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Scattering Techniques and Local Structures of Ferroelectric Perovskites

AN Zheyi, ZHANG Nan
(Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education & International Center for Dielectric
Research, School of Electronic Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: For crystalline materials, atomistic local structures are deviations from their long-range average crystal structures. With the
recent development of experimental techniques and in-depth investigation methods for probing local structures, it has been realized
and understood that local structures have profound influences on the physical properties of functional materials, and the understanding
of local structures provides theoretical instructions for the improvements of materials performances as well as development of novel
applications. This review summarized the well-established X-ray and neutron scattering techniques, data analysis and model
refinements mothods in the local-structure investigation researches; in addition, examples of local structural investigations for several
classical ferroelectric perovskites are reviewed.
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(a) Average R structure with cations displacing along [111], and the
Anisotropic Displacements (ADPs) being an planar ellipsoid perpendicular
to [111] (b) In local scale, disordered cations displacing on three Mg

directions around [111] and averaging into a long-range R3m structure (c) In

local scale, disordered cations displacing on four M, directions around [001],

and averaging into a long-range P4mm structure (d) Average 7T structure with
cations displacing along [001] and ADPs being an planar ellipsoid
perpendicular to [001]
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Fig. 1 Stereographic projection plot of possible cation
displacements in rhombohedral (R) and tetragonal (7)
phases!'® (Copyright © 2004 American Physical
Society)
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Fig. 2 Dielectric constants as a function of temperature of
PST single crystals with high chemical-ordering level
(5=0.80) and low chemical-ordering level ($=0.35) at
frequencies of (a) 1 kHz, (b) 10kHz, (¢) 100kHz and

(d) 1000 kHZz™*! (Copyright © 1980 AIP Publishing)
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PMN single crystal on #k0 plan®®? (Copyright © 2012
American Physical Society)
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Fig. 5 Neutron diffuse scattering data of PbZrO; at 523K for Akn half-planes: (a) n=0.5, (b) n=1.5 and (c) n=2.5 (d)—(f) show the
positions of superstructure reflections from oxygen tilts on each plane above using blue dots for R points®™® (Copyright ©

2015 International Union of Crystallography. Reproduced with permission of the International Union of Crystallography)
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(a) Zero-field cooling (b) 5kV/cm field cooling

Insets are enlarged areas near (00 2 ) reflection. on B~ v and 8 denote: gape =(=1/4 0 1/4), gare =(1/4 0 1/4), gape =(~1/4 0 —1/4) and gap=(1/4 0 —1/4).
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Fig. 6 X-ray scattering data on 40/ plane of Zr-rich PZT single crystal at room temperature!™! (Copyright © 2021 American Physical
Society)
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(a) 250 C in tetragonal phase

(b) =25 °C in orthorhombic phase
Exposure time was 2 h; Beam is parallel to ¢ axis; X-ray was generated from
a Mo target.
Kl 8 X KNbO; 8 g HEAT (198 it s3]
Fig. 8 Diffuse scattering patterns for KNbO; single crystal'™
(Copyright © 1970
Crystallography. Reproduced with permission of the

International Union of

International Union of Crystallography)
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