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2 Kerr comb

Ti:Sapphire laser Fiber laserMicrocavity

Large & expensive

Frequency combKerr comb
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ܸ ： mode volume，ܳ ： quality factor

Threshold pump power of 
degenerate four-wave mixing

 On chip
 High repetition rate

(10GHz-1THz)
 Low cost
 Low pump threshold

Kippenberg et al.



3 Motivation

Copyright © Keio University ｜ 3

Kerr comb has been observed, but a f-2f self referencing is 
not achieved yet, due to, 
1) low stability of the generated comb
2) unknown mechanism on mode-locking in microcavities

 Understand the mode-locking mechanism
 Increasing the stability by dual pumping 

Octave spanning Kerr comb P. Del’Haye et al., Phys. Rev. Lett. 107, 063901 (2011)

 Silica toroid microcavity
 Pump power = 2.5 W
 No highly non-linear fiber

Motivation 
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Applications

Various high Q microcavities
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High-Q silica toroid microcavity
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Photolithography XeF2 etching CO2 laser reflow

Spectrum Measurement

FSR ൌ 7	nm ൌ 875	GHz
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6 Third harmonic generation
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χ(3) nonlinearity
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Solving Lugiato-Lefever equation w/ 
split-step Fourier method

Coupling ߢ

Cavity loss ߙ

Input ܵ Output

Microcavity
length: L
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round trip number :ݎ
ோ: round trip timeݐ
: detuning of inputߜ

dispersion parameter :ߚ
nonlinear parameter :ߛ

Material & geometric

Geometric (r = 38 μm)

Materialߣ ൌ 1550
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Simulation: harmonic to fundamental mode-locking
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Simulation: harmonic to fundamental mode-locking
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Harmonic mode locking(2-FSR)

Mode locking(1-FSR)
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Simulation: harmonic to fundamental mode-locking
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Experiment: mode-locking by power  control

Power 
meterPolarization

controller
Silica toroid

Tapered fiber

Tunable 
laser EDFA Attenuator

OSA

Experiment condition

Pump linewidth = 100 kHz
Pump power = 200 mW
Taperd fiber ϕ ~ 1 μm

Q = 5×106

V ~ 1000 µm3

Cavity FSR = 875 GHz
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12Experiment: Kerr comb spectra vs RF noise
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 Background noise
 RF noise with laser input

Cavity optomechanics
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 RF noise with laser input
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13 Cause of RF noise (1)

f
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ResonancesStep 1

Step 2

FWM

~ RF

Type1： Low power pumping (low noise) Type2： High power pumping (large noise)
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(1) different comb lines overlap in a single resonance

Type2: Owing to different spacing (∆, 	∆), different comb lines overlap in a single resonance. 

T. Herr et al., Nature Photon. 6, 480-487 (2012).

Δ Δ
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Cause of RF noise (2) & solution

Interaction between light and mechanical objects

Breezing mode
H. Rokhsari et al., Opt. Express 13, 5293-5301 (2005). RFR

F 
no

is
e Beat noteΩ

High power pumping is required for broadband Kerr comb,
but it generates large noise.

(2) Cavity Optomechanics

Solution

By dual pumping,
 generating Type 1 comb  intentionally
 reducing FWM threshold power reducing RF noise
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Kerr comb generation with toroid microcavity (Dual pump)

Controllable mode spacing： generating Type1 (low noise) comb intentionally

Each pump = 100 mW
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Characteristics of Dual pump Kerr comb

Pump power
~ 160 mW

Each pump 
~ 80 mW
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Single pump

Dual pump

Dual pump reduces FWM threshold power RF noises show same pattern
because pump powers are 160 mW both.



17 Summary

Kerr comb at 850-GHz spacing is generated

 2-FSR mode locking is achieved with 60-mW 
power

We found decreasing the input is essential to 
obtain mode locking

We demonstrate lower RF noise by pumping 
the cavity with two wavelength
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