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Optical Kerr frequency comb
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Background

Soliton pulse generation w/ wavelength sweeping %
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Research goals o3

By utilizing negative thermo-optic (TO) effect,

- Can we obtain soliton pulse w/o frequency sweeping?

By utilizing ultra precision machining,

- Can we fabricate a dispersion controlled CaF, microcavity?



Thermo-opto-mechanical oscillation >3

H. Itobe, et al. AIF1>,8\dvalnces 6, 055116 (2016).
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Calculation

Model describing nonlinearities in CaF, N

Kerr effect + Thermal effects (TO/TE) tr round-rip time
o intrinsic cavity loss
(a) (b) brevious | Caloulate E using split-step
Fourier method s_\' @ i coupling loss
§ : = - - @ 4] detuning of the input wavelength
o\ Calculate temperature T using
| ‘ .7 -_:‘-ca\.rlt){r‘; | | | e differential equation including E2 @ r cavity radius
E — calculation
P A dﬁg e @ B dispersion of the cavity
14 nonlinear coefficient
- 1. Lugiato-Lefever (LL) equation ) input driving power
2 temperature change of
tr 3—12' = (—% — % —i§ —i2nr g?}Tf + i2my|E|2) E + kS AT the optical mode volume
AT. temperature change of
Loss Detuning Dispersion Kerr effect Pump 2 the entire cavity volume
- 2. Thermal rate equation (cavity temperature) 4o cold resonant wavelength
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dAT, any .
Ttm = —[,AT,, + leglz (m — 1,2) dTl TO coefficient
. € TE coefficient
- 3. Resonant wavelength shift
Ny refractive index of the cavity
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Calculation

Without thermal effects (only Kerr)
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T. Kobatake, et al. IEEE Photon. J. 8, 4501109 (2016).
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T. Kobatake, et al. IEEE Photon. J. 8, 4501109 (2016).

Calculation

With positive TO effect (SiO, microcavity)
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Resonator model

dn/dT =1.05x 10
Input = 5 mW

Qcouple =4 %107

Q. =4x107

radius =42 um

It is difficult to stay in the soliton
regime because of the TO effect.
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Calculation
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T. Kobatake, et al. IEEE Photon. J. 8, 4501109 (2016).

With negative TO effect (CaF, microcavity) o3

Resonator model
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l. S. Grudinin et al., Optica 2, 221 (2015)

dn/dT =-1.15x 10

Input =70 mW
Qcouple =2X 107
Q,=2x107
radius = 500 ym

Easy to obtain soliton pulses
by reverse scan.
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Calculation T. Kobatake, et al. IEEE Photon. J. 8, 4501109 (2016).
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Fabrication

Fabrication of CaF, WGM cavity w/ cutting AN

» Precise machining process

Y. Mizumoto, et al., Procedia Eng. 19, 264 (2011).
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In ductlle mode cutting
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S. Azami, et al. Procedica CIRP 13, 225 (2014).
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Design

Trapezoid shaped WGM microcavity o3
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Experiment

Dispersion measurement NS
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- Anomalous dispersion obtained



Summary

T. Kobatake, et al. IEEE Photon. J. 8, 4501109 (2016).

Summary o3

Obtained soliton pulse without wavelength sweeping
by using negative TO effect of CaF..

Fabricated a dispersion controlled CaF, microcavity
with a computer controlled ultra precision machining
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