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Study on hybrid-integrated single photon sources
based on two-dimensional photonic crystal nanocavities

Thesis Summary

Silicon (Si) photonic integrated circuits are an attractive platform for scalable quantum photonic
information processing. However, Si possesses an indirect bandgap and hinders the deterministic
generation of indistinguishable single photons. To address this challenge, hybrid integration of
single photon sources on Si has been regarded as a promising approach. Among various solid-state
single photon emitters, InAs/GaAs semiconductor quantum dots (QDs) stand out due to their high
brightness, coherence, and purity. To further enhance their performance, it is desirable to couple
QDs to photonic crystal (PhC) nanocavities. Nevertheless, efficient optical coupling between QDs
in PhC nanocavities and Si photonic circuits, as well as their experimental realization, has remained
challenging. In this study, the hybrid integration of QD single-photon sources based on
two-dimensional PhC nanocavities on Si photonic circuits was investigated, paving the way toward
scalable Si quantum photonics.

In Chapter 1, the background of the research, the research objectives, and the structure of this
dissertation are outlined.

Chapter 2 describes the physical background of QD single photon sources and PhC nanocavities,
together with numerical simulation methods such as the finite-difference time-domain method.

Chapter 3 discusses nanopatterning techniques for PhC nanocavities with QDs and for glass thin
films. Transfer printing, which is the hybrid integration approach employed in this study, is also
discussed.

Chapter 4 presents the hybrid integration of QD single photon sources based on two-dimensional
PhC nanocavities on Si waveguides, and experimentally demonstrates waveguide-coupled
single-photon generation.

In Chapter 5, a hybrid integration structure incorporating a two-dimensional PhC nanocavity and
a coupled crossover waveguide structure is proposed for QD single-photon sources on low-loss
silicon nitride (SiN) photonic circuits. The proposed structure is numerically analyzed by
electromagnetic simulations and its fabrication and optical characterization are described.

In Chapter 6, the results obtained in this research are summarized, and future prospects are
discussed.




	表紙_Fujita.pdf
	k3 ronbun youshi_Fujita_20251223.pdf
	k4 ronbun youshi E_Fujita_20251223.pdf

