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Detectingtip-sampleinteraction
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Enablingsemicontact phase
Imaging
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Behindphaseimaging

= Tip-sample forces derrivative

k T Qo = @ oF,
J 2 k bz

MagonovS.N.S., Elings V., WhangboM.-H.
Phase imaging and stiffness in tapping-mode atomic force microscopy
Surface Science, 375 (2)43), p. L385-L391, 1997

W. Effective quality of the setup,
P = tan~ 1 (M—DJ R N j_{::llﬂff E Qﬂff = 27 . connected to the energy
2057 T Aw/ 2 (g W dissipated in tip-sample setup

d
WhangboM.-H, Bar G., BrandschR.
Description of phase imaging in tapping mode atomic force microscopy by harmonic approximation
Surface Science, 411, p. L794-L.801, 1998

. _w ;ﬂlleJ () (e iz Energy dissipated
sing = + (S, =

N in tip-sample setup
wy, A Hkﬁl,}ﬂﬂ[m] Fre dt dt

Bar G., BrandschR., WhangboM.-H.

Description of the frequency dependence of the amplitude and phase angle of a silicon cantilever
tapping on a silicon substrate by the harmonic approximation

Surface Science, 411 (1)32), p. L802-L809, 1998




¢ KS dziAf AT I SamplginteaEtion f@ th@surfadeAmodphology imaging and mechani
properties mapping

Phasamagingusedfor topography
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Phase imaging polymerizationmap
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Phase imaging polymerizationmap
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Phase imagingsforce spectroscopy
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Phase imaging there areissueX
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Phase imaging there areissueX
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Everytap you makeX
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Utlllzmg high harmonic of the signal

Topography Phase 10th harmanic

SahinO., MagonovS., Su C., Quate C.F, SolgaardO.
An atomic force microscope tip designed to measure time -varying nanomechanical forces
Nature Nanotechnology, 2 (8), pp. 507 -514, 2007
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Testing the approach dASLDPE
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Xand multiply
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Interestingdifferences can beesvealed
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Sikora A., Bednarz G .

The implementation and the performance analysis of the multi -channel software -based lock-in
amplifier for the stiffness mapping with atomic force microscope (AFM)

Bulletin of the Polish Academy of Sciences: Technical Sciences, 60 (1), pp. 83 -88, 2012




¢ KS dziAf AT I SamplginteaEtion f@ th@surfadeAmodphology imaging and mechani
properties mapping

Different sensitivities can be seéor
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Exampleof stiffer surfaceX
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What about acquirindorce
spectroscopyurve?
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There are some obstacles on the wa
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How toremovelow frequency
flexuralresonance
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SariogluA.F, SolgaardO.

Cantilevers with integrated sensor for time -resolved force measurement in tapping -mode atomic
force microscopy

Applied Physics Letters, 93 (2), p. 023114, 2008
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Flexural and torsional mechanical
response of the cantilever
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Some components of the signal are
unwanted
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Spectra of torsional oscillations of the cantilever

Flexural resonance frequency: 59.605 kHz
Torsional resonance frequency: 1013.285 kHz
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SomaybeT-shapedprobeXx

SahinO., MagonovS., Su C., Quate C.F, SolgaardO.
An atomic force microscope tip designedto measure time -varying nanomechanical forces
Nature Nanotechnology, 2 (8), pp. 507 -514, 2007
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Xsowe couldacquireinteractionforce
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SahinO., Atalar A., Quate C.F, SolgaardO.

Harmonic cantilevers and imaging methods for atomic force microscopy
US Patent No. US6935167, 2005

SahinO., Quate C.F, SolgaardO., Atalar A.

Resonantharmonic responsein tapping-mode atomic force microscopy
Physical Review B, 69 (165416), pp. 1-9, 200
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Sofinally it workslike this
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Implementationusingstandard AFM
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Xacquiredin variousspots
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Reconstruction of the force
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SikoraA., Bednarz G. ,

Mappingof the s u r f aneahanisal properties due to analysis of torsional cantilever bending in
dynamic force microcopy

Nanoscienceand Technology / Acoustic ScanningProbe Microscopy Springer 2012
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Reconstruction of the force
Spectroscopy curve
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The tipsample interaction related
parameters

F [nN]

1 >
A R2 R3
F171 snap-in force,
F3

F2 1 peak force,
F3 17 adhesion (snap-out force).
R1 (slope) i elasticity,
E1 T energy dissipation for deformation,
E2 1T energy dissipation for tip-sample separation
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MappingPSLDPHest sample
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Distribution ofspecificparameters
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Sikora A., BednarzL.

Mapping of mechanical properties of the surface by utilization of torsional oscillation of the cantilever
in atomic force microscopy

Central European Journal of Physics, 9 (2), pp. 372-379, 2011
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Graphendlakeson SiQ
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Sikora A., Woszczyna M., Friedemann M., Ahlers FJ., Kalbac M.
AFM diagnostics ofgraphene-based quantum Hall devices
Micron, 43, pp. 479 -486, 2012
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Epoxy resin with silicaandiller
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Calcium deposits from humarains
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Manganese cathode materials for
lithium I1on batteries
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M. MichalskaA.Silkora,LDpiZ'skgkowska, K. P. K
Structural and morphological studies of manganese -based cathode materials for
lithium ion batteries, Journal of Alloys and Compounds 632 (2015) 256 262
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Indication of the different indentation

of the surface
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Tip-sampleinteractioninformation
may havemetrologicalapplication
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Sikora A., BednarzL.:

Direct measurement and control of peak tapping forces in atomic force microscopy for improved

height measurements
Measurement Science and Technology, 22 (9), p. 94005, 2011
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Systenmcalibration
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A. Sikora

Quantitative normal force measurements by means of atomic force microscopy. Towards the accurate
and easy spring constant determination

Nanoscience and Nanometrology 2016; 2(1): 829
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