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Kerr comb

Kerr comb Frequency comb
Microcavity Ti:Sapphire laser
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Motivation

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

» Understand the mode-locking mechanism
» Increasing the stability by dual pumping
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Various high Q microcavities 5%

»Various microcavities »Quality factor and mode volume
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»Applications

»All-optical switching
»Optical buffer
»Cavity QED devices
»Low-threshold lasers
»Optical sensors

»Optical frequency comb,s \"
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High-Q silica toroid microcavity
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Third harmonic generation

Third harmonic

v3) nonlinearity
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Solving Lugiato-Lefever equation w/ N

split-step Fourier method

Cavity loss a
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Simulation: harmonic to fundamental mode-locking gg
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Simulation: harmonic to fundamental mode-locking gg
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Q, =7.0x10% A =2 (detuning)
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Simulation: harmonic to fundamental mode-locking gg
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Q, =7.0x10% A =2 (detuning)
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Experiment. mode-locking by power control Sg
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Experiment: Kerr comb spectra vs RF noise <

Increasing pump power in microcavity
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Cause of RF noise (1)

(1) different comb lines overlap in a single resonance

Type1: Low power pumping (low noise) TypeZ2: High power pumping (large noise)

Step 1 FWM Resonances Step 1 FWM  Resonances
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> RF RF

Type2: Owing to different spacing (A, A), different comb lines overlap in a single resonance.
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T. Herr et al., Nature Photon. 6, 480-487 (2012).



Cause of RF noise (2) & solution

(2) Cavity Optomechanics
Interaction between light and mechanical objects -0

Beat note
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Solution

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

By dual pumping,

v generating Type 1 comb intentionally
v reducing FWM threshold power

reducing RF noise EQM‘
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Kerr comb generation with toroid microcavity (Dual pump)gg
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» Controllable mode spacing: generating Type1 (low noise) comb intentionally

1 | Al | 1
1580 1600 1620

10

10 T T 1T T T T3 ) Y 10 ! M oo ul L] ! " 10 ' ' LI | w' [ 1 f i ! LTI | [N [ ¥ [
] 1 L] 1 1 L] 1 ] [ 1 [] 1 1 ] ] 1 ] 1 ] 1
ol o 2-FSR v v v bl o 3-FSR v v v v ol 4-FSR
? ! ! : ||||| 1 1 1 1 1 1 ; : : : : : 1 1 1 1 1
@ -1of . TR - T R T R
3 1 1 1 1 1 ] ] ] ] ] 1
5 ol RN R R R R
§. 1 ] [ 1 : 1 1
£l I EE A  VAAN B It
i : 1 1 1 1 1 : : : : : 1 ] |A|
g <of b Bl e Bt v A PN A
O 1 ] | | | 1 1 .
S0H 1 1 1 [ 1 50 [ ] 1 14 -50F 1 1 1 1 3
] 1 1 1 1 1 [ 1 1 1 L | 1 1 | L L1y | [ (R L PO NS B P L1 1

1 1 1 1 1 L 1 1 L 1 1 1 1
1510 1520 1530 1540 1550 1580 t570 1580 150 1910 1320 1530 1540 1550 1560 1570 1380 1580 1510 1520 1530 18540 1550 1560 1570 1580 158Q 1§10 1520 1530 1540 1550 1560 1570 1580 1590

Wavelength (nm} Wavelength (nmj} Wavelength (nm} Wavelength (nm}



Characteristics of Dual pump Kerr comb 5

RF noises show same pattern

Dual pump reduces FWM threshold power because pump powers are 160 mW both.
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Summary

v Kerr comb at 850-GHz spacing is generated

v 2-FSR mode locking is achieved with 60-m\W
power

v We found decreasing the input is essential to
obtain mode locking

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