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Par projektu

Projekta partneri:

" Latvijas Universitate (vadosais partneris, 40% projekta finanséjuma)

" Rigas Tehniska universitate, Telekomunikaciju instittts (partneris,
20% finanséjuma)

" SIA"AFFOC Solutions" (partneris, 40% finanséjuma)
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Par projektu

Projekta galvenie sasniedzamie rezultati:

" Zinatniskie raksti — 5; no tiem publicéti augsti citéjamos zurnalos val
konferencu rakstu krajumos — 2

= Jauni komercializéjami produkti/tehnologijas — 1

= Jauni produkti/tehnologiju prototipi — 3

" Komersantu, kuri sadarbojas ar pétniecibas organizaciju — 1

" Tehnologiju tiesibas - patents — 1
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Rezonatoru geometrija
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Rezonatoru geometrija
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Vilngarumdales multipleksésana
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Trapecveida skiedra
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Frekvencu kemmes generéSana
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Publikacijas

Braunfelds, J., Murnieks, R., Salgals, T., Brice,
|., Sharashidze, T., Lyashuk, I., Ostrovskis, A.,
Spolitis, S., Alnis, J., Porins, J., Bobrovs, V.,
2020. Frequency comb generation in WGM
microsphere based generators for
telecommunication applications. Quantum
Electron. 50, 1043-1049.
https://doi.org/10.1070/QEL17409
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Table 1. Spatial microresonators and numerical simulations,

their parameters and generated frequency combs,

Fesonator types

Cermanosilicate glasses

CaF. [1.24] MgF. [7.5, 18,35 38] Si0. [22,30 4] [20.21)
Parameter ) T
Microspherel
Crystalline Crystalline Microrodh Microsphere
Microbubble
O-factor (25 &)= 10" (1 Jp=10¥ P 107 9.7 x 108 1 10¢ 1%107
Radius a fmm 1.275 2425 0.5 563 0,136 1 0.2 04
FSR /GHz 13.8 25 58 43 129 1000
Pump wavelength 1, ., /om 1550 1560 1543 1536 15495 1560 1350
Pump power Py, fdBm 14 17 3 X5 4.8 245 20
Comb width fnm 50 280 2 300 10 250 100 200
Comb spacing [GHz 1381 339 0.9 248 326 1000

Table 2. Integrated microresonators, their parameters and gemn

erated frequency combs.,

Parameter

Resonator types

Silica on a
silicon
chip [4.50 52]

SigM,

Toroidal

(10,11, 14,26, 33, 49]

AIN [47,48]

SiN 16,34]

Hydex glass [46]

Four-port

MgF, [45]

disk Ring Ring Ring microring Photonic belt

{-factor (2 2.7)x 10 1= 105 13=10 (5 6)x10° (1 2yx10° 1.2 =108 4.7 = 108
Radius o fmm D038 1 002 03 0.8 03 0135 1.34

FSR [GHz 33 Es0 75 403 17 370 25 958 A 25,78

Apum fnm 15458 1560 1541 13561 15500 15532 15488 15494 15442 15587 1561

P {dBm BE 34 21LE 348 27 278 0 48 173 18 12.8

Comb widihfnm 3500 1180 00 725 200 100 255 300

Comb spacing {GHz 33 1100 17 403 370 25 958 327 6400
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Publikacijas
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Brice, ., Grundsteins, K., Sedulis, A., Salgals, 2 w0 " §§U
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Publikacijas

Salgals, T., Alnis, J., Murnieks, R., Brice, 1.,
Porins, J., Andrianov, A. V., Anashkina, E.A.,
Spolitis, S., Bobrovs, V., 2021. Demonstration
of a fiber optical communication system
employing a silica microsphere-based OFC
source. Opt. Express 29, 10903.
https://doi.org/10.1364/0OE.419546
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Publikacijas E s S REREN:
Spolitis, S., Murnieks, R., Skladova, L., Salgals, T., :E

20 1B 6 <14 AZ A0 B <5 4 o2 o

Andrianov, A. V., Marisova, M.P., Leuchs, G., Foeabvot aptiod power (6o

Anashkina, E.A., Bobrovs, V., 2021. IM/DD WDM- i
PON Communication System Based on Optical g f
Frequency Comb Generated in Silica Whispering g

Gallery Mode Resonator. IEEE Access 9, 66335— ==

66345. vy
https://doi.org/10.1109/ACCESS.2021.3076411 et e o e 381 ot o 1

integrated OFC gencralon

For objective comparison in Fig. 7, we show the BER
values change with the received oprical power for ransmis-
siom distances 20 and 40 k. Comesponding eve diagrams of

en i m
T o]

the recerved signal are shown only for 40 km iransmission FIGLRE 8. ﬁumﬁam-ﬂ uprh:w:nf:m I:r:::muﬂuﬂ
distance (Fig. 81, which is the distance reached by all fibers v [3) SMF, (b) NZ-DSE, and {c} C5F opélcal fiber link for 10 Chit/s NRZ
keeping the BER below the FEC threshold. BER curves i1e e WS 0F¢ L somenr - memisslon systam wih in

not ploned for 60 km ransmission as the provided perfor-
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ublikacija - iesniegta
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Fig. 8. BER versus ROP for the IM/DD commumication system where the Ker-OFC light source
carmers =17, 07 and “+17 can be used for NAR-OOK signals fransmission with baudrates up
o (a) 50 Ghawd by 60 Gband and (ch 50 Gbaod without any post-equalization. If the post-
equalizer with 33-FF&15-FB taps is used, the BER is significanly improved for all these
bandrabes. Recerved signal eve diagrams For carmers: (g) “-1", (h) “07 and (i) “+1" caplured an
ROP of -10 dBm in the 40 Gbaud case.
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Silica microsphere WGMR-based Kerr-OFC light
source and its application for high-speed IM/DD short-
reach optical interconnects

Tonms SaLcars,'? Janis ALnis? Oskars OzoLins,' - ALEXEY V.
AnDRIANOV,® ELENA A. ANasHEINA® INGAa BricE.? RoBERTS BERKIS, A
Xiaopax Pang, !5 ALEksE)s UpaLcovs,! Jurcis Porixs,! Savpis
SPOLITIS, " AND VIACESLAVS BoBROVS!
‘Instifute af Telecommunications. Ripa Technical University, 12 Azenes sireet, T048 Riga, Latvia
AFFOC Solutiony Led_ §7 Andrejostos streef, JMF Riga, Latvia

nwtifwie o af Atomic Plics and 5pn'n'n>n1=1vl. Umiversity of Larvia, 3 felpovs streef, TS Ripa, Lohvia
Wetworks Uniz. RISE Revearch Irestitutes of Sweden, 163 40 Kirta, Sweden

‘Applied Physics Department, KTH Roval Institute of Technology, 106 91 Sockkalm, Sweden
S af Appiied Plysics of the Sassion Academy of Scfemoes, 486 U vanoy strees 603950 Nizkay
Novporod Riesio:

Institete jor Experimentn! Physics, University of nesbrwck, Tecknibersirasse 35, 68020 fonsirack,
Arwesiria

Communicetion Technelogier Rerearch Center, &pa Techmival Universiiy, 12 Azenes sirest, 1048
Kipa, Lara

Lo, ralgelrd ria

Abstract: Kerr oplical frequency combs (OFC) based on silica microsphere whispering
gallery mode resonator (WGMHED have variows applications where they are used as a lizht
source. For felecommuonication parposes, WOMR-based Kemr-OFC comb gencrators can be
physically realired using silica microsphere resonabors and wsed as @ replacement of multiple
laser arrays. [n such a realization, these novel light sources have the polential to demonstrate a
new low-cost concept enabling an altractive solution for intra-datacenter inerconnects (DCT.
Im this paper, we show an experimental demonstration of a silica microsphere WGMR -based
Kerr OFC light source with 400 GHz spaced carriers and its wse for daia transmassson
employing low-cost and bow-complexily inlensity modulation direct detection (IMUDD
schemes. Using the non-return to zero {NRE) on-off keying 000K} modulation formal, data
rates up b 50 CGbps'i can be wsed for data transmission over 2 km singbe-mode fiber (SMF)
link. Digitzl equalization technigques, such as a lincar equalizer with feed-forward (FF) and
feedback (FEyiaps, are used to amprove the signal quality dee b different systen’s distortions,
incleding the bandwadih limitations, optical to electrical (OVE) and electrical o optical (E/C)
conversions, and the link induced inter-symbol imerference (IS0 Finally, we provide an insighi
into possible aliernative techoologies for inra-datacenter interconmects and investigate their
limatziioms through iransmission experiments.

£ 2021 Owptical Society of America under the terms of the 054 Open Access Publishing Apreement
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