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About VSG and Avizo software

From FIB/SEM imaging

to 3D material properties characterization
Examples in electronics, metals, fuel cells, rocks
Introducing Avizo version 7
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Proven track record Worldwide organization Distributors channel

25+ years of expertise
Uniquely experienced team
Successful serving 1000+
first -class customers

MARKETS

A Engineering & Simulation

A Oil & Gas, Geosciences, Mining
A Biomedical & Life Sciences

Asia/Pacific
(China, India, Japan, Taiwan, Korea)
Mexico, Israel, Russia

USA (Boston,Houston, San Diego)
France (Bordeaux, Paris)
Germany (Dusseldorf)

UK (London)

SOLUTIONS

AObject-oriented 3D libraries and API
AOpen application framewaork
AState-of-the-art 3Drendering and analysis

A Materials science, Industrial Inspection AVery Large Data Management
AScaIabiIity and remote application
ASD computing framework

A Scientific data visualization
A Collaborative & Immersive VR




Open Inventor® Avizo® 3D expertise and
Professional services

3D development toolkit 3D application framework

Integrate Visualize and Join a partner
high-performance 3D analyze scientific committed to your
in your applications and industrial data success



Avizo® software family 3D visualization and analysis Q)VS'Q
for scientific and industrial data
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Data: CGG Data: GE Aircraft Data: VAREL Data: MPEMP / DRKZ Data: ICMCB



Avizo Fire < LVsSp

Avizo Fire is a 3D analysis application
for Materials Science and Industrial Inspection

Data: North Star Imaging

Key Features

Extensive 3D image import and processing
Advanced image segmentation
Quantification and analysis

High-quality presentation and reporting




Image 3D

. . Segmentation
Processing Exploration

Customization, workflow automation, extensibility
Visual programing, scripting, C++ developer API,
MATLAB bridge Interface with LabView, C, FORTRAN, etc.

Quantification & Analysis

TR T

3D models
reconstruction

Communication


http://upload.wikimedia.org/wikipedia/commons/6/60/Sch%C3%A9ma_de_principe_du_synchrotron.jpg

Avizo Fire for high volume inspection < Lvsp
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Avizo Automation Framework

INSPECTION DATA SERVICE

= IMmage stack reception

=== Registration against reference model
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Data: GE Aviation
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From 3D imaging to characterization - Examplesin Electronics SLVSP
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Defect inspection, root cause analysis

Advanced
visualization and
data exploration

- -0%‘.'7-" 268
2 ) .S ;«9

¢

Circuit failure, CTor
packaging defect FIB/SEM

Image skeletonization

Characterization of delaminations at a chip / molding compound interface
Courtesy A. Rucki



A Alignment / drift correction
ARegistration (XY)
Least square or other methods
Optional arbitrary 3D region reference mask
A calibration of slice thickness (Z)
AForeshortening correction (Y)
AShearing
AMasking/cropping
A Shadow/contrast correction

AWorkflow assistant for 3D reconstruction
from FIB/SEMimages coming in Avizo Fire 7



Porous graphitic FIB/SEM €D Imag_e
reconstruction

carbon foam acquisition : R
_ and visualization

3D image
segmentation

Images from / ,
NASA Goddard e €
Tin Whiskers

website

Global metrics, individual measures and population distributions, e.g. :
Fractal dimension of basal surface: 2.31
Degree of anisotropy of interspersed: 0.598
3D Density of interspersed: 0.13 grain/ Om?®
Volume, specific surface, length, width, aspect ratio, orientation,
contacts, etc.

Quantification
and analysis




3D FIB/SEMmages registration and fusion <LVSp
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A Multiple data channels, e.g. BSE, EBSDEDS,etc.
for compositional analysis and enhanced segmentation.

A Multiple datasets, modalities: micro/ nanoCT AFM etc.
for multi -scale and correlative analysis, or for experiment imaging

Example: Multi -channel imaging of
microcrystalline metals (IN100
Nickel-based superalloy)

Secondary electron (SE) and electron
backscatter diffraction (EBSD)
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Pilot study of FIB -SEM characterization of microstructure of fuel cells

University of Alberta
Kumar Gunda et al. 2011. J Power Sources.

AExamine Lanthanum strontium manganite (LSM) matrix
Solid oxide fuel cells (SOFCs)

AFiItering and thresholding sufficient to partition
matrix from pore -space

APorosity and surface area sensitive to threshold value

Data generously shared by MNT Lab University of Alberta
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Characterizing Materials

Almagebased guantification, such as
ATotal porosity, Connected porosity, Included Porosity
ASpecific surfaces
APorosity distance, Tortuosity
APhases interfaces, multi -phase boundaries, etc.

AModeIing-based quantification, such as
APermeabiIity Tensor and Absolute Permeability
AMolecular Diffusivity
AHeat Conductivity
A Formation Factor

Data generously shared by MNT Lab University of Alberta
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From Micro CT to FIB/SEM- Reservoir Rocks- Sandsto

<LVSP
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Validation of microCT porosity in berea sandstone

University of Alberta
Bera et al. 2011. Micron.

Characterizing the pore space in sandstone
AMicroCT
A3 um in-plane, 6um slice -thickness
ABqu pores (150-200 um)
ASmaII pores (30-80 um)
ASuspicious micro-pores (~ 5um)
near the detection limits

Data generously shared by MNT Lab University of Alberta



From Micro CT to FIB/SEM- Reservoir Rocks- Sandsto W)V’SQ
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Validation of microCT porosity in berea sandstone :-s-. (

_— =% v
University of Alberta

Bera et al. 2011. Micron.

Characterizing the pore space in sandstone
AMicroCT
A3 um in-plane, 6um slice -thickness
ABqu pores (150-200 um)
ASmaII pores (30-80 um)
ASuspicious micro-pores (~ 5um)
near the detection limits

AFIB-SEM

Data generously shared by MNT Lab University of Alberta
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From Micro CT to FIB/SEM- Reservoir Rocks- Sandsto

Validation of microCT porosity in berea sandstone

University of Alberta
Bera et al. 2011. Micron.

Characterizing the pore space in sandstone
AMicroCT
A3 um in-plane, 6um slice -thickness
ABqu pores (150-200 um)
ASmaII pores (30-80 um)
ASuspicious micro-pores (~ 5um)
near the detection limits

AFIB-SEM

AMicro-pores are absent
(artifact of x -ray microCT)

Data generously shared by MNT Lab University of Alberta s



Conventlon Sandstone Reservoir . R
. Sandstone vs. Shale reservoir rocks ~>VSP

Tlght Gas Sandstone Reserv0|r
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Porosity & Permeability Analysis on Nanoscale FIB-SEM 3D Imaging of Shale Rock
ShawnZhang, Visualization Sciences Group- VSG

Robert E. Klimentidis, ExxonMobil Upstream Research Co.

Patrick Barthelemy, VSG

International Symposium of the Society of Core Analysts
Austin, Texas, USA, September 18th - 21st, 2011

Serial slices images
5 nm voxel resolution
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