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Semiconductors are indispensable for the electronic industry in the modern society and extensive
research has been and is carried out worldwide to obtain semiconductors of more developed
properties. Therefore, the control of new sémiconducting substances possessing specific
characteristics is 0ne~of the ‘most important goals in various research fields.

The wide bandgap semicm;ductors present great potential and special challenges due to new
physical properties and problems associated with material fabrication, electronic application, and
device design. In this thesis, two ki;lds of wide bandgap semiconductors, i.e., boron-doped diamond
and tantalum pentoxide were studied.

The boron-doped diamond possesses many outstanding electrochemical properties such as wide
potential window in aqueous solution with nominal background currents, extreme surface stability
in severe environment, and possibility of changing conductivity depending on boron doping density.
Consequently, the relationship of electrochemical characteristics with the physical and chemical
properties of diamond is very important subject nowadays.

Tantalum pentoxide is a promising material for its superior electronic properties, for example,
high dielectric constant, low dielectric loss, low leakage current, suitability for
ultra-large-scale-integrated (ULSI) processing, and chemical and therfnal stability.

The objective of the present study is to investigate the surface modification of the boron-doped
diamond, and semiconducting and optical properties of the tantalum pentoxide.

The present thesis consists of 5 Chapters.
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Chapter 1 describes the fundamental knowledge on semiconductors and the basic concepts of
techniques used in this study.

In Chapter 2, surface modifications of boron-doped diamond using both electrochemical
anodization and photochemical pathway are described. The electron transfer kinetics can be
controlled by electrochemical anodization and the cause of this difference is attributed to the
removal of hydrogen-induced states on the boron-doped diamond surface. Photochemical
chlorination followed by several surface reactions is proved to be a useful methoa for the surface
modification of boron-doped diamond through covalent bond.

In Chapter 3, physicochemical characteristics of Ta anodic oxide prepared in citric acid solutions
are studied. Effects of solution pH, citric acid concentration an applied bias are investigated by
cyclic voltammetry, AC impedance technique, spectroscopic ellipsometry, and X-ray photoelectron
spectroscopy. The capacitance of Ta anodic oxide showed frequency dispersion possibly due to
defect states. The higher the ciFric acid concentration, the higher the dielectric constant of Ta anodic
oxide is obtained, suggesting that the states are due to the citrate anion incorporated during the Ta
oxide formation. The optical properties of the Ta anodic oxide prepafed in citric acid electrolyte are
comparable to the values found in literature.

In Chapter 4, by applying potential pulse by current sensing étomic force microscopy, the
fabrication of tantalum anodic oxide nano-patterns on a sputtered tantalum films is demonstrated.
The dimension of nanosized Ta oxide dot can be controlled by bias and pulse duration. The
formation mechanism of the Ta oxide nano-structure is  electrochemical anodization.
Current-voltage characteristics of the nanosized Ta oxide dots measured immediately after the
preparation shows that the charge transfer mechanism of nanosized Ta oxide is Poole-Frenkel type
conduction and the quality of the dots is equivalent to that of the Ta oxide formed electrochemically.

In Chapter 5, the present results were summarized and the future prospects were presented.
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