Nanobeam diffraction scanning in transmission electron

microscopes

Edgar RAUCH, Muriel VERON SIMaP lab, Univer. Grenoble Alpes
Akos KISS, Janos LABAR, Hungarian Academy of Sciences, Budapest

OUTLINES
Dedicated strategies to highlight structural features at nanoscale

- Orientation and Phase maps
- Combined Virtual Bright- and Dark-Field images

. - Correlation coefficient maps.
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Diffraction pattern for a Calculated diffraction pattern

randomly oriented crystal
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ACOM/TEM : Reliability Q
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Superimposed diffraction patterns

Stereographic projection Templates for copper at a grain bounday
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Mg severely deformed

Orientation + Reliability Correlation Index Reliability
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Phase + Reliability Virtual Bright-Field
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Coupling with the NanoMEGAS Electron Precession unit (DigiSTAR): ASTAR Cl"]rS

TEM Beam control through dedicated DigiStar unit

Computer

Beam Control

’

Image processing

Frame Grabber
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Diffraction pattern acquisition

Scanning rates ~100 fps
Precession rate up to 400 hz

Fast optical camera (180 fps)
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Precession Electron Diffraction

(R. Vincent, P.A. Midgley, Ultramicroscopy 53 (1994) 271.)
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Phase map (colour) combined to phase reliability (grayscale) for Al;Ni crystals embedded in an Al matrix
without (left) and with 0.5° precession (right)

(TECNAI F30 - Courtesy of Prof. A. Gholinea Uni. Manchester UK.)
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= Combined Virtual Bright- and Dark-Field images

E.F. RAUCH, M. VERON Eur. Phys. J. Appl. Phys. (2014) 66: 10701

= Correlation coefficient maps
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Scanning mode Acquisition of a stack of diffraction patterns

Orientation map
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Scanning mode Acquisition of a stack of diffraction patterns
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Orientation map Virtual Bright Field Virtual Dark Field
Communauté 7 NanoMEGAS

& UNIVERSITE Grenoble Alpes . Advanced Toofs for electran diffracticn
P ASCI 2016 - Boise, ID May 18-20



n Block file viewer
Edit  Dark field construction  Windows

=N >

|C:'\Users\E dgarDocumentzsblo tmphECAE REC NWCO_EcasBCRec] zigfag.blo

Help

Zoom

[o ] O]

Block infos Bl ready | Fizel coord. Image coord.
Images size [px] Grid size [img) [rm)
width | 160 widh [301 [3mo0 | x(73 3 (x|t 2] w4 Memo
Height |10 Height[300  |30000 | v |78 #] | |v[29 3] | ~|
C WCO_EcaeGCRec! zigfag. blo
| Pirel coord. |mage coord,
%71 & %[0 2]+ Memo
e M

d

Help

I

TSI T T T T
Advanced Toofs for electran diffracticn

Communauté
£ UNIVERSITE Grenoble Alpes

ASCI 2016 - Boise, ID May 18-20



Communauté ] Z NanoMEGAS

Advanced Toofs for electran diffracticn

i UNIVERSITE Grenoble Alpes
P ASCI 2016 - Boise, ID May 18-20



Nanocrystallized partly amorphous NiTi Standard aperture

— credits: E. Manara Courtois, Karlsruhe Inst. Tech.
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Nanocrystallized NiTi Similar averages

Intensity
A

— credits: E. Manara Courtois, Karlsruhe Inst. Tech. Dissimilar distributions
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Correlation coefficient maps

A.K. KISS, E.F. RAUCH, J.L. LABAR Ultramicroscopy 163 (2016) 31-37

S. WANG Microsc. Microanal. 19 (Suppl 2) 2013
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Alumina (A|203) — credits: S. Lartigue ICMPE, Thiais

Virtual Bright-Field Orientation map Cross-correlation weights the
i similarities between successive
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Multi-twinned gold particles (JEOL ARM)

Credits: Arturo Ponce, UT San Antonio,Texas
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Virtual Bright-Field Orientation map DP correlation coefficient map
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< Hidden dislocations

Virtual Bright-Field

DP correlation coefficient map

Credits: Fanny MAS, SiMAP
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Mg severely deforrmed

Bright-Field Orientation map Index Virtual bright-field Correlation coefficient map
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