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Abstract:
ABSTRACT The modification of metal-semiconductor interface structures is a very interesting topic,
and the geometric structure of such surfaces is a central issue in semiconductor physics. An entire
experimental system containing low energy electron diffraction, Auger electron spectroscopy and thin
film sample preparation and characterization apparatus has been developed. The computer program for
the theoretical analysis of LEED I-V curves has been established. The surface reconstructions of
semiconductor Si(111) and Ge(111) due to the adsorption of column-V metal atoms such as Bi and Sb
have been studied by this technique. The initial epitaxial growth process and the ordering phenomena
were studied as a function of overlayer coverage and deposition conditions.

For the Bi/Si(l 11) system, our experiments show that two equilibrium phases are formed in the growth
process, each displaying a (√3x√3)-R30&deg, LEED symmetry: an α-phase occurring at 1/3 ML Bi
coverage and substrate temperature of 360° C, and a p-phase at 1 ML and 300°C For the Bi/Ge(111)
system, only one (√3x√3) phase was obtained at the 1/3 ML coverage and 380°C substrate temperature.
For Sb overlayers, the Si(111) surface exhibits a series of phases with the (√3x√3) structure being the
most stable, which appears at 1 ML coverage and 550°C substrate temperature. In contrast, for the
Ge(111) substrate, only the ordered (1x1) structure was observed at an Sb coverage of 1 ML and
thermal annealing to 380&degC.

Quantitative structural information for each system was determined by multiple scattering analysis of
I-V curves. The analysis is facilitated by comparing LEED intensity data measured for each phase with
calculated values using appropriate structural models.

For the (√3x√3) surfaces, the T4 geometry for the 1/3 ML case and a timer geometry for the 1 ML case
are found to be the best models, while substitution model is responsible for the 1 ML (1x1) surface.
The detailed atomic coordinates have been determined for each system.

The surface reconstructions of the above (111) surfaces are discussed in terms of the atomic size effect
and chemical bonding nature of the adsorbate and substrate. An understanding of the atomic geometry
of the epitaxial overlayers is needed to describe more fully the adatom-induced surface reconstruction.
The results could in principle be useful in understanding the origin of the adatom-induced surface
reconstruction, and could be important in conjunction with structural studies based on calculations of
the total energy versus distortion parameters. The method established from this thesis can eventually be
applied to study MBE samples. 
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