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High-Q whispering-gallery mode microcavities o3

a Ring resonator

A
@talicontacts

Silicon nitride Diamond Crystalline (CaF,, MgF,, etc) Silicon

Weiner group (Purdue) Loncar group (Harvard) Kippenberg group (EPFL, Swiss), Gaeta group (Columbia)
Makei group (OE Waves)
= T
10 pm J
il
) A|N(Y . Silica AlGaAs
ang grou ale
£ gfoup Vahala group (Caltech) Yvind group (DTU, Denmark)

" @&Q-factor € Photon density

O = wx stored energy . Q/
V0

9 power 1n/out




Photonic Structure Group, Keio University

Outline

1.Brillouin laser in coupled WGMs

Y. Honda, W. Yoshiki, T. Tetsumoto, S. Fujii, K. Furusawa, N. Sekine, and T. Tanabe,
“Brillouin lasing in coupled silica toroid microcavities,” Appl. Phys. Lett., Vol. 112,
201105 (5 pages) (2018). (Featured Article) (Scilight)

2.0ptomechanics with micro-combs

R. Suzuki, T. Kato, T. Kobatake, and T. Tanabe, “Suppression of optomechanical
parametric oscillation in a toroid microcavity assisted by a Kerr comb,” Opt. Express,
Vol. 25, No. 23, pp. 28806-28816 (2017).

Copyright © Keio University | 4



Background

Stimulated Brillouin Scattering (SBS) o3
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Background

Stimulated Brillouin Scattering (SBS) o3

Microcavities

Properties
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Background

SBS in microcavities
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Background

SBS in microcavities
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Experiments

Supermode splitting

Calculation

® Mode overlap N Coupling coefficient
® Phase matching condition
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Experiments

SBS in coupled cavities o3
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Results

SBS in coupled cavities
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B \We experimentally demonstrated SBS in coupled microcavities

for the first time.

B \We achieved a threshold power of about 50 mW (10 mW latest).
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Results

SBS in coupled cavities o3
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Results

Comparison with other Brillouin lasing o3
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Results
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Summary (Brillouin laser) o3

4 N

B \We achieved the11GHz mode splitting of supermodes
that matches the Brillouin frequency shift in silica in
coupled silica toroid microcavities.

B We experimentally demonstrated SBS in coupled
microcavities and achieved a threshold power of 10 mWW.
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Microresonator frequency comb generation o3
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Cavity optomechanics NS

»Modulation by mechanical mode
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Motivation A

Optomechanical parametric oscillation (OMPO) Phys. Rov. Lot 57, 243905 (2006)
—~ 150} 3
Blue-detuned pump : Amplification (Teg < 0) z (@ Cooling

Red-detuned pump : Damping (T > Iy) £ 100l

Feff = I'm + Topt ;::-’

Linewidth &
3

Tefr : effective mechanical damping rate
[, : mechanical damping rate

[opt: Optomechanical damping rate -2 -1
Normalized Detuning t(w-m_)
2 K K 0
FO t = |a0| Jom 11 — 7 |ag|?: number of intracavity photon
p ZK2+(Aw0 +Q)? ZK2+(AwO_Qm)2 Aw,: laser detuning from resonance

What will happen when frequency comb is generated in an
opto-mechanically coupled resonator?

- Turing pattern microcomb in a silica toroid microresonator | Turing pattern Pump is
blue detuned |

Blue-detuned pump = amplification of oscillations
Red-detuned comb = damping of oscillations
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Microcomb and RF signals while scanning pump
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Microcomb and RF signals while scanning pump
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Cooling by the generated comb lines N

. (Anomalous dispersion case)
Four wave mixing (D./211)
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Comb detuning measurement NS

To calculate optomechanical damping rates in each resonance mode,
the comb detuning Aw, and the number of intracavity photon |ay|2 are needed.
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Pump detuning regime for OMPQO

- Number of intracavity photon |a,|” is obtained by measurement or LLE simulation

Comb detuning Aw), follows the cavity dispersion D,

2
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Summary

If only blue detuned pump light is present, optomechanical oscillations are always amplified.
OMPO is suppressed when Turing pattern comb is generated, because all the lines appears

Four wave mixing (D,/211)

(Anomalous dispersion case)
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in the red-detuning regime.
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Single-optomechanical
coupling with a resonance

Feer = Iip + l_‘opt

—

(Multi-optomechanical
couplings with resonances
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Summary >

1.Brillouin laser in coupled WGMs

Achieved Brillouin lasing w/ 10 mW pump
Has potential to reduce down to 500 uW.

2.0ptomechanics with micro-combs

Cooling is possible even w/ blue detuned pump when
comb is present
Anomalous dispersion allows the cooling the cavity

Copyright © Keio University | 30
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