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About VSG

Formerly Visualization Sciences Group of Mercury Computer Systems,

independent since June 2009. 

25 years of expertise in visualization markets

HQ/R&D: Bordeaux, France - www.vsg3d.com ð60+ people

Offices: Boston, Houston, Dusseldorf, London, Paris

Distributors: China , India, Japan, Taiwan, South Korea, Mexico, Israël, Russia

3D development toolkit Open Inventor
Á For software programmers

3D data visualization and analysis framework Avizo
Á For scientists, engineers, 

in Materials Science, NDT, Numerical Simulation/CAE, Geoscience and Environment

Á Customizable and extensible platform for automation or specific applications developers

3D expertise, support, professional services, collaborative R&D
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Tin Whiskers
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Forest Trees

Images from NASA Goddard Tin Whiskers website
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Tin whiskers & hillocks imaging case study
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ÅExploring FIB/SEM 3D image quantification for 

characterizing and understanding tin whiskers growth

ÅCredits

ÅMaureen Williams, Kil-Won Moon, William Boettinger ðNIST
Identification of commercial products does not imply recommendation 

or endorsement by the National Institute of Standards and Technology

ÅMike Marsh - VSG

ÅJason Huang - Zeiss
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Discecting metallic microstructure

ÅTin is electroplated onto copper substrate

ÅIndividual crystals (grains) grow on the surface

ÅDepth is a function of electroplating duration
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Plating tin

ÅCopper layer

ÅPseudo-discrete tin grains

ÅEvolving basal intermetallic

ÅEvolving interspersed intermetallic

Data courtesy Maureen Williams (NIST)
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Imaging
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Å2D Images acquisition

ÅZeiss NVision 40 and Zeiss Neon 40 EsB SEM/FIB dual beam  

ÅThe gallium (Ga) ion source is operated at 30 kV

ÅSEM  images  collected at 50 nm increments

ÅSn 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.  

ÅSignificant  contamination from redeposition can occur if 

milling is extended below the Sn layer into the Cu substrate
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Image stack is not directly interpretable
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Processing
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ÅProcessing needs
ÅUnique to FIB/SEM
ÅAlignment (and shearing)

ÅForeshortening correction

ÅShadowing correction

ÅMasking out extrinsic signal

ÅCommon to most imaging techniques
ÅImage filtering

ÅSegmentation to identify features of interest

ÅMeasurements to quantify features
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Alignment
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ÅAutomated alignment

ÅCenter-of-mass, Least-squares, Edge-detection, Marker -

based, rotation constrained, etc.

ÅAlso correlation or mutual information registration

ÅManual refinement

ÅAlignment proxy: align stack using arbitrary 

reference images and mask (filtered, sub -region)

ÅNon-rigid / elastic alignment needed in some 

cases
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ÅAfter alignment, filtering, and shearing

(xz slice)

Alignment
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Shadowing
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ÅShadowing correction
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Shadowing

Linear grey ramp
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Image is noisy

Histogram

equalized
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Shadowing has caused an image gradient

Heatmap
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Gradient correction
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Aligned, Sheared, Deshadowed, Masked

Åff .
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ÅProcessing steps applied:

ÅMedian filter, edge preserving diffusion filter

ÅThreshold to get easies

ÅTophat to get extra

ÅFiltering by y-position

Segmented Intermetallics
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Basal intermetallic layer
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Å.
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Basal intermetallic layer
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ÅRoughness evaluation
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Quantification
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ÅGlobal Metrics
ÅFractal dimension of basal surface:  2.31

ÅDegree of anisotropy of interspersed: 0.598

Å3D Density of interspersed Intermetallics :  0.13 grain / Õm3

ÅPopulation Metrics [Combinatorial filters]
ÅVolume

ÅSurface Area

ÅLength

ÅWidth

ÅAspect Ratio

ÅOrientation

Å.

Å.
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Quantification
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ÅGlobal Metrics
ÅFractal dimension

ÅDegree of anisotropy

Å3D Density of Interspersed Intermetallics

ÅPopulation Metrics 
(individual measures)
ÅVolume

ÅSurface Area

ÅLength

ÅWidth

ÅAspect Ratio

Å Intensity

ÅOrientation (both euler angles)

ÅPosition (x, y, z)

ÅMulti -parameter filters
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Surfaces reconstruction
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