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Thesis Summary 

Since the invention of the laser, mode-locked lasers have played a critical role as foundational 

technology in generating ultrashort pulses of light and have paved the way for numerous 

applications. However, conventional mode-locked lasers require large-scale optical setups, 

presenting challenges in terms of miniaturization and enhanced stability through integration. On the 

other hand, microresonators, by confining light within a microscale region, significantly enhance 

light-matter interactions, enabling various phenomena, including nonlinear optical effects. Optical 

frequency combs (microcombs) and soliton microcombs generated using microresonators have 

emerged as highly promising research fields with academic and industrial significance. 

Nevertheless, Current microcomb generation relies on precise wavelength control and often 

suffers from residual pump light. To address this, integrating gain and nonlinear loss media into a 

microresonator enables passive mode-locking in self-oscillating lasers. This thesis explores the 

design and fabrication of high-Q microresonators as a key step toward the development of 

integrated passive mode-locked lasers. 

In Chapter 1, the fundamental concepts of mode-locked lasers, previous research, and the 

objectives of this study are outlined to provide the background for this thesis. 

Chapter 2 focuses on the principles of microresonators, the core devices of this study, as well as 

the basic theory and previous research on related nonlinear optical effects. 

Chapter 3 presents the fabrication process and performance evaluation of high-Q optical 

microresonators with diameters ranging from 100 µm to 1 mm. Specific attention is given to 

methods for doping erbium ions as the gain medium and incorporating carbon nanotubes or 

graphene as nonlinear loss materials. 

Chapter 4 discusses the design of an integrated mode-locked laser with a repetition frequency 

exceeding 100 GHz. Two approaches are discussed: a single-resonator model and a 

coupled-resonator model. For each approach, the conditions required for mode-locking are 

investigated through numerical simulations. In the single-resonator model, passive mode-locking is 

shown to be achievable by employing a high-Q microresonator with a Q-factor exceeding 10x, 

provided a saturable absorber is introduced. In contrast, the coupled-resonator model demonstrates 

that passive mode-locking can also be realized without a saturable absorber, by utilizing a 

microresonator with a Q-factor of 10x. 

Chapter 5 concludes the thesis by summarizing the findings and discussing prospects. 

This study demonstrates the potential of integrated passive mode-locked lasers based on 

microresonators, providing clear design guidelines and fabrication processes for achieving passive 

mode-locking. 


