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Abstract

Integrated silicon (Si) photonics presents a promising solution for addressing the growing demand for data processing
capabilities and energy efficiency driven by artificial intelligence and high-performance computing. However, the integration
of on-chip lasers has faced challenges due to the indirect bandgap of Si, which limits integration density, production efficiency,
and cost-effectiveness. This talk aims to tackle these challenges from two perspectives: monolithic integration through direct
epitaxial growth and heterogeneous integration via wafer bonding.

Regarding monolithic integration, recent advancements in individual Si-grown devices will be discussed, along with various
approaches for active-passive coupling and co-integration of lasers with other Si photonics components. On the other hand,
heterogeneously integrated on-chip lasers, initially developed in our university laboratory, have successfully achieved
commercialization in collaboration with Intel® Research Center, generating substantial revenue of over $1 billion in the past
decade. However, the current packaging limitations present difficulties in accommodating bulky, lossy, expensive, and
complex optical isolators. To address these challenges, we leverage quantum dot (QD) lasers with their small linewidth
enhancement factor, providing a more compact and efficient solution that eliminates the need for bulky isolators. Furthermore,
QD lasers provide additional advantages such as lower threshold currents, higher temperature stabilities, and enhanced
reliability.

Additionally, the talk will delve into the current state of application-driven on-chip silicon lasers and explore their potential
applications in various domains, including data communications, biosensors/bioimaging, energy harvesting, machine vision,
and quantum information processing. By integrating photonic integrated circuits with on-chip lasers, we aim to inspire further
advancements that yield significant performance improvements, environmentally friendly solutions, and mass production
capabilities. The ultimate objective is to advance post-Moore performance scaling in electronic systems and explore the
potential applications of this integration across the aforementioned domains.
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