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ABSTRACT

This study investigates the effective control of photoluminescence (PL) of silicon nanocrystals (Si-NCs) embed-
ded in a SiO_ matrix, with a specific focus on tuning the luminescent wavelength profile and intensity for silicon-
based optoelectronic applications. By manipulating the composition ratio (x) of SiOX, the well-known simultane-
ous changes in PL peak position and intensity were observed after annealing. To preserve the desired wavelength
characteristics and enhance the luminesce intensity, we propose a novel approach to generate pristine nanostates
(PNs) for Si-NC formation using proton irradiation (PI). The application of proton irradiation was found to be
successful in significantly increasing PL intensity while strongly suppressing the peak position shifts. Through ex-
tensive spectroscopic analysis including PL, X-ray photoelectron spectroscopy, and absorption spectroscopy, we
investigate specific defect states in the SiOX matrix, and identified as PNs. We interpret that these PNs consist of
self-trapped exciton, E’ center, non-bridging oxygen hole center, and oxygen-deficiency center states. In the as-
grown sample, the PNs promote appropriate phase separation and play a significant role in stabilizing the struc-
ture during the subsequent annealing processes. This study elucidates the Si-NC formation mechanism by en-
hancing O-diffusion-induced phase separation, a process accelerated in SiOx with controlled PNs. The proposed
PI-induced PNs offer a novel pathway for developing Si-based optoelectronic devices with desired characteristics
in the operating wavelength range. These findings open up promising possibilities for advanced silicon-based op-
toelectronic applications.

1. Introduction

cent wavelength profile by varying the size of the Si-NCs, according to
the quantum confinement effect (QCE) [21,22], presents a significant

The rise of modern microelectronics and microprocessors has led to
a transformative information revolution, with profound impacts on hu-
man lives. Silicon, being non-toxic and abundantly available, has been
the foundation of modern microelectronics [1]. However, its optical
properties, such as emission and absorption, have long been considered
inferior to those of other optoelectronic materials [2-5]. Nonetheless,
since the discovery of visible-light emission at room temperature in
porous silicon in the 1990s [6,7], extensive studies have explored the
luminescence properties of silicon nanostructures [8-14]. Among these,
silicon nanocrystals (Si-NCs) embedded in a SiO_ matrix has been ex-
tensively investigated due to their promising potential for optical appli-
cations [10,15-17], making them attractive candidates for silicon opto-
electronic devices, including light-emitting diodes (LEDs) and infrared
plasmonic absorption [11,18-20]. The ability to control the lumines-
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advantage for optoelectronic applications [57-59]. Additionally, the in-
corporation of this system into conventional silicon-based integrated
chip (IC) production processes enables monolithic integration with ex-
isting IC technology, requiring no additional materials or processing
[23].

High-temperature annealing of Si0, (x < 2) has been a well-known
method for fabricating Si-NCs embedded in a SiO A matrix [17,24,25].
During the annealing process, the SiO_layer undergoes phase separa-
tion, leading to the formation of Si-NCs and SiO2 [26-28]. Numerous
studies have focused on adjusting the stoichiometry (x value) of the
Sio_ layer, aiming to control the size dispersion and number density of
Si-NCs embedded in the SiO_ matrix, which ultimately determine the
luminescence properties, such as the luminescent wavelength and in-
tensity, respectively [21,22,29,30]. The precise control of the size and
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