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Atomic Force Microscope – an 
introduction

The Atomic Force Microscope (AFM) is a type of Scanning Probe 
Microscope (SPM) allowing one to obtain a picture of a surface 
under study with single atom resolution.
Typical AFM’s cantilevers are from 100 to 500 µm long, their 
spring constant varies from 0.01 to 1 N/m and working 
frequency is of range of (3 – 120) kHz.
AFM rose from an extension of Scanning Tunneling Microscope 
(STM) which allowed investigations of isolators. A lot of 
changes and modifications have been made since the first AFM 
appeared which created a common, well known tool for 
investigation of solid stage’s nature. Therefore AFM seems to 
be valuable tool to introduce and work with at advanced physics 
laboratory. It can bring to light physical bases of the tool and
give a chance to get information about a way a real AFM works 
in.



Working modes of Atomic Force 
Microscope

Different kinds of forces – mainly short and long range ones –
are used to image the surface under study. It results in two 
different working modes of AFM:

- contact imaging of a surface (contact mode) – AFM’s moves, 
touching the surface and then imaging surface’s atoms 
topography. The static deflection of a cantilever is measured at
that time. Short range forces play main role in this mode of 
AFM’s work. Such measurements are relatively fast but the tip 
may change the topography of the sample.

- contact less imaging of a surface (tapping mode) – the tip is 
separated from a surface – imaging of the surface is done 
thanks to long range forces (magnetic, electrostatic and van 
der Waals). The cantilever is vibrating at its almost resonance 
frequency. Thanks to interacting forces the amplitude and 
frequency of tip’s vibration vary. Information about such 
changes is used to image the surface.



Vibrating rod

Physics of microscopic cantilever’s vibrations shows no 
different from the behavior of a macroscopic rod. For the 
circle cross section of a rod with radius r

Theoretical calculations of rod’s frequency fk could be done 
when its shape, length l, density ρ and Young module E of 
its material are known. µ1=1,87 when nk =1; 6,27; 17,50; 
34,37; 56,84 etc
Vibration frequencies of a rod mounted on its end do not 
stand as natural numbers – the vibration is not periodic.
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The block scheme of the 
experimental setup



View of the MMAFM

1 – marble base, 2 – aluminum rod, 3-4 – piezoelectrics, 5 – model of a surface (MoS), 6 – elements 
allowing controlled motion of MoS, 7 – metallic holder, 8 – electrical connectors



View of a surface’s model

1 – a screw jack, 2 – connectors for computer interface, 3 – two step motors, 4 – metallic plate with magnets



Real view of MMAFM



Resonance characteristics of a 
free end of a model’s rod

k = 2 (rhombs), 4 (squares) and 7 (triangles)
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Shifts of a rod’s vibration 
frequency

due to force (Fr = 0,1 N; Fr = 0,3 N) acting on its unbent end.
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MMAFM at work



MMAFM at work
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a. visualization of a surface model’s 
topography;

b. real photo of the surface under 
study
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Imaging with MMAFM



Conclusions

Presented model, together with proposed experimental 
procedure, allows measurements of MMAFM characteristics –
resonance frequencies, frequency shifts – that are analogous 
with characteristics of a real AFM working in tapping mode.
Experimentally obtained resonance frequencies are in 
agreement with the theoretical dispersion relation.
Use of commercial controlling box interface allowed 
simultaneous programmed controlling of MAFM and storing of 
experimental data. Satisfying imaging of a modeled surface 
was achieved with macroscopic model of an atomic force 
microscope what, in authors’ opinion, is spectacular and 
brings light to physics involved in real AFM work.
Authors believe that such a model is a valuable tool at 
advanced physics laboratory.
The paper for EJP describing the experiment in details is 
under preparation.



Literature

G. Binning, C. F. Quate, Ch. Geber, Atomic Force Microscope, 
Phys. Rev. Let., vol. 56, no. 9, 930-933 (1986)
G. Binnig, H. Rohrer, Scanning Tunneling Microscopy - From 
Birth to Adolescence, Rev. Mod. Phys. vol. 59, no. 3, part I, 
(1987)
Fredy R Zypman, Claudio Guerra-Vela, The microscopic 
scanning force ‘microscope’, Eur. J. Phys. 22, 17-30, (2001)
Claudio Guerra-Vela, Fredy R Zypman, The poor man’s 
scanning force microscope, Eur. J. Phys. 23, 145-153, (2002)
F. J. Giessibl, A direct method to calculate tip–sample forces 
from frequency shift in frequency-modulation atomic force 
microscopy, App. Phys. Lett. vol. 78, no. 1, 123-125, (2001)
M. Kwiek, A. Śliwiński, E. Hojan, Akustyka laboratoryjna, 
część II, Państwowe Wydawnictwo Naukowe, Warszawa-
Poznań (1971)


	The macroscopic model of a scanning force microscope MMAFM
	Atomic Force Microscope – an introduction
	Working modes of Atomic Force Microscope
	Vibrating rod
	The block scheme of the experimental setup
	View of the MMAFM
	View of a surface’s model
	Real view of MMAFM
	Resonance characteristics of a free end of a model’s rod
	Shifts of a rod’s vibration frequency
	MMAFM at work
	MMAFM at work
	Imaging with MMAFM
	Conclusions
	Literature

