


Brief Intro to Vamsi & Danielõs 

presentation :

Motivation , hypothesis, and appreciation

Victor Karpov

Dept. of Physics and Astronomy

The University of Toledo, Toledo, OH, USA.



Motivation 

ïWhat determines MW diameters remaining almost the same 

in the process of longitudinal growth? *(Note: MW thickness in 

micron range, much greater than the nano -sizes of the 

typical nuclei in solids)

ïWhat determines their statistical distributions? ** 

ï * Thank you Steve Smith pointing to me at the importance of that 

questions.

ï **Thank you Lyudmyla Panashchenko & Mike Osterman and Steph 

Meschter & Polina Snugovsky for making their data available.



Motivation (continued)

Å Can MW have some internal structure at nano -scale? 

Motivated by 

ï The well known longitudinal striations on MW surfaces 

ï Asymmetric random cross -sections strongly deviating from the circular

ï Voids inside MW (hollow whiskers) reported 

ï Thermal stability of Sn MW depends on the film deposition, evaporated 
vs. electro -deposited: 

üUnder a focused ion beam, local melting of comparable MW is 
easier on the evaporated than on electroplated structure pointing 
at some internal structure inherited from the film *

ï The electrostatic theory does not describe the facts as is.

*Thank you Vamsiand Daniel for sharing the observation



Hypothesis: massive nucleation and co -growth of 
multiple thin filaments = nanostructure of whiskers

~1 micron

~10 nm

striations

Possible hollow

Charge patch

Possible neutral spot

If the charge patch is related to an 
individual grain, then the well -known log -
normal distribution of grain sizes translates 
into that of MW diameters

One anticipated consequence: the 
multi -filament structures can 
occasionally split: Observed and 
related by Steve Smith and Bill Rollins

Thank you Vamsi and Daniel for your interesting experiments and effort! 

Thank you Bill for inviting this talk.
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Outline

ÅSamples

ÅCharacterization

ÅTools

ÅWhisker FIB and TEM analysis (Part 1)

ïWhisker cross-section study

ïTEM sample preparation 
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Characterization
Samples preparation

Å Cu coupons were mechanically 

polished with silicon carbide sand 

paper and machine polished using 

alumina slurry (50nm).

Å Cleaned and then electroplated from 

sodium stannate bath.

Before polishing After polishing

Å Sn samples were prepared by evaporating Sn pellets from 

tungsten boats onto the Cu coated glass substrate.

Electroplating:

Evaporation:

Electroplated sample Evaporated sample

20 µm 20 µm
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Characterization

Techniques employed:

1 µm

200 nm

ÅScanning electron microscopy 

(SEM)

ÅEnergy -dispersive x -ray 

spectroscopy (EDS )

ÅFocused ion beam (FIB)

ÅTransmission electron microscopy 

(TEM)
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Characterization
Tools:

ÅEach instrument is 

equipped with its own EDS 

detectors.

ÅSEM ð2nm @ 1kV

ÅFIB(Dual beam )

ÁIon beam:10nm @ 30 kV 

(1pA), Ga source

ÁElectron beam : 1.2 nm @ 

30kV (HV)

ÅTEM ð200 kV ð0.203 nm ðTE, ZC, 

SE
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Whisker FIB-TEM analysis 
FIB-milling:

FIB illustration: C. Kizilyaprak et al òFocused ion beam scanning electron microscopy in biology,ó J. Microsc ., vol. 254, no. 3, pp. 109 ð114, Jun. 2014.

Two goals:

1. Whisker cross -section 

analysis.

2. TEM sample 

preparation.

Whisker cross -section

Whisker TEM image

Milling (ion -beam) and imaging 

(electron beam) done simultaneously

Ion-beam can be used to take 

images (gives more details)

Unpublished

Unpublished
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FIB-milling: cross -section

FIB illustration: http ://www.fibics.com/

Imp. notes:

1. Au-Pd coating to guard sample 

and whisker from Platinum .

2. Platinum deposition to protect 

whisker from ion source.

Whisker FIB-TEM analysis 

Ga+ sputtering out sample

Whisker without 
Pt protection

Whisker starting 
to bend

2 µm 2 µm
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FIB-milling: cross -section (Evaporated sample)

ÅSmall whiskers are better to work with.

ÅOptimized beam current is used during Pt deposition. 

ÅMilling process is done with low beam current as well.

ÅAbove SE images are taken at an angle (52 deg ).

Whisker FIB-TEM analysis 

Select a whisker Dep Pt (low current) Start milling (again low 

current)

(a) (b) (c)2 µm 2 µm 2 µm


