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The challenge: Multi-scale characterisation
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The challenge: Multi-scale characterisation
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CeramicsMetals Minerals Biomaterials
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Dark-field x-ray microscopy:
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Sample X-ray lens
(objective) 2D detector

2θ

“Bright-field”

“Dark-field”Real space image from a finite volume in reciprocal space

Image contrast:  lattice tilt (Χ,φ), spacing along hkl (2θ)
Spatial resolution: 100 nm
Strain resolution: 10E-5
Typical exposure time: 0.1 s
Sample size: 0.1-1 mm
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ID06(à03) @ ESRF:
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ID06(à03): “Flagship” beamline for ESRF-upgrade
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Strains in ferroelectric ceramics
Application example:
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H. Simons, J. E. Daniels et al. Nature materials, 17(9), (2018). 
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Polycrystalline BaTiO3:
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BaTiO3 (P4mm)
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Grain-scale diffraction doesn’t support this!
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Lattice orientation (ϕ,χ): Lattice strain (ε33):
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Other useful capabilities:
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Imaging real-time dynamics: Imaging defects in 3D:

L. Dresselhaus-Marais, H. Simons et al., 
Science Advances (2021)

L. Porz, H. Simons et al., ACS Nano (2021)
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Ongoing developments…
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Quantifying structures smaller than a pixel:
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Strain (ε33): # oxygen vacancies:

(Requires assumptions regarding defect type & distribution)

A. Gayoso, J. Ormstrup, H. Simons et al., In preparation (2021). 
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Utilizing coherent properties of upgraded source:

15

M.A. Carlsen, H. Simons et al., In preparation (2021)
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Utilizing coherent properties of upgraded source:
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M.A. Carlsen, H. Simons et al., In preparation (2021)

Incoherent: Coherent:
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Ultra-fast imaging (i.e. DFXM at X-FELs)

17

T.S. Holstad, T. Ræder, K. Haldrup, H. Simons et al., In preparation (2021)
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