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Development of non-contact atomic force microscopy with a retuned fork force sensor based on
a quartz tuning fork
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The combined non-contact atomic force microscopy (NC-AFM)/scanning tunneling
microscopy (STM) is a powerful tool to analyze the local density of state of electron on a
sample surface and discuss the local property of the nano-scale structures. We proposed to
detect sensitively the energy dissipation as well as interaction and/or tunneling current between
an oscillating tip and a sample surface by using NC-AFM/STM. In the aim of high-sensitive
measurement of interaction force and energy dissipation, we developed a retuned fork force
(RTF) sensor which has a high Q-value as a force sensor for NC-AFM, and built the UHV
NC-AFM/STM system suitable to use the RTF sensor.

In this thesis, we expounded the features of our home-built UHV NC-AFM/STM
system, the noise reduction of the signal detection system and the performance of the RTF
sensor. The RTF sensor is the two-prong type force sensor made with a quartz tuning fork. In
order to apply the quartz tuning fork to the force sensor for NC-AFM, a tip has to be attached at
the end of the prong. In order to cancel the imbalance due to the tip attachment, we re-tuned the
resonance frequency of the tip attached prong to that of the other intact prong. Because of this
fabrication method, a high Q-value led a resonant state of two prongs is obtained.

After the optimization of the RTF sensor and signal detection system, we showed the
result of UHV NC-AFM/STM observation on Si(111)7x7 reconstruct surface. Atomic resolution
force, tunneling current and energy dissipation measurement with the RTF sensor was
demonstrated. We propose that the RTF sensor is feasible for the high sensitivity force, current
and dissipation measurement.
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