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Latest developments in ESPRIT QUBE

BRUKER
Webinar outline

® Grain boundary network on experimental examples
® Analysis of 3D tomographic datasets with ESPRIT QUBE

° Q&A



Grain boundary network on experimental examples
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3D data processing - Ti alloy example

* Deformed Ti alloy (alpha and beta phases)

®* Large data cube - 245 slices (35x20x20um3)

® Serial sectioning using a PFIB-SEM (FEI) with non-static 3D
® Slice preparation time: ~2min/slice

®* 3D EBSD data acquisition time: ~7min/slice

*

Texture component
subsetting

Titanium Titanium-beta
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3D data postprocessing — Local Average Disorientation

3D EBSD on deformed Ti alloy — LAD visualization

LAD [°]
Titanium-beta

LAD [?]
Titanium

LAD after slice realignment & data filtering



ESPRIT QUBE an

3D data postprocessing — Local Average Disorientation

3D EBSD on deformed Ti alloy — LAD visualization

LAD [°]
Titanium-beta

LAD [?]
Titanium

LAD after slice realignment & data filtering



ESPRIT QUBE
Grain Boundary network - Ti alloy BRUKER
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€ 2 (™| )

Project Viewer Subsets Legends - Grain list

¥ Data &l 2 = 5 - 2 C ¥ 4 L [ A I
=& Project
P void
= EBSD
{ volume data

'

Apply
Sep. level:
X v [13 = EToggle
| ¥ EBSD
Phase:
Titanium-beta v

Volume Mesh
Grayscale code:

Indexed bands ~

Color code:
IPF v

Mix:

Apply Apply all

» EDS
» SEM

¥ Tomography




ESPRIT QUBE
Grain Boundary network - Ti alloy BRUKER
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ESPRIT QUBE
Grain Boundary network — PbSn powder metallurgy BRUKER
(solder ball) acquired with static 3D EBSD (Tescan) CN

EBSD phase map

Sample courtesy: Dr Hana Tesarova, Tescan Brno




ESPRIT QUBE
Grain Boundary network BRUKER
PbSn powder metallurgy LS

)

IPF map
1082 grains




ESPRIT QUBE
Grain Boundary network
PbSn powder metallurgy
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ESPRIT QUBE
Grain Boundary network BRUKER
PbSn powder metallurgy LS

* Grain orientation (Euler colouring)
A

Sample courtesy: Dr Hana Tesarova, Tescan Brno




Analysis of 3D tomographic datasets with

ESPRIT QUBE




ESPRIT QUBE
Outline

* Introduction

* Data files

* Viewing and navigation
* Filters and geometry

° Analytical tools

* Subsets

* Surface meshes

* Data synergy

* Data monitoring



ESPRIT QUBE

aRGRER
Introduction 1(2) ( D<)

What is QUBE ?

- Reconstruction of tomographic data sets from analytical SEM

- Tailored for surface characterization techniques such as EBSD and
EDS

- Integrative analysis of 3D data sets
- Customizable interactive processing pipeline

 Multimodal data sets



ESPRIT QUBE

Introduction 2(2) BRUKER
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Data types and formats
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BRUKER
()

Import data sets:

- Import of 2D slices, per data set

« EBSD: Bruker format (.bcf) and other common formats (e.g .ctf, .ang)
« EDS: Bruker (.bcf) (counts or conc.), as well as (.txt) files

« SEM Images: common bitmap formats (.bmp, .gif, .png, .jpg, etc)
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- All 3 data types are saved into
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Viewing:

Navigation by:

ESPRIT QUBE

Viewing & navigation BROSER

“Real time” (wysiwyg)

Extensive dedicated color codes
for EBSD, EDS and bitmaps

Semi transparency (scalar data)

Multimodal views options

“Real time” (wysiwyg)

Apply all

Slice-wise: tomography (slicing, cut outs, spli

Voxel-wise: 3D cursor

Segmentation-wise: “grain neighborhood”




File Edit Analysis
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ESPRIT QUBE
Filters and geometry

(<)
BRUKER
()

Geometry editing:

. Cropplng and Sllce deletlon Kelr\:::hod Misorientation - HAGB only v
- Slice registration el Ts H s E

Threshold angle [*] 15.0 |

- Affects EBSD, EDS and SEM data sets

Data filtering:
« Currently for EBSD (limited for EDS)

« Linear filters (Gaussian, box)

NON-LINEAR ORIENTATION AVERAGING

Kernel
- - . Algorithm Median "
* Non-linear filters (Kuwahara, median) 'gd - — —
- Despeckling (outliers) e
Convergence angle [°]

« Clean up (stray voxels)



ESPRIT QUBE
Slice registration

RIGID REALIGNMENT

Slice registration: ———
* Rigid realignment <
(manually) —
X [vox]:
Rigid realignment e
w0 o
(EBSD based) ] Lo
- - - EI =
« Non rigid realignment —

(Constrained smart align)

- Affects EBSD, EDS and
SEM data sets
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Analytical tools

Analysis of EBSD data:

- Grain segmentation (extensive EBSD grain list)
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ESPRIT QUBE
Analytical tools
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BRUKER
()

Analysis of EBSD data:

Grain segmentation (extensive EBSD grain list)
Local average disorientation (LAD)

Approximated GND density
(based on LAD)

.
« Schmid factor
Slip system ’TI
- Various subsets T = o
Direction [lattice units]: |‘l -10 |
Uniaxial load direction (1, 8, )
Analysis of EDS data: incinaton 01 foat |
Azimuth ¢ [*]: |U-UU |
e S U bSEtS Presets |¥|




ESPRIT QUBE
Subsets

EBSD volume subset options:

« Predefined subsets: phases, textures, LAD,
grain metrics, grain texture,
grain selections

e Custom subsets
« Subsets can be exported and imported

- Subsets can be applied across data sets
(e.g. apply EBSD subset to EDS data set)

EDS volume subset options: Aoy

- Compositional subsets
(user defined, picked from position or from .cif)
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Surface meshes

Mesh structure generation: v
« EBSD grain boundary structure
« Dedicated color codes

« Smoothing

- Filtering U

CLEAN MESH x
Coarsening : 1
ok
. M apply ' '
Settings
) - ok -_Csncel
Method éSLIrfT:ICE tension ~ | E Max. angle [] |2'01 |
o - | o |
o Quali
Constrain [stp diag] m ' o
Apply
Strength [/] PR

Min. cond. [/] |0.20 |

Repeat |1 |




ESPRIT QUBE
Surface meshes

Mesh structure generation:

« EBSD grain boundary structure
« Dedicated color codes

« Smoothing

 Filtering

Planned
- EDS meshes
« Mesh subsets

- Boundary pole figures
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BRUKER
Data synergy
W Da_m
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Data synergy ( ><)

¥ Data
:“-@ Project
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Data set synergy:

- Operate on multiple data sets o e
simultaneously (limited by the e
data editing operations) | Do

E-6 EDS
« Apply subsets across data sets ~® Volume data
- ® Mesh data
(e.g. apply EBSD subset on EDS
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‘ Project | Viewer | Subsets | Legends)

Data compatibility: SomrE
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Data monitoring

History:

- Data operations are logged sequentially

in project file

Reversibility:

- Data changing operations can be undone

3D View | Grain list| Eventlog
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Finished : 14/0

Median orientation filtering for all ph
Started
Kernel size 2
Thrshid angle :
Conv. angle
Failed voxel
Finished

Reconstructing grains
Started
Aborted
Recovery

Reconstructing grains
Started
Thrshid angle :
Neighbors 2 2nd 3rd
Clean up : add to similar NB - keep orientations
Thrshid vol
Grns removed :
States chngd :
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Summary BE!%R

* Tool for post-acquisition analysis of tomographic data sets
* Dedicated for EBSD and EDS data sets

* Wysiwyg

* Extensive subset possibilities

* Convenient data monitoring

* Growing functionality



Q&A

Are There Any Questions?

Please type in the questions you might have
in the Q&A box and press Send



More Information
BRUKER

For more information, please contact us:

laurie.palasse@bruker.com

peter.konijnenberg@bruker.com

info.bna@bruker.com

https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/eds-wds-

ebsd-sem-micro-xrf-and-sem-micro-ct/quantax-ebsd/overview.html
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