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Stimulated Brillouin Scattering (SBS)

 Light storage

 Slow light generation

 SBS applications

 High coherence lasers

 Microwave synthesizers Z. Zhu, D. J. Gauthier, R. W. Boyd, Science
318, 1748-1750 (2007) T. Sakamoto, T. Yamamoto, K. Shiraki, and T. 

Kurashima,Opt. Express 16, 8026–8032(2008)

Pump

Stokes Wave

Acoustic Wave

SBS frequency shift
(SiO2)

 Schematic representation of SBS process

Background
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Stimulated Brillouin Scattering (SBS)

 Light storage

 Slow light generation

 Applications of SBS

 High coherence lasers

 Microwave synthesizers Z. Zhu, D. J. Gauthier, R. W. Boyd, Science
318, 1748-1750 (2007) T. Sakamoto, T. Yamamoto, K. Shiraki, and T. 

Kurashima,Opt. Express 16, 8026–8032(2008)
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Stokes Wave

Acoustic Wave

SBS frequency shift
(SiO2)

 Schematic representation of the SBS process
PropertiesMicrocavities

Applications
 High coherence lasers Microwave synthesizers

 Low threshold power
 Small device size

Brillouin lasing

Background
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SBS in microcavities

Method1 Method2

C. Guo, H. Xu et al., OL 40, 4971- (2015)

tellurite

C. Guo, K. Che et al., OE 23,25, 32261- (2015)

CaF2 SiO2 SiO2TeO2

Background
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CaF2 SiO2 SiO2TeO2

SBS in microcavities

Method1 Method2

C. Guo, H. Xu et al., OL 40, 4971- (2015)

tellurite

C. Guo, K. Che et al., OE 23,25, 32261- (2015)

Background

 Precise control of cavity size

Method1＆2
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Objective

Precise size control

Our work

Low threshold
Small footprint

SBS in coupled 
microcavities

Increasing coupling

Tunable
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Silica toroid microcavities

Top View
Side View

 Precisely control 
coupling strength by 
changing distance 
between toroids

Fabrication
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Tuning resonant frequency
 Thermo-optic (TO) effect

(thermo-electric cooler) wavelength wavelength

Resonance wavelength 
red-shifted.

 Tuning two different resonant frequencies

Increasing tem
perature (C

1)

Cavity1 Cavity2

Couple tapered fiber 
to each cavity, and 
measure each 
resonant wavelength. 

Fabrication
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Supermode splitting

Calculation

Experimental results

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

Fabricated 55-μm-diameter silica 
toroid

Moved toroids close together

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

Mode overlap
Phase matching condition

Coupling coefficient

Achieved more than 10GHz mode 
splitting

Experiments
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SBS in coupled cavities

We achieved …

Experimental setup

Experiments
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SBS in coupled cavities

(a)

 We experimentally demonstrated SBS in coupled microcavities
for the first time.

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

(b)

Pump

Results
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SBS in coupled cavities

(a)

 We experimentally demonstrated SBS in coupled microcavities
for the first time.

11 GHz

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

(b)

Results
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Comparison with other Brillouin lasing

Threshold 
power

Device 
size

Material

Coupled silica toroid 
microcavities

(This work) CaF2 resonator Wedge resonator Microsphere

SiO2 CaF2

10 mW 3 μW 40 μW 8 μW

110 μm 5.5 mm 6 mm 172 μm

Q

SiO2SiO2

On-chip

Precise cavity 
size control Not needed Needed Needed Needed

I. S. Grudinin et al., PRL, 102.4, 043902 (2009)
J. Lin et al., OE, 20. 18, 20170-20180 (2012) C. Guo, H. Xu et al., OL 40, 4971- (2015)

✓ ✓

Results
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Comparison with other Brillouin lasing

Threshold 
power

Device 
size

Material

Coupled silica toroid 
microcavities

(This work) CaF2 resonator Wedge resonator Microsphere

SiO2 CaF2

50 mW 3 μW 40 μW 8 μW

110 μm 5.5 mm 6 mm 172 μm

Q

SiO2SiO2

On-chip

Precise cavity 
size control Not needed Needed Needed Needed

I. S. Grudinin et al., PRL, 102.4, 043902 (2009)
J. Lin et al., OE, 20. 18, 20170-20180 (2012) C. Guo, H. Xu et al., OL 40, 4971- (2015)

✓

Threshold power for SBS

 Improve threshold power by using 
mode pair with higher Q factor

500 μW

Results
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Summary (Brillouin laser)

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

 We experimentally demonstrated SBS in coupled 
microcavities and achieved a threshold power of 10 mW.

Acknowledgement
 Grant-in-aid from the Ministry of Education, Culture, Sports, Science and Technology (MEXT) 

for the Photon Frontier Network Program.
 Grant-in-aid from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), 

(KAKEN 15H05429)



Photonic Structure Group, Keio University

Outline

Copyright © Keio University ｜ 19

1.Brillouin laser in coupled WGMs

2.Optomechanics with micro-combs

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)

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).



Photonic Structure Group, Keio University

1200 1300 1400 1500 1600 1700 1800 1900

 

O
pt

ic
al

 p
ow

er
 (2

0 
dB

/d
iv

)

Wavelength (nm)
Copyright © Keio University  ｜ 20

FSR ~ 414 GHz

Microresonator frequency comb generation

Laser 
Diode

SiO2 WGM μ-cavityCW input Pulsed output

Kerr comb generation w/ 
strong confinement of light

time time

λ
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λ
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Microcavity frequency comb generation



Photonic Structure Group, Keio University

pump

0.0 0.5 1.0 1.5 2.0 2.5

 

 

0.0 0.5 1.0 1.5 2.0 2.5

 

 

1400 1600 1800
 

1400 1600 1800

Microcomb generation w/ wavelength sweep
Power in cavity vs detuning

effectively
red detuning

resonance

Wavelength (nm)

Wavelength (nm)

Time (ps)

Time (ps)

Spectrum & waveform

single
soliton
state

Multiple 
soliton 
state

Multiple 
soliton

single
soliton

-0.001 0.000 0.001 0.002 0.003 0.004
0

100

200

300

In
tr

ac
av

ity
 p

ow
er

 (W
)

Normalized detuning

Turing 
pattern 
comb

Chaotic 
state



Photonic Structure Group, Keio University

Copyright © Keio University  ｜ 22

-0.001 0.000 0.001 0.002 0.003 0.004
0

100

200

300

 

 

Normalized detuning

0.0 0.5 1.0 1.5 2.0 2.5
 

0.0 0.5 1.0 1.5 2.0 2.5
 

1400 1600 18001400 1600 1800

(ii) (i)

Time (ps) Time (ps)

Wavelength (nm) Wavelength (nm)

(i)(ii)

(ii)
(i)

wavelength scan

In
tra

ca
vi

ty
 p

ow
er

 (W
)

Turing pattern 
comb

Chaotic state

Soliton state

blue detuned red detuned

Microcomb generation w/ wavelength sweep



Photonic Structure Group, Keio University

23

Cavity optomechanics

Can observe optomechanical
oscillation by measuring RF signal

Blue- detuning ⇒ amplification
Red detuning ⇒ cooling

୮, ୮ ୫୮

oscillation

cooling amplification

pump

Modulation by mechanical mode

Amplification and cooling by different pump detuning
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Motivation

Optomechanical parametric oscillation (OMPO)
Blue-detuned pump : Amplification (Γୣ  ൏ 0)
Red-detuned pump : Damping (Γୣ   Γ୫)

←𝚪𝐦

𝚪 𝐞
𝐟𝐟Γୣ  ൌ Γ୫  Γ୭୮୲

Γୣ  : effective mechanical damping rate
Γ୫ : mechanical damping rate
Γ୭୮୲: optomechanical damping rate

Γ୭୮୲ ൌ 𝑎 ଶ𝑔୭୫


భ
ర

మା ఠబାஐౣ మ െ


భ
ర

మା ఠబିஐౣ మ
𝑎 ଶ: number of intracavity photon
Δ𝜔: laser detuning from resonance

Phys. Rev. Lett. 97, 243905 (2006).

- Turing pattern microcomb in a silica toroid microresonator

Blue-detuned pump ⇒ amplification of oscillations
Red-detuned comb ⇒ damping of oscillations

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

Pump is 
blue detuned
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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

Γୣ  ൌ Γ୫  Γ୭୮୲

Single-optomechanical
coupling with a resonance

Γୣ  ൌ Γ୫  ∑ Γ୭୮୲,ఓఓ

Multi-optomechanical
couplings with resonances
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Comb detuning measurement
To calculate optomechanical damping rates in each resonance mode,
the comb detuning Δ𝜔ఓ and the number of intracavity photon 𝑎ఓ

ଶ are needed.

Γ୭୮୲,ఓ ൌ 𝑎ఓ
ଶ𝑔୭୫


భ
ర

మା ఠഋାஐౣ
మ െ


భ
ర

మା ఠഋିஐౣ
మΓୣ  ൌ Γ୫  ∑ Γ୭୮୲,ఓఓ

Comb detuning measurement
Δ𝜔ఓ ൌ 𝜔ୡ୭୫ୠ െ 𝜔ఓΔ𝜔ఓ ൎ Δ𝜔 െ

ଵ
ଶ
𝐷ଶ𝜇ଶ

Tapered fiber φ ~ 1 μm

Pump

Probe

Coupling system
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Pump detuning regime for OMPO
- Number of intracavity photon 𝑎ఓ

ଶ is obtained by measurement or LLE simulation
- Comb detuning Δ𝜔ఓ follows the cavity dispersion 𝐷ଶ

Γ୭୮୲,ఓ ൌ 𝑎ఓ
ଶ𝑔୭୫


భ
ర

మା ఠഋାஐౣ
మ െ


భ
ర

మା ఠഋିஐౣ
మΓୣ  ൌ Γ୫  ∑ Γ୭୮୲,ఓఓ

Pump detuning regime that suppresses 
OMPO can be estimated from the cavity 
dispersion value and LLE simulation result

Pump detuning regime for OMPO

Transmission while scanning pump wavelength

Δ𝜔ఓ ൎ Δ𝜔 െ
ଵ
ଶ
𝐷ଶ𝜇ଶ
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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 
in the red-detuning regime.

Γୣ  ൌ Γ୫  Γ୭୮୲

Single-optomechanical
coupling with a resonance

Γୣ  ൌ Γ୫  ∑ Γ୭୮୲,ఓఓ

Multi-optomechanical
couplings with resonances
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1.Brillouin laser in coupled WGMs

2.Optomechanics with micro-combs

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

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