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Report: 

 

Diffuse scattering data was collected on a series of relaxor ferroelectric single crystal samples both 

Pb(Mg1/3Nb2/3)O3–PbTiO3 (PMN-PT) and Pb(In0.5Nb0.5)O3-Pb(Mg1/3Nb2/3)O3-PbTiO3 (PIN-PMN-PT). Crystal 

cut orientations and electrical poling history/in situ field application were chosen to investigate two 

pemomena, changes in nanoscale structure upon field-induced phase transformation along each of the three 

possible transition pathways (monoclinic a (Ma), monoclinic b (Mb) and monoclinic c (Mc)) and application of 

alternating current poling (AC poling) cycles. In each case the diffuse scattering data are analysed by 

resampling scattering intensity into 3D reciprocal space, and identifying the direction and distribution of 

diffuse scattering streaks in the vicinity of Bragg reflections. These streaks are indicative of the nano domain 

structure in the relaxor ferroelectric single crystals.  

 

Previously, this method has been used to look into the rhombohedral (R) to orthorhombic (O) transition (Mb 

pathway) [1,2]. Here data from all three possible pathways have been collected which are matched to 

macroscopic property data from the in situ electric field application (see Figure 1). From these experiments 

diffuse streaking was observed in the (110)-type family of directions around the observed Bragg reflections. 

Where dissapearance of the diffuse streaking from samples undergoing the R-O (Mb) transition indicate a 

change from polydomain initial state to an essentially monodomain final state, the changes in streak intensity 

observed from the other transition pathways as well as changes in intensity observed stepwise along the 

transition will allow us to extract information about the way in which each of these transitions proceed.  

 

Similarly, macroscopic property data and diffuse scattering from (001)-cut crystals through AC poling cycles 

have been collected. These AC poling methods have previously been shown to promote long-range ordering of 

ferroelectric domains and correspondingly improve the measured piezoelectric coefficient (d33) up to around 

10 cycles, however the structural changes on the nanoscale occuring throughout this transion are not known. 

The diffuse scattering collected collected through this experiment will allow us to understand the changes 



 

occuring on this shorter length scale throughout this process and therefore move closer to understanding the 

underlying reasons why the piezoelectric performance of the system is improved.  

 

 

 
 

Figure 1. Left-hand side: isosurface plots of the diffuse scattering around the 220 bragg reflection and 

corresponding macroscopic property data from a sample that undergoes an R-O (Mb) phase transition. Right-

hand side: isosurface plots of the diffuse scattering around selected Bragg reflections from samples that 

undergoe each of the Ma, Mb, and Mc transition pathways shown at their start and end states throughout the 

transition. 
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