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Introduction

The atomic force microscopy is a relatively new field of science.
Despite its short history, the atomic force microscopy changed
dramatically in the last two decades. While the construction of the
first atomic force microscope required extreme technical effort in
19806, the first commercial instruments appeared in the middle of 90°s
already. Nowadays, atomic force microscope is widespreadly used in
the molecular biology, material science and solid state physics.

The market of the atomic force microscopes exceeded the 500
million USD in 2002, and 60 % of instruments were sold for the
industrial sector. These data clearly signify that the atomic force
microscope is widely used not only in the basic research, but also in
the applied research and in the quality insurance.

The increasing number of applications fuels a quest for new
developments. The atomic force microscope should be faster and
more reliable. To fulfill these aims, better understanding of AFM
operation is necessary.

In the beginning of my doctoral work in 2001, I choose the
atomic force microscope as research topic. In the first part of my
thesis I investigate the origin of the observed topography artifacts
using numerical simulations. Next, I study the dynamical properties
of the probe operating in amplitude modulated mode in presence of
surface forces. My aim was to find an optimal parameter setting
which enables faster operation. To artificially modify the dynamical
properties of the amplitude modulated probe, Q control can be used.
Hence, 1 examined the properties of the Q control. Finally, I
measured mechanical properties of soft samples.



Tools and methods

I mainly used a Topometrix Explorer atomic force microscope
during the experimental work. The mechanical properties of soft
samples were investigated by a WiTec o~SNOM atomic force
microscope. To realize amplitude modulated operation, I applied a
WiTec AC Unit and a slightly modified DASI414B digital data
acquisition system. Moreover, I employed a Stanford SR-830 digital
lock-in amplifier for describing function measurements and local
mechanical spectroscopy. The Q control, I used during the
experiments, was in-house built.

The simulation program of the AFM operation was written in
C++. The program was compiled and linked by the complier and
linker of the GNU project. The simulations were performed under
Solaris and Linux environment.

The dynamics of the amplitude modulated probe was studied
using step functions and describing function method. To determine
the spring constant of the cantilever, I used the so called Sader
method.

New scientific results

1. T presented a simple model for tapping mode imaging of
weakly bound carbon nanoparticles standing on graphite
surface. My results show that in case of high amplitude
tapping mode the particles are displaced by the probe, and
the hard surface appears in the topography signal only. On
the contrary, in case of low amplitude tapping mode the
particles are not displaced but imaged. These results are in
good agreement with the experimental observations. [T1]

2. I investigated the origin of topography artifacts observed at
atomic scale steps on graphite surface. I found that the
increased surface cnergy can be accounted for the



topography artifacts. The magnitude of the artifacts changes
with both the free and setpoint amplitude as well as with
surface energy. [T2]



3.

I studied the dynamical properties of the tapping mode
probe in presence of surface forces with the help of
numerical calculations and experiments. To study the
dynamic response of the probe, I applied step function - like
perturbations. I proved the nonlinear behavior of the probe
and showed that both the maximal tip - sample force and the
dynamical character of the probe depends on the relative
drive frequency and quality factor. [T3]

Besides the previous method, I investigated the dynamical
propetties of the tapping probe using the describing function
method. 1 established that the probe has a low pass
character. My calculations show that in case of blunt tips a
peak appears in the describing function which could lead to
imaging artifacts. Furthermore, I demonstrated that the
increase of the free amplitude significantly widens the probe
bandwidth.

I compared the analytical and numerical solutions of the Q
controlled tapping mode probe force equation which can be
found in the literature. I ascertained that the numerical and
analytical solutions are different. To elucidate the origin of
the deviation, I repeated the numerical calculations. I found
that an accurate simulation of the Q controlled probe
requires  significantly shorter step sizes than the
conventional tapping mode probe does. The analytical and
numerical solutions agree well provided short enough step
sizes arc used. [T4]

According to the conventional explanation, the enhanced
topography pictures taken by Q controlled tapping mode
AFM are caused by the increased slope of the amplitude -
distance curve of the Q controlled probe. I proved that the Q
control technique increases the slope of the amplitude -
distance curves in case of soft samples only. Furthermore,
there exists a maximal slope of the amplitude - distance
curves which cannot be exceeded even with Q control.
Hence, the conventional explanation of Q control mode of



action can be correct on soft samples only. In addition, I
gave method to find the optimal value of the quality factor.
[T4]

7. 1 proved that the Q controlled system is more sensitive to
material parameters change which may cause the enhanced
phase contrast and resolution. [T4]

8. I presented a new measurement procedure for determination
of Young's modulus and viscosity of soft samples. In this
procedure, a low frequency, small amplitude sinusoidal
signal is applied to the Z piczo drive while the tip is in
contact with surface. 1 determine the phase and the
amplitude of the emerging vibration from the cantilever
deflection signal. The surface force gradient and the
viscosity coefficient can be calculated from the measured
amplitude and phase values. By performing scveral
measurements at different tip - sample force values, the
contact part of the force - distance curve, the Young's
modulus and the viscosity of the sample can be determined.
The advantage of this procedure over the conventional force
- distance curve measurements that the results are less
influenced by noise. Meanwhile, special double cantilever
system is not required like in case of differential AFM. [T4]

9. I proposed the idea that the Q control technique is suitable
not only for the tapping mode, but also for pulsed force
mode. In addition, I demonstrated experimentally the
capability of the Q control technique to enhance the pulsed
force mode frequency.
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