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Abstract

Silicon (Si) is well known as one of the indirect gap semiconductors, typically possessing
disadvantages for photon emitters. The most critical reason of the disadvantages is that radiative
efficiency of recombination between electrons and holes in Si is quite low (10* = 107). In the
indirect semiconductors such as Si, energy generated by the recombination is frequently
absorbed by phonons or utilized for non-radiative processes. To improve the radiative efficiency,
photon emission induced by inner-shell transitions of erbium in Si and Si nanoparticles is being
researched enthusiastically toward silicon-based photon emitters. Here, we focus on isoelectronic
centers (IECs) in Si which have much higher radiative efficiency than that of donors and
acceptors. The IECs are impurities that have the same number of valence electrons as host Si
atoms, forbidding the non-radiative Auger process which is the most dominant decay process in
recombination of excitons bound to impurities. If optical transitions of the IECs have sufficiently
narrow linewidths, we can spectrally identify nuclear-spin states of the luminescence centers.
Furthermore, since radiative efficiency of the IECs approach ~ 100% at low temperature,
photons emitted from the IECs are enabled to be entangled with the bound exciton states or the
nuclear spin states, and such entangled states are expected to be applied for quantum information
processing (QIP). In this thesis, two isoelectronic centers in Si (an interstitial-substitutional
beryllium pair (Be pair) and an interstitial-carbon interstitial-oxygen complex (C;-O;)) are studied
using photoluminescence (PL) spectroscopy. This thesis presents fine structures and
luminescence mechanism of these IECs.

Chapter 1 shows introduction of this thesis. In this chapter, background of QIP and
importance of photon-emission devices in application for QIP are explained mainly. Chapter 2
presents principles of PL, especially, decay processes of excitons and mechanism of Fourier
transform spectrometer used for taking PL spectra. In chapter 3, properties of IECs are reviewed.
Chapter 4 presents PL results obtained from Be pairs in Si. In these results, the number of
Zeeman split peaks is the smallest for magnetic field applied along a <100> direction, providing
a direct evidence that the Be pairs orient themselves in a <111> direction. In addition, the g
values of the hole and electron in the bound exciton are determined by fitting to the Zeeman
peaks, supporting the shallow acceptor character of this isoelectronic center. Chapter 5 reports
that a new luminescence peak labeled as Cr-line emerges at the energy 2.64 meV below the
well-known luminescence from the ZPL of a C;-O; singlet state situating at 790 meV (C-line).
Through the PL measurements of C;-O;, we will see that C+-line is associated with an isotropic
spin triplet state due to quench of orbital angular momentum of the hole composing the bound
exciton.

To apply spin states of impurities in solid for QIP, it is essential to comprehend the
properties of the defects in question, for example, energy levels, luminescence mechanism and
magnetic-field dependence. Based on information of these properties, we can manipulate the
quantum states and handle the emitted photons for optical readout and creation of entanglement.
Therefore, we believe that the results in this thesis are useful information toward photonics-based
QIP utilizing the IECs in Si.




