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Motivation
Functional materials which perform a i action in resp: to an envir stimulus are ing increasingly valuable in the design of novel devmes and ies. An imp class of i ials are pil
perovskites. Their extraordinary (and well-known) ability to couple elastic strain and polarization under the influence of an applied electric field is in pi ic sensors, and for energy harvesting. Prominent examples are

multilayer stack actuators used in a large number of every-day and high-tech applications, e.g.:
« Inink-jet printers to increase efficiency".

+ In modern ion engines for iles to control fuel injection cycles?.

* Intrains, planes or cars they are used for active vibration damping to guarantee comfortable travelling?.

« In modern highly dynamic gantry type ine tools, p are used for active error compensation of structural oscillations at the tool centre point*.

In the past decade in situ and in op i for the investigation of ics advanced signicantly56. However, to date the literature does not provide a method to correlate all structural mechanisms with the macroscopic

observations. Here we present a comprehensive model, which is capable of describing the macroscopic behaviour based on a model on the atomic scale”.

Experimental (measurement) Experimental (analysis)
Special requi are y for a successful X-ray or  Data analysis was carried out using the software package MAUD (Materials Analysis Using
neutron diffraction analysis. In order to resolve the coexisting and Diffraction)™. MAUD allows full pattern Rietveld refinements including full texture analysis for
highly correlated phases, a high angular resolution is mandatory. multiple phases. Therefore, all data sets with different sample orientations contribute to the
At the same time a high Q-1 -range is necessary to obtaln enough reflnement By assngmng the Euler angles of the experiment to each dlffractlon pattern, the
information to correctly the ori jon can be i For this i ion the
function (ODF) of the textured material. The requi could WiIIi Imhof- ies-Vinel (E-WIMV) algorithm was used for texture refinement™
be achieved with neutron diffraction measurements at high-  and the weighted strain orientation distribution function (WSODF) strain model for refinement of
intensity neutron diffractometers such as D20° (Institute Laue-  the field induced lattice strain’2. The phase fractions can be obtained from Rietveld refinement.
Langevin, Grenoble) or WOMBAT? (Australian Nuclear Science

and Technology O isation). For each , a series

of 13 complete diffraction patterns were collected with different WSODF E-WIMV
orientations of the electric field with respect to the incident beam B
by moving the w-sample table in 15° steps. By this means, the 195

relative orientation between the electric field vector and the
scattering vectors of the individual reflections was varied. ‘ 1w e
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PIC 151 (Pbyg g6[ZF0 45 Tig 47(Nig 335b0.67)0.05103) BNT-25ST (0.75Bi,Na,, TiO; — 0.25SrTiO,)

The in situ neutron diffraction patterns of a commercial ferroelectric material PIC151 and a incipient relaxor ferroelectric material BNT-25ST show all three field induced strain mechanisms, namely domain switching, lattice strain and phase
transition. In the MAUD software all instrumental and sample orientation angles can be assigned to the individual patterns. The final refinement consists of a regular Rietveld refinement based on a structure model and additional model
parameters for strain and texture for each phase. The figures below depict the measured and calculated patterns with insets of the 111 and 200 reflections for the remanent and the applied field state. The comparison of the measured data and
the patterns calculated from the fitted parameters shows the accurate modelling of the diffraction patterns.

%31 M 200 %311 1M 200

a) wd'sa z° 0KV/mm b) «d s 2 2kV/mm Honee ey 0kV/mm [o) I L 3kV/mm
. = q I5102 - P q I5.102 = & ] Iwoz I mn- ol Imr
5 L EETY N 1100 F
2 2 o o
=3 5 3 °
§ ] § §
s ] $ s
3 510° § 510° § s g 5100
5 .5 R 5
s 1:10 5 5 o S 10
g I3 s -
5 . ? b, @ 8
80 100 0 80 100 1
20(°) 20 () 200) 20()
Comparison of model and measurement  Strain calculation PIC151 BNT-25ST
Macroscopic measurement: 10mHz IFrolm the.orien;atlion ddist.:ribu;ion :unqion. t:e
Diffraction model: 16uHz attice strain model and the phase fractions, the v »
! macroscopic strain response can be calculated. 0.7 Il fed induoed S, 0.7+ Il fieldinduced S,
. Dynamic contribution? This way a quantification of the strain -rmmsu
Macroscopic strain 4 ‘ mechanisms is possible. 064 I fieidinduced S, 06 [ fieldinduced S,
05 " , ) While PIC151 exhibits a significant remanent Il rermarent S, I remenent S,
Creep in PIC 151: - lattice and domain strain, BNT-25ST shows 051
600s at 2kV/mm: 0.05% almost no remanent strain at all. However, the .
= field induced strain in BNT-25ST is significantly <o o 04
q . N A A S S
& T arvaaring ov v raarg higher than the field induced strain of PIC151. -~ <
< " o e e The evaluation of the strain behaviour of both € < 03]
& ° systems reveals diff . While  © @©
PIC151 is dominated by the lattice strain of the » » 021
rhombohedral phase, BNT-25ST is dominated by
the lattice strain of the tetragonal phase. In BNT- 0.1
25ST both phases show a pronounced domain
strain, while PIC151 only exhibits tetragonal 0.0/
LT e © "7 domain strain. . .
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