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Silicon is the most important electronic material, and the control of interfacial
property is the key for many electronic applications. There are at least two ways to
control the interfacial property of silicon. One is by metal deposition and the other is
by the formation of organic layer. Although many works have been done for forming
metal/silicon interface with noble metals most of the works were performed in UHV
and it is oniy recently that wet methods such as, electrochemical methods are used to
form metal contact to Si substrate. The physical and chemical natures of the metal
silicon interface formed by wet methods including electrochemical technique is not yet
well understood. Formation of organic monolayer on Si surface is also developed quite
recently, and detailed understandings such as kinetics of the formation reaction and
formation mechanisms and deformation reaction of the monolayer are still lacking.

The objective of this study is to investigate the surface reactions at an ideally flat
and homogeneously monohydride terminated Si(111) surface, which can be prepared
simply by chemical etching of the surface in concentrated NH4F solution and
characterized by attenuated total reflectance Fourier transform. infrared (ATR FT-IR)
Spectroscopy. The noble metal deposition and the organic monolayer formation on H-
Si(111) surface was carried out by electrochemical and wet chemical method,
respectively and the Si(111) surface was monitored mainly by using ATR FT-IR
Spectroscopy. Occasionally X-Ray phototoeletron spectroscopy (XPS), current sensing
atomic force microscopy (CSAFM) and ellipsometry were employed for analyzing
certain samples.

Chapter 1 deals with the general introduction and background of this study.
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Chapter 2 outlines the experimental set-up, characterization techniques and
sample preparation procedures.

Chapter 3 is devoted to noble metal deposition on H-Si(111) surface. The energy
levels of the redox couples of noble metals overlap with the valence band of the silicon
and metal ions act as an oxidizing agent of Si. The electroless deposition of Au, Pt and
Pd-on H-Si(111) surfaces were investigated by using ATR FT-IR and XPS
spectroscopy. It is concluded that Pt and Pd deposition was obstructed due to their
extremely high catalytic activity for hydrogen evolution reactions. The chemical and
physical natures of Au/Si interface were investigated after electrodeposition of Au on
an H-Si(111) surface by using ATR FT-IR spectroscopy and current sensing atomic
force microscopy (CSAFM). In addition to Si-H stretching vibration, an additional
peak corresponding C-N stretching vibration was followed during electrodeposition
indicating strong cyanide (CN’) adsorption on electrodeposited Au. The H-Si(111)
surface acted as a passivating layer during Au deposition and as a result very limited
number of Au nublei formed initially and grew in (111) direction giving a flat
triangular Au crystallites.

In Chapter 4, the monolayer formation reaction at H-Si(111) surface with 1-
octadecene is thoroughly investigated. Effects of concentration and temperature on the
kinetics of the formation reaction are examined by using ATR FT-IR. The monolayer
formed initially in a random, disordered configuration. As the coverage increased, a
very high order monolayer was formed and the rate of the monolayer became
significantly slower showing that the existence of the highly ordered monolayer hinders
monolayer formation rate. A new mechanism is proposed for explaining the formation
process of the monolayer via Si-C bond from the above reaction. The decomposition
reaction of the monolayer is also investigated. The decomposition reaction of the
monolayer is investigated by using UV light irradiation and exposing under ozone gas.
The monolayer decomposed rapidly under exposure in a combination of UV light
irradiation and ozone atmosphere. The monolayer decomposed slowly either under
exposure only in UV light or only in ozone atmosphere. The carbonyl group should be
the intermediate during decomposition by exposure with only ozone gas.

Finally, all studies for this thesis are summarized in chapter 5.
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