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Layout of the presentation

• Types of AFM data

• Imaging 
• AFM images – leveling data, artefacts, surface reconstruction, masks, analysis, LAFM

• Real time scans of vertical deflection – contraction properties of CMs, peaks detection, HRV 
analysis

• Force spectroscopy
• What is a force distance curve (FDC)? 

• Young`s modulus – models, analysis 

• Alternative analysis of FDCs – SMFS, thickness of lipid bilayers, rupture events

• Indentation
• Rheology analysis, viscoelasticity 
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Types of AFM data
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Leveling data

• Gwyddion is a program for 
AFM data visualization and 
analysis.
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Leveling data

• Gwyddion is a program for 
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Leveling data

• Gwyddion is a program for 
AFM data visualization and 
analysis.

• Plane level - based on mean 
plane substraction

• Facet levelling 

• Three-point levelling

• Lines intersection levelling

• Colour range and Fix zero
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Line artefacts

• Removing AFM artefacts in 
from the image

• Align rows using different 
methods 

• Correct horizontal scars
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Line artefacts
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Tip convolution artefacts

• Object can be seen bigger 
due to broken or dirty AFM 
tip

• In most cases its better to 
change tip but it can be 
corrected after to an extend
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Tip convolution artefacts

• Data process > Tip and 
Indentation > Blind 
estimation

• Or Model Tip, where we put 
dimensional information 
about the tip
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Tip convolution artefacts

• Data process > Tip and 
Indentation > Blind 
estimation

• Or Model Tip, where we put 
dimensional information 
about the tip

• Data process > Tip and 
Indentation > Surface 
reconstruction
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Masks
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• Mask editor can help you 
define masks with drawing 
tools or shapes.



Masks

14AFM Data processing

• Mask editor can help you 
define masks with drawing 
tools or shapes.

• Mark Grains by Threshold 
tool can define mask based 
on physical dimension 
(Height, E)



Masks
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• Mask editor can help you 
define masks with drawing 
tools or shapes.

• Mark Grains by Threshold 
tool can define mask based 
on physical dimension 
(Height, E)

• You can extract statistical 
information about masked/ 
non-masked regions.



Analysis

16AFM Data processing

• Profile sections can be 
obtained and then exported 
using Extract profiles



Analysis
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• Profile sections can be 
obtained and then exported 
using Extract profiles

• Standardized one-
dimensional roughness 
parameters. 



Analysis

18AFM Data processing

• Profile sections can be 
obtained and then exported 
using Extract profiles

• Standardized one-
dimensional roughness 
parameters. 

• And many more…

• Info > User guide



Localized AFM
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• Factors that can limit spatial resolution of 
AFM: adhesion, mobility of scanned 
molecules, tip artefacts

Hoogenboom, B.W. Stretching the resolution limit of atomic force microscopy. Nat Struct Mol Biol 

28, 629–630 (2021). https://doi.org/10.1038/s41594-021-00638-x



Localized AFM
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• Factors that can limit spatial resolution of 
AFM: adhesion, mobility of scanned 
molecules, tip artefacts

• Instead mapping the sample height, we 
can generate local height maxima in the 
repeated AFM images and plot peaking-
probability map > Extrapolate

• More in presentation by 
D. Kabanov, Today at 15:00

Hoogenboom, B.W. Stretching the resolution limit of atomic force microscopy. Nat Struct Mol Biol 

28, 629–630 (2021). https://doi.org/10.1038/s41594-021-00638-x



Contraction properties of CMs

• Time recording of vertical deflection

• (hPSC-CMs) differentiated in form of 
cellular clusters – Embryoids bodies

• AFM-based biosensor setup 
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Contraction properties of CMs
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Contraction properties of CMs

• Time recording of vertical deflection

• Python-based script for detection peaks

• Basic parameters – Beat rate and 
contraction force

• Heart rate variability - variation in the 
beat-to-beat interval. 
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Layout of the presentation

• Types of AFM data

• Imaging 
• AFM images – leveling data, artefacts, surface reconstruction, masks, analysis, LAFM

• Real time scans of vertical deflection – contraction properties of CMs, peaks detection, HRV 
analysis

• Force spectroscopy
• What is a force distance curve (FDC)? 

• Young`s modulus – models, analysis 

• Alternative analysis of FDCs – SMFS, thickness of lipid bilayers, rupture events

• Indentation
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Force distance curve (FDS)

AFM Data processing

• Cantilever approach the surface, press with 
defined force (setpoint) and the withdraw

• Resulting vertical deflection vs. distance 
(height) curve is FDS
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Force distance curve (FDS)

AFM Data processing

• Cantilever approach the surface, press with 
defined force (setpoint) and the withdraw

• Resulting vertical deflection vs. distance 
(height) curve is FDS

• We can obtain Young‘s modulus (E) by 
fiting the interaction part with non-linear
function
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Force distance curve (FDS)

AFM Data processing

• Cantilever approach the surface, press with 
defined force (setpoint) and the withdraw

• Resulting vertical deflection vs. distance 
(height) curve is FDS

• We can obtain Young‘s modulus (E) by 
fiting the interaction part with non-linear
function

• Single point or multiple point (Force
imaging, Peakforce, QI, etc.)



Models for processing FDCs

AFM Data processing

• Basic models for elastic deformation are Hertz and Sneddon, but they are 
neglecting surfaces forces and adhesion – very prevalent with biological samples

• For more adhesive samples advanced models such as JKR, DMT are used.
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Force distance curve (FDS)

AFM Data processing

• Cantilever approach the surface, press with 
defined force (setpoint) and the withdraw

• Resulting vertical deflection vs. distance 
(height) curve is FDS

• We can obtain Young‘s modulus (E) by 
fiting the interaction part with non-linear
function

• Single point or multiple point (Force
imaging, Peakforce, QI, etc.)

• Software: AtomicJ, JPK Processing, 
Nanoscope, Mountain SPIP

29



Processing FDCs

AFM Data processing

• High quality third-party software for 
processing AFM mechanical data
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Processing FDCs

AFM Data processing

• High quality third-party software for 
processing AFM mechanical data

• Suported data files: JPK, Nanoscope, 
Innova, Asylum, NT-MDT and Park

• Batch processing
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Processing FDCs

AFM Data processing

• High quality third-party software for 
processing AFM mechanical data

• Suported data files: JPK, Nanoscope, 
Innova, Asylum, NT-MDT and Park

• Batch processing

• Various models for sphere, pyramidical, 
conical, hyperboloid tips etc. 
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Processing FDCs

AFM Data processing

• High quality third-party software for 
processing AFM mechanical data

• Suported data files: JPK, Nanoscope, 
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Processing FDCs

AFM Data processing

• High quality third-party software for 
processing AFM mechanical data

• Suported data files: JPK, Nanoscope, 
Innova, Asylum, NT-MDT and Park

• Batch processing

• Various models for sphere, pyramidical, 
conical, hyperboloid tips etc. 

• Program calculate lots of different 
channels 
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Processing FDCs

AFM Data processing

• Many tools for selecting regions of 
interest from which data can extracted
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Processing FDCs

AFM Data processing

• Many tools for selecting regions of 
interest from which data can extracted

• Line profiles measurements 
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Proccesing FDCs

AFM Data processing

• Many tools for selecting regions of 
interest from which data can extracted

• Line profiles measurements 

• Histograms and box plots
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Single molecule force spectroscopy (SMFS)

AFM Data processing 39

• Protein domains unfolding by means of 
AFM.

• Usually, protein is immobilized on the 
surface with golden tip cantilever 
approaching.



Single molecule force spectroscopy (SMFS)

AFM Data processing 40

• Protein domains unfolding by means of 
AFM.

• Usually, protein is immobilized on the 
surface with golden tip cantilever 
approaching.

• FDCs have typical ”sawtooth pattern” 
representing each domain folding event

• Curve can be fitted with Worm-like chain 
model in JPK Processing software.

• Unfolding force, Length



Single molecule force spectroscopy (SMFS)

AFM Data processing

• Lorem i
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Scanning of lipid bilayers by AFM

AFM Data processing

• Scanning of phospholipidic bilayer (PLB) 
by AFM.

• When applying force during FDC rupture 
of PLB occur (= rupture event)
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Scanning of lipid bilayers by AFM

AFM Data processing

• Scanning of phospholipidic bilayer (PLB) 
by AFM.

• When applying force during FDC rupture 
of PLB occur (=rupture event)

• Difficult analyzing but we are now 
working on automatization of the 
process. 
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PLB thickness 3.7 nm



Layout of the presentation

• Types of AFM data

• Imaging 
• AFM images – leveling data, artefacts, surface reconstruction, masks, analysis, LAFM

• Real time scans of vertical deflection – contraction properties of CMs, peaks detection, HRV 
analysis

• Force spectroscopy
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• Alternative analysis of FDCs – SMFS, thickness of lipid bilayers, rupture events

• Indentation
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Indentation analysis

AFM Data processing

• Mechanical characterization of soft 
materials

• Indentation are usually in µm, where 
hyperelastic effects are more 
pronounced and normal elastic models 
are not correct.
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Indentation analysis

AFM Data processing

• Mechanical characterization of soft 
materials

• Indentation are usually in µm, where 
hyperelastic effects are more 
pronounced and normal elastic models 
are not correct.

• Additional hold segment is measured 
and fitted with hyperelastic models

46



Indentation analysis

AFM Data processing

• Indentation are usually in µm, where 
hyperelastic effects are more 
pronounced and normal elastic models 
are not correct.

• Additional hold segment is measured 
and fitted with hyperelastic models

• Typical samples are hydrogels, 
cartilage samples, tissue sample

• More information in practical session 
Thursday at 13:00 – L. Pařízek, MTM
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