ZILINSKA UNIVERZITA V ZILINE

Fakulta elektrotechniky
a informacnych technoldgii

Pasivne optické siete na Cipe

Skolitel: Ing. Daniel Benedikovic, PhD.

Telefon E-mail Web-stranka

+421 41 513 2227 daniel.benedikovic@uniza.sk https://optolab.feit.uniza.sk/
Studijny odbor: Infromatika Study field: Informatics

Studijny program: Telekomunikacie Study programme: Telecommunications

Vyskumna skupina: Laboratérium integrovanej fotoniky a optickych komunikacii

'I'“"" INPHOCOM
'.“ Fl Laboratory of

i

I |

|" Integrated photonics

i
1 )
llll‘ and optical communications

Anotacia vyskumnej prace:

Cielom dizertanej prace je vyskum a vyvoj pokrocilych zariadeni pre pasivne optické siete buducej
generacie s vyuzitim technolégii integrovanej fotoniky. V praci sa budu rozvijat nové navrhy a rieSenia
multi-uroviovych fotonickych integrovanych komponentov pre inteligentny manazment vykonovych a
spektralnych zdrojov pasivnej optickej siete s ultimatnym cielom zlepSenia integrity signalu, znizenia
vloznych strat, zvySenia prenosovej kapacity systému a znizenia spotreby energie.

Téma vyskumnej prace:

Cielom dizertanej prace je vyskum a vyvoj pokrocilych fotonickych zariadeni uréenych pre pasivne
optické siete (PON — Passive Optical Networks) buducej generacie, a to s dérazom na aplikaciu
technolégii integrovanej fotoniky. Rychly rast objemu prenasanych dat, potreba vysokorychlostného
pripojenia a snaha o udrzatelny rozvoj sietovej infrastruktiry si vyzaduju nové pristupy k navrhu
optickych distribu€nych sieti. V tejto suvislosti sa praca zameriava na vyvoj novych typov multi-
urovhovych fotonickych integrovanych komponentov (napr. vykonové rozboCovale, spektralne
multiplexery, vinovodové filtre a smerovace), ktoré umoznia inteligentny manazment vykonovych a
spektralnych zdrojov v ramci siete.

Obr. 1: Pasivne integrované obvody pre optické distribu¢né siete implementované na Cipe

Hlavnou vyzvou je optimalizacia funkénych vlastnosti tychto komponentov tak, aby sa
minimalizovali vlozné straty, maximalizovala priepustnost a zaroven sa zabezpecila vysoka integrita
signalu v celom optickom prenosovom retazci. Navrhované rieSenia budi smerovat k vyraznému
zvySeniu prenosovej kapacity systému pri zachovani alebo znizeni energetickej naro¢nosti, ¢o je
kfuaCové pre moderné a ekologicky udrzatelné komunikacné siete. DizertaCna praca tiez skuma
potencial integrovanej fotoniky pre adaptivne a rekonfigurovatelné siete, ktoré dokazu dynamicky
reagovat na meniace sa poziadavky koncovych pouzivatelov a prevadzkové podmienky.

Vyskumna cast dizertacie zahffia navrh, simulaciu a experimentalnu validaciu prototypovych
komponentov, s vyuzitim modernych nastrojov pre navrh fotonickych integrovanych obvodov (PIC —
Photonic Integrated Circuits), ako aj technoldgii zalozenych na kremiku a alternativnych
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materialovych platformach (napr. SiN, InP). Osobitna pozornost bude venovana technolégiam
zlu€ujucim vyhody réznych materialov a umozfujucim hybridnu integraciu.

Vysledky tejto prace prispeju k efektivnejSiemu navrhu optickych pristupovych sieti, ¢im sa otvaraju
nové moznosti pre Sirokopasmové a energeticky efektivne telekomunikaéné rieSenia. Praca ma
ambiciu vytvorit technologicky zaklad pre nasadenie dalSej generacie PON infrastruktar, ktoré budu
schopné plnit poziadavky inteligentnych miest, loT a buducich digitalnych sluzieb.

Vyskumné aktivity:

- teoretické Studium a optické simulacie (s vyuzitim komerénych nastrojov) pre optimalizaciu
klu€ovych fotonickych zariadeni

- definovanie vyrobnych postupov a vlastnych navrh zariadeni, ktoré si kompatibilné s dostupnymi
vyrobnymi procesmi

- priprava a optimalizacia litografickych masiek pre vyrobu zariadeni

- testovanie a opticka charakterizacia vyrobenych zariadeni na meracej platforme vyvinutej vo
vyskumnej skupine

Aktivity vyskumnej prace su realizované v blizkej spolupraci s medzinarodnymi partnermi:
NRC, Kanada a C2N, Francuzsko

Profil Studenta a kvalifikaéné predpoklady:
Vhodni uchadzaci musia mat' ukoncené a dosiahnuté vysokoSkolské vzdelanie 2. stupfia v odbore
fyzika, telekomunikacia/elektrotechnika alebo podobnom odbore pdsobenia

Vysoko hodnotené je inzinierske, magisterské Studium v oblasti optiky a nanotechnolégii

Znalosti a skusenosti s integrovanou optikou, pracou v laboratériu ako aj so simulaénymi nastrojmi
su vyhodou.

Silna motivacia a zvedavost pre vedu a vyskum

Kreativita a pro-aktivita v hfadani inovativnych rieSeni a pristupov
Zdatné pisomné a ustne komunika¢né zru€nosti v angli¢tine
Ochota cestovat a pésobit' v medzinarodnom prostredi

Financovanie PhD. projektu:
Nazov projektu: Multiband photonic integrated library for quantum-optical systems (MIRAQLE)

Schéma podpory: Narodny plan obnovy a odolnosti Slovenskej republiky: Stipendia pre
excelentnych vyskumnikov a vyskumnicky R2-R4, 09103-03-V04-00410
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Research abstract:

The aim of the dissertation is the research and development of advanced devices for next-generation
passive optical networks using integrated photonics technologies. The work will develop new designs
and solutions of multi-level photonic integrated components for intelligent management of power and
spectral resources of passive optical networks with the ultimate goal of improving signal integrity,
reducing insertion losses, increasing system transmission capacity and reducing energy
consumption.

Research topic:

The aim of the dissertation is the research and development of advanced photonic devices for next-
generation passive optical networks (PONs), with an emphasis on the application of integrated
photonics technologies. The rapid growth of the volume of transmitted data, the need for high-speed
connectivity, and the pursuit of sustainable development of network infrastructure require new
approaches to the design of optical distribution networks. In this context, the work focuses on the
development of new types of multi-level photonic integrated components (e.g. power splitters,
spectral multiplexers, waveguide filters, and routers) that will enable intelligent management of power
and spectral resources within the network.

Obr. 1: Passive integrated circuits for optical distribution networks implemented on a chip

The main challenge is to optimize the functional properties of these components in order to minimize
insertion losses, maximize throughput, and ensure high signal integrity throughout the entire optical
transmission chain. The proposed solutions will aim to significantly increase the transmission capacity
of the system while maintaining or reducing energy consumption, which is key for modern and
environmentally sustainable communication networks. The dissertation also explores the potential of
integrated photonics for adaptive and reconfigurable networks that can dynamically respond to
changing end-user requirements and operating conditions.

The research part of the dissertation includes the design, simulation, and experimental validation

of prototype components, using modern tools for the design of photonic integrated circuits (PICs), as
well as technologies based on silicon and alternative material platforms (e.g. SiN, InP). Special
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attention will be paid to technologies combining the advantages of different materials and enabling
hybrid integration.

The results of this work will contribute to a more efficient design of optical access networks, opening
up new possibilities for broadband and energy-efficient telecommunications solutions. The work aims
to create a technological basis for the deployment of the next generation of PON infrastructures that
will be able to meet the requirements of smart cities, 0T and future digital services.

Research project activities:
- theoretical study and optical simulations (using commercial tools) for optimization of key photonic
devices

- definition of manufacturing procedures and custom design of devices that are compatible with
available manufacturing processes

- preparation and optimization of lithographic masks for device fabrication

- testing and optical characterization of fabricated devices on a measurement platform developed in
the research group

Research activities are carried out in close cooperation with international partners: NRC,
Canada and C2N, France

Student profile and qualification requirements:

Suitable candidates must have completed and achieved a 2nd degree in physics,
telecommunications/electrical engineering or a similar field

An engineering or master's degree in optics and nanotechnology is highly valued

Knowledge and experience with integrated optics, laboratory work as well as simulation tools are an
advantage.

Strong motivation and curiosity for science and research

Creativity and pro-activity in finding innovative solutions and approaches
Proficient written and oral communication skills in English

Willingness to travel and work in an international environment

PhD project funding:
Project name: Multiband photonic integrated library for quantum-optical systems (MIRAQLE)

Support scheme: National Recovery and Resilience Plan of the Slovak Republic: Scholarships for
excellent researchers R2-R4, 09103-03-V04-00410

Realization period: 07/2024 — 08/2026
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