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2. Investigation of filamentation and nonlinear optical phenomena in semiconductor materials of the
telecommunication wavelength range.

Pedepar:

1. Iucepraniiina po60oTa MprUcBsIYeHa BUBYEHHIO ONITUYHUX HEJIIHIMHNUX NPOLIECIB Ta OCOOJIUBOCTEN B3a€MO/Iii
(peMTOCEeKYyH/IHOTO BUIIPOMiHIOBAaHHS 3 JOBXUHOIO XBUJI 1.55 MKM y HamiBNpOBiIHUKOBUX MaTepiasnax (c-Si, InP,
As2S3) Ta 3 noBxuHO10 xBUIi 800 HM y 65GeS2-25Ga2S3-10CsCl ckuii. Y npoueci BUKOHaHHS JycepTaliiiHoOi po60oTH
6yJ10 pOo3p0O6JIEHO Ta CTBOPEHO MOTY>KHUI BOJIOKOHHUI J1a3ep, 10 Mpallloe Ha JOBXUHI XBUi 1.55 MKM. OTpUMaHO
MaKCHMMaJIbHe, 1JI JAHOTO TUIYy BOJIOKOHHMX JIa3€piB, 3HaU€HHS eHeprii iMIysbey (2 MKIK) IpU TPUBAJIOCTI
immysibcy 410 ¢c. I3 BUKoprcTaHHSIM J1a3epa IPOBeLeHO NOCIiIKeHHS HeliHIMHNX HeCTaljoHAPHUX ONITUYHUX
SIBUIIL Ta 33714 MiKPOOOPOOKU MaTepiasiB. BUusiBIeHO 0COGIMBOCTI CIIEKTPiB BUITPOMIHIOBAHHSI TPU B3aeEMOIi
JIa3epHUX iMIIyJIbCiB 3 LIEeHTPaJIbHOIO JOBXUHOI0 xBUJi 1550 HM 3 maTepianamu (c-Si, As2S3, InP) Ta 3adikcoBaHo:
acHMeTpUYHEe PO3IIMPEHHS CIEKTPA BUXiAHOrO iMITyJibCy 3 25 HM 10 100 HM 3i 3MillleHHSIM Y KOPOTKOXBUJIbOBY

0671acTh y c-Si, CMUMeTprUYHe PO3IKPEHHS CIIEKTPY Y XaJbKOreHiHOMY cKJIi 3 25 HM 1o 300 HM Ta He3Ha4Hi 3MiHU B



crekTpi InP (po3mmpeHHs ~7 HM), FeHepalilo TPeTbOi FapMOHIKHU y KpeMHil Ta As2S3. JIoCIIiIpKeHO 3a1€KHICTh
KyTOBOT'O PO3MOiTy BUITPOMIHIOBAHHS 3 JOBXKMUHOIO XBUJI 1.55 MKM Ta 10r0 TPeThOoi TapMOHIKHU Y C-Si.
3aCcTOCOBYI0UM METOJIY 4aCOPO3iIbHOI MIKpOCKOIIii, BUBYEHO [TPOCTOPOBO-4YaCOBY JUHAMIKYy (pc-imMIysbcy B c-Si
npu 0=1550 HM. 30Kkpema 3apeeCcTpOBaHO 30iIbIIE€HHS] TPUBAJIOCTI (C JTa3€PHUX IMITYJIbCIB Ta 3aIIPONOHOBaHI (i3nyHi
MexaHi3MH1 ix GopMyBaHHs, a came: IpoLecaMu ABO(POTOHHOTO NOTJIMHAHHS, KePPIBCbKUM CaMO(OKYCYBaHHSIM,
pedpaxkiiielo Ta TOTIMHAHHSIM TBEPOTIIbHOIO M1a3MOo10. Bei 11i poliecu € MpuyrnHO0 CKIAJHOTO TePETBOPEHHS
iMmysbCy. 3apeecTpoBaHO IPOCTOPOBY TpaHcdopMaliiio Gpc BUTPOMiHIOBAHHS 3 IOBXKUHOIO XxBUJI 1.55 MKM y ¢-Si Ta
sBulle QpinameHTauii i mynbtudinamenranii B As2S3. [IpogeMoHCcTpoBaHO Mogudikalii y KpeMHii, popMyBaHHS
XBUWJIEBOJHUX CTPYKTYP y cTekyax As2S3 Ta 65GeS2-25Ga2S3-10CsCl, npunosepxHesi mopudikarii B InP.

BusiBiieHo, 1110 OCHOBHUM OOMEXYIOUMM (PaKTOPOM, 110 YCKIIaLHIOE Npouecu mogudikarii y c-Si ta InP, € Bucokuii

KoedilieHT 1BOPOTOHHOTO MOTJIMHAHHSL.

2. The dissertation is devoted to the study of physical phenomena and processes induced by femtosecond laser
pulses with the central wavelength of 1550 nm in semiconductor materials (c-Si, InP, As2S3) and in chalcohalide
glass 65GeS2-25Ga2S3-10CsCl at a wavelength of 800 nm. For this research, an Er-Yb-doped fiber laser with a
wavelength of 1.55 uym was developed. The femtosecond laser source delivers a maximal value of the pulse energy
of 2 uJ at a pulse duration of 410 fs and repetition rate of 250 kHz. Using a time-resolved pump-probe technique,
non-destructively interact radiation with the crystals at wavelength 1550 nm was shown. The spectral changes of
pulses during the interaction with c-Si, As2S3, InP were observed for the first time. Those are an asymmetric
expansion of the spectrum of the output pulse from 25 nm to 100 nm with a shift to the short-wavelength region in
c-Si, symmetrical expansion spectrum in As2S3 from 25 nm to 300 nm, and slight changes in the spectrum of InP,
and also third-harmonic generation in c-Si and As2S3. Non-linear spatial-temporal transformation of the fs pulse,
which results in the transformation of the angular profile of the beam from Gaussian to Bessel in c-Si and
multifilamentation in As2S3 and generation of green third harmonic, was observed. The dependence of the angular
distribution of radiation at a wavelength of 1.55 pm and its third harmonic in c-Si was investigated. Also, an
increase in the duration of fs of laser pulses has been registered in c-Si. The physical mechanisms of their
formation have been proposed, namely: two-photon absorption processes, Kerr self-focusing, refraction, and
solid-state plasma absorption. All these processes are the cause of complex pulse conversion. The advent of
ultrafast infrared lasers provides a unique opportunity for the direct fabrication of three-dimensional
microdevices. However, strong nonlinearities prevent access to modification regimes in narrow gap materials with
the shortest laser pulses. In our study, by a judicious choice of the writing parameters, including laser pulse
energy, repetition rate, and inscription speed, the optical structures inside c-Si by the femtosecond laser at a
wavelength of 1.55 um were recorded. In the study, it was found that there exists a threshold of the pulse energy to
produce a high-quality groove, which is 0.65-2 pJ. It was shown that optimal writing velocity is in the range
0.01-0.07 mm /s at a repetition rate of 0.25-1 MHz. Using femtosecond pulses at wavelength 1.55 um, the
structures in As2S3, near-surface modifications in InP have been demonstrated. Focused laser pulses have induced
the refractive index modification inside the 65GeS2-25Ga2S3-10CsCl glass at 800 nm wavelength. It was revealed
that the main contributions that prevent modification with the shortest pulses are beam depletion by multiphoton
absorption, Kerr-induced phase distortions, and defocusing of strong plasma in c-Si and InP.
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