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Kerr comb in microcavity system N

Convert CW laser to ultrashort pulse train w/ >600 GHz repetition rate
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Motivation

»Example of optical nonlinearity in cavity
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¥ nonlinearity

Small is good

Able to generate Kerr comb at small input power w/o EDFAs

»Challenges...

v" Normal dispersion

v’ Large cavity opto-mechanical coupling
v' Strong CW/CCW mode coupling
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Ultra-high Q toroidal microcavity

NS

»Fabrication
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Outline N

1. Dispersion in a small toroid microcavity
2. Effect of cavity opto-mechanics

3. Effect of CW/CCW mode coupling

4. Raman / FWM generation

5. Visible comb generation



1. Dispersion in a small toroid microcavit

Dispersions in toroid microcavity (r = 35 um) N
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Ultrahigh repetition rate pulse generation &S

»Kerr comb generation »SHG autocorrelation trace
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1. Dispersion in a small toroid microcavity
2. Effect of cavity opto-mechanics

3. Effect of CW/CCW mode coupling

4. Raman / FWM generation

5. Visible comb generation



2. Effect of cavit
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RF noise measurement (effect of cavity opto-mechanics) NS
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Cavity opto-mechanics & mode-locking NS
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3. Effect of CW/CCW mode coupling
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Strong coupling between CW/CCW with small cavity &%

W. Yoshiki, et al. Opt. Express, 23, 30851 (2015).
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Effect of CW/CCW coupling to Kerr comb N
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Effect of CW/CCW coupling: RF measurement N

»RF noise measurement »RF spectrum
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Each line is filtered out and No mode splitting effect is observed

the RF spectrum is measured (Only the effect of cavity-opto
mechanics is present)
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Numerical analysis of CW/CCW coupling based on 1N
nonlinear CMT equations
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3. Effect of CW/CCW mode coupling

Soliton formation in CW/CCW mode coupled system
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3. Effect of CW/CCW mode coupling
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Soliton formation in CW/CCW mode coupled system

»Spectrum
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2. Effect of cavity opto-mechanics

3. Effect of CW/CCW mode coupling

4. Raman / FWM generation

5. Visible comb generation



4. Raman / FWM generation
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Kerr comb in a silica toroidal microcavity N

»Experimental setup

»FWM only
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Explanation of competition between 57
Raman & FVWWM qgain
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4. Raman / FWM

generation

Four-Wave Mixing gain in a resonator N

g(-Q) — \/(VLPO)Z - (5miss)2
ol

Smiss —

KPinput — (VL)ZPg — 25OVLP(§ + (53 + atzot)PO

E=y
T

=1
T

MI gain (/roundtrip)

-9
T

2

y : nonlinear coefficient

B, . second-order dispersion
dp : detuning of input

L : cavity length

k : coupling coefficient

Aot - total loss

(=1
T

=71
T

| | Input power(0~10W) .
| FSR: 0.1 THZ I |nnut:»:-wnr:ﬂ.lﬂh'l'_|d sl IEEEE
¥ X & o} _ | |
x @ o _ 3-FSR
L 4 UL =
- N ™ E ol
3. 2-FSR
£ 4
()]
— sl
= | 1-FSR
oy
0.1 0 LA 02 0.3 04 0.5 01} ; :LZ 5 E 5 il 7 B Ell 10
Frequency shift (THz) Input power (W)



Photonic Structure Group, Keio University

4. Raman / FWM generation

Numerical simulation model

»|_ugiato-Lefever equation
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Simulation result for Kerr comb generation N
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Outline N

1. Dispersion in a small toroid microcavity
2. Effect of cavity opto-mechanics

3. Effect of CW/CCW mode coupling
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Visible comb generation with soliton pulse N

» Efficient third-harmonic generation » THG with pulsed mode
CW mode

1.0t

0.5}

SHG (a.u.)

0.0 05 1.0
Delay (ps)

I I I I (\
400 500 600 0 1,000
Wavelength (nm)

T. Carmon & K. Vahala, Nat. Phys. 3, 430 (2007).

High peak power
THG generation

with soliton pulse
Soliton pulse

>/

Potential for improving THG efficiency



5. Visible comb generation Photonic Structure Group, Keio University

Broad bandwidth generation N
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Summary o3

Solving problems of small WGM cavities

1. Dispersion: Anomalous dispersion is possible by using higher order
modes

2. Cavity opto-mechanics: Suppressed by sweeping the wavelength (in
same direction used to generate soliton pulses)

3. CW/CCW mode coupling: Small noise present from CCW mode
scattering, but this can be suppressed by choosing right parameters.

v' Broad bandwidth comb generation via Raman assisted FWM
v' Broad bandwidth THG light generation
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