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Abstract: Based on ultra-high quality factor(Q) and nonlinear optical microcavities, optical microcombs
(microcavity optical frequency comb) have enabled a variety of important applications including high volume
optical communications, optical data center, photonic neuromorphic computation and massive parallel LIDAR.
Whispering gallery mode (WGM) microcavities stand for an important platform for studying the microcavity
optical frequency comb technology, particularly having record ultra-high Q factors as well as the ultra-high
finesse. It can realize ultra-narrow linewidth lasers and optical frequency combs, and photonic microwaves for
synthesizing ultra-low noise. Here we developed high O WGM microcavities from a silica (SiO,) rod fused and
shaped with the CO, laser. The quality factor is above 10°® with a free spectrum range at the level of 10 GHz. The

cavity resonances as well as the coupling ideality have been characterized, where a degradation of QO factors in a
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humid environment was observed and recovered with a second annealing process. Moreover, Kerr comb

generation was demonstrated in such SiO, microcavities, which at the moment is mostly in a noisy state governed

by the modulation instability regime. Yet the footprint of the cavity soliton state was experimentally observed as a

“soliton step” signal. The results indicate that a low-noise and fully coherent soliton microcomb is potentially

accessible in home developed SiO, microcavities, and is readily for comb-related applications.

Key words: optical frequency comb;
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Fig.2 Morphology of microcavity. (a) 3D surface profile of the
microcavity; (b) Surface roughness diagram of microcavity; (c)-

(d) Characterization of microcavity roundness
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Fig.3 Measurement of resonant peak of SiO, microcavity. (a) Schematic diagram of microcavity coupling test; (b) Power transmission spectrum of

microcavity; (¢) Lorentz fitting spectral line; (d) Ringdown fitting
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Tab.1 Change of Q value of microcavity before and after annealing

Depth 0.6 0.5 0.4 0.3 0.2 0.1 0

Initial O value 3.23x10° 2.14x10° 1.43x10°% -
Before annealing 1.78x10° 1.66x10° 8.57x107 6.9x10’ 6.1x107 5.7x10 5.96x10’
After annealing 3.11x10° 2.12x10° 1.59x10° 1.3x10° 7.9x10 7.1x107 7.57x107
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(c)-(e) Evolution process of optical frequency comb corresponds to three different positions of microcavity transmission line in Fig.(a)
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Figures I, 11, III and IV show the evolution process of optical
frequency comb; (b) Corresponding to the time-domain spectra in

different comb states in Fig.(a)
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