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Design and fabrication of photonic nanocavities based on Er, O—codoped GaAs towards quantum
SESCRAA, | information technologies
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Quantum communication, storage, and computing show potential as next—generation information technologies
and have been recently attracting scientific attention. Above all, controllable, stable, and repeatable single
photon emitters (SPEs) have been of great significance as an important component of quantum information
systemsl. Er—-20 luminescent center formed in the Er, O—codoped GaAs (GaAs:Er,0) is one of the most promising
candidates towards application in such SPEs since trivalent erbium (Er®') ions have stable sharp luminescence
peak at the telecommunication wavelength of 1.54 um due to the intra—4f shell transitions between the I3/
— 115/, states. We have also demonstrated a GaAs:Er,0 LED working at room temperature, suggesting the
realization of an electrically—-driven SPE. However, their long lifetime of the luminescent center hinders
its application for SPEs. According to the Purcell effect, photonic crystal (PhC) nanocavity is one of the
effective solutions owing to its ultra—high quality(Q)-factor and extremely small mode volume. In this thesis,
we focus on designing and fabricating 1-D PhC resonators using GaAs:Er,0 as the active layer. We employ
bridge—type PhC and nanobeam PhC to obtain highly enhanced Er luminescence and realize vertical emission,
laying the foundation for the implementation of SPEs. This doctoral dissertation can be summarized as follows

Chapter 1 serves as an introduction, discussing the technological background of SPEs. The significance
of further enhancing Er luminescence by coupling GaAs:Er,0 with a 1-D PhC was also introduced. This chapter
outlines the objectives and overview of this thesis

In Chapter 2, we review materials for SPEs and discuss the advantages of rare—earth ion emitters (REIs).
It also details the emission characteristics and excitation processes of Er® ions, along with the operational
principles and key parameters of PhCs

Chapter 3 describes the growth of the GaAs:Er, 0 active layer using metal-organic vapor—-phase epitaxy and
the fabrication of 1-D PhC nanoresonators. It also explains the micro—photoluminescence (u—PL) measurement
procedures for the samples.

Chapter 4 analyzes the Purcell effect and the distribution of electric field using the finite—difference
time—domain (FDTD) method, discussing mode distribution, Q-factor improvements, and vertical emission. For
bridge—type PhC and nanobeam PhC, the Q-factors reached 1.2X10% and 7.8X10°% respectively. The far—field
pattern of the nanobeam PhC was also optimized, resulting in a doubling of the vertical collection efficiency.

Chapter 5 analyzes the characteristics of fabricated bridge—type PhC cavities. The parameters for the
growth process of GaAs:Er.0 were optimized. The fabrication of the bridge—type PhC cavity was successfully
completed, achieving precision with less than 3% error and maintaining structural integrity without any
collapse. The enhancement of Er luminescence was up to 7. 3 times. Superliner behavior in luminescence intensity
with the increasing excitation power was observed, suggesting a decrease in luminescence lifetime due to the
Purcell effect. In addition, a small temperature dependence of 0.095 nm/K was obtained

Chapter 6 reports on the observation and characteristics of nanobeam PhC cavities. The nanobeam PhC cavity
was successfully fabricated, achieving a fabrication error of less than 5% while maintaining structural
integrity without any collapse. A 4.6-fold enhancement of Er-related luminescence with a Q-factor of >5500
was demonstrated. In addition, a small temperature dependence of 0.049 nm/K was obtained

Chapter 7 provides a summary of this thesis and discusses future challenges
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(2) GaAsErO #EEZRHAL L7V o VR 1 IRITET + b= V5T /7 RS 21T 2 Fika ML LT
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