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A frequency comb is created by stabilizing 
 

1.  the repetition rate: frep 
2.   the carrier envelope offset (CEO) frequency: fCEO 

of a mode locked laser 

unknown, optical 
frequency 

frep 

beat frequency 

frequency 
domain: 

time 
domain: 

A. Klenner, S. Pekarek, M. C. Stumpf, S. Lecomte, S. Kundermann, T. Südmeyer, J. M. Dudley, U. Keller 

Ultrafast Laser Physics,  
Institute of Quantum Electronics,  

Physics Department 
ETH Zurich, 8093 Zurich, Switzerland 

www.ulp.ethz.ch 

Creating a frequency comb:  a phase stable mode locked laser	



1/frep 

Frequency combs:  coherent conversion from the optical into the microwave regime	


frequency comb acts as 
“conversion wheel” 

optical 
regime  

 microwave 
 regime 

f-to-2f interferometer 
H. R. Telle et al., Appl. Phys. B 69, 327 (1999) 

heterodyning f1 and f2 gives a beat note of: 2f1 - f2 = fCEO 
coherent octave spanning spectrum (supercontinuum, SC) mandatory 

broadening of the laser spectrum in a highly nonlinear fiber 
high peak power and short pulses required 

MIXSEL RTD 2009 

J.M. Dudley et al., Rev. of Modern Physics 78, 1135 (2006) 

Soliton order: 

N =
LD
LNL

=
τ p ⋅Pav
frep

⋅
γ
|β 2|

⋅0.283

f
CEO

=
1
2π

∂ϕ
CEO

∂t

- Optical clocks 
- Nonlinear spectroscopy 
- Satellite navigation 
- Fundamental physics 

Applications: 

FT 

2f1 = 2n*frep + 2fCEO 

frep 

fCEO 

frequency 

fm = m*frep + fCEO 

f2 = 2n*frep + fCEO f1 = n*frep + fCEO 

in
te

ns
ity

 

by stabilization of frep and fCEO, 
the whole frequency comb is stable! 

What has to be done?  How is it done? 

1.  frep is stabilized by fixing the cavity length 
2.  fCEO have to be detected first by using 
  a highly nonlinear fiber to broaden the laser spectrum 
         and a f-to-2f interferometer to create a beating signal 
     Then an electronic feedback loop locks the fCEO 

  

passive fiber (PM-HNLF) 

diode-pumped, solid-
state laser 

f-to2f-interferometer: 
CEO-frequency-

detection 

electronic  
feedback loop 

Frequency comb stabilization scheme  

Laser pulses 

super continuum 
PM-HNLF 

The spectral broadening of the pulses in the HNLF is 
theoretically described by Soliton fission. 
 
For too long input pulses modulation instabilities 
dominate and noise is amplified leading to an 
incoherent SC, see a) below. 
 
For short pulses the fission process is induced by 
higher order dispersion and Raman scattering, see b) 
below.  
 

Experiment: Attempting fCEO detection for 
    three different laser systems 

N < 10 

  Soliton order  detected 
   N      fCEO? 

 
ERGO + high β2 fiber   8 
ERGO + low  β2 fiber   >30 
 
KGW direct pulses   13 
KGW + compression   5 
 
LuO-Thin Disk laser   6 

 λ0:     
 frep:   
 Pav:   
 τP:     

1560 nm 
75 MHz 
110 mW 
170 fs  
 

 λ0:     
 frep:   
 Pav:   
 τP:   
after pulse compression 
 Pout:   
 τP:       

1042 nm 
1 GHz 
2.2 W 
290 fs 
 
1.1 W 
100 fs  
 

 λ0:     
 frep:   
 Pav:   
 τP:     

1036 nm 
64 MHz 
7 W 
142 fs  
 

-1200 fs2

DBR Tapered
Diode LaserL1

L2L3M1M2

SESAM

M3

Yb:KGW

Isolator

Laser system 

γ, β2:   nonlinear coefficient and 2nd order 
 dispersion of the HNLF 

S. Pekarek et al., Opt. Express 19, 16491 (2011) 

M. C. Stumpf et al., Appl. Physics B 99, 401 (2009) 

C. J. Saraceno et al., Opt. Express 20, 9650 (2012) 

A simple guideline for a coherent 
broadening is given by the Soliton 
order:  

This is confirmed by all three systems 

THz 

MHz 

Yb:LuO 


