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Project description and motivation:

Electrostriction (the inverse piezo-electric effect) describes the deformation of a crystal due to an external
electric field. In tensor notation this reads� = d�1E, whered is the piezo-electric tensor,E the electric
field vector and� the tensor of deformation.

The macroscopic deformation of the crystal can be reduced toa microscopic deformation of the unit
cell. But this does not help for the understanding of the effect because the origin of electrostriction is
located on the atomic level. The electric field acts on the atomic cores and on the valence charge density.
Compared to the internal field, the external one (which can reach several kVmm�1, only) is a small
perturbation. The atoms respond by small displacements, eventually hindered by chemical bonds. This
structural change can be subdivided into an external effect, the electrostriction, and an internal distortion
(within the unit cell).[1]

A theoretical description of a crystal in an external electric field is not easy. The external field leads to
an additional potential and thus to a non-periodic Hamiltonian. Only recently a concept was developed
to calculate the properties of a crystal in a homogeneous electric fieldab initio.[2]

Unlike the Hamiltonian (and thus the wavefunction), the electron density and the nuclear positions are
still periodic. This allows to determine the structural changes by conventional diffractive methods. The
changes in the nearest neighbour distance are of the order of10�5 Å=kVmm�1. This means that the
Bragg peaks shift only slightly and their intensity varies in the order of10�2 or less. So the challenge
is to measure with high precision and to exclude as much external influences as possible to get reliable
data to be interpreted with a model.

Earlier investigations in this field started with the semiconductorsGaAs andZnSe [3, 4] and later ex-
panded tom�-SiO2, GaPO4, KH2PO4 (KDP) and other ferroelectrics. Some of these were also mea-
sured at low temperatures.

ForGaAs, ZnSe andSiO2 the internal distortion could be determined and structuralchanges were mod-
elled. But also problems showed up with the other materials.Some measurements could not be repro-
duced or instable results were obtained for the first hours ofthe crystal being in the external electric field.
All of these measurements have been performed with x-rays orsynchrotron radiation. Thus a possible
explanation is that only the region close to the surface is probed and this is dominated by space charges.

Recent test measurements with KDP on TOPSI showed a stable signal from the beginning and an almost
parabolic dependence of the relative intensity variation.This is in opposite to the findings of Reeuwijk
et al.[5].
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Medium term goals:

Within the FP6 projectDesign and improvement of complex materials for optical data storage and pro-
cessing(the proposal will be submitted beginning of April) the interaction of space charge fields with the
crystal structure will be investigated. The electric fieldscaused by space charges are of the same order as
externally applied fields. Thus the microscopic structuralchanges can be studied with an external field.

This will be done in co-operation with Niels Hansen, Nancy, who is responsible for the x-ray mea-
surements. The substances we want to investigate are holographic data storage materials of the classesLiNbO3:Fe andSrxBa1�xNb2O6:Cr.
Specific goals for the year 2003:

To check the comparability of x-ray and neutron measurements a series of test measurements is planed
on TOPSI, using the crystals (and the high voltage equipment) already measured at the ESRF by Niels
Hansen.

In addition the measurements on KDP will be repeated and continued to check the reproducibility of the
observed non-linear behaviour of the relative intensity variation.
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