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dopant accumulation to grain boundary core and/or space charge zone will decrease 
proton depletion and thus increase total conductivity. 
Further evidence for the validity of the space charge model is obtained from impedance 
measurements under large DC bias [2]. An extremely large-grained sample with >100 
micrometer grain size and Pt microcontacts allows to measure impedance spectra across 
individual grain boundaries. DC bias values of up to 1 V per boundary strongly decrease 
grain boundary resistance as well as capacitance. Both findings support the model that a 
space charge depletion zone for protons (and oxygen vacancies) is the origin of the 
blocking grain boundaries. 
[1] M.Shirpour et_al., J.Phys.Chem.C (2012)doi:10.1021/jp208213x 
[2] M.Shirpour et_al., PCCP 14 (2012) 730. 
 

I.13 

Solution based deposition of nanostructured oxides: strategies to address 
current challenges 

M.K. Van Bael & A. Hardy 
Hasselt University, Institute for Materials Research, Inorganic and Physical Chemistry, Agoralaan 
Building D, B-3590 Diepenbeek, Belgium, & IMEC vzw, division IMOMEC, Agoralaan Building D, B-

3590 Diepenbeek, Belgium 
In order to meet with the demand of increasing speed and improving performance, but 
also in view of new technologies in various fields, functional oxides with nanostructured 
morphology become a necessity.  
Mostly, these materials are deposited on a solid support whereby strong control over the 
nanostructure, film thickness or nano-island formation, grain size, crystal structure or 
amorphicity, phase purity, morphology and texture is required. New fundamental 
questions related to composition-morphology-property relations at the nanoscale need 
to be addressed as well. For this, it is required that interesting nanostructured oxides are 
synthesized with the desired purity and in the specific appearance in which their 
functional properties need to be established. This tendency towards nanostructured 
materials, together with the increasing economical and environmental awareness on 
production processes, imposes important opportunities for solution based synthesis 
methods. They are put forward as an economically efficient alternative for high 
temperature solid state synthesis or vacuum based methods.  
In this presentation, we will address current challenges in the solution based synthesis of 
complex oxide nanostructures based on our recent work. We discuss our experimental 
strategies towards using non-toxic solvents, lowering thermal budgets, and using 
vacuum-free deposition and nanostructuring by self assembly or soft lithography.  
A. Hardy is a postdoctoral research fellow of the Research Foundation-Flanders (FWO 
Vlaanderen).  
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Ferroelectric oxides, such as Pb(Zr,Ti)O3 (PZT), are very useful for electronic and photonic 
devices, as well as piezomechanical actuators and sensors. The ferro- and piezoelectric 
properties are strongly related to the crystal orientation as well as the strain state of the 
PZT layer. Successful integration of these devices into silicon technology is therefore not 
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only dependent on the ability of epitaxial growth on silicon substrates, but also the 
control of the crystallographic orientation and the residual strain state of the deposited 
PZT thin film. 
A study on the effects of the residual strain in Pb(Zr0.52Ti0.48)O3 (PZT) thin films on the 
ferroelectric and piezoelectric properties is presented. Pulsed laser deposited epitaxial 
(001)-oriented PZT thin film capacitors are sandwiched between SrRuO3 electrodes. The 
thin film stacks are grown on different substrate-buffer-layer combinations. Compressive 
or tensile strain caused by the difference in thermal expansion of the PZT film and 
substrate influences the ferroelectric and piezoelectric properties. These properties are 
consistent with the theoretical model for strained thin films in the ferroelectric r-phase. 
In this contribution, the control of the crystalline orientation and misfit strain state of 
epitaxial PZT, as well as the resulting ferroelectric and piezoelectric properties will be 
discussed. From theoretical models it will be explained that these PZT films must be in the 
monoclinic phase. 
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Structural and magnetic phase transitions in Bi1-xNdxFeO3 ceramics 

Ian M. Reaney 
Materials Science and Engineering, University of Sheffield, United Kingdom, S13JD 

The magnetic and structural phase transitions as a function of Nd concentration are 
investigated in Bi1-xNdxFeO3 based ceramics. Paraelectric (PE) to ferroelectric (FE) 
transitions were observed for compositions with x 0.125 which manifested themselves 
as sharp peaks in permittivity. In contrast, PE to antiferroelectric (AFE) transitions for 0.15 

x 0.20 gave rise to a step-like change in the permittivity with x = 0.25 exhibiting no 
sharp anomalies and remaining PE until room temperature. The large volume change at 
the PE to FE/AFE transitions, reported by Levin and co-workers [Phys. Rev. B 81, 020103, 
2010] and observed by dilatometry, coupled with their 1st order character, constrain the 
structural transitions to occur uniformly throughout the material in an avalanche-like 
manner. However, despite the large volume change and eye-catching anomalies in DSC, 
the latent heats for the transitions in Bi1-xNdxFeO3 are similar to Pb(Zr,Ti)O3 (1-3 KJ/mol) 
with each an order of magnitude greater than BaTiO3 ( 0.2 KJ/mol). 
The Neel temperature (TN) and magnetic order remained broadly unaffected by the 
substitution of Bi by Nd. However, the onset of a structural phase transition below TN 
resulted in rotation of the magnetic dipoles through 90 degrees with a commensurate 
anomally in magnetisation [Levin et al. Phys. Rev. B 81, 020103 2010]. Compositions with 
x = 0.15 gave a comparatively robust ferromagnetic response suggesting that magnetic 
dipoles are not completely antiparrallel and are either canted or exhibit helical ordering. 
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Nanoscale phenomena in relaxor ferroelectrics via scanning probe 
microscopy 

Andrei Kholkin 
DECV & CICECO, University of Aveiro, Portugal 

Ferroelectric relaxors have been a puzzling problem since the discovery of their unusual 
dielectric and electromechanical properties. Recent years witnessed a tremendous 
interest in relaxor materials due to the unique combination of useful functional 
properties offered by miniaturization and modern deposition techniques. However, the 
central problem of relaxors the origin and properties of polar nanoscale regions (PNRs) 
that are responsible for their dielectric and piezoelectric phenomena remain elusive. Until 
now the properties of PNRs have been only assessed via indirect scattering techniques. 


