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Projekta merkis

Projekta visparejais merkis: Veikt pétniecibu, kas veicina Latvijas
viedas specializacijas strategljas mérku sasniegSanu, cilvékkapitala
attisttbu zinatné un tehnologijas un jaunu zinaSanu radi$anu, lai
uzlabotu konkurétspéju tautsaimnieciba.

Projekta merkis ir: iegut jaunas zinadSanas par cukstoso galeriju modu
rezonatoru optiskajam frekvendu kemmém (WCOMBSs) un izstradat,
konstruét un testét kemmes generatora prototipu telekomunlkacuu
pielietojumiem.



Projekta realizacija

2. Portativa WCOMB izstrade, izveide un testésana pielietojumiem
Skiedru optisko sakaru sistéemas:

2.1. EksistéjoSo WCOMB generatoru veidu, risinajumu un realizaciju
izpéte Skiedru optiskajas sakaru sistémas (M6);

2.2. Portativa WCOMB ka daudzvilnu gaismas avota izstrade un
izveide pielietojumiem Skiedru optisko sakaru sistémas (M15);

————————————————————————————————————————————————————————————————————————————————

12.3. Uz WCOMB bazes veidotas optisko sakaru sistémas matematiska;
' modelésana (M18); .
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2.4. Skiedru optiskaja sakaru sistéma integréta WCOMB testésana
laboratorija (M24)
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2.1. EksistéjoSo WCOMB generatoru veidu, risindjumu un
realizaciju izpete skiedru optiskajas sakaru sistemas (1/2)

1. Veikta starptautisku konferencu rakstu un zurnalu analize un izpéte (kopuma 22

publikacijas):

. '('In—fib)er whispering-gallery mode microsphere resonator-based integrated device", Optics Letters
2018).

= "Astable microsphere whispering gallery mode resonator", Opto-Electronics and Communications
Conference (OECC) and Photonics Global Conference (PGC) (2017).

= "Harnessing speckle for a sub-femtometre resolved broadband wavemeter and laser stabilization”,
Nature Communications (2017).

. "Ultra-narrow linewidth Brillouin laser with nanokelvin temperature self-referencing”, Optica
(2019).

=  "Microresonator-based optical frequency combs for high-bitrate WDM data transmission",
OFC/NFOEC (2012).

. '('Optic)al combs with a crystalline whispering gallery mode resonator”, Physical Review Letters
2008).

=  "Demonstration of high-Q microspheres in indium fluoride, a versatile new mid-IR glass”, IEEE
Photonics Conference 2012 (2012).

» "Stabilized C-Band Kerr Frequency Comb", IEEE Photonics Journal (2017).
= "Generation of optical frequency combs with a CaF2 resonator”, Optics Letters (2009).

= "Generation of near-infrared frequency combs from a MgF2 whispering gallery mode resonator",
Optics Letters (2011).

=  "A Whispering-Gallery-Mode Microsphere Resonator on a No-Core Fiber Tip", IEEE Photonics
Technology Letters (2018).



2.1. EksistéjoSo WCOMB generatoru veidu, risinajumu un
realizaciju izpete skiedru optiskajas sakaru sistemas (2/2)

“On Frequency Combs in Monolithic Resonators”. Nanophotonics (2016).

“Whispering Gallery Mode Oscillators and Optical Comb Generators”. Frequency Standarts and
Metrology, Proceeding of the 7t Syposium, Asilomar Conference Grounds (2009).

“Generation of Kerr Combs in MgF2 and CaF2 Microresonators”. Joint Conference of the IEEE
International Frequency Control and the European Frequency and Time Forum (FCS) Proceedings
(2011).

“Optical Frequency Comb generation from a monolithic microresonator” Nature Letters (2007).

“Energy Efficient Kerr Frequency Combs for Optical Communication”. IEEE Photonics Society
Summer Topical Meeting Series (SUM) (2016).

“Resonant electro-optic frequency comb”. Nature Letters (2019).

“Terabit-Rate Transmission Using Optical Frequency Comb Sources”. Karlsruhe Series in Photonics
& Communications, Vol. 20. (2017).

“Optimally Coherent Kerr Combs Generated with Crystalline Whispering Gallery Mode Resonators
for Ultrahigh Capacity Fiber Communications”. Physical Review Letters (2015).

“Coherent Terabit Communications with microresonator Kerr frequency Combs”. Nature Photonics
(2014).

“Full C and L-Band Transmission at 20 Thit/s Using Cavity-Soliton Kerr Frequency Combs”.
Conference on Lasers and Electro-Optics (CLEO) (2015).

“Transmission of a 1.44 Thit/s data stream using a feedback-stabilized SiN Kerr frequency comb
source”. OFC (2014).

2. Veikts zinatniskas literatiras apkopojums un norit darbs pie 2.1. nodevuma
atskaites izstrades;

3. No ieglitiem rezultatiem planots izstradat Zinatnisko publikaciju (Concept paper).



WGM mikrorezonatoru klasifikacija

WGM mikrorezonators var iedalit péc diviem parametriem - izmantota
materiala un formas, pieméram:

1. Pec izmantota materiala — kristaliskie mikrorezonatori:
a. Kalcija Fluorida (CaF2) rezonatori;
b. Magnija Fluorida (MgF2) rezonatori;
c. Silicija Nitrida (SiN) rezonatori.
2. Pec rezonatora formas:
a. Gredzenveida rezonatori (ring resonator);

b. Monolitiski sféras rezonatori (monolithic sphere resonator).



Optiskas frekvencu kemmes pielietojuma
sferas

1) Optiskajas sakaru sisteémas (laboratorijas ietvaros):

SIN mikrorezonators WDM datu parraides sistema ar 40 Gbit/s RZ OOK

kanaliem

2)
3)

4)

5)

Koherentai datu parraidei ar kop€jo parraides atrumu 400 Gbit/s
Datu parraidei ar kop€jo parraides atrumu 1.35 Thit/s ar SMF distanci 300 km
Datu parraide ar kopéjo parraides atrumu 19.7 Thit/s ar SMF distanci 75 km.

Optisko pulksteni (optical clocks)

RF oscilatoros ar augstu spektralo precizitati (RF photonic oscillators with a
record spectral purity)

Lazeru stabilizacijai — WGM rezonatoru augsta Q faktora un plata optisko vilnu
garumu diapazona dél.

Astronomija — eksoplanétu mekléjumos, kur nepiecieSama preciza optisko
frekvencu reference



2.2. Portativa WCOMB ka daudzvilnu gaismas avota
izstrade un izveide pielietojumiem skiedru optisko
sakaru sistemas

Sagatavots saraksts ar RTU Tl free space komponentém;
|zstradats plans pirmajiem eksperimentiem ar:

X tipa sazarotajs no SMF Skiedras;

X tipa sazarotajs no DCF, HNLF Skiedras;

Rezonatora izstradei izmantot:
SMF;
DCF;
HNLF.

WCOMB izstrade — ja iespéjams, tad jaturpina testi ar modeli, ko
testéjam priekSizpétée - veicot atbilstosos uzlabojumus



2.3. Uz WCOMB bazes veidotas optisko sakaru
sistemas matematiska modelesana

Sis apaksdarbibas meérkis ir optisko parraides sistemu simulacijas
programma (OptSim, VPIphotonics, Matlab vai Ilidzvértigd) novértéet
frekvenCu kemmes Jeneratora pielietojumu  Skiedru optiskaja sakaru
sisttma ka daudzvilnu gaismas avotu ar dazadiem neséjsignalu
modulacijas formatiem, ka pieméram, NRZ-OOK, PAM-4, Duo-binary, u.c.

Paveiktais un planotais:

|zstradats sakaru sistémas modelis OptSim vidé. Planots sistému realizét
VPIphotonics vidé;

2.2. aktivitaté iegltais daudzvilna avota spektrs tiks ieladéts simulacijas vidé
un veiktas atbilstoSas simulacijas;

No simulacijas rezultatiem planots izstradat Zinatnisko publikaciju.



Paldies!



