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Whispering gallery microresonator basics 

• Use total internal reflection 

• Do not need mirror coatings 

• Work in broad wavelength range 

• Can be made in house 

• Simple enough for Latvia 

• Sensors, nonlinear optics 

Optical quality factor Q  
Q = 𝝎 ,   

where  is the phton lifetime 
 
Q = 𝝊/𝜟𝝊= /𝜟,   
 where 𝜐 is the optical frequency  
 and Δ 𝜐 is the  linewidth 
 
Q = 2π L / λ  
where L is the photon path length. 
 
Free spectral range: 
 FSR = c/2 π n R 
 
Example:  1mm sphere with Q factor 108. 
Light photons run 25 m inside untill decay 
due to scattering and absorption. 

 



T1.1. Microsphere fabrication in ohy-hydrogen flame 
T1.3. Tapered fiber pulling in pure hydrogen fllame 



T1.1. Grinding and polishing of resonators with abrasives  
on air-bearing spindle.  Disadvantage : time consuming! 

Prism    and    tapered fiber  coupling                    resonances  

Materials CaF2 , MgF2 plexiglass, fused silica. 

 Diamond abrasives  



Sphere  WGMR FWHM = 2 MHz  Q = 2E8 at 780 nm 
 

Microrod CO2 lathe  
first resonances Q ~ 106.  
Evaporated silica dust is a problem 

Yellow 
reference 
interference 
fringes   
from fiber 
etalon 
have 50 MHz 
period.  

T1.1.Microsphere and microrod fabrication with a 40W CO2 laser lathe. 
Most novel method.  Needs in future motorised CNC control. 

Home-made 
microscope: 
20x objective 
from Ebay 
(60 EUR) and 
Astronomy 
webcam  
(150 EUR) 



T1.4. Wave optics  modeling of optical modes  
in  COMSOL Multiphysics software 



For Kerr effect (modifying the index of refraction)  
intensities  ~ 1 GW/cm2 are necessary 
Kerr effect has been usually observed with pulsed lasers 
In microspheres it is possible with a CW laser 

Kerr effect - optical matrials slightly change their index of refraction  
at large light intensities. 

Mode areas Aeff obtained from Comsol simulation 



Four Wave mixing (FWM) nonlinear process 

[S. Fujii, T. Tanabe, (2020) Dispersion engineering and measurement of whispering gallery mode microresonator for Kerr frequency comb 
generation, Nanophotonics 9, 1087–1104] 

Dispersion caused detuning between comb and WGM lines 



Material and geometrical dispersion depending on microsphere size 

In soliton regime Kerr effect 
compensates dispersion.  

In such case dispersion is 0 and 
pulse circulates without changing 

length.  
Soliton regime is the mos stable 

regime, hard to get. 

We have not been able to achieve soliton regime in microspheres 
because of microsphere heatup and the tunable laser that we 

have does not have large enough wavelength scan 



COMSOL Multiphysics lietojums dispersijas 

aprēķināšanai 

Rezonatora materiāla uzdošana 

• Uzdod materiālās 
dispersijas datu tabulu 

• Izveido interpulācijas 
funkciju n=n(λ) 

• Uzdod materiāla 
apgabala gaismas 
laušanas koeficientu kā 
funkciju n(λ). 
 

 Rēķinot pie dažādām 
frekvencēm tiek ņemtas 
dažādas n vērtības 



Dispersijas aprēķins 

• COMSOL Multiphysics 
aprēķina neff 
izmantojot Mode 
Analysis 

• Pēc formulas 
2π𝑅𝑛 = 𝑚λ    aprēķina 
𝑚  

• MATLAB no tabulas 
uzdod ω = ω(𝑚) 
[rad/s] 

• Aprēķina   𝐹𝑆𝑅 =

 
𝜕𝜔

𝜕𝑚

2π
 [𝐻𝑧] 

• Dispersija 𝐷2 =
𝜕2𝜔

𝜕𝑚2 

[rad/s] 



R, μm FSR, GHz ZDW, nm 

41 800 1802 

83 400 1545.6 

166 200 1417.4 

332 100 
1041.3 & 

1364.7 

663 50 1421 & 1635  

Nulles dispersijas viļņa garums 
dažādu izmēru SiO2 sfērām 



Lugiato-Lefevēra vienādojuma modelēšana 

• Ar brīvpieejas programmatūru pyLLE (Python>3.4, Julia 0.6.4) 
• [Moille G, Li Q, Lu X, Srinivasan K (2019) pyLLE: A Fast and User Friendly Lugiato-

Lefever Equation Solver. J Res Natl Inst Stan 124:124012. 
https://doi.org/10.6028/jres.124.012.] 

 

 

 

 

 

 

 

 

 

 

• kur integrālā dispersija ir 

https://doi.org/10.6028/jres.124.012


pyLLE 

 

Simulation Parameters: 

R = 327.00 µm 

Qi = 10.00 M 

Qc = 10.00 M 

γ = 1.55  

 

Pin = 150.00 mW 

Tscan = 10.00 x1e6 Round Trip 

f_pmp = 193.48 THz 

δω_init = 2.00 x2π GHz 

δω_end = -10.00 x2π GHz 

μ_sim = [-40.00,40.00]  

μ_fit = [-40.00,40.00] 
  



pyLLE 

• Programmā tiek ielikts iepriekš, citur aprēķināts atbilstošā 
rezonatora modu un frekvenču lielumus, piemēram ar 
Sellmeiera vienādojumi: 

 

 

 

• Tiek aprēķināta integrālā dispersija 



pyLLE – rezultātā iegūstam mikroķemmes uzvedību kā spektru, frekvenču 
ķemmes jaudu rezonatorā pie dažādiem LLE soļiem, kā arī pie noteiktiem 
soļiem redzam rezonatora elektriskā lauka spektru un sadalījumu laikā. 

 

R = 327.00 µm 

Q = 10.00 M  

μ = [-40.00,40.00] 

Center Pump: 193.479 

THz 

FSR: 100.15 GHz 

ind=630 



Future Vision of the Project outcome 



T1.3. May 2020. Our first comb from SiO2 microsphere. 
Weak and unstable in time because microsphere symmetry was deformed 

Q  3  107 



T2.1. Comb for telecom using round microsphere made in electric 
arc  

 

LU and RTU comb prototypes 
Telecom part 



E.A. Anashkina, V. Bobrovs, T. Salgals, I. Brice, J. Alnis, A.V. Andrianov, 
Kerr optical frequency combs with multi-FSR mode spacing in silica microspheres 
IEEE Photonics Technology Letters 33, 453-456 (2021). 
 
T. Salgals, J. Alnis, R. Murnieks, I. Brice, J. Porins, A. V. Andrianov, E. A. Anashkina, S. Spolitis, V. Bobrovs, 
Demonstration of a fiber optical communication system employing a silica microsphere-based OFC 
source,Optics Express 29, 10903-10913 (2021). 

Comb for telecom result 



Importance of microsphere roundness: less mode splitting spectral lines 



Importance of microsphere roundness: less mode splitting spectral lines 



T1.3 and T2.1. SiO2 microrod WGMR   
made on a CO2 laser lathe.  
FSR optimised to 100 GHz. 
Narrow rim limits the  
number of spatial modes. 



Comb advantages: 

• Comb generated channel spacing is well defined and stable.. 

• In 2021 Japan demonstrated  300 TB/s telecom data transfer using 500 comb lines that would not be 
possible using 500 individual DFB lasers. 

 
Comb disadvantages: 

• Turing roll combs experience some amplitude instability. More stable soliton regime combs we could 
not get in microspheres do to dominating thermal effects. 

• One needs to separate by filter  individual comb lines before sending to data modulator. 

• Comb lines have exponentially decreasing amplitude away from the pump. We could use only the 
few strongest lines. Telecom modulators are optimised for channel power of 1 mW (0 dBm). 

• Pascal Del‘Haye recommends us to filter out EDFA broadband noise and preamplify and level-out the 
comb lines with EDFA to telecom levels.  

 

Conclusions  
and outlook 



T4.5. WWW pages of the Project  


