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MaTepiaso3HaBCTBA — AOCJIIPKEHHIO BIUIUBY JIETYBAaHHS pifKicHO3eMenbHUMU eslemeHTamu (P3E) Ha ¢iznuHi
BJIACTMBOCTI XaJbKOTeHigHUX KpucTasniB AgGaGenSen Ta BU3HAYEHHIO iXHBOTO NIOTEHILiaNy 17151 3aCTOCYBaHHS B
OIITOEJIEKTPOHHUX NPUCTPOsIX. PoboTa BUKOHaHA y BosmMHCbKOMY HallioHa/IbHOMY YHiBepcuTeTi iMmeHi Jleci

Ykpainky, JIynpk, 2025. I[Tomyk HOBUX (YHKIIOHAJIBHUX MaTepiasis 1151 iHppauyepBoHOi (POTOHIKY Ta HeJliHINHOI
ONTUKU € KPUTUYHO BKJIMBUM. [CHYI04i KOMEPLiiHi KpUCTasy, Taki ik AgGaSo u1 ZnGePn, MaloTb 06MeXeHHS,
30KpeMa HU3bKUI NOPIr JIa3epHOro nomkomkeHHs. Kpucranm AgGaGenSen € IepCrneKTUBHOIO albTEPHATUBOIO, IIPOTE
BILIMB JieTyBaHH4 P3E Ha ixHi BIaCTMBOCTI 3a/1MIIaBCsl HEJOCTATHLO BUBYEHUM. Ll IycepTalis 3aroBHIOE 1110

TPOTaJIHY, KOMILJIEKCHO JOCIiIXKyl04n POTOCTUMYIbOBAHI IPOLIECH B JIETOBAaHMX KpPHCTalaxX. MeTo po6oTu 6yJ1o



BCTAHOBJIEHHS NIOTEHLia/ly 3aCTOCYBaHHS KpucTtaniB AgGaGenSen, neroBaHux ioHamu Nd, Dy Ta Er, B
OIITOEJIEKTPOHHUX NPUCTPOSIX. [ il mocsarHeHHs 6y/u BUpilleHi ciM KIII0UOBUX 3aBaHb, 0 OXOILIIOBAJIN
IOCJIiI)KEHHS BILIMBY JIETYBAaHHS Ha CTPYKTYPHI, KOJIMBAJIbHi, OITUYHI, (POTOEJIEKTPUYHI, II'€30€JIeKTPUYHI Ta
HeJIiHITHO-OINTUYHi B1lacTUBOCTI. HaykoBa HOBM3HA POOOTHU IOJISITAE€ B HACTYIIHOMY: * Briepie nposeneHo
KOMILJIEKCHE JIOCTIiI)KEHHSI BIUIMBY JieryBaHHs1 P3E Ha Bech criekTp ¢i3nyHMX BiacTuBOCTel Kpucranis AgGaGenSen. ©
BcTaHOBJIE€HO KislbKiCHI 3aKOHOMIPHOCTI 3MiHU IIMPYHY 3a00pOHEHOI 30HU Ta CTaTUYHOTO PO3YIOPSIKYBaHHS.
3arnporoHoBaHo Qi3MYHUI MeXaHi3M MIOCUJIEHHS JOMIMKOBOi (POTONPOBITHOCTI. * [loBe1EHO MOXKJIUBICTh
KEPYBaHHS I1'€30€JIEKTPUYHIMY Ta HEJIiHINHO-ONTUYHUMU BJIACTUBOCTSIMMU IIJISIXOM JIETYBaHHS. [IpakTuyHe
3HAUEHHS Pe3yJIbTaTiB I10JIAra€ B OOIPYHTYBaHHI I€PCIIEKTUBHOCTI BUKOPHCTAaHHS LIUX MaTepiasiB 1J1sl pO3p0oOKU
HOBHX OIITOEJIEKTPOHHUX €JIEMEHTIB, 30KPEMA KEPOBAHUX CEHCOPIB Ta NIEPETBOPIOBAYIB YaCTOTHU 711 CEPEIHBOTO
[49-gianasony. ¥ po60Ti BUKOPUCTAHO KOMILJIEKC CY4aCHUX €KCIIEPUMEHTAILHUX METOIUK: CUHTE3 KPUCTAJIIB
meTonioM Bpimkmena-Crokbaprepa; eJIeKTpOHHA MIKPOCKOIIis Ta €/1eKTPOHHO-30HJOBUI MiKpOaHai3 1jis
KOHTPOJII0 MOPQOJIOTii Ta XiMiYHOI OJTHOPITHOCTI; CIEKTPOCKOITisl KOMOiHAIIIITHOTO po3ciloBaHHs Ta iHDpauepBoOHa
dyp'e-creKTPOMETPIs [J1s1 aHAJ3y ONTUYHHUX Ta KOJIMBAJIbHUX BJIACTUBOCTEN; NOCIIKEHHS KPalo ONITUYHOTO
MIOTJIMHAHHS [17151 BUBHAYEHHSI IIMPUHU 3a00POHEHOI 30HH; BUBYEHHS (POTOIIPOBIAHOCTI 32 JOTIOMOT0I0
€JIEKTPOMETPA; TOCIIIPKEHHS 11'€30€JIEKTPUYHUX BJIACTUBOCTEN Ta iXHbOI 3aJIEXKHOCTI BiJl TEMIIEPATYPHU i JIa3€PHOTO
OIIPOMiHEHHSI; OL[iHKa HEeJIiHITHO-OIITUYHUX BJIACTUBOCTEN (reHepauii Apyroi rapMoHiKY) 3a METOJIUKOIO ITIOPOLIKY
Kyptua-Tleppi. KoMmniekcHuit aHasi3 BIUIMBY JIETYBaHHS Ha Qi3nyHi BracTuBocTi KpucrasniB AgGaGenSen nokasas
HacTymHe: jJeryBanHs ioHamu Nd, Dy Ta Er He 3MiHIO€ KPUCTAIYHOI CTPYKTYpH, IPOTE iHAYKYE JIOKAJbHI
CIIOTBOPEHHSI Ta HANIPY>KEHHS B I'PaTlli, 30epiraloyn BUCOKY XiMiuHy ofHOpiAHICTb. i CTPYKTYpHI 3MiHU BIIJIMBAIOTh
Ha KOJIUBaJIbHI BJIACTUBOCTI, X042 OCHOBHi KOJIMBaJIbHI MOY 36epiratoTecs. JIeroBaHi KpUCTaIu 30€epiraloTb BUCOKY
po30opicTs (moHag 70%) y mianazoni 2-15 mrm. JleryBanns P3E npu3BoguTh 10 3MEHIIEHHS IIMPUHU 3a600POHEHO1
30HH (Bif, 2.25 eB 110 2.20 eB n1s 3paska 3 Er) Ta 36is1bl1eHHs] CTATUYHOIO PO3YIOPSAKyBaHHS. [JoCTiIKeHHs
(OTONPOBIHOCTI BUSIBUJIY NIEPEPOBIIOiJ iHTEeHCUBHOCTE!N Ha KOPUCTb JOMILIKOBOTO MaKCUMYyMY, 1110
MIOSICHIOETHCS] YTBOPEHHSIM [0JaTKOBUX aKLIENITOPHUX LIEHTPIB (BaKaHCiN cpibia). [1'e30enexrpuunuii koedinieHT doo
3pocrae npu JjieryBaHHi Dy Ta Er (1o 35 n1m/B) i Moke e(peKTUBHO KepYBaTUCSI TEMIIEPATYPOIO Ta JIA3EPHUM
onpoMiHeHHsM. JleryBanHs P3E MO3UTHBHO BIJIMBAa€ Ha HEJiHIMHO-ONTUYHUH BiATYK, MiABUILYI0YM iIHTEHCUBHICTD
renepauii gpyroi rapmosiku (I'IT'), o0 KopeJioe 3i 3BMEHIIEHHSIM IIMPHUHU 3a60pOHEHOi 30HU Ta IOCUJIEHHSIM
alleHTPUYHOCTI CTPYKTYpH. [IpoBeeHi mocmigkeHHs JOBENY, 1O LileCIPsSIMOBaHe JleryBaHHS KpucTainiB AgGaGenSen
ioHaMU PifIKiCHO3EeMEJIbHUX €JIEMEHTIB € e(DeKTUBHUM iHCTPYMEHTOM [IJIs1 KEPyBaHHS IXHIMU CTPYKTYPHUMH,
ONTUYHHUMH, II'€30€JIEKTPUYHNMU Ta HEJIIHITHO-ONTUYHUMU BJIACTUBOCTSIMU. BUsiBiIeHe MiJBUIEHHS
intencuBnocTi ['/II' y moegHaHHi 3 MIMPOKMUM BIKHOM IIPO30POCTi B cepegHbOMY [YU-Tiarna3oHi Ta BUCOKUM IIOPOTrOM
J1a3€pHOTO IOMIKOKEHHS POOUTS i MaTepiajiy IePCIeKTUBHOIO OCHOBOIO 11Jis1 PO3POOKY e(PeKTUBHUX
MepeTBOPIOBAYiB YACTOTU. MOXKIMBICTh 3MIHIOBATU IT€30€/IeKTPUYHNUI KOeDillieHT Mif gi€to Ja3epHOro
OIIPOMiHEHHS € NPSIMOIO Pi3UYHOIO OCHOBOIO [1J151 CTBOPEHHS ONITUYHO KEPOBAHMUX CEHCOPIB TUCKY abo Aedopmaliii.
Kpim TOTO, 1151 BJIaCTUBICTB, Pa30M i3 (POTOIHIYKOBAHMMU 3MiHaMU (POTONPOBIAHOCTI, BiIKPUBA€E NEPCIEKTUBU IJIs1
PO3POOKU HOBUX MOZYJISITOPiB ONTUYHUX CUTHAJIB. TaKM YMHOM, Pe3ybTaTi pOOOTH HE JIMIIE MigTBEPIKYIOTh
3arajibHy IE€PCIIeKTUBHICTb leroBaHux KpucrasniB AgGaGenSen, ajie i Haal0Th HAYKOBO OOIPYHTOBaHY 6asy 1jisl ix

L1i7IbOBOI PO3POOKHU SIK aKTMBHUX CEPENOBHUI 17151 Cy4acHOi iH(ppauyepBOHOI (POTOHIKM Ta CEHCOPUKHU.

2. This qualification scientific work by T.O. Melnychuk is dedicated to solving a pressing problem in materials
science: investigating the effect of rare-earth element (REE) doping on the physical properties of AgGaGenSen
chalcogenide crystals and determining their potential for application in optoelectronic devices. The work was
carried out at Lesya Ukrainka Volyn National University, Lutsk, in 2025. The search for new functional materials for
infrared photonics and nonlinear optics is critically important. Existing commerecial crystals, such as AgGaSno or
ZnGePun, have limitations, particularly a low laser damage threshold. AgGaGenSen crystals are a promising alternative,
but the effect of REE doping on their properties has remained insufficiently studied. This dissertation fills that gap
by comprehensively investigating photostimulated processes in doped crystals. The aim of the work was to

establish the potential for using AgGaGenSen crystals, doped with Nd, Dy, and Er ions, in optoelectronic devices. To



achieve this, seven key tasks were addressed, encompassing the study of doping effects on structural, vibrational,
optical, photoelectric, piezoelectric, and nonlinear optical properties. The scientific novelty of the work lies in the
following: * For the first time, a comprehensive study of the effect of REE doping on the full spectrum of physical
properties of AgGaGenSen crystals has been conducted. * Quantitative regularities of changes in the band gap width
and static disorder have been established. * A physical mechanism for the enhancement of extrinsic
photoconductivity has been proposed. * The possibility of controlling piezoelectric and nonlinear optical
properties through doping has been proven. The practical significance of the results lies in substantiating the
prospects of using these materials for developing new optoelectronic elements, particularly controlled sensors and
frequency converters for the mid-infrared range. The work employed a comprehensive set of modern
experimental techniques: crystal synthesis by the Bridgman-Stockbarger method; electron microscopy and
electron-probe microanalysis for morphology and chemical homogeneity control; Raman spectroscopy and
Fourier-transform infrared spectrometry for optical and vibrational property analysis; optical absorption edge
studies to determine the band gap width; photoconductivity measurements using an electrometer; piezoelectric
property investigations and their dependence on temperature and laser irradiation; and nonlinear optical property
assessment (second harmonic generation) using the Kurtz-Perry powder method. A comprehensive analysis of the
effect of doping on the physical properties of AgGaGenSen crystals showed the following: Doping with Nd, Dy, and Er
ions does not change the crystal structure but induces local distortions and stresses in the lattice while
maintaining high chemical homogeneity. These structural changes affect vibrational properties, although the main
vibrational modes are preserved. Doped crystals maintain high transparency (over 70%) in the 2-15 um range. REE
doping leads to a decrease in the band gap width (from 2.25 eV to 2.20 eV for the Er-doped sample) and an increase
in static disorder. Photoconductivity studies revealed a redistribution of intensities in favor of the impurity
maximum, explained by the formation of additional acceptor centers (silver vacancies). The piezoelectric
coefficient d33 increases with Dy and Er doping (up to 35 pC/N) and can be effectively controlled by temperature
and laser irradiation. REE doping positively influences the nonlinear optical response, increasing the intensity of
second harmonic generation (SHG), which correlates with the decrease in band gap width and enhancement of
structural acentricity. The conducted studies have proven that targeted doping of AgGaGenSen crystals with rare-
earth element ions is an effective tool for controlling their structural, optical, piezoelectric, and nonlinear optical
properties. The observed increase in SHG intensity, combined with a broad transparency window in the mid-
infrared range and a high laser damage threshold, makes these materials a promising basis for developing efficient
frequency converters. The ability to change the piezoelectric coefficient under laser irradiation provides a direct
physical basis for creating optically controlled pressure or strain sensors. Furthermore, this property, along with
photo-induced changes in photoconductivity, opens prospects for developing new optical signal modulators. Thus,
the results of this work not only confirm the general promise of doped AgGaGenSen crystals but also provide a
scientifically substantiated basis for their targeted development as active media for modern infrared photonics and

sensing.
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InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. KeBmuH AHppiit 'puroposuy

2. Andrii Kevshyn

KBasigikamis: k. ¢.-m. 1., gor., 01.04.10

InenTudikarop ORCHID ID: 0000-0002-3581-8852

HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: BosmHCHKMI HallioHaJIbHUI YHiBepcuTeT imMeHi Jleci Ykpainku
Kog 3a €IPIIOY: 02125102

Micue3Haxoa>KeHHS: npocnekT Boi, 6ya. 13, Jlyusk, Jlynpkuii p-H., 43025, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IIpizBume Im's I[10-6aTbKOBI INacrepuaxk SIpocniaB Muxarinosud

TOJIOBH pajgu



Biacue IlpisBume Im'st [To-6aThKOBI [Tacrepnak fpocnas MuxaioBu

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinnmoBizasnbHMii 3a Hi,ILI‘OTOBKy JlinoBcrka-MakoBenbka HaTasnisa IBaniBHa

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




