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SPM is about the tipïsample interaction observation

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping
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Detectingtip-sampleinteraction



5

Measured signal

Laser

Piezoactuator
Quadruple

detector

Excitation

signal

Enablingsemicontact/ phase
imaging

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping



6

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)ð(2), p. L802-L809, 1998

WhangboM.-H, Bar G., BrandschR.

Description of phase imaging in tapping mode atomic force microscopy by harmonic approximation

Surface Science, 411, p. L794-L801, 1998

MagonovS.N.S., ElingsV., WhangboM.-H.

Phase imaging and stiffness in tapping-mode atomic force microscopy

Surface Science, 375 (2)ð(3), p. L385-L391, 1997

Tip-sample forces derrivative

Effective quality of the setup, 

connected to the energy

dissipated in tip-sample setup

Energy dissipated

in tip-sample setup
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Behindphaseimaging
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Phaseimagingusedfor topography
imaging/ alcane
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Phase imaging ςpolymerizationmap
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Phase imaging ςpolymerizationmap
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Phase imaging vs forcespectroscopy
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Phase imagingςthere areissuesΧ
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Phase imagingςthere areissuesΧ
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Everytap youmakeΧ
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FFTtime domain

10 GPa

5 GPa

1 GPa
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Utilizing high harmonic of the signal
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2 MPa

0.5 MPa
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Testing the approach on PS-LDPE
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Χand multiplying the solution
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topography

phase imaging

3.  harmonic 5.  harmonic1.  harmonic 7.  harmonic
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The implementation and the performance analysis of the multi -channel software -based lock-in 
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11.  harmonic 13.  harmonic9.  harmonic 15.  harmonic
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Interestingdifferences can be revealed
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¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Different sensitivities can be seenfor 
acquiredharmonicmaps
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topography

phase imaging

31 5 7

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Exampleof stiffer surfacesΧ
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topography
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3.  harmonic 7.  harmonic
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Χlookingat harmonicmaps
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What about acquiringforce
spectroscopycurve?
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Spectrum
Harmonic oscillator

w0ïresonance pulsation

k ïspring constant

Q ïresonance quality
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There are some obstacles on the way
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How to removelow frequency
flexuralresonance
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torsional

oscillations

flexural

oscillations
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Flexural and torsional mechanical 
response of the cantilever
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Spectra of torsional oscillations of the cantilever

Flexural resonance frequency: 59.605 kHz

Torsional resonance frequency: 1013.285 kHz

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Some components of the signal are 
unwanted
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An atomic force microscope tip designed to measure time -varying nanomechanical forces
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SomaybeT-shapedprobeΧ
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¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Χsowe couldacquireinteractionforce
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Sofinally it workslike this
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Implementationusingstandard AFM
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¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Raw torsionalsignal
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¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Χacquiredin variousspots
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Reconstruction of the force 
spectroscopy curve
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2 MPa

0.5 MPa
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Reconstruction of the force 
spectroscopy curve
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F1 ïsnap-in force, 

F2 ïpeak force, 

F3 ïadhesion (snap-out force). 

R1 (slope) ïelasticity, 

E1 ïenergy dissipation for deformation, 

E2 ïenergy dissipation for tip-sample separation

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

The tip-sample interaction related 
parameters
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topography (a), phase imaging (b), adhesion (c), stiffness (d), peak force (e), 

energy dissipation for tip-sample separation (f), energy dissipation for deformation 

of the surface (g)

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Mapping PS-LDPE test sample
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Distribution of specificparameters
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0.5nm

Sikora A., Woszczyna M., Friedemann M., Ahlers F.J., Kalbac M. 

AFM diagnostics of graphene-basedquantum Hall devices

Micron, 43, pp. 479 -486, 2012

topography phase imaging adhesion

peak forceYoung modulus
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Graphene flakeson SiO2
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¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

I ŎŀƴΩǘget no interactionΧ

freq [Hz] freq [Hz] freq [Hz]

distance [nm]distance [nm]distance [nm]

too close OK too far
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nt

Weight

%

Atomic

%

Weight% Atomic%

C K 54.30 65.82 72.60 78.15

O K 26.49 24.11 26.68 21.56

Mg K 0.43 0.26 0 0

Al K 4.78 2.58 0 0

Si K 13.74 7.12 0.24 0.11

Cl K 0.26 0.11 0.48 0.18

Totals 100.00 100.00
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Epoxy resin with silica nanofiller
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Calcium deposits from human vains
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topography adhesionstiffness
LiMn2O4 (L47A)

topography adhesionstiffness
M. Michalska, L. Lipiśska, A. Sikora, D. Zi·ġkowska, K. P. Korona, M. Andrzejczuk, 

Structural and morphological studies of manganese -based cathode materials for 

lithium ion batteries, Journal of Alloys and Compounds 632 (2015) 256 ð262
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Manganese cathode materials for 
lithium ion batteries



43

2 MPa

0.5 MPa

topography topography correction map

+

¢ƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ !CaΩǎ ǘƛǇ-sample interaction for the surface morphology imaging and mechanical 
properties mapping

Indication of the different indentation 
of the surface
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2 MPa

0.5 MPa

DZ

Sikora A., Bednarz L.: 

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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Tip-sampleinteractioninformation
mayhavemetrologicalapplication
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Systemcalibration

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): 8-29
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