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PREFACE 
 
-The Physics at the nanoscale (say, on materials with nanometric dimensions) is currently holding 
broad and strong interest. The 3rd THIOX workshop “Workshop on oxides-at-the-nanoscale 
(WON)” to be held in the “Sala de Grados” of the Faculty of Sciences in Zaragoza (Spain) in 2005 
November 17th  and 18th aims at gathering scientists interested in the study of the physical 
properties of oxide materials when one or more physical lengths of the system are nanometric. In 
general, when one physical length of the system is comparable to the length of one relevant 
parameter in the system, new effects are to be expected. We can cite some examples such as the 
giant magnetoresistance effect in metallic multilayers where the size in the growth direction is 
comparable to the spin diffusion length and the increase of the critical field in superconducting 
thin films when their thickness is comparable to the magnetic field penetration length. 
 
-This workshop is to be carried out within the framework of the THIOX (Thin films for novel 
oxide devices) ESF programme. This programme focuses on oxide thin films showing relevant 
magnetic, superconducting, and ferroelectric properties which eventually could be useful for 
actual applications. The oxide materials within the scope of WON are the same ones as those of 
THIOX: magnetic, superconducting and ferroelectric materials. Heterostructures formed by 
combination of two of these types of materials are especially welcome: magnetic/ferroelectric, 
magnetic/superconducting or ferroelectric/superconducting heterostructures. The main focus of 
WON will be on oxide materials grown in the form of thin films because most studies and 
applications of these systems are expected to develop as thin films. Special attention will be 
drawn to thin films and heterostructures with reduced lateral size (micrometric and nanometric), 
which is required in minaturized devices. However, a few contributions on oxide nanoparticles 
will be accepted if the observed effects are found to be relevant for useful devices and eventually 
for translation of such effects into the thin film technology. 
 
-More specifically, the topics of the workshop are: 
 
*Epitaxial oxide thin films with superconducting, ferroelectric or magnetic properties 
*Oxide-based multilayers with magnetocapacitive, magnetoresistive or field-effect properties 
*Oxide-based magnetic semiconductors and unconventional magnetic oxides. 
*Magnetic tunnel junctions 
*Nanopatterned oxides 
*Oxide-based nanowires and nanoparticles 
*Nanofabrication techniques 
 
 
ORGANIZATION 
 
 -Chairmen: José María De Teresa, Luis Morellón and Manuel Ricardo Ibarra 
 
 -Secretariat: Pedro Escriche and Maria Jesús García 
 
 -Local committee: Pedro Algarabel, Clara Marquina, José Angel Pardo, David Serrate, 
Julia Orna, and Amalio Fernández-Pacheco  
 
 -Thiox management: Catherine Werner, Dave Blank, Jochen Manhart, Jean-Marc Triscone



PROGRAM 
 
 

17th November 
 
-8.30 to 9.20: Check-in 
-9.20 to 9.30: Welcome by the local organization and practical information 
 
SESSION ON NANOFABRICATION AND NANOPATTERNED OXIDES 
 
Chairman: R. García 
 
-9.30 to 10.15: invited talk: G. Faini 
-10.15 to 11.05: orals (2) 
 -10.15: G. Rijnders 
 -10.40: M. Schmid 
-11.05 to 11.30: coffe break 
-11.30 to 13.35: orals (5) 
 -11.30: L. Balcells 
 -11.55: A. Rüdiger 
 -12.20: T. Arnal 
 -12.45: N. Stucki 
 -13.10: P. Te Riele 
 
LUNCH: 13.35 to 15.30 
 
SESSION ON EPITAXIAL OXIDE THIN FILMS 
 
Chairman: J. Fontcuberta 
 
-15.30 to 16.15: invited talk: R. Gross 
-16.15-17.30: orals (3) 
 -16.15: M. Burriel 
 -16.40: M. Lorenz 
 -17.05: J. Stankiewicz 
-17.30 to 17.55: coffe break 
-17.55 to 20.00: orals (5) 
 -17.55: D. Hrabovsky 
 -18.20: N. Reyren 
 -18.45: M.D. Rossell 
 -19.10: D. Koelle 
 -19.35: I. C. Infante 
 
FREE 
 



 
18th November 

 
 
SESSION ON OXIDE-BASED MULTILAYERS AND HETEROSTRUCTURES (I) 
 
Chairman: J. Santamaría 
 
-9.00 to 09.45: invited talk: T. Venkatesan 
-09.45 to 11.00: orals (3) 
 -09.45: H. Béa 
 -10.10: C. Aruta 
 -10.35: C. Thiele 
-11.00 to 11.25: coffe break 
-11.25 to 13.30: orals (5) 
 -11.25: G. Herranz 
 -11.50: R. Wördenweber 
 -12.15: G.A. Ovsyannikov 
 -12.40: H.U. Habermeier 
 -13.05: M. Dawber 
 
LUNCH: 13.35 to 15.30 
 
SESSION ON OXIDE-BASED MULTILAYERS AND HETEROSTRUCTURES (II) 
 
Chairman: L. Brey 
 
-15.30 to 16.15: invited talk: S. Maekawa 
-16.15-17.30: orals (3) 
 -16.15: M. Huijben 
 -16.40: B. Davidson 
 -17.05: Z. Sefrioui 
-17.30 to 18.00: coffe break  
 
 
-18.00 to 20.00: poster session (ALL POSTERS) 
 
 
WORKSHOP DINNER: 21.30 
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NANOFABRICATION AT LPN: APPLICATIONS TO MESOSCOPIC 
PHYSICS AND SPINTRONICS 

 
G. Faini* 
 
LPN-CNRS, route de Nozay, F-91460 Marcoussis – France  

   
*Giancarlo.faini@LPN.CNRS.fr 

 
 

In the first part of this talk I will spend few viewgraphs to introduce the launching of the French 
National Network of Technological Platforms for Nanoscience and Nanotechnology. This 
network is formed by 1 industrial and the 5 major governmental laboratories working on 
Nanotechnology and Nanoscience. Historically, the LPN is one of the oldest, created in the early 
80th with the idea to develop nanotechnology research facilities in France. 
 
In the second part of my talk I'll describe more in detail the facilities and the research areas we are 
developing in our laboratory and in our group. 

 
Finally, I will give some examples of applications in mesoscopic and spintronic physics.



MAGNETIC ANISOTROPY IN La0.67Sr0.33MnO3 THIN FILMS, 
NANOWIRES, AND NANODOTS 

 
Guus Rijnders*, Mercy Mathews, C.J. Lodder, Ronnie Jansen, Dave H.A. Blank 
 
Faculty of Science and Technology and MESA+ Institute for Nanotechnology, University of 
Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands 
   
* a.j.h.m.rijnders@utwente.nl 

 
We have investigated the magnetic anisotropy of La0.67Sr0.33MnO3 (LSMO) thin films, 
nanowires/nanodots. LSMO thin films of different thickness are grown epitaxially by pulsed 
laser deposition on vicinal TiO2-terminated SrTiO3 (STO) substrates having regular arrays of 
unit cell high surface steps. Due to the epitaxial growth, the step-terrace structure of the 
substrate is replicated up to the film surface as observed by atomic force microscopy. Magnetic 
anisotropy studies by vibrating sample magnetometry (VSM) and torque measurements done 
on these LSMO films reveal predominantly uniaxial anisotropy at room temperature and 
biaxial anisotropy at low temperature. The uniaxial anisotropy is induced by steps at the film 
surface with the easy axis lying along the step direction. At low temperatures, biaxial 
magnetocrystalline anisotropy dominates with [110] as easy and [100] direction as hard axes 
and with no significant dependence on the step orientation. LSMO nanowires and nanodots 
were prepared using laser interference lithography with periodicity of 400-600nm and size of 
100-250nm and their magnetic properties were characterized. In this presentation, we will 
compare the results obtained for continuous LSMO films with those obtained for wires and 
dots. 



Atomic Imaging of Transition Metal Oxide Surfaces with Atomic Force 
Microscopy 

 
Martina Schmid*, Franz J. Giessibl, Jochen Mannhart 
 
Universität Augsburg, Institut für Physik, EKM, Experimentalphysik VI, Universitätsstr. 2,  
86135 Augsburg, Germany  
 
*martina.schmid@physik.uni-augsburg.de 

 

Transition metal oxides find application in oxide electronics and are of great importance for 
nanotechnology. Here, we analyze the possibility to image oxide surfaces on the atomic scale 
by Atomic Force Microscopy (AFM).  

Due to its excellent resolution, we are using frequency-modulation AFM as imaging technique. 
It is based on the forces acting between a tip attached to a cantilever and a flat, clean sample 
surface. The tip is oscillating with an amplitude A perpendicular to the surface. Variations of 
the interaction during scanning cause the image contrast. As the chemical forces, responsible 
for the atomic resolution, are of short range, the use of small amplitudes is intuitive. An 
improved version of our "qPlus" sensor, based on a tuning fork, reaches A ≈ 1 Å, claimed 
optimal in terms of signal-to-noise ratio [1].  

In the presentation, we will illustrate the suitability of frequency-modulation AFM for the 
investigation of transition metal oxide surfaces and will show atomically resolved images. 

 
[1] F.J. Giessibl, Rev. Mod. Phys. 75, 949 (2003) 



Contact resistance measurements in epitaxial thin films La2/3Ca1/3MnO3/Pt 
interfaces 

 
Ll. Abad, Ll. Balcells* and B. Martínez 
 
Institut de Ciència de Materials de Barcelona, Campus universitari de Bellaterra 
E- 08193 Bellaterra, Spain 

 
*balcells@icmab.es 
 
 
Across a manganite/normal metal union a large interfacial resistance is usually found, 
nevertheless the origin of this contribution remains elusive. Non-metallicity of the oxide interface 
or depletion of the density of states and spin polarization close to the interface  are only some of 
the possible explanations offered so far. On the other hand, it has also been observed that very 
thin films exhibit magnetic and transport properties substantially different from that of thicker 
bulk-like films. These features are generally attributed to the existence of a dead layer. For 
obvious reasons the control of this surface or interfacial dead layer is of great technological 
importance to enhance the performance of manganite-based devices. 
 
In this work we present results of contact resistance measurements in the La1/3Ca2/3MnO3 
(LCMO)/Pt system. LCMO epitaxial thin films of about 80 nm thick have been grown by rf 
sputtering on top of LaAlO3 (LAO) substrate (TD=800 ºC and a pressure of 330 mTorr (Ar + 20% 
O2)) (as-grown samples). Some samples were ex-situ annealed in air at 1000 ºC for two hours 
(annealed samples).  The contacts between the manganite film and the metal have been prepared 
by ex-situ deposition of a 30 nm thick Pt layer on top of the manganite film by e-beam 
evaporation at room temperature. Different nanostructured contact geometries have been defined 
by using a focus ion beam system (FIB) (FEI with Ga3+ ions and with a current of 10 pA) and 
then transport properties have been tested by means of AFM system working on the CS mode 
with a doped diamond tip. LCMO/Pt interface resistance is measured up to the nanometric scale 
in patterned contacts defined by using the FIB technique. The I/V characteristics measured across 
the LCMO/Pt interface exhibit the typical features of a tunneling process. The analysis of the  I/V 
curves by using the Simmons model at the intermediate voltage [12] allows to estimate the energy 
(φ0) and the thickness (S) of the barrier, obtaining values of S in good agreement with the estimate 
of the dead magnetic layer derived from magnetic measurements.  



Sample-tip interaction of piezoelectric force microscopy in  
ferroelectric nanostructures 

 
 
1A. Rüdiger*, 1F. Peter, 1,2K. Szot, 1R. Waser 
 
1Laboratory address Center of Nanoelectronic Systems for Information Technology-cni, 
Institute of Solid State Research, Research Center Jülich, 52425 Jülich, Germany 
2Laboratory address (also at) Institute of Physics, University of Silesia, 40-007 Katowice, 

Poland 
 
* a.ruediger@fz-juelich.de 

 
We report on qualitative and quantitative implications of the sample-tip interaction in 
piezoelectric force microscopy. Our finite-element-analysis of adsorbate effects, sample 
heterogeneities and tip asymmetries is in agreement with experimental observation of ferroelectric 
nanostructures of lead titanate, barium titantate and lead zirconate titanate. Qualitative 
discrepancies arise from locally asymmetric tip-sample interaction. Any quantitative 
determination of field-related material parameters as e.g. required for the verification of 
semiempirical models of the ferroelectric limit typically relies on an overestimated field across the 
sample. Our findings indicate that adsorbates reduce the actual field across the nanograin by 
roughly one order of magnitude. 
 
The electromechanical sensing of ferroelectric nanostructures by AFM-techniques has been 
tremendously successful for the last decade. A big advance in piezoelectric force microscopy 
(PFM), the detection of elastic deformations under an external electric field applied through the 
tip, was the introduction of in-plane measurements. The quadrupole photodiode is used such that 
both laser deflections from bending as well as torsion of the cantilever can be monitored 
simultaneously as illustrated in Fig. 1. In particular the amplitude and phase can be interpreted as 
indicators of the piezoelectric activity and relative orientation of the polarization. As the 
measurement is fundamentally based on the tip-sample interaction, this system deserves particular 
attention. The quantification of electromechanical processes relies on the knowledge of local 
fields. We identify an adsorbate layer and quantify its impact as a voltage divider between tip and 
sample. Due to the optical lever method the in-plane signal is less noisy and therefore favorable 
for many imaging applications of PFM. We report on several contributions to the in-plane 
piezoresponse that do not originate from the piezoelectric tensor itself but from local asymmetries 
at and around the tip. Finite element simulations are presented to model and to quantify the impact 
of sample topography, tip asymmetry, and local material heterogeneities. 



MAGNETORESISTANCE IN A La2/3Sr1/3MnO3 NANOPATTERNED 
DEVICE 

 
1T. ARNAL*, 1M. BIBES, 1Ph. LECOEUR, 1A.-M. HAGHIRI-GOSNET, 2B. MERCEY, 
3A.V. KHVALKOVSKII, 3A.K. ZVEZDIN and 3K.A. ZVEZDIN 
 
1 IEF/UMR 8622, Université Paris Sud, Bâtiment 220, 91405 Orsay Cedex, France 
2 CRISMAT-ISMRA,6 Bd du maréchal Juin, 14050 Caen Cedex, France 
3 GPI, Russian academy of Science,Vavilova st.38, 199991 Moscow, Russia 
 
* thomas.arnal@ief.u-psud.fr 

 

Half-metals, such as La2/3Sr1/3MnO3 (LSMO) and Fe3O4, are promising for spintronics 
applications because of their large spin polarization that can produce very high magneto-resistive 
(MR) responses in devices like tunnel junctions [1]. A substantial MR effect can also be expected 
from domain walls (DW) in these double-exchange ferromagnets. However, DWMR has not been 
studied intensively in manganites and magnetite.  

Our device, patterned in an epitaxial LSMO thin film, is designed to anchor domain walls at 
nanoconstrictions. To anchor a DW at a precise place, these constrictions must be narrow. The 
optimal shape and the size of these nanoconstrictions have been determined by micromagnetic 
simulations. A one-step high-resolution electron beam lithography process based on a negative 
resist (HSQ) has been developed. After a study of the influence of the prebake temperature on the 
resist contrast, nano-devices have been patterned and sub-50nm constrictions have been obtained 
[2]. Magnetotransport measurements at low temperature indicate a linear high field MR, with 
symmetric resistance jumps (5-7%) visible in the 500 Oe range. We argue that this resistance 
increase is due to the presence of domain walls at the nanoconstrictions, having a resistance-area 
product of ~10-11 Ω.cm2 in agreement with results of the literature [3]. The dependence of this 
DWMR with bias voltage and temperature will also be presented and discussed. 

[1] M. Bowen et al, Appl. Phys. Lett. 82, 233 (2003) 
[2] T. Arnal et al, Microelec. Eng., 78-79, 201 (2005) 
[3] N.D. Mathur et al, J. Appl. Phys. 86, 6287 (1999) 



DOMAIN DYNAMICS IN FERROELECTRIC MULTILAYERS 
 
N. Stucki*, M. Dawber, P. Paruch And J.-M. Triscone. 
  
DPMC, University of Geneva, 24, quai Ernest Ansermet, 1211 Geneva 4, Switzerland 
 
*Nicolas.stucki@physics.unige.ch 

 
We present a study of the domain dynamics in ferroelectric multilayers using three different and 
complementary techniques. 
 
The nanoscale resolution provided by atomic force microscopy (AFM) allows local control of 
ferroelectric domains in high-quality epitaxial c-axis oriented PbTiO3(PTO)/SrTiO3(STO) 
multilayers deposited by sputtering. Using the metallic tip of the AFM as a mobile source of 
electric field, we can pattern selected regions of the films by switching the polarization direction 
along the c-axis by applying voltage pulses. Circular domains as small as ~20 nm [1] in radius 
and linear domains ~20 nm [2] wide have been previously written. Such control is useful for 
measurements of domain characteristics, both static and dynamic [3]. Previous experiments in 
thin films have shown a logarithmic behaviour for the growth of the domain wall as a function of 
the time and a minimum size for the domain radii of ~20nm. Now we study the changes induced 
by the modification of the ratio of the thickness of the PbTiO3 and SrTiO3 layers in multilayers.  
 
We compare the findings using the AFM technique with those we obtain from standard electrical 
hysteresis measurements that give access to the key parameters such as polarization, coercive 
field, dielectric constant and leakage, and also from fast rise time pulse switching experiments 
that give an accurate measurement of the time required for switching at a given field.  
 
By combining the ability to tune material properties by modifying the multilayer geometries with 
the powerful techniques available for accessing dynamic information we hope to gain a deep 
insight into ferroelectric switching on the nanoscale.    
 
[1] T. Tybell et al., Phys. Rev. Lett. 89, 097601 (2002) 
[2] P. Paruch et al., CIMTEC, 10th ICC Proceedings, 675 (2002) 
[3] P. Paruch et al., Phys. Rev. Lett. 94, 197601 (2005) 
 



Direct patterning of complex oxides by pulsed laser deposition through 
stencils 
 
Paul te Riele*, Arjen Janssens, Guus Rijnders & Dave H.A. Blank 
 
Faculty of Science and Technology and MESA+ Institute for Nanotechnology, University of 
Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands 
 
* p.m.teriele@utwente.nl 
 
Patterning of thin films is usually a process consisting of many processing steps like 

spincoating photoresist, UV-illumination and chemical or ion-etching. Although this approach 
contains many steps, it works well for many materials like metals, their oxides and 
semiconductors but complex oxides are not easily structured by these conventional techniques. 
Complex oxides can be obtained with a broad range of properties and all have in common that 
temperature and oxygen pressure during thin film growth by pulsed laser deposition (PLD) have 
to be high (>500 °C and ~0.1 mbar). The chemical stability of many of these oxides prevent 
structuring by wet-etching. Patterning by (reactive) ion etching often induces defects in the oxides 
(e.g. oxygen vacancies) resulting in damaged and leaky structures. Furthermore, the high 
temperatures make lift-off process using photoresist impossible. In case of stencil deposition, a 
direct copy of the structures in the stencils is made by depositing through the apertures of the 
stencil. A schematic drawing and a SEM image of a SiN stencil is shown in figure 1. The local 
deposition obtained in this method enables structuring materials in one deposition step and 
moreover structuring complex oxides at high temperatures without further etching steps. This 
technique does not require any contact between mask and substrate and this combined with the 
capability of “soft-landing” of species by PLD makes this technique suited for deposition of 
structures on fragile layers like self assembled monolayers or biomolecules. 

In this work we present the progress made on the local deposition of complex oxides. Most 
extensive work is done on the ferroelectric PbZrxTi1-xO3 (PZT) which gained a lot of interest in 
fast ferroelectric memory (FE-RAM) applications. PZT depositions were done up to 600 degrees 
C (even up to 750 degrees C for LSMO) and pressures up to 0.13 mbar of oxygen. Successful 
deposition of isolated, 700 nm wide and epitaxial PZT dots is shown in figure 2. Broadening of 
the deposited structures is observed in any stencil deposition but the conditions for complex 
oxides growth increase this broadening. For example, high substrate temperature results in higher 
surface mobility and more diffusion. The formation of a shockwave typical for PLD at high 
background pressure is even more limiting. The causes of broadening and the solutions how to 
minimize or even make use of broadening will also be presented 

 
 

 
  

 

Figure 1. Schematic drawing of a stencil 
deposition (left), SEM image of 1 µm thick 

SiN membrane showing the apertures (right). 

Figure 2. 20x20 µm2 AFM image of 
isolated and epitaxial PZT dots on a 

STO substrate.  



Magnetic Oxide Thin Film Heterostructures for Spin Electronics§ 
 
Rudolf Gross* 
 
Walther-Meissner-Institute, Bavarian Academy of Sciences and Technical University of 
Munich, Walther-Meissner Str. 8, D-85748 Garching, Germany  
 
*Rudolf.Gross@wmi.badw.de,  http://www.wmi.badw.de 

 
The field of spin electronics has attracted broad interest over recent years due to a variety of both 
interesting physical phenomena and promising applications. The efficient use of the spin degree 
of freedom of charge carriers in “spintronic” devices requires materials with high spin 
polarization of the charge carriers at the Fermi level. Furthermore, for room temperature 
applications ferromagnetic materials with sufficiently high Curie temperature are desirable. These 
requirements have stimulated the interest in half-metallic ferromagnets with Curie temperatures 
well above room temperature. Besides the Heusler compounds, promising candidates are various 
transition metal oxides such as the doped manganites, magnetite (Fe3O4), or the double 
perovskites (A2BB’O6 with A= Sr, Ba, Ca and BB’ = CrW, CrRe, FeMo, FeRe). In addition, 
transition metal doped oxide semiconductors such as Mn or Co doped ZnO or TiO2 have attracted 
considerable interest after ferromagnetic behavior has been found at room temperature in these 
diluted magnetic semiconductors (DMS).  
 
We have grown epitaxial thin films and complex heterostructures of various magnetic oxides (e.g. 
doped manganites, magnetite, CrW based double perovskites) and DMS (e.g. Mn and Co doped 
ZnO) using UHV pulsed laser deposition with in-situ RHEED and AFM/STM control [1]. By 
proper choice of the substrate and optimization of the growth conditions a layer-by-layer growth 
mode can be established for most materials resulting in epitaxial thin films of high crystalline 
quality and small surface roughness [2]. With respect to device applications, where 
heterostructures consisting of different materials are required, the nanoscale engineering of 
interfaces is still an important issue. Here, strain accomodation, interdiffusion, oxygen 
stoichiometry and proper choice of termination layers are important factors that have to be taken 
into account to optimize interface properties [3].  
 
We have used the oxide thin film heterostructures for both the clarification of the underlying 
physics in half-metallic transition metal oxides and the realization of simple device structures 
such as ferromagnetic tunnel junctions. Among our various activities we discuss (i) the exchange 
mechanism and effect of doping and strain in the double perovskites [4-8], (ii) the tunnel 
magnetoresistance in magnetite based magnetic tunnel junctions [3], and (iii) the exchange 
mechanism and magnetotransport properties of Mn and Co doped ZnO [9].  
 
§This work is supported by the DFG with SPP 1157 (project GR 1132/13) and the BMBF (project 13N8279). 
 
[1] R. Gross et al., SPIE Conf. Proc.  Vol. 4058 (2000), pp. 278--294; see also J. Klein et al., Supercond. Sci.   
     Techn.  12, 1023 (1999). 
[2] D. Reisinger et al., Appl. Phys.  A 77, 619-621 (2003); see also J. Appl. Phys.  94, 857 (2003). 
[3] J. Simon et al., Appl. Phys. Lett.  84, 3882 (2004). 
[4] J. B. Philipp et al., Phys. Rev. B 68, 144431 (2003), see also Acta Physica Polonica A 105, 7 (2004). 
[5] J. B. Philipp et al., Appl. Phys. Lett.  79, 3654 (2001); see also J. Appl. Phys.  93, 6853 (2003). 
[6] S. Geprägs et al., J. Appl. Phys., submitted (2005). 
[7] P. Majewski et al., JMMM 290-291, 1154 (2005). 
[8] P. Majewski et al., Phys. Rev.  B, to appear (2005), see also Appl. Phys, Lett., to appear (2005). 
[9] K.-W. Nielsen et al., Superlattices and Microstructures 37, 327 (2005). 

http://www.wmi.badw.de/


Planar conductivity measurements on Lan+1NinO3n+1 (n = 1, 2, 3, ∞) epitaxial 
films obtained by MOCVD 

 
M. Burriel*, G. Garcia, and J. Santiso.  
 
Instituto de Ciencia de Materiales de Barcelona, ICMAB-CSIC. 08193 Bellaterra, Spain.  
 
* mburriel@icmab.es 

 
 We have deposited high quality epitaxial c-axis oriented films of the series of 
Ruddlesden-Popper compounds Lan+1NinO3n+1 with different La/Ni compositions approaching 
those corresponding to n = 1, 2, 3 and ∞ members of the series. The films have been prepared 
by Pulsed Injection Metal Organic Chemical Vapour Deposition (PIMOCVD) technique on 
SrTiO3 and NdGaO3 single crystal substrates. The high temperature electronic transport 
properties in the basal a-b plane of the films have been characterized by AC measurements. 
The total resistivity of the films decreases with n from a semiconducting behaviour for 
La2NiO4 (n=1) with a minimum resistivity of about 5 mΩ·cm at temperatures around 750K (in 
agreement with the highest values obtained in single crystal samples) up to a clear metallic 
behaviour for LaNiO3 (n =∞) with resistivity as low as 0.2 mΩ·cm at room temperature. For 
intermediate n values a broad semiconducting to metallic transition was observed at about 
500K.  



ZnO BASED THIN FILMS AND HETEROSTRUCTURES – DEVICE 

RELATED PROPERTIES AND APPLICATIONS 
M. Lorenz*, H. Hochmuth, H. Von Wenckstern, H. Schmidt, S. Heitsch, D. Spemann, G. 
Benndorf, M. Diaconu, R. Schmidt-Grund, J. Lenzner, M. Grundmann 

 
Universität Leipzig, Institut für Experimentelle Physik II, D-04103 Leipzig, Germany 

 
* mlorenz@physik.uni-leipzig.de 

 
Currently, zinc oxide attracts considerable research interest due to its large band gap energy of 
3.37 eV together with its high exciton binding energy of 60 meV at 300 K. Therefore, ZnO is a 
promising material i.e. for UV lasers and light emitting diodes by taking advantage of efficient 
excitonic effects even at room temperature. Other future innovative applications could be settled 
in the fields of flexible transparent electronics, diluted magnetic semiconductors – spinelectronics, 
and electronic storage devices and detectors. Finally, the cheaper ZnO is expected to replace soon 
the rare indium tin oxide (ITO) as transparent conducting oxide (TCO) i.e. for front contacts in 
solar cells.  
 
Pulsed laser deposition (PLD) has proved to be an extremely flexible and fast exploratory tool for 
the growth of ZnO-based thin films1-5 and heterostructures6,7 and to demonstrate applications as 
simple device structures. An overview will be given on the various PLD based activities of the 
Semiconductor Physics Group8 in Leipzig. Highligts include ZnO thin films on sapphire 
substrates  with high electron mobility around 150 cm²/Vs at room temperature, high 
cathodoluminescence intensity for scintillator applications, and Schottky contacts to ZnO with 
excellent rectifying behavior. In particular, the following results will be presented: 

(a) ZnO thin films with intense UV luminescence for scintillator applications5 
(b) Quantum confinement in MgZnO/ZnO/MgZnO structures3 
(c) Alloyed ZnO films and Bragg reflector mirrors for 3.3 eV photon energy6 
(d) Magnetic ZnO thin films by doping with 3d-elements9 and ion implantation10 
(e) Schottky contacts to ZnO with high forward/reverse current ration11 

 
1   M. Lorenz, M. Grundmann et al., Annalen der Physik (Leipzig) 13 (2004) 59-60. 
2   E.M. Kaidashev, M. Lorenz, et al., Appl. Phys. Lett. 82 (2003) 3901.  
3   S. Heitsch, C. Bundesmann et al., Thin Solid Films (2005) in press. 
4   M. Lorenz et al., Proc. HeT-SiC-05 Int. Workshop on Heteroepitaxy of 3C-SiC on Silicon, 
 April 26 - May 01, 2005, Krippen, Germany, published in Journal of FZ Rossendorf (2005). 
5   M. Lorenz et al., Thin Solid Films 486 (2005) 205-209. 
6    R. Schmidt-Grund et al., Thin Solid Films 483 (2005) 257; Thin Solid Films 455-456 (2004) 
500. 
7  B. N. Mbenkum, M. Schubert, M. Lorenz, et al., Appl. Phys. Lett. 86, 091904 (2005). 
8   for more information including publication lists see: http://www.uni-leipzig.de/~hlp/ 
9   M. Diaconu, H. Schmidt et al., Thin Solid Films 486 (2005) 117-121. 
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 Electrical resistivity, Hall effect, and anisotropic magnetoresistance (AMR) have been 
measured in thin films (~50 nm) of naturally oxidized iron between 5 and 300 K, and in 
magnetic fields up to 5 T. The epitaxial films were prepared by sputtering of Fe on naturally 
oxidized Si(100) substrate whose deposition temperature Ts has been varied between 170 and 
300 K. The size and shape of crystalline grains in the films is controlled by the growth 
temperature. The in-plane size is approximately 30 Å in all films while the out-of-plane size of 
crystalline grains decreases from about 90 Å to ~ 60 Å as the substrate temperature varies from 
300 to 170 K. We find that the resistivity, coercive field as well as the magnetoresistance (MR) 
of the films are affected by growth conditions. The resistivity increases by more than one order 
of magnitude as Ts decreases from 300 to 170 K. We attribute this variation to a more effective 
oxidation of crystalline Fe grains in films prepared at lower substrate temperature. The 
transverse magnetoresistance and the Hall resistivity follow the magnetization behavior in 
films. The rise of the anomalous Hall resistivity in films grown at lower Ts comes mainly from 
variation of the resistivity with Ts . Side-jump scattering seems to be responsible for such 
behavior.  The values of the anisotropic magnetoresistance are less than 1% and do not vary 
significantly with temperature. However, values higher than 20% for MR are found in the 
planar Hall effect configuration for some films. We use the anisotropic magnetoresistance as a 
probe for magnetization reversal studies in our films. We find that the coercive fields vary as a 
square-root of temperature as in the systems of weakly interacting ensembles of magnetic 
nanoparticles. A large surface uniaxial anisotropy would lead to a similar behavior. However, 
dipolar interactions may well be important in our systems. 
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 In-plane magnetic and magnetotransport anisotropies are relevant properties of magnetic 
thin films either from the point of view of applications as well as a tool to get insight into 
intrinsic transport mechanism. In this communication we will illustrate how electric transport 
measurements can be used to derive relevant information on in-plane magnetic anisotropies. 
We report first on magnetic anisotropy of (110) epitaxial manganites thin films grown on (110) 
SrTiO3 substrates. We have measured angular dependence of the longitudinal (ρxx) and 
transverse magnetoresistance (ρxy) as a function of the angle α between the current and the 
applied field. Measurements were performed for two perpendicular directions, with current 
along [001] an [1-10] axis. Measured ρxx(α) and ρxy(α) data reveal sharp variations that reflect 
the magnetic anisotropy of the system. 

 In order to simulate experimental data we used simple model to calculate direction ϕ of 
magnetization for given direction α and amplitude of applied magnetic field. Assuming the 
uniaxial anisotropy and with simple relations ρxx ≈ cos2(ϕ) and ρxy ≈ sin(2ϕ), the experimental 
data can be well reproduced and the anisotropy constant Ku = 0.3 106erg/cm3 is extracted [1]. 

 Interestingly enough, subsequent analysis [2] of the anisotropic magnetoresistance 
(AMR) reveals that along [001] AMR is negative whereas along the [1-10] direction it is 
positive at low temperature but changes to negative when approaching the Curie temperature. 
We argue that temperature dependent anisotropic spin-orbit coupling and spin-dependent 
scattering effects could be at the basis of these novel experimental results. 

  

[1]  I.C. Infante, D. Hrabovský, V. Laukhin, F. Sánchez and J. Fontcuberta, Magnetic 
Switching In Epitaxial (110) La2/3Ca1/3MnO3 Films, accepted for publication in J. Appl. Phys. 

[2]  I.C. Infante, V. Laukhin, F. Sánchez and J. Fontcuberta, Anisotropic Magnetoresistance in 
epitaxial (110) manganite films, accepted for publication in J. Appl. Phys. 
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 We demonstrate reversible modifications of the superconducting properties in ultrathin 
Nd1Ba2Cu3O7–δ films using a field effect device based on a SrTiO3 single crystal gate insulator. 
Modulations in the critical temperature (TC) of up to 12K have been measured in several 
samples. This device allows one of the largest (electrostatically induced) increases in TC 
obtained in an oxide superconducting film. The field-induced changes in TC and activation 
energies at zero temperature (U0) for vortex motion are analyzed for different films at different 
doping levels in the underdoped region of the phase diagram. We show in particular that at 
very low doping levels, TC follows an Uemura-like relation: TC~U0~1/λ2(0) with a deviation 
observed at higher doping levels. 
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The current interest in layered perovskite-like phases based on the Sr4Fe6O13 crystal structure 

arises from their mixed oxygen and electron conductivity (potentially useful for technological 
applications such as oxygen separation membranes and electrodes in SOFC) with appreciable 
oxygen permeability at elevated temperatures. 

The bulk crystal structure of Sr4Fe6O13 (SFO) is orthorhombic with space group Iba2 and 
lattice parameters a = 1.1103(4) nm, b = 1.8924(4) nm and c = 0.5572(2) nm [2]. Its structure is 
built of SrO and FeO2 perovskite-type layers alternating along the b-direction with Fe2O2.5 layers 
of five-coordinated iron polyhedra. Three non-equivalent sites of iron atoms were found, one 
octahedral and two five coordinated positions: trigonal bipyramidal and square pyramidal [1, 2].  

In comparison with the fully oxidized Sr4Fe6O13 phase, the anion-deficient Sr4Fe6O12+δ 
derivatives present a very similar layer structure but with small deviations in the Fe2O2.5 layers. 
These materials are characterized as a complicated superstructure appearing at three different 
levels: a) modulations with q = αa* [superspace group Xmm2(α00)0s0 with centering vectors (0, 
½, ½, ½), (½, 0, ½, 0), (½, ½, 0, ½)] due to changing δ, so that δ = 2α; b) cooperative atomic 
displacements in the Fe2O2+δ layers resulting in the formation of distorted tetragonal pyramids and 
distorted trigonal bipyramids around the Fe cations and c) different stackings of neighboring 
Fe2O2+δ layers [3].. 

We investigated anion ordering in epitaxial Sr4Fe6O12+δ thin films grown by pulsed laser 
deposition on (001) SrTiO3, (001) LaAlO3 and (100) NdGaO3 perovskite-type substrates. High-
resolution transmission electron microscopy (HRTEM) and electron diffraction (ED) enable us to 
determine the structure and the microstructure of the films, as well as the competition between the 
different strain accommodation mechanisms. It will be shown that the oxygen content of the films 
varies with the strain, indicating that the anion ordering provides an additional mechanism for 
strain relaxation. 
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 Using low-temperature scanning laser microscopy (LTSLM) we directly image electric 
transport in a magnetoresistive element, a La2/3Ca1/3MnO3 (LCMO) manganite thin film 
intersected by a grain boundary (GB). The GB is formed due to epitaxial growth of the LCMO 
film on a 24° bicrystal SrTiO3 substrate. The spatial resolution of LTSLM is about 2µm. 
Imaging at variable temperature T allows reconstruction and comparison of the T-dependence 
of the local resistance Rfilm and RGB, for both, the manganite film and the GB, respectively. The 
GB resistance increases with T up to Tmax≈130K and then decreases. However, it remains at a 
relatively high level even above TCurie(≈220K). This gives strong evidence that the GB behaves 
as a barrier also in the paramagnetic phase of the manganite films, suggesting a tunneling 
transport mechanism. Imaging at low temperature (T≈10K) also shows that the GB switches 
between different resistive states due to the formation and growth of magnetic domains along 
the GB. We observe different types of domain wall growth; in most cases a domain wall 
nucleates at one edge of the bridge and then proceeds towards the other edge. 
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Manganites such as La2/3Ca1/3MnO3 (LCMO), with half-metallic character, are optimal 
materials to be used as electrodes in magnetic tunnel junctions (MTJ). However, the tunnelling 
magnetoresistance of the fabricated MTJ’s vanishes at temperatures well below the Curie 
temperature of the bulk electrodes. This degradation is apparently provoked by spin 
depolarization at the interfaces between the electrodes and the tunnel barrier (commonly SrTiO3). 
It is therefore of the highest interest to understand the induced nanostructural modifications in 
these interfaces, in order to avoid the detrimental effects that can take place. 
 In recent years, the study of the interface between manganites and SrTiO3 (STO) 
demonstrated the existence of electronic phase separation (Mn4+ states) [1] and even of cation 
segregation when lattice mismatch was high [2]. The results confirmed the importance of the 
strain (and its magnitude) on the structural modifications at the nano-scale, which are the causes 
of the degraded performance when the materials are used in MTJ’s. 
 Clearly, we are dealing with interface phenomena, where lattice mismatch is an important 
parameter but not the only one. In particular, we remark that dissimilarity between two materials 
can differ when the crystal planes in contact change. Here we explore the use of LCMO(110) 
films as an alternative to the commonly used (001)-oriented films. (001) and (110) crystal planes, 
with different atomic arrangements, are expected to be the origin of different interface structural 
modification. 
 Epitaxial LCMO films from 6 to 150 nm thick have been grown simultaneously on STO 
(001) and (110) substrates. There is a critical impact of the film orientation on the strain state 
(out-of-plane and in-plane) and magnetic properties. The (110) films relax progressively as 
thickness increases, whereas in the case of the (001)-ones coherent growth is observed even in the 
thickest films. The magnetic properties of the (001) films are depressed (broad transition and 
lower magnetization) with respect to the bulk counterpart values, while the (110) display optimal 
properties. Transmission electron microscopy confirmed the high crystal quality of the films and 
the presence of atomically flat interfaces. The samples were also studied by nuclear magnetic 
resonance. The measurements confirmed the presence of localized Mn3+ and Mn4+ ions in 
LCMO(001), and remarkably indicated their absence in the LCMO(110). The different structural 
and magnetic properties of (110) and (001) LCMO films will be analyzed and related to the 
reduced electronic phase separation in (110) interfaces compared to (001)-ones. The results 
suggest the potential of MTJ’s fabricated with LCMO(110) electrodes for high temperature 
operation. 
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There has been significant advancement in the field of oxide based diluted magnetic 
semiconductors over the last few years. We have found that the preparation condition, for 
example in the case of Co-doped TiO2, is crucial for cluster free ferromagnetic films and that over 
a wide range of deposition conditions Co and Co complex clusters are found in the films1. The 
cluster free films tend to be highly insulating and argue against any itinerant carrier induced 
ferromagnetism in this system. The DMS behaviour observed in TiO2 under Co doping shows all 
the three conditions expected of a DMS system (anomalous Hall effect4, OMCD signal and 
electric field modulation5 of the magnetic property), though the interpretation of the role of the 
electrons in mediating the FM may have to be considerably revised. In the case of LaSrTiO3

6, an 
exception, FM is seen to vary as a function of the carrier concentration suggestive of an RKKY 
type interaction. Magnetic moments are observed in the case of SnO2

2 and in the case of HfO2
3, 

but no ferromagnetism is observed for undoped films in contrast to some recent reports. The Co 
concentration dependence of the FM in the case of magnetic impurity doped TiO2

7and HfO2
3 is 

consistent with a polaron percolation model for ferromagnetism with a critical concentration 
observed for both the hosts. We show that the recent results of FM in Mn doped ZnO8 is a result 
of an interface phase formed during the low temperature reaction of the starting materials9.  
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Multiferroic materials possessing simultaneously ferroelectric and ferro- or 
antiferromagnetic orders are nowadays subject of an intense research. The coupling between the 
two order parameters is very interesting from the point of view of fundamental physics, and could 
also lead to applications in spintronics and other fields. A first step towards fabrication of 
magnetoelectric functional devices is to grow these materials as thin films. One of the best 
candidates is BiFeO3 (BFO) which shows ordered states at high temperatures (it is 
antiferromagnetic at T ≤ TN = 647 K and ferroelectric at T ≤ TC = 1043 K). Its perovskite 
crystallographic structure makes it compatible with many other functional oxide compounds. 

First, we have explored the influence of deposition pressure and temperature on the quality 
of BFO thin films grown by pulsed laser deposition onto (001)-oriented SrTiO3 substrates. We 
found that single-phase BFO films are obtained in a region close to 10-2 mbar and 580°C. In non-
optimal conditions, X-ray diffraction reveals the presence of Fe oxides (γ−Fe2O3 or Fe3O4 ) or of 
Bi2O3 [1].  We show that the magnetic properties of the films are extremely sensitive to the 
presence of Fe oxides : a large magnetic moment is observed in the presence of  γ-Fe2O3, while a 
small moment (comparable to bulk) is measured for pure BFO films. Also the presence of Bi2O3 
(overgrowths on the surface) modifies the functional properties of the samples. Conductive-tip 
atomic force microscopy mappings indicate that these overgrowths are conductive and create 
shortcuts through the BFO films, thus preventing their practical use as ferroelectric elements in 
functional heterostructures. We also show the preliminary experimental tests of the ferroelectric 
properties of BFO thin films grown at optimal conditions by means of piezoelectric atomic force, 
which shows that BFO films are ferroelectric down to a thickness of 2nm. This confirms the 
multiferroic nature of BFO films even down to extremely low thickness. 

As a first step towards implementation of BFO in integrated devices, we have characterized 
the structural and functional properties of La2/3Sr1/3MnO3 (LSMO)/BFO bilayers. We show that 
these samples have smooth surface morphologies and the BFO layer has a homogeneous resistive 
state suitable to be used as ferroelectric tunnel barrier. This would open a way to combine the 
half-metal properties of LSMO with the multiferroic properties of BFO in spintronics devices. 
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 Hetero-epitaxial artificial structures are a valuable tool to study the superconducting 
properties of high-Tc compounds. Comparing physical properties of the BaCuO2+x (BCO) and 
CaCuO2 (CCO) layers alone with those of the BCO/CCO heterostructures, it was possible to 
discriminate among the different roles of each constituent block in the superconducting 
structures. Samples were grown by layer-by-layer pulsed-laser deposition and heterostructures 
with different doping levels were obtained by changing the relative thickness of the BCO 
charge reservoir block and the CCO infinite layer block. Structural properties were 
investigated by X-ray diffraction (also in grazing incidence geometry) and reflectivity 
measurements. To correlate the electronic properties with the diffraction and transport 
measurements, we have performed X-ray absorption spectroscopy (XAS) measurements at the 
Cu L3 edge. Polarised radiation has been employed to study the role of the holes symmetry in 
the mechanism of superconductivity. Our results clearly show a significant number of Cu dz2 
holes, both in the pure BCO samples and the BCO/CCO superconducting heterostrucures 
linked to the presence of apical oxygen. XAS spectra showed the presence of a high energy 
shoulder related to the existence of itinerant Cu3d holes hybridised with O2p (doping holes) in 
the pure BCO samples and in the BCO/CCO superconducting superlattices. The relative 
shoulder intensity decreases with increasing the thickness of the individual CCO block in 
agreement with a decrease of the doping level. As expected, no evidence of doping holes was 
detected in the case of the pure CCO samples. All the results are in agreement with the 
scenario of charge transfer from the BCO charge reservoir block to the CCO infinite layer 
block.  
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Magnetic transition metal oxides with a lattice constant of 3.8 – 4 Å can be combined with 
ferroelectric titanates like Pb(Zr,Ti)O3 showing a pronounced piezoelectric effect in  
epitaxially grown film structures. This approach offers effective access to the electric control 
of magnetic properties via electric field effect and induced elastic strain to the magnetic layers. 
Magnetoelectric phenomena in such composites may appear at room temperature and have the 
benefit of large magnitude of the electric and magnetic polarization, according to the properties 
of the chosen magnetic and ferroelectric components.   

In this contribution, (i) the roles of field effect and piezoelectrically induced in-plane strain 
effects in (La,A)MnO3 (A = Sr; Ca) films in an epitaxially grown field effect transistor (FET) 
structure of PbZr0.52Ti0.48O3 (PZT) / (La,A)MnO3 / SrTiO3(100) [1] are analyzed. Furthermore, 
a (ii) piezoelectric substrate for inducing large strains in La0.7Sr0.3MnO3 is used.  

FET structures with epitaxial bilayers of PZT/(La,A)MnO3 have been prepared using off-axis 
pulsed laser deposition with a shadow mask technique. It has been shown earlier that 
manganites are sensitive to an electric field applied via a dielectric [2] or ferroelectric [3,4] 
gate electrode. FET structures with a La0.8Ca0.2MnO3 channel show electrical modulation of 
the channel resistance proportional to the PZT electric polarization loop [4,5], including 
remanent states. This is attributed to charge density modulation in the interface-near region of 
the manganite. Tabata et al. had proposed an effect of elastic strain from the inverse 
piezoelectric response of the PZT layer in FET devices [3]. Ferromagnetic perovskite 
manganites have been predicted to be extremely sensitive to distortions of the crystal lattice 
due to strong electron-phonon coupling [6]. Strain in films clamped to a rigid substrate is 
small; however, recording complete resistance hysteresis loops in dependence on an applied 
gate voltage in PZT / La0.7Sr0.3MnO3 FETs has given evidence for butterfly-like hysteresis 
being typical for in-plane strain modulation in the manganite layer [1].  

For La0.7Sr0.3MnO3  films on a piezoelectric substrate [7], in-plane lattice constants have been 
reversibly varied by up to 0.06 % via application of an electric voltage (< 500 V) to the 
substrate. This modest strain variation nevertheless has a strong impact on the resistive and 
magnetic behavior of the studied manganite films. For instance, the resistance at 300 K and the 
magnetization show a strain-dependent hysteresis with an amplitude of several %, and TC 
increases by several degrees due to release of in-plane tensile strain.  

This work is supported by Deutsche Forschungsgemeinschaft, FOR 520 “Ferroic Functional 
Elements”. 
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Spintronics applications require the use of highly spin-polarized current sources. Recently studies 
rely on the doping of host materials with magnetic ions (diluted magnetic semiconductors (DMS)) 
to achieve highly spin-polarized sources at high temperatures. We have followed this approach by 
doping metallic non-magnetic (La,Sr)TiO3 with Co (Co-LSTO) in the range 0 – 3 %. We have 
grown Co-LSTO films by PLD on STO substrates [1]. The films are ferromagnetic at room 
temperature, with a sizable magnetic anisotropy, which indicate the intrinsic nature of the 
ferromagnetism.  
To determine the spin polarization of Co-LSTO, we have grown Co-LSTO/LAO/Co 
heteroestructures. On these samples we defined magnetic tunnel junctions of micrometric size by 
optical lithography. We performed tunneling magnetoresistance (TMR) experiments which 
demonstrate the existence of a large spin polarization (up to -80%) in Co-LSTO [2]. We discuss 
both the temperature- and bias- dependence of the TMR. We have analyzed the composition and 
structure of  Co-LSTO films at a local scale, by different techniques: High-Resolution 
Transmission Electron Spectroscopy (HRTEM), Electron Energy Loss Spectroscopy (EELS) and 
Auger Electron Spectroscopy (AES). From these experiments we conclude that the Co 
distribution is homogeneous in the film with no Co-rich regions larger than ∼10 nm. Thus, we 
exclude Co-segregation as the origin of the ferromagnetism and TMR in Co-LSTO, and we 
conclude that the spin-polarization as well as the ferromagnetism are intrinsic properties of this 
DMOS. The present work represents an important step towards the understanding and application 
of the DMS approach to spintronic devices using complex oxide materials.  
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The possibility of using tuneable ferroelectric based composites and layered structures is very 
attractive for both basic research and for applications. Combining different paraelectric layers 
could lead to large improvements of the dielectric properties, e.g., temperature stability, 
permittivity, electro-dynamic matching, tuneability and losses. Moreover, starting from 
optimised single layers, it might be feasible to engineer the ferroelectric properties in 
multilayers. Ultimately reducing the individual layer to nano-dimension, the multilayers would 
evolve to superlattices and novel complex compounds with possibly superior rf properties. In 
this work a new facility for sputtered multilayer deposition is developed and first experiments 
on BaTiO3 / SrTiO3 multilayers are performed. Layer and crystallographic structures as well as 
electronic properties of the multilayers are analysed and compared with the properties of the 
underlying single layers. The results are discussed on the bases of existing models, e.g., the 
parallel capacitor model. First test structures for tunable varactors and resonators are developed 
and tested. The results are compared to single layer SrTiO3 structures.     
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 Superconducting Nb/Au/YBa2Cu3Ox heterojunctions of L= 10 – 50 µm dimensions were 
fabricated using 11° inclined c-axis superconducting YBa2Cu3Ox films on (7 10 2) NdGaO3 
substrates. Magnetic field dependences of the critical current and dynamics of ac Josephson effect 
at mm-wave frequencies vs. junction dimensions have been investigated at 4.2 K. The maximal 
dimension of the investigated heterojunctions is smaller than the Josephson penetration depth 
calculated from an averaged value of the critical current density. However, the experimentally 
observed magnetic field dependences of the critical current Ic(H) deviate from the Fraunhofer 
pattern reflecting non-uniform current distribution across the junction. We explain the 
experimental Ic(H) dependences by splintered magnetic vortices. The size of the splintered vortex 
may be considered as a new lengthscale of the uniform current distribution in the junction and in 
our case is smaller than Josephson penetration depth. Both integer and fractional Shapiro steps 
have been observed on the I-V curves of the investigated heterojunctions irradiated at high 
frequencies up to 100GHz. We discuss the possible reasons of the splintered magnetic vortices 
and unconventional behavior of the Shapiro steps, namely, d-wave symmetry of the 
superconducting order parameter in YBCO and finite capacitance of the heterojunctions.  
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 All-oxide heterostructures consisting of ferromagnetic and superconducting layers can be 
used as model systems to explore the physics governing the properties of  ferromagnetic 
superconductor RuSr2GdCu2O8.. Based on our original work on superlattices consisting of 

ferromagnetic La0.67.Ca.33MnO3 and superconducting YBa2Cu3O7 layers, we systematically 
investigate structure, magnetic and transport properties of bilayer structures consisting of 50 nm 
La0.67.Ca.33MnO3  and YBa2Cu3O7 layers in the thickness range of 20 to 100nm. In special contact 
arrangements we inject spin polarized quasiparticles into the YBa2Cu3O7 layers and observe a 
spin-dependent reduction of  TC  and a drop in the R(T) curve at the spin gap opening 
temperature. The results are discussed within the frame of Anderson’s spin-charge separation 
model as well as the model of spin fluctuations. 
 

Furthermore, the interaction of the magnetic domain structure of the ferromagnetic layers 
with the flux-line arrangement and the potential modification of flux-line pinning in 
superconductor ferromagnetic heterostructures is a topic of current concern. We have grown 
bilayer heterostructures of the ferromagnet SrRuO3 and the high temperature superconductor 
YBaCuO7 on single crystal LaSrGaO4 substrates by pulsed laser deposition. Using the 
quantitative magneto-optical Faradayeffect technique the critical current densities in the 
superconducting film is measured locally with a resolution of 5�m. The results show a strong 
dependence of the critical current on the magnetization state of the ferromagnetic layers and a 
hysteretic behavior strongly related to the magnetic hysteresis loop of the ferromagnet. The 
quantitative analysis of the critical currents as determined by the magneto-optical techniques 
shows a pronounced enhancement of jc - especially in the remanent state. The results are 
discussed within the frame of the magnetic interaction of the flux-lines and the ferromagnetic 
domain structure.  
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The construction of artificial ferroelectric superlattices with fine periodicity presents exciting 
possibilities for the development of new materials with extraordinary properties and furthermore a 
probe for understanding the fundamental physics of ferroelectric materials. 

Our superlattices of PbTiO3/SrTiO3 are prepared on conducting 0.5% Nb doped (001) SrTiO3 
substrates using off-axis RF magnetron sputtering. Cross-sectional TEM investigations were 
performed on several samples and reveal the coherent growth and artificial layering of the 
samples. 

Further structural characterization using standard θ-2θ x-ray diffraction was performed on a series 
of 20 bilayer superlattices in which the PbTiO3 thickness was varied from 54 to 1 unit cells while 
the SrTiO3 layer thickness was maintained at 3 unit cells. Intuitively one expects, as the thickness 
of the PbTiO3 layers relative to the SrTiO3 layers is reduced, a decrease of the ferroelectric 
polarization which should result in a concomitant decrease of the average lattice parameter. This 
is indeed the behaviour we observe for superlattices PbTiO3/SrTiO3 n/3 where n is greater than 3. 
However, surprisingly, the 2/3 and 1/3 superlattices display larger average lattice parameters 
which indicate a recovery of ferroelectricity at very small PbTiO3 layer thicknesses, a finding we 
confirmed using atomic force microscopy. 

To understand the observed behaviour we carried out first principles simulations of 
PbTiO3/SrTiO3 superlattices and developed an electrostatic model. Both the electrostatic model 
and first principles calculations show a monotonic decrease of the polarization as the PbTiO3 
volume fraction is reduced with no sign of a ferroelectric recovery for very thin PbTiO3 layers. 
However, for superlattices with n>3 the model, first principles calculations and experiment are all 
in good agreement. 

We now use the electrostatic model as a roadmap to guide our search for new geometries with 
outstanding properties and demonstrate the exceptional leakage, fatigue, hysteresis and dielectric 
properties of the fabricated PbTiO3/SrTiO3 superlattices. We have also extended the model to 
look at the effect of applied field and find excellent agreement with the experimental 
measurements for switching behaviour, polarization and dielectric constants.  
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 The discovery in 1988 of the giant magnetoresistance (GMR) effect in magnetic 

multilayers raised the curtain for an intensive new research effort on magnetic materials and 
magnetic nanostructures which profited enormously from the application of microfabrication 
techniques. It is also relevant to remember the considerable quantity of new physics which has 
emerged since the discovery of high temperature superconductors in 1986.  In this latter field, one 
of the main concerns is the behavior of spin and charge and their interactions.  On the other hand, 
to date in semiconductor devices only the movement of charge has found application with spin 
being usually considered as an irrelevant degree of freedom.  The discovery of GMR signaled a 
starting point for the physics and application of the interaction between spin and charges and shed 
light to the tunnel magnetoresistance (TMR) which was studied in advance of GMR. Here, I will 
provide an introduction and guide to the new physics of spin dependent transport in magnetic 
nanostructures [1], and propose several new phenomena. Special emphasis is placed on magnetic 
domain wall dynamics caused by charge current in magnetic nanostructures [2], and on quantum 
computing devices (qubits) in ferromagnet/superconductor nano-hybrids [3]. 
 

[1] S. Maekawa and T. Shinjo: Advances in Condensed Matter Sciences, Vol. 3  
(Taylor and Francis, London and New York, 2002). 

[2] S.E. Barnes and S. Maekawa: cond-mat/0410021and 0410035, and to appear in  Phys. Rev. 
Lett. 
[3] T. Yamashita, K. Tanikawa, S. Takahashi and S. Maekawa: Phys. Rev. Lett. 95, 097001 
(2005) 
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Electronic reconstruction between two insulating oxides can give rise to conductivity at the 
interface. We report a study on the coupling between p- and n-type interfaces in band insulator 
SrTiO3 - LaAlO3 thin film multilayer structures, of which the atomic stacking sequence is 
examined by quantitative transmission electron microscopy. Electronic coupling occurs below 
a critical separation distance of 6 perovskite unit cell layers, corresponding to approximately 
23 Å, resulting in a decrease of the interface conductivity. This coupling between interfaces 
allows tuning of the carrier density, conductivity and dimensionality of the interface electron 
gas, which is important for all-oxide devices. 
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As interfacial engineering of epitaxial oxide heterostructures improves, the intrinsic transport 
properties of the interfaces become accessible. One of the most commonly encountered high-Tc 
interfaces is the epitaxial cuprate-titanate interface. I will discuss two examples that have recently 
been investigated in high-quality structures grown by oxide molecular beam epitaxy (MBE). In 
the first example1, the (100) YBCO/CTO interface was carefully optimized using in-situ 
monitoring techniques, resulting in unprecedented crystalline perfection of the 
superconductor/insulator interface. Below Tc , the tunneling conductance shows the evolution of a 
large unexpected asymmetry near zero bias, giving evidence that superconducting YBCO crystals 
atomically truncated along the lobe direction with a titanate layer have intrinsically broken 
particle-hole symmetry over macroscopically large areas. In the second example2, nearly 
insulating (001) CuO2/STO interfaces were prepared to study electric-field-induced doping of 
carriers at the interface. Control of the doping level was obtained from –0.40 (depletion) to +0.15 
carriers/Cu. For carrier depletion, the induced holes are completely localized even up to carrier 
density levels far beyond the bulk insulator-to-superconductor transition value. This implies that 
large induced carrier density and single crystalline interface is not a sufficient condition for 
electric field induced insulator-to-superconductor transition for cuprates. These new results 
challenge our present understanding of carrier transport in high-Tc devices.  
 
[1] B. A. Davidson et al, Phys. Rev. Lett. 93, 107004 (2004). 
[2] S. Oh et al, Phys. Rev. B 70, 064509 (2004). 
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Magnetic tunnel junctions (MTJ’s) based on complex manganese oxides have recently focused 
much interest due to their potential applications in spintronics and magnetic recording [1]. The 
high degree of spin polarization of the conduction band of manganites is expected to yield large 
tunneling magnetoresistance (TMR). However, while large values of TMR have been obtained in 
experiments done at low temperature, a rapid decrease of TMR has been often observed in 
manganite based tunnel junctions with increasing temperature, vanishing at temperatures below 
the Curie temperature of the bulk electrodes. It has been suggested that the rapid drop of TMR 
with temperature might be due to a weakened ferromagnetism resulting from structural distortions 
or modified chemical bonding at the interface. In addition, epitaxial mismatch strain might also 
influence the intrinsic tendency of manganites to phase separation modifying the magnetic 
properties of the electrodes at the interface [2]. These problems illustrate the importance of the 
interface on the value of TMR. 
 
In this communication we report on MTJ’s with manganite electrodes (La0.7Ca0.3MnO3) and a new 
barrier of PrBa2Cu3O7 (PBCO). We show that the chemically coherent growth of PBCO on 
LCMO allows depositing nanometer thick barriers continuous and atomically flat over large 
lateral distances, yielding MTJ’s with large TMR at relatively high temperature. However, At low 
temperatures the junction exhibits a small TMR. The reduced TMR at low temperatures in our 
junctions is discussed in relation to the antiferromagnetic ground state of PBCO. 
 

 [1] J. M. De  Teresa, A. Barthélémy, A. Fert, J.-P. Contour, F. Montaigne, and P. Sensor, Science 286, 

507 (1999). 

[2] E. Dagotto, T. Hotta, and A. Moreo, Phys. Rep. 344, 1 (2001). 
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The transport and magnetic properties of epitaxial thin films of La2/3Ca1/3MnO3 (LCMO) 
grown on top of LaAlO3 (LAO) (001) substrates are investigated. Due to the complex interplay 
between charge, spin and orbital degrees of freedom the magnetotransport properties of 
manganites have been found to be strongly dependent on the lattice distortion. The application of 
a uniaxial o biaxial distortion implies the lifting of the eg orbital degeneration of the cubic 
structure and an ordering of the 3z2-r2 orbital along the uniaxial axis and of the x2-y2 orbital within 
the biaxial stress plane takes place. Obviously this fact has strong influence on the magnetic and 
transport properties of epitaxial thin films. 

 
In this work, we have analyzed these effects in coherently strained epitaxial thin films of 

LCMO having different thickness (from 16 to 93 nm). At the same time the effects of lifting of 
the structural strain at a constant thickness have also been studied by annealing the samples at 
high temperature. It is found that the saturation magnetization increases both raising the thickness 
of the films and with the annealing, i.e., when the structural strain is relaxed. It has also been 
found that the lifting of the structural strain promotes the change of the easy axis of magnetization 
from perpendicular to the film plane to parallel. 
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 Zinc oxide is one of the first studied oxide semiconductors; it is now living a second 
youth thank to the interest in the oxide electronic, for is wide-band gap optoelectronic 
properties and  for realizing for realizing dilute magnetic semiconductors for application in 
spintronics. The integration of ZnO high mobility transparent semiconductor with perovskite 
that  exhibit a wide spectrum of physical properties (superconductivity, ferroelectricity, 
ferromagnetism, etc.) may lead to a wide variety of new electronic/optoelectronic devices 

In this we work we report about the realization of epitaxial ZnO/SrTiO3 heterostuctures and 
about their application for the fabrication of field effect transistors transparent at visible 
wavelength.  

High crystalline quality ZnO layers were grown by pulsed laser deposition on 110 face of 
strontium titanate single crystals. By conventional photolithographic techniques we realized 
micrometric sized devices both in bottom-gate stacked geometry and in planar side-gate 
configuration. The transistors have a 80% transmittance, on/off ratios up to 106, and field effect 
mobilities up to 30 cm2/Vs.  

Transport properties of ZnO channels under electric field application will be presented and 
discussed.  

mailto:Bellingeri@fisica.unige.it
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Titanates close to the ferroelectric transition are materials extremely interesting to develop 
electrically tunable RF devices, such as filters or phase shifters.  

We report on the growth and characterization of epitaxial Ba1-xSrxTiO3 (BSTO) thin films of two 
compositions (x=1 and 0.4), suitable respectively for cryogenic and room temperature 
applications. The films were grown by PLD on low-loss single crystal substrates (LaAlO3, 
LSAT), either directly or on an intermediate LaNiO3 metallic layer. Detailed structural 
characterization by X-ray diffraction revealed the epitaxial character of the films and 
heterostructures, and allowed to determine the substrate-induced strain.  

The room temperature dielectric constant, losses and tunability of the films have been measured at 
low frequencies using an HP4192A impedance analyzer. Two measurement configurations were 
explored: planar capacitors Al/BSTO/LaNiO3 made by depositing Al dots on a BSTO/LaNiO3 
bilayer (Fig.1), and in-plane capacitors, defined by photolitography of a metallic layer deposited 
on BSTO films; advantages and inconvenients of both configurations will be discussed. The 
dielectric properties of the films will be correlated to their thickness, morphology and oxygen 
content. High tunabilities, from 24% to 38%, have been found. However, losses need to be further 
improved, specially for the thinner films; values of tgδ below 0.1 have only been obtained for 
films thicker than 300nm. 
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Fig1. Aluminium dots (0,4 mm 
diameter) on a bilayer. 

Fig2. Tunability and loss tangent of the bilayer with  320nm BSTO.  
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We analyse measurements of the magnetoresistance (MR) of polycrystalline ferromagnetic 
manganites La1-xAxMn1-yByO3 (A = Pb, Ca, Sr; B = Ta, W, Ru) in static magnetic fields �0H ≤ 7 
T and pulsed fields �0H ≤ 47 T. Earlier experiments on polycrystalline La0.7Sr0.3MnO3 films have 
shown a striking linear dependence of the grain boundary (GB) conductance G(H) for �0H ≤ 56 T 
at low temperatures and for random grain orientation [1]. The linear G(H) is consistent with spin-
polarized indirect  tunnelling of electrons through GBs via one magnetic state in a non-
ferromagnetic GB layer [2,3]. In this contribution, the high-field MR of ferromagnetic manganites 
of various compositions are analysed, in order to check the universality of linear 
magnetoconductance behavior. All investigated samples have non-linear G(H), but deviations are 
small for high-TC (with bulk Curie temperature TC) compounds and are always well described by 
a quadratic polynomial G(H) = a + bH + cH2. Systematic increase of both, the linear coefficient b 
and the quadratic coefficient c with decreasing TC have been observed [4]. Further, temperature 
dependences of a, b, c have been determined and are weak for high-TC compounds. Results of 
single GB in a biepitaxial film of La0.7Sr0.3MnO3/SrTiO3(001) are also discussed.  
 
The magnetoconductance G(H) at low T << TC reflects the magnetic ordering of non-aligned 
magnetic moments in the GBs. The coefficients b and c are related to an efficient GB 
suscepitibilty. Thus, linear G(H) up to 56 T at 4 K [1] gave evidence for strong antiferromagnetic 
interactions of GB spins in La0.7Sr0.3MnO3. The observation of systematic correlations between 
GB magnetoconductance and bulk TC indicates that magnetic order at GBs of ferromagnetic 
manganites is governed by parameters like doping and Mn-O-Mn bond angles (electronic band 
width). Antiferromagnetic interactions seem to be weaker for low-TC manganites. 
 
This work is supported by Deutsche Forschungsgemeinschaft, FOR 520 “Ferroic Functional 
Elements”. 
 
[1]  N. Kozlova et al., Physica B 346-347, 74 (2004); J. Magn. Magn. Mater. 261, 48 (2003). 
[2] S. Lee et al, Phys. Rev. Lett. 82, 4508 (1999) ; H. Sun et al, Phys. Rev. B. 68, 054413 (2003).   
[3] D. Serrate et al, J. Appl. Phys. 97, 084317 (2005). 
[4]   R. B. Gangineni et al., J. Appl. Phys. (revised).  
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High Curie temperatures and predicted half-metallicity found in ferrimagnetic double 
perovskites suggest the applicability of these materials as a source of spin-polarized charge 
carriers in spintronic devices [1].  
 
Recently, it was found that for the compound Sr2FeMoO6 TC can be clearly increased by about 
80K in polycrystalline samples by substitution of Sr2+ by trivalent La3+ ions [2]. In contrast to 
the compound Sr2FeMoO6 the synthesis of electron doped polycrystalline Sr2-xLaxCrWO6 
samples is difficult due to the preferential formation of LaCrO3 [3]. However, due to the 
nonequilibrium growth conditions during pulsed laser deposition, we succeeded in growing 
high-quality epitaxial thin films of Sr2-xLaxCrWO6 [4]. 
 
Here we report on the fabrication and characterization of doped and undoped thin film samples 
of Sr2CrWO6. The growth process was monitored by RHEED (reflection high energy electron 
diffraction) and the crystalline quality of the thin films was checked by X-ray diffraction. Data 
on the magnetization of the samples was obtained by using a SQUID magnetometer. For the 
undoped samples, we also report on magnetotransport measurements. Preliminary results 
indicate that the transport properties seem to be governed by a metal-insulator transition.  
Moreover, due to the lattice mismatch between the Sr2CrWO6 film and the SrTiO3 substrate the 
compressive strain causes a reduction of the ideal cubic Fm3m to the tetragonal I4/mmm 
symmetry. Here we report, that this biaxial strain leads to an anisotropy of the electrical 
transport behavior of Sr2CrWO6 thin films. This indicates that the exchange process in 
ferrimagnetic double perovskites is two dimensional. 
 
[1] I.-K. Kobayashi et al., Nature 395 (1998) 677. 
[2] J. Navarro et al., PRB 64 (2001) 092411. 
[3] S. Geprägs et al., to be published 
[4] P. Majewski et al., JMMM 290-291 (2005) 1154. 
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 Among the iron (III) oxides ε-Fe2O3 is one of the rarest and less studied polymorphs due 

to the difficulty to synthesize it as a single-phase or as a large single crystal. Recently, pure ε-
Fe2O3 nanoparticles were prepared by sol-gel synthesis [1]. Interestingly, ε-Fe2O3 has an 
orthorhombic non-centrosymmetric structure (space group Pna21) which is isomorphous to that of 
the piezoelectric, ferromagnetic and magnetoelectric GaFeO3. At room temperature, ε-Fe2O3 is a 
ferrimagnet with a large coercivity (20 kOe). More remarkably, upon cooling, a strong reduction 
of the coercivity and the squareness ratio, MR/MS is observed at T ~ 100 K which is ascribed to a 
magnetic transition involving changes in the structural parameters as revealed by neutron 
diffraction measurements. Here, we will report on the measurements of the dielectric permittivity 
as a function of temperature, frequency and magnetic field. Relative changes in dielectric constant 
as large as 30 % have been measured along the temperature range of the magnetic transition 
evidencing the existence of a magnetoelectric coupling in this material. Indeed, magnetic field 
dependent measurements at 100 K have revealed an increase of the permittivity by about 0.3 % in 
6 T. A ferric oxide such as ε-Fe2O3 would have significant advantages over the Bi or Mn-based 
biferroic materials, in terms of control of stroichiometry and current leakages due to its more 
stable chemical composition. Prospective advantages of ε-Fe2O3 as a multiferroic material will be 
discussed.  

 

[1] M. Popovici, M. Gich, D. Nižňanský, A. Roig, C. Savii, Ll. Casas, E. Molins, K. Zaveta, C. 
Enache, J. Sort, S. de Brion, G. Chouteau and J. Nogués, Chem. Mater. 16, 5542 (2004). 
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The development of ferromagnetic tunnel junctions with high tunneling magnetoresistance 
(TMR) at room temperature has directed considerable attention to half-metallic ferromagnets 
with high Curie temperature TC. In this respect, transition metal oxides such as the doped 
manganites, magnetite (Fe3O4), CrO2, or the double perovskites (A2BB’O6 with A= Sr, Ba, Ca 
and BB’ = CrW, FeMo, FeRe) are promising candidates.  We have fabricated magnetic tunnel 
junctions (MTJs) based on epitaxial Fe3O4 (TC = 860 K) bottom electrodes using pulsed laser 
deposition, and Ni or Co counter electrodes. The MTJs with various shapes and areas ranging 
between 100 and 1000 µm2 have been obtained by patterning mesa structures using optical 
lithography and ion beam milling. The MTJs have been characterized by magnetotransport and 
dc magnetization measurements at temperatures between 150 K and 350 K. 
 
The MTJs show almost ideal resistance versus applied magnetic field curves, with switching 
fields corresponding to the coercive fields of the ferromagnetic electrodes as measured by 
SQUID magnetometry. TMR effects of up to 20 % for Fe3O4/AlOx/Co and 11 % for 
Fe3O4/AlOx/Ni are observed at room temperature. Using these values, we can estimate the spin 
polarization of Fe3O4 to be about 44 % at room temperature. Furthermore, due to the high 
resistivity of Fe3O4, a large geometrically enhanced TMR of more than 1000 % at room 
temperature could be obtained due to an inhomogeneous current distribution in the junction 
electrodes. 
 
This work is supported by the BMBF (project 13N8279).  
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The magnetic characteristics of a colloidal suspension of dextran-coated magnetite (Fe3O4) 
nanoparticles, with median particle size <d> = 8 nm of current clinical applications 
(ENDOREM®) are presented, aiming the understanding of the main structural and magnetic 
factors that determine its efficacy for MRI. Magnetization curves and in-field Mössbauer 
spectroscopy measurements showed an unusually small magnetic moment MS of the particles, 
without evidence of the magnetic irreversibility or non-saturating behavior at high fields usually 
associated to surface spin canting. The values of magnetic anisotropy Keff from different 
techniques indicate that surface or shape contributions are negligible. It is proposed that these 
particles have bulk-like ferrimagnetic structure with ordered A and B sublattices, but nearly 
compensated magnetic moments. The dependence of the blocking temperature with frequency and 
applied fields, TB(H,f), suggests that the observed non-monotonic behavior is governed by the 
strength of interparticle interactions at low fields.  

 
A model of collective magnetic excitations was applied to obtain the anisotropy energy 

constant from Mössbauer spectroscopy, through the reduction of the magnetic hyperfine field 
Bobs(T),  
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where Κeff is the anisotropy energy constant, kB is the Boltzmann constant, T is the temperature 
and V is the particle volume. If particles with uniaxial anisotropy are assumed, the resulting 
effective anisotropy Keff = 7.0 kJ/m3 is lower than the first order magnetocrystalline anisotropy 
constant for bulk magnetite K1

bulk = 11 kJ/m3, a clearly unphysical result. The results of ac 
susceptibility measurements χ(ω,T) showed a thermally activated (Arrhenius) blocking process 
with dynamical parameters that reflect the increase of the anisotropy enrgy barrier Ea/kB= KV due 
to interparticle interactions, yielding Keff = 18 and 20 kJ/m3 for dispersed and lyophilized samples 
respectively. The somewhat different Keff values from Mössbauer and ac susceptibility date are 
discussed in term of the thermally activated and collective excitation models used for each 
technique.  
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We report on a 55Mn NMR study of the La0.75Sr0.25MnO3 nanoparticles with the average 
grain size of 33nm and 114nm at 4.2K and at the applied field 0, 0.2 and 0.5T. A dominant signal 
from the double exchange (DE) controlled metallic ferromagnetic interior of the grains as well as 
a small signal from insulating ferromagnetic surface regions of the grains are observed. The DE 
resonant line shows a frequency shift in the applied field according to a full gyromagnetic ratio 
and a value of the demagnetizing field much smaller than 0.2T is obtained. In both samples 
studied a two-exponential nuclear spin-spin (T2) relaxation is observed at zero field, whereas a 
single-exponential relaxation is observed at the applied field of 0.5T. For the sample with larger 
grains a higher NMR enhancement is observed, which indicates a higher magnetic susceptibility 
of the sample at the NMR frequencies.  A comparison to the NMR data obtained on a bulk 
material is made. The results are discussed in terms of the influence of the grain size and on the 
presence of domain walls or other magnetic inhomogeneities and on the magnetic anisotropy. 
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We investigate the interaction between the lattice-fixed ionic wurtzite interface charges of ZnO 
and the switchable ferroelectric interface charges of BaTiO3, which gives rise to ferroelectric 
polarization exchange coupling phenomena. We report on structural, optical, electrical and 
electro-optical properties of ZnO/BaTiO3 and ZnO/BaTiO3/ZnO heterostructures grown by pulsed 
laser deposition on Pt-coated (001)Si wafer-substrates, previous results are published in [1-4]. 
Structural properties are investigated by XRD, TEM, Spectroscopic Ellipsometry and Raman-
Scattering techniques. Temperature-dependent optical, electro-optical, and electric polarisation, 
current-voltage (I-V) and capacitance-voltage (C-V) studies reveal the interplay between 
spontaneous non-switchable wurtzite and switchable ferroelectric polarization. Observed results 
suggest that  the polarization exchange coupling between ZnO and BaTiO3 can be used in future 
transparent nano-optoelectronic device structures. 
 

[1] M. Schubert, N. Ashkenov..., M. Lorenz, M. Grundmann, Ann. Phys. (Leipzig) 13, 61 - 62 
(2004). 
[2] B. N. Mbenkum, N. Ashkenov, M. Schubert, M. Lorenz, H. Hochmuth, D. Michel,  

M. Grundmann, Appl. Phys. Lett. 86, 091904 (2005). 
[3] N. Ashkenov, M. Schubert, E. Twerdowski, B. N. Mbenkum, H. Hochmuth, M. Lorenz,  

H. v. Wenkstern, M. Grundmann, Thin Solid Films 486, 153-157 (2005). 
[4] N. Ashkenov, M. Schubert, ..., M. Lorenz, M. Grundmann, Appl. Phys. Lett. (2005) 
submitted. 
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ZnO and MgxZn(1-x)O nanowires are key materials for new electronic and optical nanodevices as 
for example ultraviolet light emitter arrays, quantum wells and nanolasers due to the tunable x-
dependent band gap energy. ZnO and MgxZn(1-x)O nanowires with controlled crystalline shape 
and Mg-content (0≤x<0.25) have been grown by high-pressure pulsed laser deposition (PLD) on 
sapphire single crystals without and with catalysts in a wide growth temperature range from 600-
900°C [1]. Laterally homogeneous nanowire arrays were achieved at substrate areas of several ten 
mm². An uniform hexagonal arrangement of free-standing single wires was obtained by using an 
ordered array of catalytic gold particles arranged by nanosphere lithography with monodisperse 
spherical polystyrol nanoparticles [2]. The PLD process allows for a wide range control of 
morphology, diameter, and composition of the MgxZn(1-x)O nanowires. The diameter of single 
ZnO wires is between about 50 and 3,000 nm, and the Mg content x of MgxZn(1-x)O wire arrays as 
determined via the energy of the cathodoluminescence (CL) peak is controlled via the target 
composition and the PLD gas pressure. 
 
The spatial homogeneity of Mg-content in the MgxZn(1-x)O nanowire arrays is investigated by CL 
imaging of the energy of the ultraviolet peak. At an area of 5 x 7 µm², the distribution of  CL peak 
energies has a maximum at 3.436 eV with a FWHM of only 4.2 meV. The optical modes in the 
ZnO nanowire resonantors are investigated experimentally and modelled theoretically. The modes 
are detected using CL and polarization-resolved microphotoluminescence via the intensity 
modulation of the green emission band of the ZnO nanocrystals [3]. The dominant modes are 
found to be whispering gallery modes with low radial quantum number. The numerical simulation 
is carried out using a boundary element method, taking into account the dispersion of the index of 
refraction, and yields complete information on the complex wave vector and the mode shape of all 
resonances. The theoretical and experimental spectra are in very close agreement.  
 

[1] M. Lorenz, E.M. Kaidashev et al., Appl. Phys. Lett. 86 (2005) 143113.  
[2] A. Rahm, M. Lorenz, B. Fuhrmann, F. Syrowatka et al., Appl. Physics A (2005) submitted  
[3] Th. Nobis, M. Lorenz, M. Grundmann et al., Phys. Rev. Lett. 93 (2004) 103903. 
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Multifunctional materials research appears to be of fundamental importance for next 
generation devices. For instance, new requirements such as miniaturized sensors or low 
consumption devices demand of new concepts and materials to provide solutions to nowadays 
limitations. 

 
 Biferroic materials are currently receiving much attention as they show the existence of 
ferroelectricity and magnetic order. One of the most studied cases is YMnO3 (YMO), which 
hexagonal phase is ferroelectric (Tc∼900 K) and antiferromagnetic (TN∼80 K). This is the stable 
phase in bulk, but in epitaxial thin films on the commonly used SrTiO3 substrates, an 
orthorhombic phase is stabilized [1,2]. Therefore, alternative substrates having a better matching 
to hexagonal phase are required for its growth. Yttria-stabilized zirconia (YSZ) fulfils this 
conditions and allows the growth of single phase hexagonal films. However, the growth on 
conductive materials, which is required for most of the applications, is challenging since the 
orthorhombic phase is stabilized on conductive oxides as SrRuO3 or LaNiO3. It has been 
necessary to use metallic electrodes, and hexagonal YMO films have been reported to grow on 
platinum buffered silicon and sapphire [3]. 
 
 Here we report first on epitaxial YMO films with hexagonal phase deposited by pulsed 
laser deposition on YSZ(111) substrates. A complete study of their crystal structure (by X-ray 
diffractometry) and surface morphology (by atomic force microscopy) is presented. 
 
 Next we report on films of hexagonal YMO deposited on conductive layers. It has been 
reported that high-quality Pt layers can grow on SrTiO3(111) and Al2O3(0001) substrates [4,5]. 
For this reason we prepared Pt films on these substrates by sputtering. Under optimized deposition 
conditions the films are epitaxial and have very smooth surface. These epitaxial electrodes, (111) 
oriented, were subsequently used to grow YMO films by pulsed laser deposition. Remarkably, the 
films show only the hexagonal phase of YMO, and they are epitaxial with the polarization axis of 
YMO (the [0001] axis) perpendicular to the film plane. The structural properties are described in 
detail. 
 
[1] P.A. Salvador et al., Chem. Mater. 10, 2592 (1998) 
[2] X. Martí et al., submitted 
[3] D. Ito et al., J. Appl. Phys. 93, 5563 (2003) 
[4] A. Asthagiri et al., Surf. Sci. 537, 134 (2003) 
[5] J.R. Duclère et al., Appl. Phys. Lett. 83, 5500 (2003) 



SUPERCONDUCTIVITY IN NANO-SIZED CUPRATE 
HETEROSTRUCTURES  
 

1C. ARUTA, 1G. BALESTRINO, 1N.G. BOGGIO, 2J.R. KIRTLEY, 1P.G. MEDAGLIA*, 3F. 
TAFURI, 1A. TEBANO 

 
1 Coherentia CNR-INFM , Dip.di Ingegneria Meccanica,Università di Roma "Tor Vergata”, 

Italy 
2IBM Watson Research Center, Route 134 Yorktown Heights, New York, USA 
3Coherentia CNR-INFM, Dipartimento di Ingegneria dell’Informazione, Seconda Università di    
Napoli, Aversa (CE), Italy 
 
* medaglia@uniroma2.it 

 
 Charge Transfer mechanism among different layers based on (Ca,Ba)CuO2 compounds 
(so-called infinite layers) can give rise to superconductivity. According to this effect, we studied 
the superconducting properties in high temperature superconductors with simplified structures. 
Indeed, we have grown, using layer-by-layer pulsed-laser deposition technique, BaCuO2/CaCuO2 
artificial structures with different doping levels, by stacking in a sequence thin BaCuO2 and 
CaCuO2 blocks (few unit cells thick) with different relative thickness. The structural and interface 
quality was controlled in-situ by reflection high energy electron diffraction and a-posteriori by X-
ray diffraction (also in grazing incidence) and reflectivity measurements. Superconducting 
properties were investigated by standard four probe technique and contactless inductive method. 
All the experimental results strongly support the physical model based on the idea that interlayer 
coupling is not responsible for high temperature superconductivity. Furthermore, vortex matter in 
such ultrathin systems was investigated by Scanning SQUID Microscopy.  
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We fabricate sub-micrometric and nanometric structures in manganite epitaxial thin films by 
atomic force microscope local anodization and focused ion beam techniques. Our goal is the 
realization of nano-devices for spintronics applications such as planar spin valve. In particular, 
it is known that constrictions induce pinning of domain walls, while structures of different in-
plane size cause nucleation of magnetic domains with different coercive fields.  
 
In this work we present measurements of current-voltage characteristics both in ac and dc 
regimes at different magnetic fields and measurements of resistance versus magnetic field in 
order to detect evidence of spin polarized tunnelling and spin valve behaviour. 
 
Preliminary results of hysteretic transport measurements associated with magnetic domains 
rotation are presented. 
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 With the main goal of obtaining materials suitable for the construcction of room 
temperature operative spintronics devices, lots of efforts have been devoted in the past years 
to the study of diluted magnetic semiconductors systems (DMS). We report here on the 
fabrication and characterization of ZnO co-doped with Co and Li. Films were deposited, by 
means of RF sputtering, on glass substrates at temperatures between room temperature and 
300ºC. Other deposition conditions, such as the pressure and target-substrate distance, were 
also varied. XRD characterization shows that the obtained films are strongly textured in the c-
axis direction. No evidence of parasitic phases was found. We have performed in-situ X-ray 
photoemission spectroscopy (XPS) an all films. It is found that the Co-2p spectra are 
dominated by a contribution that can be assigned to Co2+. Moreover, the XPS spectra display 
subtle modifications for different deposition parameters. We propose that these variations may 
be correlated with a microscopic phase segregation mechanism, already found in this kind of 
DMS systems [1,2] 
 
 
(1) M.A. García et al. PRL 94, 217206 (2005) 
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 We study the existence of  incommensurate phases  in the phase diagram of the two orbital 
double exchange model coupled with Jahn-Teller phonons and with superexchange interactions. 
In agreement with recent experimental results[1] we find that undoped manganites RMnO3 (R 
being some rare earth element) show temperature induced commensurate incommensurate phase 
transitions. In the incommensurate phase the  magnetic wave vector varies with temperature.  

 First we focus on the zero temperature phase diagram, studying the stability of the different 
phases in the parameter space, their electronic structure, and the physical origin of the gap at the 
Fermi energy.  In a mean field frame,  the effect of temperature on the observed A and E phases is 
analyzed. From the microscopic Hamiltonian we then derive a functional for describing spatially 
inhomogeneous phases. We quantify the competition between the short range superexchage 
antiferromagnetic interaction, and the long range double exchange ferromagnetic interaction. 
From this competition the existence of magnetic incommensurate phases arises. The phase 
diagram of the undoped mangantes is altered when the nanoscale modulated phases are taken into 
account. The Inconmensurate phases can be described as arrays of domain walls or solitons 
separating essentially commensurate phases. The distance between domain walls is strongly 
temperature dependent, but it is typically in the range of nanometers. Different phase transitions  
for different ranges of the parameters are described and related with the various experimental 
situations.    

[1] K.Kimura et al., Phys. Rev B 68, 060403 (2003). 
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 Understanding the growth mechanisms in the epitaxy of a material is critical to control 
its (nano)microstructure and its surface morphology. The great efforts that have been done to 
this research in the field of semiconducting materials are in sharp contrast with the reduced 
attention paid to the growth of oxides. In the particular case of manganites, enormous efforts 
are concentrated to investigate their properties and to use them to fabricate magnetic tunnel 
junctions. These devices require two-dimensional (2D) growth of epitaxial films and ultra-flat 
surfaces, but paradoxically little is known about the growth processes. Moreover, it is 
commonly observed that three-dimensional islands appear above a relatively low thickness of 
the manganite films. Clearly, understanding and controlling growth of manganites, and of 
complex oxides in general, is a necessary step towards its funcionalization. 
 
 We have investigated the growth mechanisms and surface morphology of 
La0.67Ca0.33MnO3 epitaxial films on SrTiO3(001) substrates [1,2]. It is found that at early 
growth stages, in nanometric films, a layer-by-layer mechanism dominates, which results in 
step and terrace surface morphology. Upon further growth, the flat surface becomes unstable 
when large 2D islands form. A step-edge energy barrier induces an anisotropic adatom kinetics 
that reduces downhill adatom current and thus favours 2D nucleation on top of the islands. As 
a result, there is an evolution with growth to mound-like structures of increasing height. 
Critical thickness for mound formation and average mound separation can be tuned by 
substrate miscut angle and growth temperature. We demonstrate that mounds do not appear if 
the growth is by step flow mechanism, although there is a marked step meandering. We 
analyze the results and we discuss on methods to obtain stable two-dimensional growth in 
thicker films. In addition, knowing the influence of the growth mechanism into film 
nanostructure and its properties, we present detailed characterization of the strain state and the 
magnetic properties of films of varied thickness. The structural and magnetic data are 
discussed in connection with the morphology and the roughness transition.  
 
[1] F. Sánchez, I.C. Infante, Ll. Abad, U. Lüders, Ll. Balcells, B. Martínez, and J. Fontcuberta, 
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 Thin epitaxial films of the compound Sr4Fe6O13 with intergrowth structure have been 
deposited on SrTiO3(100) and NdGaO3(110) substrates by pulsed laser deposition. The film 
thickness was varied from 10nm up to about 300nm. The films grow with the b-axis oriented 
perpendicular to the substrate surface in the whole range of film thickness. The out-of-plane 
and in-plane lattice parameters where measured by XRD in order to analyse the strain 
dependence induced by the thickness variations. The planar resistance of the films have been 
characterised by impedance spectroscopy in the temperature range from room temperature up 
to 900K. The semiconducting temperature dependence of conductivity suggests a mechanism 
of hopping by small polarons for all the films, in agreement with previous results in bulk 
samples. The conductivity shows a clear dependence on the film thickness, with the thinner 
films (10 nm thick) presenting values in oxygen one order of magnitude higher than the thicker 
ones (313 nm thick). We correlate this behaviour with the thickness dependence of the 
epitaxial strain. 
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Ferroelectric niobates with the crystal structure based on the structure of the tetragonal tungsten 
bronze [1] are of interest for many applications due to their excellent electro-optic, 
photorefractive, pyro- and piezoelectric properties. The growth of Ca0.30Ba0.70Nb2O6 single 
crystals, a member of these niobates, was successfully demonstrated recently [2]. The dielectric 
properties of these single crystals are similar to that of (SrBa)Nb2O6. We have grown thin films by 
the pulsed laser deposition technique using a single crystal of Ca0.30Ba0.70Nb2O6 as a target. 
 
The growth temperature ranged from RT up to 800 °C. Rutherford backscattering spectrometry 
(RBS) and channeling were used to investigate the stoichiometry and crystal quality of the grown 
films. X-ray diffraction measurements were performed to analyze the crystal structure. On 
MgO(100) a lattice parameter of 3.96 Å was measured. This coincides with the c-axis length of 
the Ca0.30Ba0.70Nb2O6. To investigate the dielectric properties of the films, SrRuO3 covered 
SrTiO3(100)-substrates were used for the electrical characterization. Epitaxial films grown on 
these substrates showed a dielectric constant of 300. HRTEM was used to get detailed information 
on the microstructure of the films. 
 
This work was partly supported by the Deutsche Forschungsgemeinschaft (Graduiertenkolleg 
GRK 549 „Non-centrosymmetric Crystals“) 
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La0.7Sr0.3CoO3 thin films were prepared by pulsed laser deposition on (001) oriented 
(LaAlO3)0.3(Sr2AlTaO8)0.7 substrates with different film thickness, 400 nm > d ≥ 2.6 nm, and 
optimized with respect to their structural and magnetic properties. We carried out X-ray 
diffraction, transmission electron microscopy, Rutherford-backscattering spectrometry and energy 
dispersive X-ray absorption analysis in order to check the structural quality and chemical 
composition of the samples. The magnetic and electric properties were characterized by dc-
SQUID and transport measurements, respectively. 
 
The microstructure and film magnetization seem to be homogeneous over the whole film 
thickness. Impurities or precipitations could not be observed. The decrease of the magnetic 
ordering temperature, TC,  ωιτη δεχρεασινγ δ, ρεφλεχτσ φινιτε−σιζε εφφεχτσ ωιτησχαλινγ 
εξπονεντ οφ λ ≈ 1, which is usually only expected for the 2 dimensional Ising model. Nearly the 
same scaling behavior was obtained for La0.7Ca0.3CoO3 and La0.7Ba0.3CoO3 thin films. 
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