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Summary

Entitled "Towards optical ampli�cation for silicon photonics", this thesis aims at op-
tical properties of the materials with prospective applications for Si photonics. The
thesis comprises seven chapters. Each chapter deals with an independent problem
which contributes towards the main topic.

The �rst chapter gives an overview of electrical and optical properties of Si-based
materials relevant for optoelectronic and photonic applications. Current issues con-
cerning improvements of the light emission from Si-based materials are discussed.
This is followed by discussions of the theoretical as well as practical aspects of energy
transfer processes in rare earth (RE)-doped Si, RE-doped wide bandgap semicon-
ductors (WBSs), Si and Ge quantum dots (QDs), and the solid-state dispersion of
Si quantum dots (SiQDs) in Er-doped SiO2 matrix - SiO2:(Er,SiQDs).

The second chapter describes the experiments for determination of optical gain.
A combination of the variable stripe length (VSL) and the shifting excitation spot
(SES) techniques is presented. The VSL technique was �rst developed to determine
the optical gain coe�cient. However, it turned out that interpretation of VSL data
in low-gain materials is not straight forward and prone to artifacts. The development
of a combination of VSL with SES techniques can surpass those problems. Details
of possible experimental artifacts, typically leading to over- and under-estimations
of optical gain, are presented. Further improvements of the experimental methods
are also considered.

Chapter 3 deals with a speci�c Er complex in the crystalline Si, the so-called
Er-1 center. The Er-1 center preferentially forms in the Si/Si:Er multinanolayer
structures after an appropriate annealing process. The photoluminescence (PL)
spectrum from the Er-1 center at 4.2 K shows a few ultra-narrow lines with the
linewidth of < 8 µeV at 1.54 µm under a continuous wave (cw) laser illumination.
Non-linear optical coe�cients of Er-1-related PL at low temperature are investigated
by a combination of VSL and SES methods. The di�erence in the laser-induced ab-
sorption coe�cients is interpreted as a combination of optical losses and optical
gain for 1.54 µm emission from the Er-1 center. The upper limit of optical gain
in Si/Si:Er multinanolayer structures is estimated as 8.8 cm−1. Er-1 center in the
multinanolayer structure grown on a SOI substrate is also investigated. In this struc-
ture, laser-induced absorption coe�cients at 1.54 µm emission have been established
as 22.4 ± 4.2 cm−1 and 45.1 ± 4.2 cm−1 at photon �uxes of 2.4 × 1019 cm2s−1 and
2.4 × 1020 cm2s−1, respectively. These values are 3 times bigger than for Si/Si:Er
multinanolayer structure grown on a Si substrate.
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Chapter 4 is devoted to the RE-doped WBSs. Optical properties of thin �lm
Er-doped ZnO and Eu-doped GaN thin �lms prepared by organometallic vapor-
phase epitaxy method are presented. For the Er-doped ZnO thin �lm, the PL and
PL excitation spectra show that optically active Er3+ ions can be excited directly
and indirectly via the host matrix. Decay dynamics of Er-related PL at 1.54 µm
upon direct excitation of the Er3+ ions and indirect via ZnO host show two decay
components. Dependence of the the fast component on excitation photon �ux in
the indirect excitation is interpreted as de-excitation process via defects. For the
Eu-doped GaN thin �lm, the existence of di�erent main sites for optically active
Eu3+ ions is concluded via temperature-dependent and time-resolved spectroscopy.
Di�erent excitation processes for di�erent optical sites are proposed. By the combi-
nation of VSL and SES methods, the lower limit for the optical gain of 1.7 cm−1 for
the PL emission band at 620 nm in the Eu-doped GaN thin �lm at room temperature
is determined.

Chapter 5 discusses the e�ect of the quantum con�nement of electrons and holes
in GeQDs in Si and SiO2 matrices. A blue-shift of PL spectra from GeQDs in Si
with excitation photon �ux is a results of the radiative recombination of electrons
in the Si conduction band with holes in the GeQDs valence band, in the type II
heterostructure. A di�erence in energy between bulk Si and GeQDs conduction
bands in the sample grown by molecular beam epitaxy technique (MBE)-grown
sample is higher than 50 meV. Indirect bandgap character of bulk Ge is preserved in
GeQDs. Strong coupling of excitons to vibrational modes in the GeQDs is con�rmed
by observation of phonon replicas in the PL spectrum.

Chapter 6 presents indirect excitation of Er3+ ions in SiO2 facilitated by SiQDs
as a complex multichannel process. For the SiO2(Er,SiQDs) system with small size
SiQDs and a su�ciently large Er concentration, a unique energy-transfer mecha-
nism is identi�ed. Two Er3+ ions can be simultaneously excited upon absorption of
a single photon of su�ciently high energy. The mechanism o�ers an important ad-
vantage of suppressing the most important processes of non-radiative de-excitation
that hamper practical potential of this material for applications - the Auger process
of energy transfer to free carriers and the excitation reversal by back-transfer. In-
spired by this experimental results, a concept of the so-called monocolor solar cell
is introduced, using only the 1.54 µm wavelength. In this way, the monocolor solar
cell using SiO2:(Er,SiQDs) material can cover almost 80% of the solar spectrum.

The �nal chapter describes the tracking of the ultra-fast excitation process of the
Er3+ ions assisted by SiQDs. The major part of Er3+ ions responsible for the slow PL
process undergo this fast excitation process. We show that for the SiO2(Er,SiQDs)
system with small SiQDs and a su�ciently large Er concentration, a �ngerprint of
the ultra-fast process taking place in picosecond time scale is captured via transient
induced absorption (TIA) technique.




