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Outline

1. Background

= Mode-locked Kerr soliton comb (bright/dark)
= Mode coupling induced dark soliton

2. Modeling of nonlinear coupled mode equation
3. Simulation results for dark soliton formation

4. Summary
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Mode-locked Kerr comb (Temporal soliton)
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Applications of mode-locked Kerr comb

e On-chip integrated
 Low phase noise
* Low power consumption

e High repetition rate (>GHz)

Low-noise microwave generation
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High-speed bio-imaging (CARS)
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Mechanism of bright/dark soliton formation

“Laser sweeping” is a way of forming solitons in an anomalous dispersion cavity
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X. Xue, et al. Nat. Photonics 9, 594 (2015).
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Mode coupling induced dark soliton formation
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Comb formation (local anomalous dispersion)

1. Strong interaction between resonance modes

2. Frequency shift induced by mode coupling

3. Local dispersion change to anomalous disp.
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Objective and Motivation

Follow experimental studies on dark soliton
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X. Xue, et al. Nat. Photonics 9, 594 (2015). X. Xue, et al. Laser Photon. Rev. 9, L23 (2015).

O Complete full numerical model of mode-coupling induced Kerr comb generation
O Find and propose optimal parameters for future experiments

O Investigate new features of complex phenomenon of dark soliton
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Modeling of NCLE for Kerr comb simulation

da [yA
dt
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Modeling of NCLE with mode coupling term
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Simulation results for normal-dispersion comb
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Simulation results for normal-dispersion comb
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Simulation results for normal-dispersion comb

This work (simulation result) Reference (experiment result)
X. Xue, et al., Laser Photonics Review 9, L23-L25, (2015)
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v Shows good agreement previous experimental results
v" Time domain analysis
v Allows top-down approach (“Calculation” > Fabrication>Experiment)

Copyright © Keio University | 15



Photonic Structure Group, Keio University

Summary

€ Improved modeling of nonlinear coupled mode equation (NCLE)

€ Calculation of normal-dispersion comb formation in coupled cavity model

€ Time domain analysis of dark soliton formation
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