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Amplitude scattered by a crystalline lattice
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Amplitude scattered by a crystal (finite size effects) crystal form factor
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Laue zones (ZOLZ and HOLZ)
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Electron beam / matter interactions

3 interactwith the electrostatic potential

of the crystal (electrons + nucleus

f (8) is the atomic diffusion factor aatomic form factor
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Electron beam / matter interactions

- interact with the electrostatic potential of the crystal (electrons + nucleus)

- strong Coulombinteractions .
coherent incident electron beam

incoherent elastic
Auger electrons backscattered

k 4 electrons SEM
_ _ _ _ photons X -. Sef“‘"da”ﬁ‘
kinematical approxmat:im e VRS hasian
Is generally not valid ing o \l/ 7 sl
) ) samplepreparation WL
electron diffraction pange P N s
- thin specimen {<1Dﬂnm}‘ I ‘ ' :,/\’\ induced current
E multiplecattering events o
0 . " 0 ////
kinematical approximation <
. . coherent elastic ,
interactions of very weak scattered electrons
magthde incoherent inelastic

incident wave: hardly modifie 1] scattered electrons
scattered wave: small perturbz direct beam
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Multiple scattering

A diffracted beam acts as a secondary incident beam

visibleeffect E translation of the whole diffraction patterns
b*A
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not visibleeffect E affect the diffraciatensities

E biased intensities = problem for structure refinement
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Crystallography : determine the arrangement of atoms in a crystalline solid

Crystal structure : structure solution and structure refinement

mostly rely on the analysis of diffraction patterns (X-ray, neutrons and electrons)

‘ e / matter : stronginteractions ‘ 3 dynamicakcattering

dynamic kinematic |
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Crystallography : determine the arrangement of atoms in a crystalline solid

Crystal structure : structure solution and structure refinement

mostly rely on the analysis of diffraction patterns (X-ray, neutrons and electrons)

e / matter : stronginteractions ‘ 3 dynamicakcattering
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Crystallography : determine the arrangement of atoms in a crystalline solid

Crystal structure : structure solution and structure refinement

mostly rely on the analysis of diffraction patterns (X-ray, neutrons and electrons)

‘ e/ matter : stronginteractions ‘ Cs corrected HREM imaging
atomic positions, strain analysis

| | Cs corrected STEM imaging
smalldiffractingvolume  dynamicakcattering Z-contrast (HAADF and BF)

v ¢ EDX
thinfilmsnanosizeparticlé area > CBED chemical mapping

STEMEELS
TODAY ! chemical and valence mapping

You can do a lot more than jdgtraction Imagingandspectroscopy
experiments i@ moderiTEM or STEM atatomicresolution
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' using Electron Diffraction

Crystallography : determine the arrangement of atoms in a crystalline solid

Crystal structure : structure solution and structure refinement

mostly rely on the analysis of diffraction patterns (X-ray, neutrons and electrons)

e / matter : stronginteractions ‘ 3 dynamicakcattering

Hectron Diffraction forstructure and microstructureanalysis?
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I 1.Precessiohlectron Diffractitbmographyromstructure solution to strucafieemen

a. Electron Diffractlomograpi{eDT)
b. Precession Electron Diffraction Tomography (PEDT)

c. PEDT and structure solution (kinematical approximation)

d. PEDT and structure refinement (dynamical approach)
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Electron Diffraction Tomography (EDT) = gain 3D info + high data completen:

Apkkicano data collection
U.Kolbet al. Ultramicroscop$07 (2007) 507

collection of a series of randomly oriented
EDpatterns at a fixed angular interval
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Electron Diffraction Tomography (EDT) = gain 3D info + high data completen:

Apkkicano data coll ection PETSL. Palatinus
1 > peaksearch

U.Kolbet al. Ultramicroscop$07 (2007) 507

transmittedbeamposition,
collection of a series of randomly oriented goniometertilt, calibration,
EDpatterns at a fixed angular interval reflectionsa A 1 S X

nframesg peaks | i st 02D

2 > peaksanalysis
l samereflectionin severalframes

peaks Ixy3-clusieBsmalysis

3> l JANA2006v( Petricek \

indexing+ orientation matrix RS section

4 > data extraction

1

hkiml s (1) file
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Electron Diffraction Tomography (EDT) = gain 3D info + high data completen:

3 EDT datasets : go further and use intensities for structure solution ?

4 > data extraction

} ‘ structure ?

hkim1s(l) file
3 Electron crystallography : more complicated than XRD due to dynamical cond
limit the dynamicaleffects PED -
thinsampleslightatoms obliquéexturdeD,é T X

sample

- limit the interactions between the diffracted beams

Inverse
Tilt ’X R

- lesssensitive tdahicknessvariation

-Increase the resolution limit

- mteg rated intensities strongly misoriented diffraction patterns oriented PED patterns by summation on 0

R. Vincent and AVdgleyJltramicroscop$ (1994) 271
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Precession Electron Diffraction Tomography (PED + EDT)

hnpkicano data collection )
U.Kolbet al. ,Ultramicroscop$07 (2007) 507 sT>Q
collection of a series of randomly oriented _ v 59
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Precession Electron Diffraction Tomography (PED + EDT)

limit the dynamical effects ‘

DataAnalysisS 1 hklls(l) file

- limit the interactions between the diffracted be s
-less sensitive to thickness variation
-increase the resolution limit

- integrated intensities

‘ increase the data completenes‘

Precession Electron Diffraction Tomogra

\ 4 ¥

structure solution structure refinement

kinematical approximation



