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VII. BizomocrTi npo IiP
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JedopmariiiiHa iHXeHepis eIeKTPOHHOI CTPYKTYPM TOHKUX IL1iBOK GeSn 117151 [Y onToeneKTpOHiKA HOBOTO

[IOKOJIIHHA

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Deformation engineering of the electronic structure of GeSn thin films for new generation IR optoelectronics

Pedepar yKpaiHCBKOIO:

Y po6oTi po3po6JIeHO Ta ONTUMI30BaHO ABa MeTOAU (POPMYBAHHS NoJiKpUCTaliYHUX Gel-x-ySnxCy niiBoK
ToBIMHOKW 200-300 HM Ha 100 HM Ge 6ydepHUX 1apax, oNnepesHbo ocaiKeHux Ha Si ninxnanku. O6unsa
IiAIXO[M CIIPSIMOBaHI Ha CTBOPEHHSI ILIIBOK i3 KOHTPOJIbOBAHUMU CTPYKTYPHMMH, KOMIIOHEHTHUMU Ta
MOPQOJIOriYHUMHU XapaKTePUCTUKaMU. MeTo, TEPMIUHOTO HAlIMJIEHHS Ta JIA3€PHOTO BilNasy BKIOYAe
dbopmyBaHHs baraTomapoBux CTpYKTyp Ge/Sn TepMiyHUM HallWeHHSIM, HACTYIIHY iMIIaHTaljo ioHiB C+, Ta
diHanbHUN PeMTOCeKyHIHUMN JazepHuii Bignasn o = 800 HM. MeTo, MarHeTpOHHOTO PO3NUJIEHHS 3 HACTYITHUM
CKAaHYIOUMM JIA3€PHUM BiiIaJIOM BKJIIOYA€ MarHETPOHHE PO3MUJIEHHS i3 BUKOpUCTaHHsIM GeSn Ta rpadiToBux
MileHei A1 ocaaKeHHs MiBKA Gel-x-ySnxCy 3 MoJaiblIMM CKaHyIOUMM 6e3l1epepBHUM JIa3€PHUM BiJNajoMm (O =
455 HM, cepegHs rycTuHa eHeprii 120 [Ix /cM2). PamaHiBcbKa CIIEKTPOCKOIIiSi BUKOPUCTOBYBAJIACS /1151 BU3HAUEHHS
4YaCTKU IHKOPIIOPOBAHUX aTOMIB SN y KpUCTaliyHy rpatky Ge, OCKiJIbKM YaCTOTHE T10JI0KEHHS KOJIUBHOI Moau Ge-
Ge € 4yTIMBUM [I0 BMICTY 0J10Ba. He3Bakaioum Ha MOJKPUCTAIIYHY IPUPOLY IIJIiBOK, OyJI0 BpDaxOBaHO MEXaHiuHi
HaIpYKeHHS, SIKi BUHMKaIOTh BHACILOK pi3HUL KoedilieHTiB TepMiuHOro po3smupenHs miiBku Gel-x-ySnxCy Ta
MiJKIa0KU [IPY CUHTE3i Ta 0XOJIOIKEHHI. AHaJIi3 32 OTIOMOIOI0 Mac-CIIEKTPOCKOII] [10Ka3as., 110 HaBiTh IpU
iMITyJIbCHOMY JIa3€PHOMY BiJIaJi BiIOyBa€TbCs YACTKOBA Cerperanist aroMis Sn Ta C 3 HACTYIIHOI IXHBOIO OUPY3i€lo
Ha [NOBEPXHIO IIJIiBKU Ta J10 iHTepdeiicy 3 6ypepHuM mapoM. PeHTreHiBcbKa 1udpakToMeTpis fo3BoIna
BCTAHOBUTH, L0 IIBUIKUIY JIa3epHUH Binnas crpusie GopMyBaHHIO JOCKOHAIIIO! KPUCTAaNiYyHOI cTpyKTypu Gel-x-
ySnxCy NOpiBHAHO 3 KpUCTaJli3alji€lo, JOCATHYTOIO IIPYU TPAIULIIMTHOMY TepMiYHOMY Binmnasi. JloBeneHo, o KiHieBa
4aCcTKa BOYJOBAHOTO SN 'y KPUCTAivHii I'PaTLli 3a7I€XKUATh Bif, 10r0 BMiCTy B [1I0YaTKOBUX aMOPQHUX ITiBKax Gel-x-
ySnxCy. MopdosioriuHi fOCaiIpKeHHs IOBEPXHI IJ1iBOK 32 JOIIOMOI0I0 aTOMHO-CUJIOBOI Ta CKaHYI0Y0i €JIeKTPOHHOI

MiIKPOCKOIIii BUSBUJIH, 110 JIETYBAHHS BYIJIELIEM CIIpUSi€ 3HAYHOMY 3MEHILIEHHIO IOPCTKOCTI ITOBEPXHi.

Pedepar aHIJIiHCBKOIO:

In this work, two methods for the formation of polycrystalline Gel-x-ySnxCy films with a thickness of 200-300 nm
on 100 nm Ge buffer layers previously deposited on Si substrates have been developed and optimized. Both
approaches aim to create films with controlled structural, component, and morphological characteristics. The
thermal sputtering and laser annealing method involves forming Ge /Sn multilayer structures by thermal
sputtering, subsequent C+ ion implantation, and final femtosecond laser annealing at o = 800 nm. The magnetron
sputtering method with subsequent scanning laser annealing involves magnetron sputtering using GeSn and
graphite targets to deposit the Gel-x-ySnxCy film with subsequent scanning continuous laser annealing (o = 455
nm, average energy density 120 J /cm2). Raman spectroscopy was used to determine the fraction of Sn atoms
incorporated into the Ge crystal lattice, since the frequency position of the Ge-Ge vibrational mode is sensitive to
the tin content. Despite the polycrystalline nature of the films, mechanical stresses arising from the difference in
the thermal expansion coefficients of the Gel-x-ySnxCy film and the substrate during synthesis and cooling were
taken into account. Analysis using mass spectroscopy showed that even with pulsed laser annealing, partial
segregation of Sn and C atoms occurs with their subsequent diffusion to the film surface and to the interface with
the buffer layer. X-ray diffractometry allowed us to establish that rapid laser annealing contributes to formation of
a more perfect crystal structure of Gel-x-ySnxCy compared to crystallization achieved during traditional thermal
annealing. It has been proven that the final fraction of incorporated Sn in crystal lattice depends on its content in



the initial amorphous films Gel-x-ySnxCy. Morphological studies of film surface using atomic force and scanning
electron microscopy revealed that carbon doping contributes to a significant reduction in surface roughness.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: Meron Gpopmysans GeSn:C rtiBok

Haszsa HTII anrJificbKor0: Method of forming GeSn:C films

HTII, sixy nepen6ayasiocss CTBOPHUTH: CTBOPEHO

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpmvxaHi P€3yJbTaTH: Meroau, TeOpii, rinoresu
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PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: e nigxin Brmovae dopmyBanHs 6araTomapoBux CTpyKTyp Ge/Sn TepMidHIM HATIMIIEHHM,
iMnaHTanjio ioHiB C+ Ta Bifnas 3a JOIOMOro GeMTOCEKYHIHOIO JIa3€PHOT0 BUIIPOMIHIOBAHHS 3 JOBKMHOIO XBUJI
= 800 HM.

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI mpoAyKiii (Matepiasis,

TEXHOJIOTI! TOIIO) A4J1s1 3a0€3MeYEHHS eKCIIOPTHOTrO OTEHIialy Ta 3aMillleHHIO iIMIIOPTY
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