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Abstract

With the rapid development of silicon microelectronics industry, the device
technology has improved and size scale is reduced to nanometer scale. However, the
low luminous efficiency has restricted the development of optoelectronic integration
due to its indirect bandgap. High density, small size and uniform Si nano structures
are promising materials to achieve high performance Si-based photonic devices.
Because anodic alumina (AAO) are highly organized, controllable pore size and pore
spacing, thermal stability, insulation, and simple preparation process, uniform
nanostructures has been prepared using AAO template.

AAO is a wide bandgap material. It has good optical properties with high light
transmission in the near ultraviolet to the near infrared. Various nanostructures have
been prepared by AAO on the transparent glass substrates. And they are significant for
application in photocatalysis and photovoltaic cells et al.

In this thesis, we have studied the asymmetric light reflectance effect of the AAO
on glass substrate and the Si based nanostructures. The main work and innovations in
this thesis are as follows:

1. A novel optical phenomenon, the asymmetric light reflectance effect, has been
found in the glass-based AAO system. We demonstrate that the asymmetric
light reflectance effect is caused by the residual Al network nanostructures
between the glass and AAO.

2. Uniform small size Si based nanostructures in large area have been prepared
using AAO template on the Si substrate and Si/GeSi quantum wells. The
visible red photoluminescence at room temperature is observed in those
Si-based nanostructures. These photoluminescence peaks were observed at 585
nm with a narrower band width and 620nm with a broader band, respectively.
No obvious peak energy shift was measured for both of the PL signals by
increasing the measurement temperature from 10K to 300K, which suggesting

that the origin of the photoluminescence should be attributed to the defects and

II



interface states of the Si-based nanotips.

3. Ge islands are grown on patterned Si substrate prepared by AAO template in
the UHVCVD system. High-density, uniform Ge islands are achieved by
optimizing growth conditions. The results of Ge islands growth on Si nanodots
suggest that Si nanodots play an important role in modulating the distribution

and uniformity of Ge islands.

Keywords: anodized aluminum; asymmetric light reflectance effect; Si-based

nanostructures; patterned substrate; Ge islands.
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