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Open Inventor

3D development toolkit Open Inventor ﬂ e

A For software programmers Rria

Xpand
XTeam

XScreen
More Extensions

3D data visualization and analysis framework  Avizo
A For scientists, engineers,
in Materials Science, NDT, Numerical Simulation/CAE, Geoscience and Environment

A Customizable and extensible platform for automation or specific applications developers

3D expertise, support, professional services, collaborative R&D
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Forest

Images from NASA Goddard Tin Whiskers website



A Exploring FIB/SEM 3D image quantification for
characterizing and understanding tin whiskers growth

A Credits
A Maureen Williams, Kil-Won Moon, William Boettinger SNIST

Identification of commercial products does not imply recommendation
or endorsement by the National Institute of Standards and Technology

A Mike Marsh- VSG
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A Jason Huang- Zeiss




A Tin is electroplated onto copper substrate

A Individual crystals (grains) grow on the surface

A Depth is a function of electroplating duration
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A Copper layer

A Pseudodiscrete tin grains

A Evolving basal intermetallic

A Evolving interspersed intermetallic
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Data courtesy Maureen Williams (NIST)




A 2D Images acquisition
A Zeiss NVision 40 and Zeiss Neon 40 EsB SEM/FIB dual beam
A The gallium (Ga) ion source is operated at 30 kV
A SEM images collected at 50 nm increments

A Sn reacts with Ga at room temperature so FIB techniques
that minimize the Ga dose exposure on the cut face of
the Sn electrodeposit were developed.

A Significant contamination from redeposition can occur if
milling is extended below the Sn layer into the Cu substrate







A Processing needs

A Unique to FIB/SEM

A Alignment (and shearing)

A Foreshortening correction
A Shadowing correction

A Masking out extrinsic signal

A Common to most imaging techniques
A lmage filtering
A Segmentation to identify features of interest
A Measurements to quantify features




A Automated alignment

A Center-of-mass, Leastsquares, Edgedetection, Marker -
based, rotation constrained, etc.

A Also correlation or mutual information registration
A Manual refinement

A Alignment proxy: align stack using arbitrary
reference images and mask (filtered, sub -region)

A Nonrigid / elastic alignment needed in some
cases




A After alignment, filtering, and shearing
(xz slice)




A Shadowing correction
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A Processing steps applied:
A Median filter, edge preserving diffusion filter
A Threshold to get easies
A Tophat to get extra
A Filtering by y-position







A Roughness evaluation

10000




A Global Metrics

A Fractal dimension of basal surface: 2.31
A Degree of anisotropy of interspersed: 0.598
A3D Density of interspersed 3 nte




A Global Metrics

A Fractal dimension
A Degree of anisotropy
A 3D Density of Interspersed Intermetallics

A Population Metrics
(individual measures)
A Volume
A Surface Area
A Length
A Width
A Aspect Ratio
A Intensity
A Orientation (both euler angles)
A Position (x, Y, z)
A Multi-parameter filters







