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Synergy and Outlook

The scienti�c objective of research presented in my thesis is the quest for optical
ampli�cation in a system which could �nd use for silicon photonics. General intro-
duction to light emission from silicon is given �rst (Chapter 1). In view of the low
optical activity of bulk Si, due to the indirect band gap, di�erent approaches devel-
oped in the past to overcome this de�ciency are presented. These include optical
doping with RE ions and making use of quantum con�nement in nanostructures to
manipulate the band structure. Subsequently a speci�c experimental approach for
evaluation of optical gain is described in Chapter 2. This is further used to inves-
tigate non-linear e�ects in materials whose optical activity has been enhanced by
these two approaches. In the �rst instance this is done for the most advanced form of
Er-doped Si - the multinanolayer structure with the preferential formation of a spe-
ci�c optical center, the Er-1 center. By dedicated investigations, I demonstrate that
for di�erent variations of this material absorption by free carriers dominate over any
optical gain which can be realized by the Er-1 centers (Chapter 3). Together with
the fact that emission of Si:Er is extremely ine�cient at room temperature, those
�ndings possibly �nally dismiss Er-doped Si as a candidate material for practical
devices.

Looking for a possible alternative, I turn attention to RE-doped wide band gap
materials. For two speci�c systems - GaN:Eu and ZnO:Er - I perform �rst optical
spectroscopy, in order to understand better details of emitting centers, and then con-
tinue to investigate optical ampli�cation - Chapter 4. Since the intrinsic excitation
cross-section of RE dopants is small, I investigate co-doping with nanostructures
which could induce indirect energy transfer, and in that way enhance RE excita-
tion. For that purpose, in Chapter 5, I conduct investigations of optical properties
of Si and Ge nanocrystals. I then use Si NCs in combination with high Er doping
concentration to demonstrate a new energy-e�cient excitation mechanism at room
temperature - Chapter 6. Chapter 7 follows with ultrafast spectroscopy elucidating
speci�c details of the newly discovered energy transfer path in the SiO2:(Er,SiQDs)
system.

The most signi�cant results obtained in my PhD research include:

1. Conclusion that net gain can not be obtained in Si/Si:Er nanolayer structures,
regardless of the substrate type and of temperature (at room- and cryogenic
temperature, the �rst such evaluation ever).

2. Evaluation of the free carrier absorption in Si under di�erent conditions of
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optical excitation.

3. Spectroscopic characterization of optically active RE centers in GaN and ZnO.

4. Identi�cation of a new and energy-e�cient excitation mechanism of Er3+ ions
in SiO2, mediated by Si nanocrystals.

5. Identi�cation of the �rst experimental �ngerprint of the indirect excitation of
Er3+ ions in absorption of free-carriers in Si nanocrystals.

These results have been presented in the total of 6 publications. The whole list of
publications is given in the last pages of the thesis.

The results obtained in this promotion research open also new directions of research
and opportunities. In my opinion, the most important concern:

1. A prospect of mono-wavelength light conversion (Chapter 6).

2. A possibility to combine IA and PL experimental techniques in order to gain
a deeper understanding of energy transfer processes at nanoscale (Chapter 7).




