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Improvements of semiconductor integrated circuit (IC) performance have been driven mainly by
miniaturization of silicon (Si) MOSFET (metal-oxide- semiconductor field-effect-transistor).
However, with the gate length reaching 100 nm and below, various issues such as the increase of the
leakage current, characteristic variability among many transistors, and emergence of quantum effect
start to limit the advancement.  Therefore, industry is seeking for reliable methods to improve the IC
device performance that can be adopted in parallel to the conventional scaling approach. A partial
substitution of widely used Si with germanium (Ge) is one of them because of its intrinsic electron
and hole carrier mobilities that are higher by more than a factor of three compared to those of Si.
Realization of Ge MOSFET whose characteristic is comparable or even higher than state-of-the-art
Si CMOS, however, requires enormous efforts covering the full range between basic research and
production. The present thesis focuses on understanding of defect and surface properties that will
be of importance to future designing of Ge MOSFET devices and fabrication processes.

After introduction of the background in Chapter 1, Chapter 2 discusses the experimental
observation of host-Ge displacements as a result of arsenic (As) impurity ion-implantations. Ge
isotope superlattices (SLs) composed of alternating layers of stable isotope °Ge and naturally
available Ge were grown by solid-source molecular beam epitaxy followed by As ion-implantation
from the surface. Ge atoms were displaced by the collisions with implanted As ions leading to
smearing of the periodicity of the Ge isotope SLs and turning heavily displaced region into the
amorphous state. The average distance of the Ge displacements as a function of depth was
determined from the depth profiles of "*Ge measured by secondary ion mass spectroscopy (SIMS) for
each sample implanted with different condition. Cross-sectional transmission electron microscopy
was employed in parallel to identify the amorphous regions to reveal that amorphization occured
when the Ge displacements exceeded 0.75 nm. This critical value, 0.75 nm, was found to be
independent of implantation doses. Chapter 3 presents an experimental investigation to probe Ge
self-diffusivities in biaxially-compressed Ge layers. Growth of a compressively strained Ge (s-Ge)
isotope SL was conducted by sandwiching a Ge isotope SL by relaxed Sig,Gegg layers. Diffusion
annealing with various temperatures and durations induces Ge self-diffusion within the strained SLs
without releasing the strain.  The self-diffusivities in compressively s-Ge were determined from the
SIMS depth profiles of "“Ge in the SLs. The self-diffusion was enhanced by the compressive
biaxial strain with the degree of the enhancement being consistent quantitatively with a theory that
considered local volume changes of Ge lattices around vacancies which were responsible for the
diffusion. Chapter 4 presents near-infrared (NIR) photoluminescence (PL) studies of Ge nanowires
(NWs) to probe the effect of the surfaces (Ge/native oxide interfaces) on the electronic properties of
Ge nanostructures. Ge NWs with a 40 nm diameter were synthesized on a Si substrate by chemical
vapor deposition. The dependence of the observed PL peak position on temperatures and excitation
laser powers confirmed that we observed a PL peak originating from direct-band-gap recombination
in the Ge NWs for the first time. While this observation confirmed the high quality of the present
Ge NWs, the diameter 40 nm was still too large to turn the Ge into direct-gap semiconductors. A
simple analysis is presented to show that the absence of indirect-band-gap PL from the Ge NWs is
most likely due to the fact that the non-radiative recombination rate at the Ge/native oxide interfaces
is much faster than recombination via indirect band gap. Chapter 5 presents over all summary and
conclusions of this study.




