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Abstract

The objective of this thesis mainly focuses'on the discussion of deviation in topographic
height measurement measured by the frequency-maodulated atomic force microscopy as the
electrostatic force is applied or-not @pplied. The effect of electrostatic force between the
sample and the tip is explained in an.effective manner, based on the simulated calculations. In
Chapter 1, it introduces atomic force microscopy as a widely used tool in surface
measurement and how electrostatic force effects the deviation in measurement using the
frequency-modulated atomic force microscopy during the research. Chapter 2 focuses on the
types of instruments used in order to complete the experiments. In addition, the operating
principles, techniques, and procedures are organized and elucidated in an orderly fashion.
Chapter 3 discusses about the scanning probe microscopy, the physical principle of scanning
tunneling microscopy and atomic force microscopy. Furthermore, the chapter discussed in
detail the effect of electrostatic force between the scanning probe and the sample. The
analysis of such argument is administered based on the simulated calculations. Chapter 4
describes the use of ion-implantation method on n-type semiconductor Si(100) plane for
implanting typical boron ions, resulting the p-type and n-type regions on the sample surface



simultaneously. Using Si-tips and PtIr5 coated tips to examine the sample of the p-n region, it
illustrates the height variations in the measurement from the effect of the electrostatic force.
Base on the analysis, the finding of the experiment reflects to the results of simulated
calculations in Chapter 3 as a result of the effect from electrostatic force. In Chapter 5, it
demonstrates the use of thermal oxidation method on the Si(111) surface to make an ultra thin
oxide layer. Then, by heating parts of the oxide layer, causes the SIO molecular to escape and
reveals the Si(111) substrate. As aresult, the surface will have different regions of the Si(111)
and the silicon oxide layer. We research the height variation of the measurements from the
electrostatic force by using Si-tip and Ptir5-tip observing the surface. The results are in good
agreement with the calculated results from Chapter 3 and thus, the calculated results validate
this research. In Chapter 6, it evaluates and summarizes the results of the experiments from
Chapter 4 and Chapter 5. As a conelusion, when different sample distances contain different
materials, the surface height measurement of frequency-modulated atomic force microscopy
will generate a sizable deviation due to the effect of the electrostatic forces. The height
deviations depend on the bias polarity; bias veltage, radius, and conducting state of the tip.
The functional relationships are analyzed in terms of the electrostatic and van der Waals
interactions between the tip structure and sample. The experimental results are well explained

by model calculation.





