»Begalinés* litografinés kaukés formavimas Saulés elementy gamybai panaudojant tiesioginj
lazerinj raSymg Beselio pluoStu

Kuriant auksto efektyvumo Saulés elementus su daugiau nei 26% efektyvumu, naudojama pavirsiniy
periodiniy dariniy technologija. Siuo metu technologijos esme sudaro litografinés kaukeés
formavimas, jos selektyvus ir tikslus pasalinimas ir plazminis ésdinimas. Silicio technologinése
platformose teisingai jgyvendinus Siuos procesus galima pasiekti ar net vir§yti Lambert'o (spinduliy
optikos) ribg Sviesos sugerciai.

Tam, kad ta riba biity virSyta biitina pasiekti nuo 1 iki 10 mikrometry skyliy i§sidéstymo perioda
litografinéje kaukéje. Dabar tg pavyksta padaryti su aukstu tikslumu 1-10 cm”2 plotuose. Tai yra
palyginus mazi plotai ir norint juos didinti, pvz. iki 1 m”"2, reikia tobulinti proceso atkartojamumg ir
patikimuma. Mes demonstruosime btidg, kaip pasiekti aukstos raiSkos, mazesnés nei 1 mikrometro,
naudojant tiesioginj femtosekundinio lazerio raSymg (abliacijg) esant normalioms/kambario
salygoms, taip eliminuojant poreikj naudoti vakuumines litografijos metodus.

Besselio pluostas bus panaudotas siekiant padidinti pavirSiaus sekimo tolerancijg. Tai svarbu
formuojant kaukés skyléms, kurios pasizymi 0.3 - 0.8 mikrometry diametrais. Numatoma, kad
kaukes architektiira sudarys 40 nm storio aliuminio oksido AI203. Tikslas pasiekti aukstg tiesinj
apdirbimo greitj: 7,5 cm/s, arba 1 cm”2/20 min.

Plazminio ésdinimo protokolas bus optimizuotas siekiant i§vengti nulinés “Mesa”-0s formavimosi ir
sukurti fotoninius kristalus (PhC) su lygiais nanomasto pavirsiais.

Bus apibréztas planas padidinti S§io metodo taikymo plotg ir pralaiduma, iSrySkinant jo potencialg
platesnéms taikymo sritims.

Biitinos uzduotys ir veiksmy planas, skirtas naujy rezultaty ir technologijy kiirimui, apims skirtingy
kaukiy medziagy, kaukiy storio, inzineriniy defekty (laisvai stovin¢iy kaukiy ant vakancijy)
bandymus ir gauty rezultaty susiejima su galutiniy jrenginiy pagrindiniais veikimo rodikliais.
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For future applications on large surfaces, such as developing high-efficiency solar cells with more
than 26% efficiency, it will be necessary to pattern surfaces with periodic patterns ranging from 1 to
10 micrometers with high fidelity over areas of 1-10 cm”2, before considering scaling up to 1 m”2.
These patterns aim to achieve, or even surpass, the Lambertian (ray optics) limit for light trapping.
We will demonstrate a pathway to achieve high-resolution sub-1 micrometer etch mask patterning
through ablation, utilizing direct femtosecond laser writing under ambient conditions, thus
eliminating the need for vacuum-based lithography methods. A Bessel beam will be employed to
reduce the high surface tracking tolerance required for ablating holes with diameters between 0.3 and
0.8 micrometers in approximately 40 nm thick alumina Al203 masks at a high writing speed of 7.5
cm/s, achieving a patterning rate of 1 cm”2 every 20 minutes. The plasma etching protocol will be
optimized to prevent the formation of zero-mesa and to create photonic crystal (PhC) trapping
structures with smooth nanoscale surfaces. The plan to scale up the area and throughput of this
approach will be outlined, highlighting its potential for broader applications.

Essential tasks or the roadmap for generating novel results and techniques will include testing
different mask materials, mask thicknesses, engineering defects (free-standing masks on vacancies),
and relating the results to the fundamental performance of resulting devices.



