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1) ACOM/TEM :

Template matching

Pattern acquisition and template generation

2) ASTAR :

Combining orientation/phase identification
with Electron Precession

X NanoMEGAS
= Advanced Tools for electran diffraction

¥
o)



ACOM/TEM Au‘roma‘red Crystal Orientation Mapping @

WC Co

Severely Orientation map Phase map

deformed
7075 Al. Alloy

I |
Grenoble)INIP)‘ 7 NanoMEGAS

/ ced Tools for electron diffraction



ACOM/TEM : Automated Crystal Orientation Mapping
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ACOM/TEM : Orientation Indexing @

Diffraction pattern for a Calculated diffraction pattern
randomly oriented crystal
.- e e
. . ‘ . [ ]
orientation MO
> ‘
(01:9.¢,) SO
L
+ = M =mmp Austenite, ferrite, one or two grains?
. -'
- -
L] W . '
L
Grenoble |NP3‘|
I Z ﬁsnit?mt? fnGreAJe§run diffraction

/



ACOM/TEM : Crystallographic orientation identification@

Stereographic projection (cubic)  Pre-calculated templates Acquired pattern
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ACOM/TEM : Reliability @

Superimposed diffraction patterns

Stereographic projection Templates for copper at a grain bounday
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ACOM/TEM : Phase identification and reliability @

Ferrite : Index |, = 553 Austenite : Index |, = 389
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ACOM/TEM : four steps
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B TEMdpa : Diffraction Pattern Acquisition

TEM Beam control through dedicated SSTAR unit
|_| Computer
Beam Control
>
Image processing
Camera
Frame Grabber
TemDPA (execution)
Diffraction pattern acquisition St B onl] ScarraCoi | o
Features:

 up to 180 fps

» easy selection of the area of interest

» single or movie type DP acquisition |

= _ - brightness, contrast, exposure time control
R J  On line Virtual Bright Field construction

43 fps Int & Bl ia
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. TEMdpa : Virtual Bright Field on-line construction @

)\ )‘ Orientation map * Bright field °
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Virtual bright

field image

Aluminium (mean grain size 200nm)
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|| DiffGen : Template generator

. Diffraction pattern
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|| DiffGen : Template generator

Parameters that control the template file size

CRYSTAL SYMM. SAMPLE
Crysis] ligig ORIEMTATION
Crystal symmetr system  |group | DISTRIBUTION
Max angle () y y y

Cubic mam X 1
mam - ‘ . X2

Tetragonal | 4fmmm .

err=1
L 4/m X6
Grth':‘rhl:lmh“% e X6
] ' Monoclinic | 2/ x12
Excitation error (a.u.) -

Hexagonal | &/mmm A X2

I i -
o | M
Trngonal am X4
3 | X8

err=0.5 ¥

Tricinic | 1 x24

1]
Grenoble)INP‘ 7 NanoMEGAS
%~ N

/ Advanced Tools for electran diffraction



.INDEX : pattern identification software @
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ACOM : some examples of orientation maps

Deformed Cu (coll. N. Liorca — Univ. Barcelona, Spain) Orientation reliability
: : . '. M. 4 :

1

C (HT 10 min @ 1100°C, A. Stormvinter - KTH)

Fe 1.67%
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Grain size and Texture in 80 nm copper lines

CROSS VIEW (orientation map)

Grain size of the order of 30 nm may be identify
despite the use of a conventional LaBe equipped
Jeol 3010 TEM (spot size 25 nm).

A fiber texture was detected within the channel.

" 300 nm ‘ R

Side view

AR

250x100 steps (13 nm each)
LaBeé equipped Jeol 3010 TEM (spot size 25 nm)

Scanning time : 10 min (44 fps)

500x100 steps (6.5 nm each) , Spot size 25 nm
Scanning time : 19 min (44 fps)

300x100 steps (6.5 nm each), spot size 15 nm
Scannin%time 112 i (44'?fps)

SIDE VIEW (orientation and index superimposed map)
The two scans were performed with different settings

They demonstrated the reproducibility of the identification Credits:
- Stefan BRANDSTETTER, SIMaP - Grenoble INP
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ACOM/TEM combined to a FEG-TEM

JEOL 2010F

Texas Material Institute
UT, Austin

180 nm Cu lines

Pt nanocrystals
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1) ACOM/TEM :

Template matching

Pattern acquisition and template generation

2) ASTAR :

Combining orientation/phase identification
with Electron Precession
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Precession Electron Diffraction patterns
(R. Vincent, P.A. Midgley, Ultramicroscopy 53 (1994) 271.)
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Precession Electron Diffraction patterns %

Mayenite crystal (Ca,,Al,,O55) : space group 1-43d

Orientation Index Virtual Bright Field

' I
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With precession precession angle : 0.35° acquisition time 50 min (10 fps)
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ACOM + Precession: Solving 180° orientation ambiguities

B.c.c. lron (ferrite), [112] | | Index=317, Reliability=0
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ACOM + Precession: Solving 180° orientation ambiguities @

Fe-1.5%Cu (annealed) Precession angle 0.5°

Orientation ambiguities
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Practice ASTAR (HRCOPM) @

1) TEM practice (acquisition)

2) PC practice (indexing and viewing)

Day 1 (Wednesday Day 2 (Thirsday) Day 3 (Friday)
16 :00 17 :30 16:30 18 :00 13 :30 15 :00
G l TEM PC practice
fOllpe Room 0’503 Room 17428
1 PC practice TEM
Groupe 2 Reom 1’428 | Room 07503
1 PC practice TEM
Groupe 3 Room 1'425 Room 07503
1 PC practice TEM
Groupe 4 Room 1°428 Room 0°503
1 ~ PC practice TEM
Groupe 5 Room 1425 Room 07503

1]
Grenoble)INP‘ 7 NanoMEGAS
%~ N

/ Advanced Tools for electran diffraction



Indexing Fourier transform of High resolution TEM images CIirs

Fast Fourier Transforms

Bloc file viewer

- . are performed on

Edit  Wirtual Dark Field .,
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Block, infas Pixel coord. Image coord, ——— irtual field zoo hlgh resolution Image as if
Images size [px) Grid size [ima) [rm) MNumber w1 «10
Width 128 width [2 1.0 wfo ZH = =B + |7 —— the sample was scanned.
Height |128 Height |2 1.0 il N = - o .

eight cight | | o =| v = | [ Index image selected * e o The resulting patterns are

O O ﬂ- compared to templates
9 + O

Orientations and/or
phases may be
recognized

-a small subset leads to higher

FFT o;(_er 128x128 spatial resolution
subimages . .
J - larger subimages improve the

indexing quality
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-
FFT over 256x256 '\‘*:
subimages A
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| 256 pixels = 6 nm

I Choose an image from the bloc -

TITAN-Cubed : PbSe nanocrystals

- Marie CHEYNET,  SIMaP - Grenoble NP [SXSi SR ii |_combined to INDEX (gray seale)
- Odile ROBBE, ~ LASIR - UTS Lille e, TECheY
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|| DiffGen : Template generator @
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ACOM : some examples of orientation maps

—— L . a G-
)\ " )‘ Orientation maps
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ACOM/TEM : Automated Crystal Orientation Mapping @

r

Fe 1.67% C (HT 10 min @ 1100°C, A. Stormvinter - KTH) %

Orientation map

Phase map

Austenite

Martensite
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Same area with (Y) and without (I) precession @

TRIP steel (ferrite + austenite) ; Philips CM120 @ 100hz (6 min),
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