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Abstract

Si-based Ge is considered to be one of the promising materials for integration of
photonic devices and the next-gneration of microelectronic devices, due to its high
carrier mobility, large absorption coefficient in optical communication band and
compatible with silicon microelectronic technology. However, it is a great challenge
to realize Si-based Ge photonic devices, especially for light emiting applications, due
to its nature of indirect band gap. With tailoring the band structure artificially by
strain engineering and low-dimensional quantum confinement effect, combined with
modulated-doping and carrier filling effect, high efficiency light-emitting Si-based
Ge/SiGe heterostructures are expected, which may be benefit for the monolithic
integration of Si-based photonic devices.

In this thesis, high-quality Ge films and Ge/SiGe quantum wells are prepared
with low-temperature Ge buffer technique in UHV/CVD system. Based on the
analysis and simulation of the band structures, the Ge/SiGe heterostructures including
Ge/SiGe quantum wells, modulated-doping Ge/SiGe and resonator are designed and
prepared to improve the direct bandgap photoluminescence of Ge. The main works

are summarized as follows:

1. High crystal quality Si-based Ge films are epitaxially grown using
low-temperature (LT) Ge buffer techniques. The surface root-mean-square (RMS) of
the Si-based Ge film is about Inm, and the X-ray diffraction peak of 1um-Ge is
symmetric with a full width at half maximum (FWHM) of 94 arc sec. The role of LT
Ge buffer in reducing dislocation density, flattening the surface and inhibitting Si-Ge

inter-diffusion is systematically studied.

2. Si-based tensile-strained Ge/Sig 15Geogs Type I multi-quantum wells (MQWs)
with uniform periodicity and good crystal quality are designed and prepared. The

effects of tensile strain on the band structure reconstruction and direct band transition
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enhancement in Ge has been studied. Quantum confinement direct bandgap
photoluminescence has been demonstrated at room temperature for the first time.

3. The enhancement of Ge direct bandgap photoluminescence in the 6-doped
Ge/SiGe heterostructure on Si substrate is demonstrated with n-type and p-type
doping in the SiGe layers. The peak intensity of Ge direct bandgap
photoluminescence is enhanced by 1.5 times with n-doping concentration of
5x10"7cm™. Resonant cavity with tensile-strained Ge is constructed based on SOI
substrate, and the modulation of Ge direct bandgap photoluminescence is observed.
The luminescence peak intensity with Ge on SOI substrate as compared to the Si
substrate case is enhanced by 4-fold and the FWHM of the maximum peak is reduced
from 200nm to 76nm. More interesting, the absolute amount of emitted light is

enhanced by a factor of 1.5.

Key words: low-temperature Ge buffer layer; Si-based Ge epilayer; Si-based

tensile-strained Ge/SiGe heterostructures; room temperature photoluminescence
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