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Microresonators
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Soliton-crystals  
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𝐾 × 𝐹𝑆𝑅 𝐾 solitons

frequency 
𝑃 = 𝜒1𝐸 + 𝜒2𝐸
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Microresonators for Astro-Combs

An Astro-Comb (HARPS) detects spectral 

wobbles caused by small exoplanets

Pfeifle et al, Nature Phot 8, 375 (2014) 

Coherent terabit communications with 
microresonator Kerr frequency combs
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Concept of chi-2 combs

OPO

SHG

𝑃 = 𝜒1𝐸 + 𝜒2𝐸
2

Optical frequency



Bulk LiNbO3 ring resonators

LiNbO3

𝑄 ∼ 108 finesse ∼ 10000 FSR ~ 20 GHz

Ilchenko …,  PRL 92, 043903 (2004)

Furst …,       PRL 104, 153901 (2010)

Linewidth: 𝜅𝑎,𝑏 ∼ 1 − 10 MHz
Dispersion is normal till around 1.5um

Breunig, LasPhotonRev 10, 569 (2016)



Low-frequency modes

High-frequency modes

𝑒𝑖𝑀𝜃−𝑖
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DVS …, JOSA B 37, 2604 (2020)
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Linear spectrum

𝜔𝜇a = 𝜔0a + 𝜇𝐷1a +
1

2
𝜇2𝐷2a

𝜔𝜇b = 𝜔0b + 𝜇𝐷1b +
1

2
𝜇2𝐷2b

Phase mismatch and repetition-rate mismatch

𝜇 = 0 frequency mismatch 
parameter

𝜖 = 2𝜔0a −𝜔0b =
2𝑀𝑐

𝑅
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𝑛b
= 0 to ± 20GHz

𝟐𝝎𝟎𝒂



Linear spectrum

𝜔𝜇a = 𝜔0a + 𝜇𝐷1a +
1

2
𝜇2𝐷2a

𝜔𝜇b = 𝜔0b + 𝜇𝐷1b +
1

2
𝜇2𝐷2b

Phase velocity and group velocity mismatch

𝜇 = 0 frequency mismatch 
parameter

𝜖 = 2𝜔0a −𝜔0b =
2𝑀𝑐

𝑅

1

𝑛a
−

1

𝑛b
= 0 to ± 20GHz

𝐷1𝑎 − 𝐷1𝑏 = 1 GHz
Difference of linear repetition rates
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Comb initiation equations
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Parametric conversion
(photon pair creation)

ℏ𝜔𝜇𝑎 + ℏ𝜔−𝜇𝑎 = ℏ2𝜔𝑝



Sum-frequency process
(Rabi flops)

ℏ𝜔𝑝 + ℏ𝜔𝜇𝑎 = ℏ𝜔𝜇𝑏

𝜖𝜇 = 𝜖 + 𝜇 𝐷1𝑎 − 𝐷1𝑏 ≈ 0



𝛿/𝜅𝑎
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Rabi flops vs parametric gain (Rabi resonator)

𝜇∗ =
𝜖

𝐷1𝑎 − 𝐷1𝑏
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Puzyrev…, PRA 104, 013520 (2021)
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Model to measurements (Freiburg) comparison

Szabados …, PRL 124, 203902 (2020)
Amiune …, Optics Express 29 (25), 41378 (2022)

Amiune  …, arXiv preprint arXiv:2205.12776 (2022)

LiNb𝐎𝟑

500-1000nm



Parametric resonator: OPO or SHG



Non-degenerate OPO states 
can now be found, and even 
their linear stability can be 
analysed explicitly

𝐴 = 𝑎𝜇𝑒
𝑖𝜇𝜗+𝑖𝜔𝜇𝑡 + 𝑎−𝜇𝑒

−𝑖𝜇𝜗+𝑖𝜔−𝜇𝑡,  

𝐵 = 𝑏0

Puzyrev, DVS, Comms Phys 5, 138 (2022)



OPO

Puzyrev, DVS, Comms Phys 5, 138 (2022)

W= 300nW



W= 3mW, linewidth 1MHz
Parametric phase-matching parabola but with steps



Eckhaus instability

𝜇−𝜇 𝜇 + 1−𝜇 − 1



Non-staggeredStaggered



modelling experiment

Puzyrev, DVS, Comms Phys 5, 138 (2022)
Amiune  …, arXiv preprint arXiv:2205.12776 (2022): CdSiP



Chi-2 soliton modelocking

𝜒 2

CW

Potential benefits:

• Immediate modelocking across octave 
• Independence of the dispersion signs
• Low excitation thresholds
• Near Mid IR coverage



Dressed-states formalism: Pockels vs cascaded-Kerr 

Phase-matched or near-phase-matched modes
experience Pockels nonlinearity

𝑛 = 𝑛0 + 𝑛P|𝑎0|

𝑛 = 𝑛0 + 𝑛eK 𝑎0
2

Modes far from phase matching 
experience effective (cascaded) Kerr nonlinearity 

Puzyrev…, PRA 104, 013520 (2021)
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Solitons in “parametric” SHG-resonator

Pankratov, DVS (under consideration)

4m𝑊



Pockels effect 
in the spectral core

Kerr effect 
in the spectral tails 



SHG solitons in “Rabi” resonator

Puzyrev…, PRA 104, 013520 (2021)

Kerr effect 
in the spectral core

Pockels effect 
in the spectral tails 

333𝜇𝑊



DVS, OptExp 29, 28521  (2021) 

Phase and group velocity matching.
All modes experience Pockels effect.

𝐷1𝑎 − 𝐷1𝑏 ≈ 𝜖 ≈ 0
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Kerr cavity solitons
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Thank you for attention


