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HL 45: ZnO II

Time: Thursday 14:00–17:30 Location: H17

HL 45.1 Thu 14:00 H17
Optical Investigation of Surface Defects in ZnO Nanos-
tructures — •Johannes Fallert1, Robert Hauschild1, Huijuan
Zhou1, Felix Stelzl1, Markus Wissinger1, Mario Hauser1, Dong
Sik Kim2, Margit Zacharias2, Claus Klingshirn1, and Heinz
Kalt1 — 1Universität Karlsruhe (TH), Karlsruhe, Germany — 2Max-
Planck-Institute of Microstructure Physics, Halle,

The optical properties of different ZnO nanostructures are investigated.
Thereby we focus on a photoluminescence (PL) emission band around
3.31 eV. Compared to bulk ZnO this band is observed to be strongly
increased in ZnO nanoparticles. We assign the origin of this emission
band to acceptors present at the particle surface since this emission
band shows a clear dependence on the surface to volume ratio of the
particles. Temperature dependent measurements reveal that this band
plays a major role up to room temperature. Furthermore, time resolved
and intensity dependent measurements have been carried out to con-
firm this designation and to understand the luminescence dynamics.

HL 45.2 Thu 14:15 H17
Electrical properties of compacted zinc oxide nanoparticles
— •Sonja Hartner1, Hartmut Wiggers2, and Axel Lorke1 —
1Experimental Physics, University of Duisburg-Essen, Lotharstr.1,
47057 Duisburg — 2Institute of Combustion and Gas Dynamics, Uni-
versity of Duisburg-Essen, Lotharstr.1, 47057 Duisburg

The present study investigates the electrical properties of mechanically
compacted pellets of nanosized zinc oxide powders from gas phase syn-
thesis by impedance spectroscopy (IS). The measurements were per-
formed in air and in hydrogen atmosphere at temperatures ranging
from 320K to 650K. As expected for semiconducting materials, the
spectra measured in air show very poor conductivity under ambient
conditions and an increase in conductivity with increasing tempera-
ture. Between 500 K and 650 K the activation energy was found to be
604 meV. The impedance spectra exhibit the typical structure known
from ionic conductors with a low-frequency Warburg impedance. After
annealing at temperatures of about 250 ◦C in hydrogen atmosphere,
the absolute value of the conductivity increases up to four orders of
magnitude. The electrical measurements show ohmic behavior over the
complete temperature range and the activation energy has changed to
-11 meV, meaning positive temperature coefficient conductivity as it
is known from metals. The change in electrical behavior under air and
hydrogen is reversible and is attributed to a change of the chemical
composition. The current understanding is that by exposing zinc ox-
ide to hydrogen gas, oxygen vacancies are formed, providing ZnO1-x
with free electrons which contribute to the overall conductivity.

HL 45.3 Thu 14:30 H17
Magnetoresistance in n-type conducting magnetic ZnO films
— •Qingyu Xu, Lars Hartmann, Heidemarie Schmidt, Holger
Hochmuth, Michael Lorenz, and Marius Grundmann — Univer-
sität Leipzig, Fakultät für Physik und Geowissenschaften, Institut für
Experimentelle Physik II, Linnéstrasse 5, D-04103 Leipzig, Germany

The magnetoresistance (MR) of differently alloyed, n-type conducting
ZnO films (Co, Mn, Ti, Cu, Nd) prepared by pulsed laser deposi-
tion (PLD) on a-plane sapphire substrates in oxygen atmosphere was
probed in the temperature range from 5 K to 290 K with magnetic
fields up to 6 T. At 5 K, large positive MR was observed in Co [1]
and Mn doped ZnO films, while large negative MR was observed in
Ti, Cu [2], and Nd doped ZnO films. The positive MR in doped ZnO
was attributed to a giant spin splitting enhanced by s-d exchange in-
teractions. This will affect considerably quantum corrections to the
conductivity associated with the disorder modified electron-electron
interactions [3]. The probed positive MR reveals that the s-d exchange
interaction is strong in Co and Mn doped ZnO. Weak s-d exchange in-
teraction has been observed in Ti, Cu, and Nd doped ZnO. Except for
the Cu-doped ZnO, these results agree with magnetic circular dichro-
ism results [4]. The positive and negative MR decreases drastically
with increasing temperature, being nearly neglectable above 100 K. [1]
Q. Xu, et al, Phys. Rev. B 73, 205342 (2006). [2] L. Hartmann, et
al, J. Phys. D: Appl. Phys., in press. [3] T. Andrearczyk, et al, Phys.
Rev. B 72, 121309(R) (2005). [4] K. Ando, et al, J. Appl. Phys. 89,
7284 (2001).

HL 45.4 Thu 14:45 H17
Hydrogen induced charge state alteration of Mn trace impu-
rities in ZnO — •M. A. Gluba, F. Friedrich, and N. H. Nickel
— Hahn-Meitner-Institut Berlin, Abt. Silizium Photovoltaik (SE1),
Kekuléstraße 5, 12489 Berlin, Germany

The source of the natural n-type doping of ZnO is still a subject of dis-
cussion. However, both theoretical [1] and experimental work [2] show
that hydrogen plays a crucial role. To elucidate the paramagnetic be-
havior of H in ZnO low temperature X-band electron paramagnetic res-
onance (EPR) measurements were performed. For this purpose EPR
spectra were taken from pressurized-melt-grown nominally undoped
ZnO single crystals before and after hydrogenation.

As-grown ZnO exhibits a single EPR-line at g=1.957 arising from
multiple centers, one of which was identified as a hydrogen shal-
low donor [2]. On the other hand, post-hydrogenated ZnO shows a
distincly different EPR spectrum. Besides the intensification of the
hydrogen-related line additional fine and hyperfine split lines originat-
ing from 55Mn appear. However, these features are not stable. While
keeping the samples at room temperature for about four weeks the
hydrogen line decays to its initial value. In the same period of time
the manganese lines disappear completely. A likely mechanism for this
correlation - the change of the Mn charge state due to hydrogen doping
- will be discussed.

[1] C. G. Van de Walle, Phys. Rev. Lett. 85, 1012 (2000)
[2] D. M. Hofmann et al., Phys. Rev. Lett. 88, 045504 (2002)

HL 45.5 Thu 15:00 H17
Electronic Structure of Europium Impiurities in ZnO —
•Przemyslaw Imielski1, William Brewer1, Yuriy Manzhur2, Kay
Potzger3, and Wolf Zeitz2 — 1Institut für Experimentalphysik,
Freie Universität Berlin, D-14195 Berlin, Germany — 2Bereich Struk-
turforschung, Hahn-Meitner-Institut Berlin GmbH, D-14091 Berlin,
Germany — 3Institute of Ion Beam Physics and Materials Research,
Forschungszentrum Rossendorf, P.O. Box 510119, 01314 Dresden, Ger-
many

Utilizing peturbed angular correlation spectroskopy (PAC), the be-
haviour of isolated europium impurities in ZnO has been investigated.
The radioactive probe rare earth atoms 149Gd/149Eu were produced
and recoil implanted by nuclear reactions. After annealing at 500 de-
gree Celsius, the first spectrum of a 149Eu(11/2-) quadrupolar inter-
action has been measured. From spectra of the combined interaction,
evidence for the realization of the Eu2+(7/2) ground state has been
found.

HL 45.6 Thu 15:15 H17
Effects of annealing on the recombination dynamics of low-
temperature grown ZnO nanorods — •B. Hilker1, C. Bekeny1,
T. Voss1, J. Gutowski1, R. Hauschild2, H. Kalt2, B. Postels3,
Andrey Bakin3, and A. Waag3 — 1IFP, Universität Bremen, 28334
Bremen — 2Universität Karlsruhe, 76128 Karlsruhe — 3IHT, TU
Braunschweig, 38023 Braunschweig

We present systematic temperature and excitation density dependent
time-resolved photoluminescence (TRPL) measurements of as-grown
and annealed ZnO nanorods fabricated by an aqueous chemical growth
(ACG) technique at ˜90◦C. The as-grown nanorods show strong near-
band-edge and rather weak deep-level emission indicating their already
good optical quality. At 4K, we find a broad emission line at 3.36eV
(line width 30meV) which we attribute to recombination from a donor
band formed through the high donor concentration. After anneal-
ing in oxygen and nitrogen atmospheres at 600-800◦C well-resolved
and sharper excitonic transitions are observed. To understand the
recombination dynamics in the nanorods we carried out TRPL mea-
surements using a frequency-doubled femtosecond laser and a streak
camera. The as-grown sample shows a very fast monoexponential de-
cay time of ˜10ps independent of temperature and excitation density.
In contrast, the annealed samples exhibit a biexponential decay. Each
a fast τ1 and a slow τ2 time constant have been determined for all
annealed samples both of them significantly varying depending on the
annealing atmosphere and temperature. This will be discussed on the
basis of a phenomenological rate-equation model.

HL 45.7 Thu 15:30 H17



Thursday

Acceptor doping of ZnO nanowires — •Bingqiang Cao,
Michael Lorenz, Andreas Rahm, Christian Czekalla, Holger
von Wenckstern, Gabriele Benndorf, Jörg Lenzner, and Mar-
ius Grundmann — Universität Leipzig, Institut für Experimentelle
Physik II, Leipzig, Germany

We have grown phosphorous, lithium, and nitrogen doped ZnO
nanowires both by carbothermal evaporation [1] and by high-pressure
pulsed laser deposition [2] by mixing various amounts of P2O5,
Zn3(PO4)2, Zn3P2, Li2O, Li3N, and Li2CO3 into the ZnO source ma-
terial. The diameter and length of the acceptor-doped and undoped
ZnO wires was in the range from 100 nm to 3 µm and several mi-
crometers, respectively. Cathodoluminescence spectra taken at 10 K
on the acceptor doped wires show clearly resolved acceptor-related and
donor-acceptor pair peaks, indicating the acceptor incorporation into
the ZnO lattice. From these acceptor peak energies, thermal activa-
tion energies of the acceptor levels were determined. For comparison,
temperature-dependent I-V measurements allow the determination of
a (two-terminal) activation energy. Both the optical and electrical
measurements will be discussed with dependence on the dopant el-
ement, its concentration, the wire geometry, and the growth route.
The aim of the work is p-type conducting ZnO nanomaterial for nano
p-n-junctions and light emitting devices.

This work is funded by the EU within STREP NANDOS.
[1] M. Lorenz et. al. Ann. Phys. (Leipzig) 13 (2004) 39.
[2] M. Lorenz et. al. Appl. Phys. Lett. 86 (2005) 143113.

15 min. break

HL 45.8 Thu 16:00 H17
Homoepitaxial growth of ZnO thin film by pulsed laser depo-
sition (PLD) — •Matthias Brandt, Holger von Wenckstern,
Christian Hanisch, Holger Hochmuth, Michael Lorenz, Heide-
marie Schmidt, and Marius Grundmann — Universität Leipzig,
Semiconductor Physics Group, Institut für ExperimentellePhysik II,
Leipzig, Germany

In this work ZnO thin films have been deposited homoepitaxially by
PLD on ZnO single crystals grown by the hydrothermal method (pur-
chased from CrysTec GmbH). These wafers have first been investigated
by atomic force microscopy (AFM) and were found to show significant
surface roughness in the as-received state. Therefore a thermal anneal-
ing method has been applied to the wafers prior to thin film growth,
in order to improve the surface properties. An overview of the changes
during annealing will be presented along with information on the op-
timal conditions for thermal annealing. Structural, morphological, op-
tical and electrical properties of the thin films grown homoepitaxially
on these optimized wafers will be discussed with respect to the growth
conditions. Comparisons to properties of thin films grown heteroepi-
taxially on sapphire (Al2O3) and SCAM (ScAlMgO4) will be provided.

HL 45.9 Thu 16:15 H17
Homo-MOVPE von ZnO auf optimierten kommerziellen
ZnO-Substraten — •Sören Heinze, Andre Krtschil, Jürgen
Bläsing, Armin Dadgar, Thomas Hempel, Jürgen Christen und
Alois Krost — Otto-von-Guericke-Universität Magdeburg, Institut
für Experimentelle PhysikOtto-von-Guericke-Universität Magdeburg,
Institut für Experimentelle Physik

Auf thermisch vorbehandelten ZnO-Substraten wurden mittels me-
tallorganischer Gasphasenepitaxie dünne ZnO-Schichten abgeschieden.
Die Qualität der Schichten ist stark abhängig vom Verhältnis des
Sauerstoffprecursors (N2O) zum Zinkprecursor (Dimethylzink) (VI/II-
Verhältnis). Ein kleines VI/II-Verhältnis induziert eine raue Ober-
flächenmorphologie sowie dreidimensionale Pyramiden mit Abmaßen
von einigen Mikrometern . Erhöht man das VI/II-Verhältnis, so ver-
ringern sich sowohl die Anzahl dieser dreidimensionalen Pyramiden als
auch deren Größe. Bei hohen VI/II-Verhältnissen von ca. 25000 sind die
Pyramiden komplett verschwunden und man erhält eine noch sehr raue
abgeschiedene Schicht. Modifikationen an weiteren Wachstumsparame-
tern wie der Temperatur und dem Reaktordruck verbessern die mor-
phologischen Eigenschaften der Schicht deutlich. Bei höheren Tempera-
turen wachsen die einzelnen Domänen zusammen und die Schicht wird
signifikant glatter. Durch eine Erhöhung des Reaktordrucks konnte das
Wachstum bis hin zum Stufenwachstum verbessert werden. Insgesamt
werden die Untersuchungsergebnisse der morphologischen, strukturel-
len, elektrischen und optischen Eigenschaften dieser homoepitaktisch
gewachsenen Schichten im Detail vorgestellt.

HL 45.10 Thu 16:30 H17
Homoepitaxially grown ZnO thin films — •Stefan Laut-
enschläger1, Christian Neumann1, Joachim Sann1, Niklas
Volbers1, Swen Graubner1, Bruno Meyer1, Jürgen Bläsing2,
Alois Krost2, Frank Bertram2, and Jürgen Christen2 — 1I.
Physikalisches Institut, Justus- Liebig- Universität Gießen — 2Institut
für Experimentelle Physik, Otto- von- Guericke Universität Magdeburg

We report on homoepitaxially ZnO thin films, grown on chemo- me-
chanically polished Crystec single crystals. To prepare the substrates
for growth we employed a high temperature annealing step, which
produced atomically flat surfaces and removed all of the surface and
subsurface damage. We used Photoluminescence (PL), Cathodolumi-
nescence (CL), Secondary Ion Mass Spectroscopy (SIMS), Hall mea-
surements, high resolution X-Ray diffraction and Atomic Force Mi-
croscopy (AFM) to characterize the epilayers. Two dimensional epi-
taxial growth was achieved without an additional buffer layer. The
substrate had a rocking halfwidth of 27” which can be compared with
that of the film of 17”. The films had superior band edge luminescence
as compared with the substrate for which the green luminescence band
is dominating. The impurity content in the substrates, especially Li is
reduced by the high temperature annealing step and drops further to
the detection limit in the thin films.

HL 45.11 Thu 16:45 H17
Annealing Studies on N and As implanted Zinc Oxide —
•Niklas Volbers1, Stefan Lautenschläger1, Joachim Sann1, Kay
Potzger2, and Bruno K. Meyer1 — 1I. Physikalisches Institut,
Heinrich-Buff-Ring 16, Justus-Liebig-Universität Giessen, D-35392
Giessen, Germany — 2Institute of Ion Beam Physics and Materials
Research, Forschungszentrum Rossendorf, P.O. Box 51 01 19, 01314
Dresden, Germany

Both nitrogen and arsenic are considered possible acceptors in order
to achieve p-type conductivity in ZnO. Ion implantation provides an
accurate and reproducable method to incorporate these dopants into
ZnO crystals.

In the presented work, high quality ZnO thin films were grown ho-
moepitaxially on ZnO single crystals via a chemical vapour deposition
process and were subsequently implanted with either 14N or 75As ions,
using implantation doses of 1016 atoms/cm2. The films were annealed
at temperatures of up to 1100◦C. Dynamic SIMS measurements show
the evolution of the implanted ions in the films and the correspond-
ing motion of residual impurities. In addition, photoluminescence and
hall effect measurements were performed to investigate the optical and
electrical properties of the as-grown and the annealed samples.

HL 45.12 Thu 17:00 H17
Aqueous chemical growth and application of ZnO nanorods —
•Bianca Postels, Anna Kasprzak, Augustine Che Mofor, Hergo-
Heinrich Wehmann, Andrey Bakin, and Andreas Waag — Insti-
tute of Semiconductor Technology, Technical University Braunschweig,
Hans-Sommer-Str. 66, 38106 Braunschweig, Germany

ZnO finds applications in many fields from sun tan lotion to optoelec-
tronic applications. Especially the tendency of ZnO to form nanos-
tructures opens the path to even more applications. A very promising
fabrication process for ZnO nanostructures is the aqueous chemical
growth (ACG), since it is a cost efficient and low temperature ap-
proach. Using this growth technique we generated wafer-scale ZnO
nanorod arrays on Si, sapphire, ITO coated glass and even on flexible
polymer substrates. ACG is found to be only weakly influenced by
the substrate material and we are also able to control the dimensions
of the ZnO nanorods. Another benefit of ACG is the ability to fabri-
cate patterned arrays of ZnO nanorods by a selective growth process
on structured metallised surfaces. Results of structural analysis with
SEM and XRD are reported. Additionally, optical properties were in-
vestigated by PL measurements. First attempts on the preparation of
dye sensitised solar cells (DSSCs) are also reported. Here, the tradi-
tional sintered TiO2 nanoparticles are replaced by a densely packed
and vertically aligned array of ACG ZnO nanorods. The size and mor-
phology of the ZnO nanorods can be controlled. The influence of the
length of the nanorods on the cell properties is investigated. A vapour
phase transport technique was also used as alternative growth method.

HL 45.13 Thu 17:15 H17
Investigation of complex formation in pulsed-laser deposited
Sb-doped ZnO thin-films — •Felice Friedrich and N. H. Nickel
— Hahn-Meitner-Institut Berlin, Abt. Silizium-Photovoltaik (SE1),
Kekuléstraße 5, 12489 Berlin, Germany
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Antimony (Sb) as group V element is a doping candidate for p-type
ZnO. However, because of its large atomic size theory predicts that
formation of a defect complex is more favorable. Growth temperature
might play a critical role in this process. In this study the influence
of Sb concentration and deposition temperature on the structural and
vibrational properties of Sb-doped ZnO thin-films was investigated.

The samples were grown by pulsed laser deposition (PLD) on MgO
substrates. Ceramic targets were produced from ZnO and Sb2O3 pow-
der (0-2 at.% Sb). A XeCl excimer laser operating at a fluence of
1.5 J/cm−2 was used for the deposition process. The deposition tem-
perature was varied between 450-800◦C. The samples were character-

ized by scanning electron microscopy (SEM), energy dispersive X-ray
scattering (EDX) and Raman backscattering spectroscopy.

Firstly, it is observed that a higher Sb concentration leads to a re-
duced film thickness. Raman measurements show that this is accom-
panied by a deterioration of the ZnO crystallinity. Secondly, a sur-
prising change of the Raman spectra was observed at a temperature of
600◦C. Below this temperature additional Raman modes are observed
at 530, 575 and 700 cm−1. Above 600◦C the mode at 530 cm−1 is
strongly suppressed. These results will be discussed in terms of the
temperature-dependent formation of Zn-Sb-O complexes.


