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ESRF, Grenoble, European Synchrotron Radiation Facility
Extremely bright X-ray source (EBS), latest generation
French F-CRG beamlines managed by CNRS and CEA
Tools for exploring & characterizing materials using intense X-rays
Beamtime > 230 days/year, 6/7 days, 24/24h
2 proposal calls / year: 1/3 ESRF committees, 2/3 French SOLEIL committees

ΨtƭŀǘŦƻǊƳΩ  ǎǇƛǊƛǘΥ
Services for the scientific community
Facilitate access to synchrotron X-ray techniques
Instrumental development
Support/assist users

Collection of
usabledata

Preparation

Data reduction

Synchrotron beamline CRG-IF BM32 @ ESRF
Materials science & NanoSciences

Interpretation

Analysis



3 Instruments for Scattering and Diffraction of hard X-rays

ü Atomic Structure | morphology | microstructure

ü Surfaces & interfaces, nanostructure & micro-objects

Physical & Mechanical

& Physical-chemistry

properties

Nanosciences
Fundamental

& Applied

Materials & processes

Complex & Innovative

GMTINS2

Anomalousscattering
X-Ray Reflectivity(XRR)
ΧΦ

Surface Diffraction (GIXD)
Wide & Small Angle Scattering
at GrazingIncidence
(GIWAXS & GISAXS)

Orientation & Strainmap
Extended defects

Monochromaticbeam hxv= 500x200 µm2 polychromaticbeam hxv= 200x400 nm2

InterFacesbeamline at ESRF

Structural

Properties

LaueMAX

Ultra High Vacuum  ă --- In situ & operando---Ą T, mechΦ {ǘǊŜǎǎΣ όLΣ±ύ Σ ·9h[Χ



INS2: in situ nanostructures and surfaces

Resp: Lucio Martinelli
lucio.martinelli@esrf.fr

mailto:lucio.martinelli@esrf.fr


INS2: in situ nanostructures and surfaces

GISAXS

Surface diffraction &
Reciprocal Space Map

V Fast & HR diffractometer
V Elaboration chamberwell equiped

Å Surface UHV (<10-10 mbar)
Å MBE (10 sources) (atoms)
Å UHV-CVD reactor(molecules)



Magnetic transition induced by 

strain

In situ

Surface

Nanoobjets

Heterostructures

2D materials

INS2: in situ nanostructures and surfaces

V Fast & HR diffractometer
V Elaboration chamberwell equiped

Å Surface UHV (<10-10 mbar)
Å MBE (10 sources) (atoms)
Å UHV-CVD reactor(molecules)



2D Materials(Graphene, dichalcogenidesΣΧύ

ü Band structure engineering ė Electronictransport, photonics, catalysis

Accuratestructure & defects?
Fundamentalgrowth mechanisms?

Capiodet al.  PRL 122 2019 

Solvingsurface structure

ReciprocalSpaceMap

ü Orderedorganisation of nanomagnetsė Magneticproperties

GISAXS

Measuringmorphology

Best elaborationroutes of self-assembledarray?

P. Tsipas, Adv. Funct. Mater. 28 (2018)
R. Sant, npj 2DMat. Appl. 4 (2020)

INS2: in situ nanostructures and surfaces

Statisticalinformation / large field of view



GMT: multipurposesgoniometer

Resp: Sam Tardif
samuel.tardif@cea.fr

mailto:samuel.tardif@cea.fr


Metrology and Studies on real or model materials/systems
ƘŀǊŘ ŎƻƴŘŜƴǎŜŘ ƳŀǘǘŜǊΣ ǎƻŦǘ ŎƻƴŘŜƴǎŜŘ ƳŀǘǘŜǊΣ ŎŀǘŀƭȅǎƛǎΣΧ

-Hard X rays : 20 - 30 keV Č buried intefaces, real or/and encapsulated materials, devices

Technological and Fundamental Aspects
Solidςliquid interfaces (alteration, confinement)
Solidςsolid interfaces (bonding, implantation)
In operando(e.g., Li batteries)
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GMT: multipurposesgoniometer

Diffraction
Surface diffraction

X-ray Reflectivity

In situ 
operando

Reciprocal Map



Detector

X-ray

Sample

Electronic density profiling

- Thin films at surface/interface

- Surface modifications

- Multilayers

- Bonding interfaces

- Confined ions

X-Ray Reflectivity

¢ƻǿŀǊŘǎ άIƛƎƘ ǘƘǊƻǳƎƘǇǳǘέ ŜȄ ǎƛǘǳΣ ƛƴ ǎƛǘǳΣ ƻǇŜǊŀƴŘƻ
Sample changer (> 500 samples)
Customized cell/geometry (by Add. Manufacturing)
Data analysis workflow
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Electron density profile (EDP)
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Reciprocal space
(q space)

Real space

X-Ray Reflectivity

XRR is sensitive to electron density gradients



Å 2 operando cells cycled simultaneously and measured alternatively with operando XRR
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Double Operando XRR to investigate the SEI

Z. Lu, T. Patranika, A. J. Naylor, J. Mindemark, S. Tardif, G. Hernández, S. Lyonnard, Small, 2025, 2410654

Si(N)-LiBOB Si(N)-LiBOB-VC 3.0 x10-8ᴠ-4
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Conclusions

Å Identified the 3 stages of SEI evolution (formation, densification, partial dissolution)

Å VC addition inhibits early LiBOBdecomposition + yields thicker/smoother SEI

01/2020 ς06/2024

Iƻǿ ŘƻŜǎ ǘƘŜ {9L ŦƻǊƳ ŀƴŘ ŜǾƻƭǾŜ ƛƴ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ άƎǊŜŜƴέ όŦƭǳƻǊƛƴŜ-free) electrolytes?
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Beam interaction in operando Li-ion experiments
What are the possible effects of the irradiation during an operando battery experiment ?

Nix/Mny/Coz

Li

O

charge

discharge Pouch cell Li-ion battery

Cathode material: LiNixMnyCozO2

T. Jousseaume, J.-F. Colin, M. Chandesris, S. Lyonnard, and S. Tardif, ACS Energy Lett, 2023

X-Ray Scattering: wide angle (WAXS)



GMT | Scatteringtechniques panel

GISAXS

Surface diffraction + GISAXS on GaNnanowires

CTR

Radial scan

CatalyticAu nanoparticles/TiO2

GISAXS

Wafer bonding mechanism @ ~1200 °C) 

0
+1

+2
+3+4

~ XRR, WAXS

Model system (litho.)



LaueMAX: X-Ray Laue Microscopy

Resp: Jean-Sébastien Micha
micha@esrf.fr

mailto:micha@esrf.fr


LaueMAX: X-Ray Laue Microscopy

Standard Laue Measurements (~HR EBSD)
= Orientation/Strain deformation of the crystallographic unit cell
Å !ƴƎǳƭŀǊ Iw όмлѐщύ
Å Volumicprobe (5-200 µm under surface)
Å Extended defects
Å Little preparation needed
Complementary measurements: HR energy
full strain tensor (6 lattice parameters)
=> Stress determination
Complementary measurements: HR depth
ᵼ3D mapping

Multimodal 2D map:
Structure (Laue)
Elemental(Fluo. X)
Visible

In Situ
HT : 1500 °C
XEOL: light emissionspectroscopy
Mech. load: compression, bending
Χ

3D Misorientation

exy (%)



A broad range of sample environments

What can be measured ?

ǒ Local strains & orientation (< 0.5 µm)

ǒ Materials under external stress

ǒ Dislocations

ǒ Grains and grain boundaries

ǒ Crystal phase transformation

ǒ Optical properties

ǒ Depth resolution (DAXM measurements)

ǒ Local stress (HR energy measurements)
reconstruction 

3D DAXM

Operando

18



Matchingexp. (red) Theo. (black) spots

Effectof strainor lattice parameterchange

LaueMAX: Laue Diffraction principles

Absolutepositions => orientation

Relative positions / ref. => deformation

Detector area

Projection of directions
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Effectof:
Å energybandpass/unit cellvolume
Å orientation

Experimental determination of:
Åunit cell orientation
Åunit cell shape (lattice parameters, strain)



J.S. Micha GDR COnCOrD7 juin 2022

Standard Laue => Deviatoricstrain *ʁ : angularunit celldistortionsi.e.  b/a, c/a, h , ̡ , ɹ

LaueMAX| Sensitivity to deviatoric strain or (unit cell shape) only

idem

G' = (I3 + ʁ )G

Ӷ‐ π π
π Ӷ‐ π
π π Ӷ‐

+ 1 spot energymeasurement=> 1 reciprocalvectorlength

= unit cell volume,a,b,c, ,h ̡ , ɹ => full strain tensor=> full stress tensor 20



Indexation by inferinghkl
By a Neural Network hkl classifier

LaueTools LaueNN

LaueMAX| Analysissoftwares

Å Python windows, linux, (macOS)
Å Easy installation
Å Graphical User Interfaces
ÅWorkflow with jupyter-notebooks
Å Available on laptop or ESRF HPC

https://github.com/BM32ESRF/LaueNN

https://github.com/BM32ESRF/lauetools

R.R.P.P.R. Purohit, S. Tardif, O. Castelnau, J. Eymery, R. Guinebretière, O. 
Robach, T. Ors and J.-S. Micha, J. Appl. Cryst.55, 737ς750, 2022

https://github.com/BM32ESRF/lauetools
https://github.com/BM32ESRF/lauetools
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Residual stress in advanced substrates

Mono-SiC
Excellent crystal, expensive

Poly-SiC
Excellent conductivity, cheap

How does the stress from the pSiC

impacts the mSiC?

Wafer bonding

Work in progress, PhD thesisof Sergio Bongiorno(CEA-IRIG)

mSiCstrain distributionmSiCstrain maps(unitsof 10-4)mSiC006 peakshift (X)

Collab. F. Rieutord, SOITEC
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Multimodality: crystal strain & light emission

Collaboration with ID16B: workson time-resolutionand XRF, upgrade of 
ID16B setup, NEXT PhD project



24Work in progress, PhD thesisof Beatriz De Goes Foschiani(CEA-IRIG)
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Can the light emission properties be correlated to strain and/or defects ?

Multimodality: crystal strain & light emission
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Looking at a single particle in a battery electrode

Work in progress, PhD thesis of SaioulNgoun(CEA-IRIG)

Active material: 
LiNb14W3O44 

LiNb14W3O44 particleCan we access the local mechanics of the electrochemistry

Complex stacking



Cr-coated
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Cr/Zr polycrystals: depth-integrated2D maps

Grad0.01% res

Abs 0.05% res

Uncoated 800°C / 2h 

Cr coated

Orientation maps

IPF-ND
20 µm20 µm

20 µm

Depth-averagedstrain
Sampleframe
Resolution: 0.01%

(%)
Depth25 µm Depth25 µmDepth0 µm

maps

Acquisition: Uncoatedmap= 120x80 µm, 1µm stepraster mapĄ 9,600 images, 300 grains, 50 min, 40Gb 
On the fly analysis: LaueNNpackage [Purushottamet al, 2022] (Neural network indexation),16 CPU Ą 1h

Work in progress, postdoc Clément Ribart(CEA-IRIG)



Uncoated Cr-coated 800°C / 2h 

Depth-averagedstrain
Sampleframe
Resolution: 0.01%

20 µm20 µm

20 µm

distributions

(%)

Depth0 µm Depth25 µm Depth25 µm

Sampleframemaps

Acquisition: Uncoatedmap= 120x80 µm, 1µm stepraster mapĄ 9,600 images, 300 grains, 50 min, 40Gb 
On the fly analysis: LaueNNpackage [Purushottamet al, 2022] (Neural network indexation),16 CPU Ą 1h

Cr/Zr polycrystals: depth-integrated2D maps

Work in progress, postdoc Clément Ribart(CEA-IRIG)


