian Kelting, Harry Brinkmann,
Wilfried Michaelis, and Karsten Hesse — Institut für Angewandte
Physik, Justus-Liebig-Universität Gießen, 35392 Gießen

Intermolecular coupling of electronic pi-systems in thin films of organic
semiconductors is of fundamental relevance for both the understand-
ing of physical characteristics and their utilization in electronic devices.
Optical absorbance is well- suited to probe them already during film
growth, in particular when backed up by electron diffraction studies.
Subtle changes in the film structure can be detected in changes of
the observed band splitting. Thin films of modified phthalocyanines
are a good example since spectra could already be obtained in the
monolayer thickness range. Also, the average orientation relative to
the substrate surface was extracted from relative intensities and the
conclusions are supported by independent measurements of (ex-situ)
spectral ellipsometry [1]. Aside from intermolecular coupling but not
independent from it, microscopic growth characteristics of the films are
of high relevance for technical applications. Measurements of the elec-
trical conduction during film growth turned out very useful to discuss
the formation of conduction pathways and hence the growth mode of
films. Thus we could distinguish between layer vs. island growth. In
a number of cases we observed the formation of ultrathin conductive
channels in the monolayer range, interesting for technical application.
[1] cooperation with the group of D.R.T. Zahn, TU Chemnitz.

DS 26: Oxides

Time: Thursday 15:00–17:45 Location: H34

DS 26.1 Thu 15:00 H34
XPS study of Pr-aluminate high-k dielectric layers on tita-
nium nitride — •Grzegorz Lupina, Thomas Schroeder, Chris-
tian Wenger, Gunther Lippert, Jarek Dabrowski, and Hans-
Joachim Müssig — IHP, Im Technologiepark 25, 15236 Frank-
furt/Oder

To extend the scalability of deep trench capacitor-based dynamic ran-
dom access memories (DRAM), the introduction of high-k dielectrics-
based metal-insulator-metal (MIM) storage capacitors is required. Pr-
enriched Al2O3 dielectrics with TiN electrodes appear as a promising
materials system for this application. Electrical measurements per-
formed on this materials combination show that the development of a
capacitor with a very high capacitance density and low leakage cur-
rent requires a very careful control of the electrode/dielectric interface.
For this purpose, we carried out a synchrotron radiation x-ray photo-
electron spectroscopy (SR-XPS) study to non-destructively investigate
interface reactivity of the PrxAl2−xO3 (x = 0, 1, 2) dielectrics with
TiN metal electrodes. The depth profiling study using SR-XPS shows
that the TiN substrate is covered with a native TiO2. Additionally, a
thin interfacial TiON layer is present between these compounds, result-
ing in a TiN/TiON/TiO2 materials stack. Molecular beam deposition
of Al2O3 onto substrates of this structure leads to the reduction of
the native TiO2. In contrast, in the same way deposited PrAlO3 and
Pr2O3 dielectrics are significantly less reactive towards TiO2.

DS 26.2 Thu 15:15 H34
Structural Determination of thin Manganese Oxide Films on
Ag(001) — •Christian Langheinrich1, Angelika Chassé1, Frank
Müller2, and Stefan Hüfner2 — 1Martin-Luther-Universität Halle-
Wittenberg, Institut für Physik, D-06099 Halle/Saale — 2Universität
des Saarlandes, Institut für Experimentalphysik, D-66041 Saarbrücken

X-ray photoelectron diffraction (XPD) has been applied to study thin
manganese oxide films (∼7ML) on an Ag(001) surface. Calculations
with the multiple scattering cluster model (MSCM) show that the film
grows in a high crystalline order. At least the top 5 MLs have to be in
such a crystalline order to reproduce the experimental spectra prop-
erly.

Furthermore, it is insufficient to analyze the spectra with a simple
forward scattering picture, which usually dominates the XPD spec-
tra for high kinetic energies (here ∼850 eV for Mn-2p excitation and
∼970 eV for O-1s excitation). Due to the small next-neighbour dis-
tance in a NaCl-like lattice interference effects change the peak form
drastically. Thus a combination of forward scattering and interference
is necessary to understand these XPD spectra.

In order to find optimized lattice constants, both the lattice con-
stant in the surface and the lattice constant in perpendicular direction
have been varied independently. An r-factor analysis of these spectra
indicates that the system is close to pure MnO bulk within a small
tetrahedral distortion. This is in accordance with low energy electron
diffraction (LEED) results.

DS 26.3 Thu 15:30 H34
Epitaxially stabilized growth of orthorhombic LuScO3

thin films — •Tassilo Heeg1, Martin Roeckerath1, Jürgen
Schubert1, Willi Zander1, Christoph Buchal1, Han Yuan Chen2,
Chunlin Jia2, Yunfa Jia3, Carolina Adamo3, and Darrell G.
Schlom3 — 1Institute of Bio- and Nanosystems (IBN1-IT), and
Centre of Nanoelectronic Systems for Information Technology (cni),
Forschungszentrum Jülich GmbH, 52425 Jülich, Germany — 2Ernst-
Ruska-Centre for Microscopy and Spectroscopy with Electrons (ER-C),
and Institute of Solid State Research (IFF), Forschungszentrum Jülich
GmbH, 52425 Jülich, Germany — 3Department of Materials Science
and Engineering, The Pennsylvania State University, University Park,
Pennsylvania 16802-5005, USA

Lutetium scandate (LuScO3) thin films of 10 - 800 nm in thickness have
been prepared by molecular beam epitaxy and pulsed laser deposition
on different substrates. Stoichiometry and crystallinity were investi-
gated using Rutherford backscattering spectrometry/channelling, X-
ray diffraction and transmission electron microscopy. The results in-
dicate that LuScO3, which normally only exists as solid solution of
Sc2O3 and Lu2O3, could be grown in the orthorhombically distorted
perovskite structure. A good crystalline quality (rocking curve FWHM
of 0.05◦) was gained, and a critical film thickness of around 200 nm
for the epitaxial stabilization of the perovskite phase of LuScO3 on
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NdGaO3(110) substrates was determined.

DS 26.4 Thu 15:45 H34
Tunable Electron Gases in Oxide Hetrostructures — •Stefan
Thiel1, German Hammerl1, Christoph Richter1, Andreas
Schmehl2, Christof Schneider1, and Jochen Mannhart1 —
1Experimental Physics VI, Center for Electronic Correlations and
Magnetism, University of Augsburg, Universitaetsstrasse 1, D-86159
Augsburg, Germany — 2Department of Materials Science and Engi-
neering, Penn State University, University Park, Pennsylvania 16802-
5005, USA

Multilayers of complex oxides can show physical properties that are
not found in either of their constituents. For example, a conducting,
quasi-two dimensional electron gas is formed at the interface between
the two insulating, dielectric perovskites LaAlO3 and SrTiO3 [1].

Here we report that the electron gas can be tuned to a very large
extent by altering the thickness of the LaAlO3 layers on the unit cell
level. For LaAlO3 layers that are up to 3 unit cells thick, highly insu-
lating interfaces are obtained. In field effect transistor configurations
using such interfaces as drain-source channels a quantum phase tran-
sition to the conducting state is readily achieved by gate fields. [2].
Upon change of their carrier densities with applied electric fields, the
electron gas reacts with a pronounced memory effect.

[1] A. Ohtomo, H.Y. Hwang, A high-mobility electron gas at the
LaAlO3/SrTiO3 heterointerface, Nature 427, 423-426 (2004)

[2] S. Thiel, G. Hammerl, A. Schmehl, C.W. Schneider, J. Mannhart,
Tunable Quasi-Two-Dimensional Electron Gas in Oxide Heterostruc-
tures, Science 313, 1942-1945 (2006)

DS 26.5 Thu 16:00 H34
Unusual Enhancement of Laser Induced Voltages in
(LPMO/YBCO)n Multilayer Thin Films — •Pengxiang
Zhang1,2, Hui Zhang1, Lilan Xie1, Xinkun Zhu1, Songlin Tan1,
and Hanns-Ulrich Harbermeier2,1 — 1Institue Advanced Materials
for Photoelectronics, KUST, Kunming, China 650051 — 2FKF, MPI,
Stuttgart, Heisenberg Str. 1 D-70569 Germany

Laser induced voltages were observed in (YBa2Cu3O7/La1−xPbxMnO3)n

multilayer thin films grown on vicinal cut LaAlO3 single crystal sub-
strates by pulsed laser deposition. The induced voltages were proved
to be due to an anisotropic thermoelectric property, which was evi-
denced by the tilting angle dependence of the induced signals in these
films. The peak voltages obtained are about one order of magnitude
stronger than that obtained from single layer films. The possible
mechanisms for the largest signals observed so far in these multilayer
thin films are discussed and the enhanced large Seebeck anisotropy
by the layered anisotropic structure is most likely the reason. The
new finding not only enriches the experimental observations involved
in strongly correlated oxides, but also provides great potentials for
applications.

DS 26.6 Thu 16:15 H34
Ag-doped LaPbMnO3 thin films and laser induced thermo-
electric voltages — •Pengxiang Zhang1,2, Songlin Tan2, Hui
Zhang2, and Hanns-Urlich Habermeier1 — 1Max-Planck Institut
for Solid State Research, Stuttgart, D-70569 — 2IAMPE, KUST, Ku-
nimng, China 650051

Ag-doped LaPbMnO3 thin films were grown on vicinal cut substrates
by PLD technique. Laser induced voltages were measured for the first
time in these thin films. It was proved that the laser induced voltages
are due to the anisotropic thermoelectric effect, similar to that ob-
served in YBa2Cu3O7 by Chang et al in 1990 and that in LaCaMnO3

by H.-U. Habermeier et al in 1998. It was found that with increasing
Ag-doping from 0 to 10 wt%, the laser induced thermoelectric voltages
(LITV) are firstly increased and then reduced, while the FWHM (to)
of the time response of the induced voltages become smaller than that
of pure LaPbMnO3 thin film, and demonstrate a minimum at 6wt%
of Ag-doping. Defining a figure of merit (Fm) for the performance of
LITV devices used in pulsed laser detection: Fm =Up/to, where Up
is the peak value of LITV, it was found that 6wt% Ag-doping sam-
ple shows a maximum Fm. The short time response of the Ag-doped
LaPbMnO3 thin films in LITV was explained by the increased electric
conductivity, hence the higher thermo-conductivity in these thin films.

DS 26.7 Thu 16:30 H34
GaPO4 epitaxial thin films: Growth and thermal stability —
•Johannes Pedarnig, Stefan Roither, Martin Peruzzi, and Di-
eter Bäuerle — Institut für Angewandte Physik, Johannes Kepler

Universität Linz, A-4040 Linz

Gallium orthophosphate (GaPO4) is an outstanding novel piezoelec-
tric material that remains piezoelectric up to a temperature of 970◦C.
Crystalline GaPO4 films have not been reported so far due to the
complex materials chemistry.

We are reporting on solid phase epitaxial growth of GaPO4 thin
films on alpha - quartz (SiO2) substrates. Amorphous stoichiometric
precursor layers are fabricated by pulsed-laser deposition on (001) SiO2

substrates and are subsequently transformed to crystalline GaPO4 by
post-annealing in air at elevated temperature. Epitaxial films with
thicknesses up to 300 nm exhibit strong in-plane and out-of-plane tex-
tures (angular widths < 0.6◦). Long-term annealing in air at tem-
peratures above the alpha - to beta - phase transition of the quartz
substrate (573◦C) does not degrade these films.

This work is supported by the Austrian Federal Ministry of Eco-
nomics and Labour (Micro@Nanofabrication Austria network) and the
European Science Foundation (Thin Films for Novel Oxide Devices
project).

DS 26.8 Thu 16:45 H34
The amorphous to crystalline phase transition of chem-
ical solution deposited PbZr1−xTixO3, studied by soft-x-
ray spectroscopy — Timorthy Learmonth1,4, Jinghua Guo1,
Jonathan Denlinger1, Per Glans1,4, •Hermann Kohlstedt2,
Theo Schneller3, Adrian Petraru2, Rainer Waser2,3, Kevin
Smith4, and Ramamorthy Ramesh5 — 1Advanced Light Source,
Lawrence Berkeley National Laboratory, USA — 2Inst. für Festkörper-
forschung, Germany — 3Inst. für Werkstoffe der Elektrot. II,
RWTH Aachen, Germany, — 4Depart. of Physics, Boston Uni-
versity,Massachusetts 02215, USA — 5Depart. of Mat. Sci. and
Eng.,Berkeley, CA 94720 USA

Chemical solution deposited (CSD) complex oxide thin films attract
considerable interest in various emerging research fields. Here we
present our results of soft-x-ray spectroscopy between 100 eV and
2 keV on the amorphous to crystalline phase transition of ferroelec-
tric PbZr0.3Ti0.7O3 thin films. Five samples from the same wafer
were annealed to different temperatures between 350◦C and 700◦C.
The soft-x-ray absorption and emission experiments were performed
at the undulator beamline 8.0 of the Advanced Light Source of the
Lawrence Berkeley National Laboratory. The soft-x-ray spectra were
acquired for the Ti L2,3-, O K-and C K-edge thresholds. For two
samples, annealed up to 400◦C and 700◦C, respectively, the resonant
inelastic soft-x-ray spectroscopy (RIXS) was applied for various exci-
tation energies near the Ti L-, O K- and C K-edges. Current models
of the PZT (111) microscopic texture selection will be discussed.

DS 26.9 Thu 17:00 H34
Structure Formation and Phase Composition of Zirconia
Films grown by High Power Pulsed Magnetron Sputter-
ing (HPPMS) — •Christian Klever, Kostas Sarakinos, and
Matthias Wuttig — I. Institute of Physics (1A), RWTH Aachen
University, 52056 Aachen, Germany

We have employed the novel HPPMS deposition technique for the de-
position of ZrO2 films. ZrO2 is a polymorphic material, which in thin
film form exhibits exceptional mechanical and optical properties and
is therefore widely used as a functional coating. In HPPMS unipo-
lar pulses of high–peak power/current and low duty cycle are applied
to the target. As a result of the unique properties of the deposition
process, several film properties can be improved.

In this study, pulses with pulse off–times toff ranging from 450 to
2450 µs (pulse on–time ton kept constant at 50 µs) are applied to a
Zr target (cathode). The films are deposited in a mixed Ar–O2 am-
bient on unheated silicon substrates at a constant working pressure
(1.5 Pa). Ion saturation current measurements are performed using
a flat electrostatic probe. They manifest an increase of the ion flux
to the growing film when toff is increased. The changes of the duty
cycle settings are accompanied by changes in the film structure. It
is shown that monoclinic films are obtained when toff is higher than
950 µs, while films with a mixed monoclinic/cubic phase composition
are deposited for lower toff . Also, the effects of the sputtering pres-
sure and substrate temperature on the structure of films grown for toff
below 1450 µs are investigated.

DS 26.10 Thu 17:15 H34
Light-induced processes on electrochromic WO3 layers —
•Thomas Leichtweiß1, Bruno K. Meyer1, Angelika Polity1,
Thomas Löwenstein2, Derck Schlettwein2, Jeremy Matthews3,
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and Dirk Jödicke3 — 1Justus- Liebig- Universität Gießen, I.
Physikalisches Institut, Heinrich-Buff-Ring 16, 35392 Gießen —
2Justus- Liebig- Universität Gießen, Institut für Angewandte Physik,
Heinrich-Buff-Ring 16, 35392 Gießen — 3EControl-Glas GmbH & Co.
KG, 93437 Furth im Wald

Electrochromic materials such as tungsten oxide in contact with a suit-
able electrolyte change their transmission upon the application of a po-
tential. Technical applications include switchable mirrors and smart
windows. The latter are made up of thin-film layers containing at least
one electrochromic active material and make it possible to control the
light- and energy-input of a building.

This work concerns the influence of UV-A and UV-B light on tung-
sten oxide layers. WO3 films have been irradiated in an electrochemical
cell containing different electrolytes and in atmosphere. Transmission
spectra and the open circuit potential have been recorded. All layers
show a photochromic behavior, they colour blue upon UV-irradiation
due to partial reduction of tungsten atoms without application of an
external potential. The films have been bleached electrochemically in
order to determine the photogenerated charge and the colouration ef-
ficiency of the photochromic process. The reactions taking place place
in irradiated films and their influence on the electrochromical switching
behaviour of smart windows will be discussed.

DS 26.11 Thu 17:30 H34

Characterization of GdScO3 layers by Spectroscopic Ellip-
sometry — Martin Roeckerath, •Jürgen Moers, Jürgen Schu-
bert, and Siegfried Mantl — Institut of Bio- und Nanosystems,
Forschungszentrum Jülich, D-52425 Jülich

For further improvement of MOSFET devices high-κ materials for gate
dielectrics are under investigation. Rare earth scandates are drawing
increasing attention due to their favorable material properties. The
κ-value is above 20, the band offsets to silicon are larger than 2 eV
and the layers are stable up to 1000◦C. To investigate the properties
of those materials, Gadolinium scandate (GdScO3) was selected ex-
emplarily. Layers with different thickness were deposited on silicon
(HF last) and oxidized (2 nm) silicon by electron beam evaporation.
Their stoichiometry and morphology were characterized by Rutherford
Backscattering (RBS), X-ray reflectometry (XRR) and transmission
electron microscopy (TEM).
In order to provide a quick and non-destructive characterization
method, the samples were measured at angles of 50◦, 60◦ and 70◦

by spectroscopic ellipsometry (SE) and the results were compared to
the other measurements. The optical data of GdScO3 were described
analytically by a Sellmeier formula with 5 parameters. It was found
that the measured thicknesses of SE and XRR are in agreement for film
thicknesses above 10 nm. Below 10 nm SE overestimates the thickness
by far, indicating the increasing influence of the substrate/GdScO3

interface.

DS 27: Polymer and Composite Films

Time: Friday 9:30–11:15 Location: H32

DS 27.1 Fri 9:30 H32
Structure and Dynamics of laser deposited poly(alkyl-
methacrylate)s — •Andreas Meschede1, Thorsten Scharf1,
Hans-Ulrich Krebs1, and Konrad Samwer2 — 1Institiut für Ma-
terialphysik, Universität Göttingen, Friedrich-Hund-Platz 1, 37077
Göttingen — 2I. Physikalisches Institut, Universität Göttingen,
Friedrich-Hund-Platz 1, 37077 Göttingen

Thin polymer films were grown by pulsed laser deposition (PLD) at
248 nm in ultra high vacuum and by Matrix Assisted Pulsed Laser
Evaporation (MAPLE). The observed films show strongly different
chemical, structural and mechanical properties depending on the depo-
sition parameters, especially the laser fluence, which will be discussed
with respect to the ablation mechanism. In this study, two poly(alkyl
methacrylate)s are studied: poly(methyl methacrylate) (PMMA) and
poly(ethyl methacrylate) (PEMA). Having the same backbone, these
polymers differ by the size of their sidegroups and consequently their
dynamics, which easily can be seen by a decrease in glass transition
temperature with increasing side group length. Additional to chem-
ical and morphological characterization, results obtained by mechan-
ical spectroscopy using the Double Paddle Oscillator (DPO) and the
Plasma Plume eXcited Reed (PPXR) technique will be presented to
clarify the relaxation behaviour and the underlying dynamics.

DS 27.2 Fri 9:45 H32
Pulsed laser deposition of PMMA thin films — •Britta
Lösekrug, Thorsten Scharf, and Hans-Ulrich Krebs — Institut
für Materialphysik, University of Göttingen, Friedrich-Hund-Platz 1,
37077 Göttingen

Thin films of Poly(methyl methacrylate) (PMMA) are of special inter-
est for instance as photoresist or coating material. Here pulsed laser
deposition (PLD) has proven to be an effective and flexible method.
The influence of the laser fluence during deposition on the film struc-
ture, morphology and roughness was studied by FTIR, REM, AFM
and XRR. It is shown that close to the deposition threshold (between
50 and 125mJ/cm2) completely smooth (roughness at 600 nm thick-
ness: 0.7 nm) and droplet-free films can be prepared. In contrast, at
higher laser fluences two components are formed, a smooth cross-linked
film and droplets (with a diameter of up to 10 µm) consisting of poly-
mer with reduced chain length [1]. The origin of the droplet formation
and the ablation mechanisms are discussed.

[1] E. Süske, T. Scharf, T. Junkers, M. Buback, H.U. Krebs, J. Appl.
Phys. 100 (2006) 014906.

DS 27.3 Fri 10:00 H32

Antimicrobial properties of co-sputtered Ag,Au/PTFE
nanocomposite films — •Vladimir Zaporojtchenko1,
Rainer Podschun2, Amit Kulkarni1, Venkata Sai Kiran
Chakravadhanula1, and Franz Faupel1 — 1Chair for Multicompo-
nent Materials, Technical Faculty of CAU Kiel, Kaiserstrasse2, 24143
Kiel, Germany — 2Institute of Infection Medicine, CAU Kiel

In this work, we used co-sputtering of noble metals together with poly-
tetraflourethylene(PTFE) as a method to produce antibacterial poly-
mer/metal nanocomposite coatings, where the precious metals are only
incorporated in a thin surface layer. Moreover, they are finely dis-
persed as nanoparticles, thus saving additional material and providing
a very large effective surface for metal ion release. The nanocomposite
films with the thickness between 100 and 300 nm were prepared in a
large range of metal filling between 10 and 40 %. The antimicrobial
effect of the nanocomposite coatings was evaluated by means of two
different assays. Bactericidal activity due to silver release from the
surface was determined by a modification of conventional disc diffu-
sion methods. Inhibition of bacterial growth on the coated surface was
investigated by a modified proliferation assay. Staphylococcus aureus
was used mostly as test bacterium as this species commonly causes
infections associated with medical polymer devices. The antibacterial
efficiency of the coatings against different bacteria was demonstrated
at extremely small noble metal consumption. The maximum ability of
antibacterial effect was shown by the polymer/Ag-Au nanocomposite,
followed by polymer/Ag nanocomposite.

DS 27.4 Fri 10:15 H32
2-dimensional metal/polymer nanocomposites near the per-
colation threshold as sensors for organic vapor — •Christian
Hanisch, Amit Kulkarni, Vladimir Zaporojtchenko, and Franz
Faupel — Lehrstuhl für Materialverbunde, Technischeu Kiel, Kaiser-
straße 2, 24143 Kiel Fakultät der Christian Albrechts Universität zu
Kiel, Kaiserstraße 2, 24143 Kiel

Low cost reversible sensors for organic vapor detection are of increas-
ing interest for various applications. We have produced quasi two di-
mensional systems of Au clusters embedded in different polymer films
(PMMA, PS). The polymer films were prepared via spin-coating in
various thickens from 100 to 500 nm on different substrates. The clus-
ters were prepared by the deposition of metal in high vacuum on the
ion-beam pretreated polymer surface near the percolation threshold.
The threshold was determined by in-situ measurements of the electri-
cal resistance as well as TEM measurements. The shape and size of the
clusters were specified by TEM measurements. After embedding of the
clusters, vapor concentrations down to a few ppm could be detected
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and the signal change was reversible. The time dependent resistance
measurements showed that the sensitivity of the sensor depends on the
film thickness of the polymer as well as on the type of vapor used. By
comparison of the two polymer substrates we could show that each
polymer exhibits a different sensitivity to the used gases, which leads
to the possibility of creating an electronic nose by combining different
polymer substrates in an sensor array.

DS 27.5 Fri 10:30 H32
Hydrophilic finishing of LDPE films using plasma treatment
— •Dieter Ihrig1, Jens Eggemann1, Michael Licht1, Ulrich
Brunert1, Hubert Paulus2, and Karl-Heinz Müller2 — 1FH
Suedwestfalen, Interdis. Zentr. f. Lebenswissenschaften, Frauen-
stuhlweg 31, 58644 Iserlohn — 2TWS an der FH Suedwestfalen,
Lübecker Ring 2, 59494 Soest

Conventional plasma based procedures are able to generate polar
groups on the surface of polymers. But they are not stable, because
they link to other polymer chains inside the polymer. We have searched
for a procedure to inhibit this cross-linking. For this we used an
Oxygen or rather Carbon-dioxide Plasma, that are able to generate
-COOH, -OH, -C=O groups. To stabilise this groups we coated the
films with another layer. By this we are able to generate a lower con-
tact angle on the film than on a film which was only plasmatreated.
Also the coated groups are even more long-term stable.This technique
is interesting for films which are prepared to be printed with water
based lacquer; they can be stored longer before printing. If several
areas of the polymer film are covered from the plasma, it is possible to
structure the film with hydrophilic and hydrophobic areas. It will be
given an introduction in winning water using radiation exchange. First
results of field-tests will be presented. The changing contact-angle over
the time on plasmatreated and films with stabilisation layer, and the
results of XPS measurements will be shown. First results of a structure
with hydrophobic and hydrophilic areas present the capability of the
used Stenocara surface. The project is funded by the German Federal
Ministry of Education and Research (FKZ 02WD0458)

DS 27.6 Fri 10:45 H32
Smoothing of thin film surfaces and interfaces — •Johanna
Röder, Tobias Liese, Britta Lösekrug, and Hans-Ulrich Krebs
— Institut für Materialphysik, Universität Göttingen, Friedrich-Hund-
Platz 1, D-37077 Göttingen

The control of surface and interface roughness is of great interest in
technology especially for all kind of optical applications, e.g. x-ray mir-

rors. To obtain smooth surfaces with only sub-nanometer roughnesses,
sputtering with energetic particles, etching, polishing or annealing are
usually applied. In this contribution, different methods are discussed
to smooth systems with island growth or artificial roughnesses of some
nanometers produced before. Here namely Ag islands on PMMA or
Si are smoothened by pre-deposition of nucleation sites and/or island
zipping. Furthermore, it is shown that such surface roughnesses can
significantly be reduced by covering the surface with metal oxide or
polymer layers of different thicknesses. This smoothening technique
can also be applied for surfaces with statistic roughness or periodic
ripple formation created by sputter erosion or nano-structuring. The
development of the microstructure and reduction of roughness was in-
vestigated via atomic force microscopy (AFM), transmission electron
microscopy (TEM) and x-ray reflectivity (XRR). The smoothing mech-
anisms as well as the limits of smoothing will be discussed with respect
to their dependencies on frequency and film thickness.

DS 27.7 Fri 11:00 H32
Deposition of silicon oxide thin films on polymer films us-
ing magnetron based PECVD and high frequency PECVD
— •John Fahlteich1, Ralph Schmittgens2, Matthias Fahland1,
Björn Meyer1, and Waldemar Schönberger1 — 1Fraunhofer In-
stitut für Elektronenstrahl- und Plasmatechnik, Dresden, Germany
— 2Technische Universität Dresden, Institut für Festkörperelektronik,
Dresden, Germany

In this study we investigated the deposition of silicon-oxide (SiOx) thin
films on flexible polymer substrates using magnetron-based plasma en-
hanced chemical vapor deposition (Mag-CVD) and very high frequency
(VHF 60MHz) PECVD. Hexamethyldisiloxane (HMDSO) and oxygen
were used as precursor materials. The Mag-CVD process was per-
formed using a dual magnetron sputter system with a 40MHz mid-
frequency power supply.

Both the process-gas excitation and the fragmentation of the
monomer were analyzed using optical emission spectroscopy. Addi-
tionally similar deposition rates could by achieved for both processes.
However, the Mag-CVD process runs at a significantly lower process
pressure. Chemical bonds within the different SiOx layers could be
compared by analyzing the FT-IR spectra. The film composition was
characterized in dependence on both the monomer and the reactive gas
flow using X-Ray photoelectron spectroscopy. The thin film proper-
ties could be varied from siloxane plasma polymers to inorganic silicon
oxide without changing the gas composition.

DS 28: Silicon Thin Films and Interfaces

Time: Friday 11:30–12:45 Location: H32

DS 28.1 Fri 11:30 H32
Evaluation of Low-Temperature SiOx as an Insulating Bar-
rier — •Oliver Senftleben, Peter Iskra, Tanja Stimpel-Lindner,
Ignaz Eisele, and Hermann Baumgärtner — Universität der Bun-
deswehr München, Institut für Physik, Werner-Heisenberg-Weg 39,
85577 Neubiberg

Lowering the thermal budget in silicon process technology is one es-
sential demand for the future. Feasibility of abrupt doping profiles or
the application of new materials like SiGe, C60 or organic materials
highly depends on a low-temperature insulating layer.

Therefore we investigated silicon suboxides which were deposited in
a UHV-chamber by sublimation of silicon in oxygen atmosphere. Elec-
trical quality of the oxide layers is the essential figure of merit. The
main parameters for optimization are substrate temperature, oxygen
partial pressure, silicon sublimation rate and appropriate annealing
conditions. Oxygen partial pressure has been varied between 10−5 to
10−2 mbar, sample temperatures between 400◦C and 600◦C and the
influence of in-situ annealing in oxygen, hydrogen and UHV at different
temperatures has been studied.

Special interest has been taken on double layer systems consisting
of thermally grown silicondioxide layers between 2.3 nm and 10 nm
and subsequent deposition of SiOx layers between 10 nm and 50 nm in
thickness. These samples were electrically characterized by IV- and
CV/GV-measurements in a MIS-structure. Morphology of the layers
was investigated by SEM and AFM and the thickness and stoichiom-
etry by AES and ellipsometry.

DS 28.2 Fri 11:45 H32
Thermische CVD-Abscheidung von Si-C-Schichten — Oliver
Dirsus, •Dieter Mergel und Volker Buck — AG Dünnschicht-
Technologie, Fb Physik, Universität Duisburg-Essen, 45117 Essen

Es wurden Si-C- Schichten bei Temperaturen von 880 bis 1050◦C
auf Si- und Quarz-Substraten abgeschieden und mit Röntgenbeugung,
RBS, EDX und REM untersucht. Außerdem wurden Wachstumsraten,
Massendichte und Schichtspannung bestimmt.

Das Schichtwachstum ist thermisch aktiviert und auf Si-Substraten
schneller als auf Quarz-Substraten. Die Schichten enthalten mehr C als
Si. Oberhalb von 930◦C entstehen SiC-Körner. Bei den Schichtspan-
nungen lassen sich thermische und intrinsische Anteile unterscheiden.

DS 28.3 Fri 12:00 H32
Nanometer thick antireflection coating for infrared light —
•Bruno Gompf, Jürgen Beister, Tobby Brandt, Jens Pflaum,
and Martin Dressel — Physikalisches Institut, Universität Stuttgart,
Pfaffenwaldring 57, D-70550 Stuttgart

The optical properties of ultrathin Au films on silicon have been stud-
ied in the infrared over a wide frequency range from 200 cm−1 to
10.000 cm−1. Thick films show a Drude behavior, i.e. with increasing
frequency the transmission gets better; for films below the percolation
threshold (at about 5 nm) a negative slope for the frequency dependent
transmission is observed. When the thickness is further reduced, be-
tween 1 and 3 nm an anomaly occurs: the relative transmission reaches
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maximum values above 100 % compared to the bare substrate, indicat-
ing an antireflection coating of nm thickness for light with 5 µm wave-
length. This anomaly can be explained in the framework of effective
medium theories.

DS 28.4 Fri 12:15 H32
Influence of fluorine contamination on semiconductor wafer
probing — •Markus Reinl1, Torsten Sulima1, Ignaz Eisele1,
Oliver Nagler2, and Florian Kaesen2 — 1Institut für Physik, Uni-
versität der Bundeswehr, Neubiberg — 2Infineon Technologies AG,
München

Probing over active area (POAA) is getting more and more important
in modern semiconductor production. As a result there is a strong
demand on measuring the contact forces and the electrical resistance
directly and online to get a better understanding of the failure mech-
anism. Therefore a new probing tool was developed at our institute.
With our tool we can measure all probing relevant parameters like
normal and lateral force and the electrical resistance directly on wafer
level. In semiconductor production aluminum is still used as material
for the probing and bonding pads. It is widely spread that the difficul-
ties during probing are caused by the native aluminum oxide on top of
the aluminum pads. We will show measurements for the electrical re-
sistance on aluminum and on gold pads and show that the native oxide
is not the only reason for a bad electrical resistance. Also fluorine con-
taminations, caused by fluorine plasma used to open the passivation
for the probing pads, must be considered. To examine the influence
of fluorine contaminations of the probing pads we will show measure-

ments of the contact forces and the electrical resistance on aluminum
pads exposed to fluorine plasma.

DS 28.5 Fri 12:30 H32
Influence of in-situ phosphorus doping on crystal quality of
MBE grown silicon — •Ulrich Abelein, Lothar Höllt, Torsten
Sulima, and Ignaz Eisele — Universität der Bundeswehr München,
Institut für Physik, Werner-Heisenberg-Weg 39, 85577 Neubiberg

Molecular beam epitaxy (MBE) is a method for the epitaxial growth
of silicon, which is very suitable for research applications as it allows
in-situ doping, variation of layer thickness from a few to several hun-
dred nanometers and changes of process parameters like growth rate
and temperature over a wide range to optimise properties of grown
layers. But especially the realization of extremely high doped layers,
especially n-type with thickness of more than 50 nm, is difficult due to
segregation and diffusion.

We investigated the crystal quality of highly phosphorus doped (up
to 1020 cm−3) monocrystalline silicon layers with thickness of several
100 nm. Layers with various phosphorus concentrations were grown
at temperatures between 200◦C and 400◦C to find a good trade off
between crystal quality and achievable doping level. The analysis was
done by secondary ion mass spectroscopy (SIMS) and scanning elec-
tron microscopy (SEM) after HF:C2H4O3 etching. The result of this
work was a process window for the growth of nearly defect free layers
with homogenous phosphorus doping up to 1019 cm−3 and thickness
above 300 nm.


