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Generation of Mode-Locked Microcomb with an Ultrahigh-Q Silica Toroidal Microcavity
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We studied on a method needed to generate mode-locked microcomb in a silica toroidal microcavity. By
controlling the input power and wavelength, we obtained microcombs with arbitrary free-spectral range.
We also developed a Lugiato-Lefever equation including Raman scattering effect and investigated the
influence of Raman scattering upon microcomb formation. A bandwidth ranging from 1550 to 2200 nm
was obtained experimentally from a continuous-wave pump due to broadband Raman gain of silica.
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Fig. 1 Silica toroidal microcavity. (a) Fabrication process-
es. I. Oxidation II. Patterning III. Sacrificial layer
dry etching IV. CO, laser reflow (b) Scanning elec-
tron microscope image. (c) Optical image from top
of the wafer.
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Fig. 2 (a) Experimental setup. EDFA: erbium-doped fiber
amplifier, VOA: valuable optical attenuator, FPC:
fiber polarization controller, OSA: optical spectrum
analyzer, PM: power meter, AC: autocorrelator. (b)
Output optical spectrum at high input power. (c)
Autocorrelation trace of the output.
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Fig. 3 Numerical calculation results. (a) Intracavity pow-
er during a wavelength scan. (b) Magnification of
(a) at the soliton generation points. The step is of-
ten called a soliton step. (c¢) Intracavity power
during an input power scan. Dotted/solid lines
show the power at the area under/over the hystere-
sis loop. (d) Magnification of (c) at the soliton
generation points. (e), (f) Temporal waveform and
optical spectrum at the point in (b). (g), (h) Temporal
waveform and optical spectrum at the point in (d).
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Fig. 4 Hysteresis behavior of Kerr frequency comb gen-
eration in a silica toroidal microcavity. (a) Disper-
sion of a silica toroidal microcavity. Major radius
and minor radius are 30 um and 2 pm, respectively.
(b), (c) Intracavity power transition when (b) A = V32
and (c) A = 1.25. The solid line shows theoretical
curve of a nonlinear cavity system.

(d)-(i) Temporal waveform and optical spectrum at
each point in (c).
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Fig. 5 Calculated and experimental results of 1-FSR Kerr
comb generation (a) Calculated output power during
decrease of input power from 20 mW to 12 mW.
(b) Transmitted power during decrease of input
power from 200 mW to 50 mW experimentally
(c)-(f) Optical spectra at each point in (a), (b).
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Fig. 6 Calculation of Kerr comb generation with Raman
effect. (a), (b) Optical spectrum and temporal
waveform under an anomalous dispersion condi-
tion. (c)-(h) Optical spectrum and temporal wave-
form under a normal dispersion condition.
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