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Background

Stimulated Brillouin Scattering (SBS) &3

O Schematic representation of SBS process
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Background

Properties

/ \ .nghQ

B Small mode volume 1,

Crystalline (CaF,)  SizN, microring Silica toroid B Small device size
Q > 1010 Q ~ 10° Q ~ 108
V =~ 10000 um? V ~1000um® V= 1000 um3

1. Grudinin, ef al., Phys.Rev. A 74, (2006). F. Foudous, ef al., Nat. Photon. 5. (2011). T. J. Kippenberg, er al., APL 85, (2004).

Brillouin lasing
j‘> B Low threshold power
B Small device size

B Microwave synthesizers B High coherence lasers

Applications
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Background

SBS in microcavities N
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SBS in microcavities
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Fabrication

(1) Photolithography :" (2) Cutting (3) XeF, dry etching (4) Laser reflow (5) Finish
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Fabrication

Tuning resonant frequency
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Experiments

Supermode splitting

Calculation
® Mode overlap - :l— Coupling coefficient
® Phase matching condition

WE )
Kci,c2 = To(nz - ncz)) X N¢yNez J:U (EC1(X.}’. z) - Eca(x,y, z))emﬁzdxdydz
Vc

M. J. Humphrey, E. Dale et al., Opt. Commun. 271 124-131 (2007).

- Supermode splitting is larger when the diameter
of a microcavity is smaller
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Experiments

SBS in coupled cavities
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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 NS
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Results

Comparison with other Brillouin lasing NS
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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 mW.
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Microresonator frequency comb generation o3
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Microcomb generation w/ wavelength sweep &S

» Power in cavity vs detuning » Spectrum & waveform
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Cavity optomechanics o3

»Modulation by mechanical mode
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Motivation NS

Optomechanical parametric oscillation (OMPO)

—~ 150F
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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

Transmission (V)

Optical power (20 dB/div)

Optomechanical parametric oscillation Comb generation

-+ b 4 -
0.2f ) RO
0.1
00 A L 1 L !,
0 100 200 300 400 500

Scan time (ms)

(

1500 1540 1580
Wavelength (nm)

1620 0 400 800
Frequency (MHz)




Photonic Structure Group, Keio Universit

Cooling by the generated comb lines N

o (Anomalous dispersion case)
Four wave mixing (D./21T)
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Comb detuning measurement o3

To calculate optomechanical damping rates in each resonance mode,
the comb detuning Aw, and the number of intracavity photon |0L#|2 are needed.
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Pump detuning regime for OMPO

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

29

Comb detuning Aw,, follows the cavity dispersion D,
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Summary o3

(Anomalous dispersion case)

Four wave mixing (D,/211)
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Optomechanical sidebands (€/21r)

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
In the red-detuning regime.

Single-optomechanical ) (Multi-optomechanical )
coupling with a resonance j‘> couplings with resonances
L leff = I'm + l_‘opt L Fefr = Iip + Zu l_‘opt,/,t y
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Summary o

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
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