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ID11 Materials Science beamline : upgraded 2006, nanofocus station since 2016

EH1
3DXRDnanoscope

150 kg

10 µm

5 kg,1 µm500g,0.1 µm



ESRF Upgrade Phase II : new source in 2019-2020 + new detectors

~40X more photons 

for ID11 optics

2 in-vacuum undulators

High power density at front end

Eiger2 4M CdTe, 500 fps 2x Marana sCMOS (24 fps @16bit) New Optique Peter Imaging Microscope



Flux is often sufficient



Recrystallisation of copper due to beam heating. Lawrence-Bright et-al



Diffraction Experiments : adapted to the sample

Sample

Rotates

2D detector

Far field

Eiger4M

(500 fps)

2D detector

Near field

PCT + DCT

(24 fps)

Atomic structures

Imaging

Microstructures

Multi-phase + 

Composites

Phase transitions

“spotty”

40-70 keV

>0.1 µm point

>0.1 x 50 µm slice

>1x1 µm 3DXRD

>1x<1800 µm

<1.4x<1.8 mm

>10x>30 um EH1

<0.7x<0.7 mm

2D slice

3D beam

~1.8 mm



Single crystal diffraction, nanoscope station (2023 pubs)



High pressure : 2D diffraction map, select crystals, rotation scan for 3D single crystal structure



High pressure diamond anvil crystallography (pubs 2023)

2D XRD map + select xtal + rotation scan



Near-field and far-field detectors : suite of 3DXRD methods

Pixels larger than crystals

- Single crystal XRD

- Far-Field HEDM

- “Box Beam”

- “point scanning”

Pixels smaller than crystals

DCT = 

Diffraction 

Contrast

Tomography

(3D)

Near Field HEDM

(usually 2D, line focus 

slices)

1D Point focus

2D Line focus

3D Beam



Calcium Sulfate hemihydrate–gypsum transformation

s3DXRD PCT

J. Appl. Cryst, (2023) 56, 660.



Shape Memory Alloy

Super-elastic deformation in Cu-Al-Be alloy:

• Microstructure from DCT

• Full strain tensor via 3DXRD

• FEM simulation model



Topo Tomography

New control system. 

Macros developed to 

drive these scans

(Wolfgang Ludwig, 

Henry Proudhon, 

LTP)



Inverse problems & reconstruction methods

3D reciprocal 

space

3D sample

Nominally a 6D problem

3D diffraction data 

for each voxel

Topo-Tomo:

Full 3D image of sample

… at one Bragg peak
HEDM: 3D data per slice

(+ detector distances)

2D slices

DCT : 3D data

6D problem

XRDCT / s-3DXRD

4D data per slice

Slices 

Stack of 5D

problems

Sample size = Number of Orientations

Deformation adds more orientations



Imaging Via Diffraction : scanning method for glasses

Amorphous,nanocrystalline

Smooth S(Q), 1D function

Radially symmetric

Average 2D image -> 1D S(Q)

iradon for each S(Q) pixel value



XRDCT in bulk metallic glasses



Strain tensor reconstruction



Strain reconstruction : Type II + III strain fields

Volume 53 | Part 2 | April 2020 | Pages 314–325 | 10.11107/S1600576720001016

SCR = Single Crystal Refinement (+ Hayashi et al)

PCR = PolyCrystal Refinement

ASR = Algebraic Strain Refinement (linear formulation)

Orientation – does not shift peaks radially

Strain – shifts peaks in all directions
Strain + Orientation with small deformations

Methods are advancing rapidly…

… but experiments can still keep up with processing



3DXRD methods : how fast ?  Time per voxel or time per orientation?

Scanning + Eiger

1 rotation ~ ≥12 s on nscope

30 steps : 6 minutes

30x30x30 volume = 3 hrs

100 steps = 20 minutes

1200 steps = 4 hours

Near Field Detectors

~6 minutes per slice

(count longer for deformed)

nf-HEDM  ~ 500x500x1

DCT ~ 500x500x400

In one shift:

3D : [ 49, 49, 49 ]

voxels=1e5

2D : [ 2400, 2400 ]

voxels=5.7e6

Z-slices “HEDM”:

~ [ 500, 500, 80 ]

voxels=2e7

Z-stack DCT volumes:

~ [ 500, 500, 400, 10 ] x 8

voxels=8e9

3e5 orientations for 303

Haixing Fang has written docs! see: confluence.esrf.fr



Grain growth via DCT
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