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History AFM

1981 – Scanning tunneling microscopy

1986 – Nobel price STM (Binning, Rohrer)

1986 – AFM 

1989 – First commercial AFM

1992 – Tapping mode, measuring in fluids

2010 – PeakForce tapping



First STM a AFM



Nowadays AFM



Nowadays AFM



Accesories



Basics 

• What do we measure?

• How big is our scale?

• How is it possible?



What do we measure?



What do we measure?



How big is our scale



How is it possible? 



STM



Attractive and repulsive forces



AFM



Piezo elements



Open loop x closed loop



Open loop x closed loop
• Closed loop – Sensor detect the actual position 

and correct the nonlinearity

• Open loop - Calibration routine determines the 
nonlinearity movement of piezo



Probes

• Si or Si3N4

• 2 main geometries

• Surface treatment, doping …



Probes



Probes



Probes



Probes



Probes



Selection of probes

• Working mode?

• Cantilever stiffness?

• Tip radius?

• Electric, magnetic or other properties?

• Price?



Engage



Engage



Engage



Feedback 

• Goal is to keep the same distance 
between a sample and a tip

• PID regulator



Feedback 

PID regulátor



Contact mode



Signals



Parameters 



Setting the parameters



Setting the parameters



Microscopy of lateral forces



Microscopy of lateral forces



Benefits of contact

• Easy measurement

• Direct force control

• Microscopy of lateral forces

• High speed

• Tip in contact with sample (good for electric 
measurement)



Disadvantages of contact mode

• Tip in contact with sample
• Destruction of a sample

• Higher wear of a tip

• Sensitive for optical interference and 
drift of laser signal



Types of modes



Tapping mode



Tapping mode



Oscillation of a cantilever

• Piezo element in probe holder or head

• Need to find resonance frequency

• Measuring the difference to amplitude 
setpoint



Oscillation of a probe



Oscillation of a probe



Atractive or repulsive?



Atractive or repulsive?



Phase Imaging



Phase Imaging



Benefits of tapping mode

• Lower wear of a tip and a sample

• Better lateral resolution

• Phase imaging signal



Disadvantage of tapping mode

• More complicated mode

• Undirect force control

• Discontinuous contact with sample 

• Need to tune the cantilever



Thank you for your attention



Advance measuring modes

• Force curves, Force volume/mapping

• PF QNM, QI

• Cytosurge

• High speed AFM



Force curves



Force curves



Force curves



Force curves



Types



Types



Measuring of force curves



Application

• Measuring of elasticity, adhesion, 
mechanical properties

• Long range forces measurements

• Force pulling investigation
• Unwrapping of proteins

• Molecule stretching

• Molecule recognition



Protein unfolding



Protein unfolding



Protein-integrin interaction on neurons

• Atomic force microscopy investigations of fibronectin and α5β1-
integrin signaling in neuroplasticity and seizure susceptibility in 
experimental epilepsy

• doi.org/10.1016/j.eplepsyres.2017.10.013



Protein-integrin interaction on neurons



Endothelial Cell – cell interaction



Force map/ Force volume

• Matrix of force 
curves



Recognition map



MET receptors distribution
• Nanoscale mapping of the MET receptor on 

hippocampal neurons by AFM and confocal microscopy

• 10.1016/j.nano.2012.08.008



MET receptors distribution



MET receptors distribution



MET receptors distribution



QI and PF QNM



Nomenclature

• Quantitative imaging – method linear z

• PeakForce tapping – method sinus z

• ScanAsyst – mode with self optimizing 
technology

• PF QNM – mode for mapping of mechanical 
properties

• ScanAsyst – probes



Signals



Signals



Indentation

• DMT (Derjaguin-Mueller-Toporov)

• Herzian

• Sneddon 



Signals

DMT modulus
• Young modulus



Signals

Deformation
• Maximal deformation



Signals

Adhesion
• Maximal adhesion



Signals

Dissipation
• Loss energy



Signals

Peak Force
• Error signal with offset



Calibration

Deflection sensitivity



Calibration

Spring constant
• Thermal tune

• Higher noise for stiff cantilevers



Calibration

Tip radius



Probes for QNM



Probes for QNM



Relative method
Advantages 
• For soft and hard samples

• Avoids accumulated errors

• Faster calibration (no tip radius measurement)

• Spring constant not required for quantitative DMT modulus data

Disadvantages 
• Need to have reference sample with similar modulus to our unknow 

sample
1. Calibrate deflection sensitivity

2. Spring constant (Thermal tune) for Adhesion and 
Dissipation signal (optional)

3. Image reference sample and adjust Tip radius to make the 
measured Modulus equal the known value

4. Image sample. Adjust setpoint to match deformation 
depth used during imaging reference



Absolute method

Advantages 
• No need for a reference sample

Disadvantages 
• Susceptible to accumulated errors

• Requires accurate tip radius and spring constant 
measurement

• Slower method
1. Calibrate deflection sensitivity

2. Spring constant (Thermal tune) for Adhesion and 
Dissipation signal

3. Image a rough sample to evaluate tip radius

4. Image a sample



Mechanical properties



Mechanical data

LM2018127OP VVV CZ.02.1.01/0.0/0.0/18_046/0015974



Phytoplankton



PF QNM on cardyomyocytes

• Biophysical properties of cardiomyocyte 
surface explored by multiparametric AFM

• dx.doi.org/10.1016/j.jsb.2017.03.001 



PF QNM on cardyomyocytes



Living HaCat cells



Flax fibers



Carbon fiber



Fibrils



Effect of force for topography



FluidFM



FluidFM



FluidFM



FluidFM



FluidFM



FluidFM



High speed AFM

• Molecular (self)assembly

• Molecular conformational changes

• Enzymatic interaction

• Diffusion processes

• Life cells

• Thermal effects



High speed AFM



Cell dynamics in living CHO cells

Phase; 5×5µm²; 256×256 Pixels; DMEM medium (37°C)
Linerate: 48 lines/s; Playback factor 10x



Cell dynamics in living CHO cells

Phase; 2×2µm²; 128×128 Pixels; DMEM medium (37°C)
Linerate: 120 lines/s; Playback factor 5x



High speed AFM

• Real time 
crystallization of 
polymer film PHB/V



High speed AFM

• Phase transition in polycaprolactone



Thank you for your attention


	Slide 1
	Slide 2
	Slide 3
	Slide 4: Hlavní partneři 
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115

