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Research area

Cavity Optomechanics

https://k-lab.epfl.ch/cavity_optomechanics_1
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Research area

Monolithic Frequency Comb Generators

https://k-lab.epfl.ch/latest_scientific_results_2





Frequency comb

https://www.nist.gov/topics/physics/optical-frequency-combs

as 100 times more accurate than today's 

example, the stability of the constants of 

microwave region of the electromagnetic 

clocks to the much faster, more precise 

require the identification or manipulation 

An optical "frequency comb" is a very 
precise tool for measuring different 
colors
technology, made possible by recent 
advances in ultrafast lasers, can 
accurately measure much higher 
frequencies than any other tool. 

Science 322, 555 (2011).



Microresonator-Based Optical
Frequency Combs

Advantages

• Compact design
• Low power consumption
• Operating range

Science 322, 555 (2011).



Microresonators for frequency combs

T. Herr, Ph.D. thesis, EPFL (2013).



MgF2 resonator

T. Herr, Ph.D. thesis, EPFL (2013).

𝒏 = 𝒏𝟎 + 𝒏𝟐𝑰



Kerr nonlinearity

Four wave mixing

𝑷 = 𝝐𝟎 𝝌(𝟏)𝑬 + 𝝌(𝟐)𝑬𝟐 + 𝝌(𝟑)𝑬𝟑 + ⋯

𝐸 = 𝐸1𝑒𝑖𝜔1𝑡 + 𝐸2𝑒𝑖𝜔2𝑡 + 𝐸3𝑒−𝑖𝜔3𝑡 + ⋯

→ 𝑃 = ⋯+ 𝜒 3 𝐸1𝐸2𝐸3𝑒𝑖 𝜔1+𝜔2−𝜔3 𝑡 + ⋯

𝜔4 = 𝜔1 + 𝜔2 − 𝜔3

𝝎𝟏

𝝎𝟐 𝝎𝟑

𝝎𝟒



Principle of Kerr comb

Science 322, 555 (2011).
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Soliton

http://www.imm.dtu.dk/math_phys/Solitons.html
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Dispersion
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𝑢 𝑥, 𝑡 = 𝑎 sech2[𝑏(𝑥 − 𝑣𝑡)]

where 𝑏 = 𝑎/12 , 𝑣 = 3𝑎

KdV(Korteveg - de Vries) equation

Balance of dispersion and nonlinearity

Soliton

http://www.imm.dtu.dk/math_phys/Solitons.html



Dissipative Kerr soliton

Lugiato-Lefever equation
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Method for creating solitons

1. Sweep the frequency of the pump laser



Transmission spectrum

Low power limit

T. Herr, Ph.D. thesis, EPFL (2013).



Bistable resonance



Triangular resonance

https://www.osapublishing.org/oe/fulltext.cfm?uri=oe-12-20-4742&id=81300

probe cavity resonance transmission signal



Triangular resonance

Opt. Express 12, 4742 (2004).



Numerical simulation

all possible evolutions

analytic solutions

numerical simulation



Transmission spectrum

High power pump



Spectrum measurement



FROG measurement

Frequency resolved optical gating

http://frog.gatech.edu/frog.html



FROG measurement

200fs



Supplementary Material



Temporal magnifier



Anomalous dispersion



WGM mode




