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Functional properties such as dielectric constant [1] and hydrogen storage [2] in fine crystalline materials often exhibit particle size 

effects. Understanding the phenomena with size effects and utilizing their functions require observing the structure in conjunction with 

shape, size, and heterogeneity information. 

We report the development and improvement of an apparatus for Bragg coherent x-ray diffraction imaging (Bragg-CDI) [3] at 

BL22XU in SPring-8. The achieved observable particle size was 40–500 nm and Pd (~40 nm) and ferroelectric barium titanate 

(BaTiO3, BTO, 200~500 nm) fine crystals were investigated. 

This study aims to achieve two primary goals. (1) The first is to reduce background noise due to x-ray scattering by air. To this end, 

we newly prepared a vacuum chamber for samples, enabling us to obtain high-contrast x-ray diffraction pattern for a shorter time. (2) 

The second is to optimize a real-space constraint; our modified phase-retrieval algorithm can use appropriate real-space constraints 

with shrinking [4] support to refine the phase distribution.  

We succeeded in expanding the observable particle-size range from 100–300 [3] to 40–500 nm [5] for the Bragg-CDI at BL22XU in 

SPring-8. The reconstructed three-dimensional image showed the outer shape, size, and internal phase (strain) for a single particle. A 

single 500-nm BTO particle showed a straight and sharp antiphase-boundary shape, whereas smaller BTO particles showed different 

phase boundary shapes. The present Bragg-CDI thus allows the observation of the outer shape, size, and inner phase distribution for a 

single particle with a size of tens to hundreds of nanometres, which may lead to a simple understanding of mesoscale ferroelectricity. 
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