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Pedepar:

1. Incepranist npucBsYeHa AOCIiIpKeHHIO IPoliecy OTPMMaHHs eBTeKTUYHUX KomIio3utis (EK) Ha ocHOBI KOpyHy Ta
iTpifi-asoMiHieBOro rpaHarty, fonosaHoro ionamu nepitwo (AloOo/YAG:Ce), METOLOM FOPU30OHTAJIBHOI CIIPSIMOBAHO]
KpUCTasnizalii y BifHOBHOMY Ce€pelOBUILi, a TAKOK 3aKOHOMipHOCTeN (OpMyBaHHS MiKpOCTPYKTYpH, (a30BOro
CKJIafly, MEXaHIYHUX, ONTUYHUX BJIACTUBOCTEN Ta CBITJIOTEXHIYHUX XapaKTEPUCTHK JIIOMiHECLIEHTHUX KOHBEPTEPIB
Ha ix ocHoBi 1y LED /LD mpxepen 6inoro csitia. Y posgini 1 gucepralifiHoOi po60TH IPOBEIEHO aHali3
JliTepaTypHUX IPKEPEJI MO0 CYYaCHUX PO3POOOK JIOMIHECLIEHTHUX MaTepiailiB 1J1s1 KOHBEPTEPIB IOTYXHOTO
JIA3epHOTO Ta CBIiTJIONiOHOTO BUITPOMiHIOBAaHHS. OOI'PYHTOBAHO IOLiIBHICTb AOCiIKEHb reTepoQasHuX

€BTeKTMYHUX KoM1103uTiB AloOo/YAG:Ce sK JIIOMiHECLIEHTHOTO MaTepiaily [ijis CTBOPeHHs (POTOKOHBEPTEPIB AJIs



LED /LD pxepen 6inoro cBitia. Jpyruil po3aijs onucye eKClepMMEHTaIbHI METOAUKY, 00JIalHAaHHS Ta MaTepiany,

ki 6ysu BUKOpUCTaHi 1J1s1 oTpuManHs eBTeKTuku AlnOo/YAG:Ce, a Takox [J1s1 aHaJli3y CTPYKTYPHO-(a30BOro CTaHy

Y BJIACTMBOCTEN €BTEKTUYHNX KOMITO3UTIB, BKIIOYAIOUM MeXaHiuHi, OIITUYHI, JJIOMiHECLIEHTHi Ta CBIT/JIOTEXHIYHi
XapaKTEPUCTUKU. Y PO3Lii 3 MPOaHali30BaHO BILJIMB YMOB KpUCTasisalii Ha (popMyBaHHs (Pa30BOro CKIaay Ta
mopdouorii eBrekTrK AlnOn/YAG:Ce 3 pisHMM BMiCTOM Liepilo. BCTaHOBIEHO, 110 IpY KPUCTali3allii po3IiaBy CKIALy
81,5 mo11.% AlnOn Ta 18,5 M011.% YoOun, 3a yMoB nieperpisy, sikuii He nepesuinye 1000°C Big TemnepaTypu eBTEKTUKY To =
18160°C, TemnepaTypHoro rpagieHra = 450°C /cM Ta IBUJKOCTI KpUcTamisauii 1o 500MM /ToM, MOXKIIMBE OTPUMAHHS
eBTeKTuKHU AlnOn/YAG 3 MiKPOCTPYKTYPOIO TUILY «KUTalCbKe MUCbMO». OTPUMAHO 3aJI€KHICTh €BTEKTUYHOTO
iHTepBasy (DOOO) Bif, MBUAKOCTI pocTy V 115 HegonosaHoi eBTeKTuku AlnOo/YAG, orpumanoi metomom ['CK, sika moMiTHO
BiIXMJISIETHCS Bifl TEOPETUYHOI Mogei [)kekcoHa-XaHTa. BCTAaHOBJIEHO HEMOHOTOHHY 3aJI€KHICTb [TApaMeTPiB
MiKpocTpyKTypu eBTekTuKU AlnOn/YAG:Ce3n Bif IIBUIKOCTI KPUCTAi3alii. ¥ 4eTBepTOMY pO3AiJi JOCITiIKEeHO
MexaHiuHi xapaktepuctuku EK. BcTaHOBIEeHO, 10 3MEeHIIEeHHS 0000 Y 4 pa3y IPU3BOIUTH 10 30iJIbIIeHHS
MIKpOTBepZOCTi Ha 16,50% Ta TpiuuHocTiiikocTi Ha 13,50%. [TinBumenHs KoHueHTpatii Ce 1o 0,5 aT.% (B IOYaTKOBIl
CHPOBUHI) CIPUYMHSIE 3HUKEHHS MiKPOTBEPIOCTi Ha 270% i KoediljieHTa TpilMHOCTINKOCTI Ha = 420%. BusiBieHo, mo
BHCOKOTeMInepaTypHuil Binnan AlnOn/YAG:Ce y BakyyMmi CyTTE€BO NOKpalllye€ MeXaHiuHi B1acTUBOCTi EK:

MiKpoTBepzicTb 3poctae Ha 400% (3 11,6o0+00,30lTla mo 15,80+00,30lTIa), a TpimuHOoCTIHKiCT, — Ha 720% (3 1,80+00,20MI1a-m
3,050+00,20MI1a-m'n?). Po3nin 5 NpUCBSIYEHO TEOPETUYHUM i €KCIIEPUMEHTAIbHUM [IOCIiI)KEHHSIM ONITUYHUX Ta
JIIOMiHECLIEHTHHUX BilacTUBOCTeN eBTeKTUK AlnOn/YAG:Ce, a TaKOX CBITJIOTEXHIYHMX XapaKTEPUCTUK

¢doTokoHBepTepiB Ha ix ocHOBI 47151 LED /LD mxepei 6inoro caitia. [IpoBejeHO TEOPETUYHY OLiHKY a6COJII0THOI
eeKTUBHOCTI KOHBepTepiB 3 Kpucrasna YAG:Ce ta EK AlnOo/YAG:Ce 3aBroBiiky Ho=olomm: o_co=08,80%, 0_en=022,50%.
BcTaHOBIIEHO, 10 ONTUKO-CIIEKTPabHi XapakrepucTtuky AlnOno/YAG:Ce 3Ha4uHOIO MipOI0 3aj1eXaThb Bifj BMICTYy Liepilo,
rapaMeTpiB MIKPOCTPYKTYPH Ta il OfHOPigHOCTI. OTPUMAHO JIiHIMHY 3aJI€5KHICTh OIITUYHOTO IIPOITyCKAaHHS Bif, OO00O.
[TokaszaHo, o nonaTkoBui Binnan EK B okucioBaspHOMYy cepenoBuii npu To=015000°C npusBoguTh 10 3pOCTaHHS
ONTUYHOTO NPOITycKaHHA 10 200% (a1 JoBXUHU xBUIli 204800HM). [TokasaHo, 110 iHAMKaTpuca Npy>XHOTo
PO3CilOBaHHS CBiTJIa HAGJIMKAETHCA [0 IaMOEPTIBCbKOI, OJJHAK MOXKE 3MIiHIOBATHCS 3aJI€XKHO Bif] TOBIIMHY 3Pa3Ka Ta
HAIPSIMKY [IEPBMHHOIO [IPOMEHS, 110 3yMOBJIEHO HASIBHICTIO HEOJHOPINHOCTEN i TEKCTYPOIO KOJIOHIAJIbHOI

CTPYKTypu pornosaHoi eBTekTuku AlnOo/YAG:Ce. Ha ocHoOBI anasi3y jitomiHecueHuii ioHiB Ce®n B 3paskax AlnOo/YAG:Ce
BCTAHOBJIEHO: 1) iIHTEHCUBHICTb JIIOMiHECLEHIIiI [7151 eBTEKTUYHUX 3Pa3KiB Maibke y 7 pasiB [1epeBulLly€e TaKy I
MoHokpuctaiis YAG:Ce; 2) cBiTn0BUM BUXif JtoMiHecLeH1ii ioHiB Ce3n 3a1eXXuTh Bif opieHTalii noBepxHi emicii
BiJHOCHO HaIIpSIMKY KpHCTaJsli3aLii 371MBKa; 3) iIHTEHCUBHICTb JIIOMiHeCLeHLlii Moke OyTy 36iybl1eHa NprbIM3HO Ha

150% 3a paxyHOK Bifjiany B OKUACJI0BaJIbHOMY cepeposuli npu To=015000°C. BcTaHoBIIEHO, 1110 3MEHIIEHHS PO3Mipy
MiKpocTpyKTypu (oooo) eBrekTuky AloOn/YAG:Ce npusBOAUTS A0 3pOCTaHHS €(EeKTUBHOCTI JIIOMiHecLeHIii. MakcuMym
cBiTIOBinayi 2340m /BT nocsaraeTscs i1 KoHBepTepa 3 noooo=08,90+01,40MKM IIpy KOHLeHTpauii nomimkuy 0,250aT.%.
3’s1coBaHo, 1110 iCHy€e ONTHMaJIbHA TOBIIYHA (POTOKOHBEPTEPA, IIPH SIKiil JOCSAraeTbCsl MAKCUMalbHA CBIiTIOBA

BifJaya; 1 TOBLIVHA 3QJIEXXUTH Bifl KOHL,eHTpawii Ce, po3aMipy MIKDOCTPYKTYPU €BTEKTUKU Ta IIOTY>KHOCTI

OIIPOMiHEHHS.

2. The dissertation is devoted to the investigation of the process of obtaining eutectic composites (ECs) based on
corundum and yttrium aluminum garnet doped with cerium ions (AloOn/YAG:Ce) by the method of horizontal
directional crystallization (HDC) in a reducing atmosphere, as well as the study of the regularities of
microstructure formation, phase composition, mechanical, optical properties, and photometric characteristics of
luminescent converters based on them for LED /LD white light sources. Chapter 1 of the dissertation presents an
analysis of the scientific literature concerning current developments in luminescent materials for converters of
high-power laser and light-emitting diode radiation. The feasibility of investigating heterophase eutectic
composites AlnOno/YAG:Ce as luminescent materials for the fabrication of photoconverters for LED /LD white light
sources is substantiated. Chapter 2 describes the experimental methodologies, equipment, and materials used to
synthesize AlnOn/YAG:Ce eutectics, and to analyze and investigate their structural-phase state and properties,
including mechanical, optical, luminescent, and photometric characteristics. Chapter 3 analyzes the influence of
crystallization conditions on the phase composition and morphology of AlnOn/YAG:Ce eutectics with varying cerium



content. It was established that directional crystallization of a melt with 81.5 mol.% AlnOn and 18.5 mol.% YoOug, with an
overheating not exceeding 1000°C above the eutectic temperature (To = 18160°C), a temperature gradient of
approximately 450°C /cm, and a crystallization rate up to 50 mm/h, enables the formation of AloOo/YAG eutectics
with a "Chinese script"-type microstructure. A dependence of the eutectic spacing (nooo) on the growth rate V was
established for undoped AlnOn/YAG eutectics obtained by HDC, which significantly deviates from the theoretical
Jackson-Hunt model. A non-monotonic dependence of the microstructural parameters of AlnOno/YAG:Ce®o eutectics
on the crystallization rate was revealed. Chapter 4 investigates the mechanical characteristics of the ECs. It was
determined that a fourfold reduction in oooo leads to an increase in microhardness by 16.5% and in fracture toughness
by 13.5%. An increase in cerium concentration to 0.5 at.% in the starting materials results in a decrease in
microhardness by 27% and in fracture toughness by nearly 42%. It was found that high-temperature annealing of
AloOn/YAG:Ce in vacuum significantly improves the mechanical properties of the ECs, increasing microhardness by
40% (from 11.6 + 0.3 GPa to 15.8 + 0.3 GPa) and fracture toughness by 72% (from 1.8 + 0.2 MPa-m!'n? to 3.05 + 0.2
MPa'm!n?). Chapter 5 is dedicated to theoretical and experimental studies of the optical and luminescent properties
of AlnOo/YAG:Ce eutectics and the photometric characteristics of photoconverters based on them for LED /LD

white light sources. A theoretical estimation of the absolute efficiency of a converter made from YAG:Ce crystal

and AlnOo/YAG:Ce EC with a thickness of H = 1 mm yielded values of o_c = 8.8% and o_e = 22.5%, respectively. It was
established that the optical-spectral characteristics of AlnOo/YAG:Ce are significantly influenced by the cerium
content, microstructural parameters, and their homogeneity. A linear dependence of optical transmittance on oooo was
obtained. It was shown that additional annealing of ECs in an oxidizing atmosphere at T = 15000°C leads to an
increase in optical transmittance by up to 20% (at wavelengths = 480 nm). It was demonstrated that the shape of

the indicatrix of elastic light scattering is close to Lambertian and may undergo certain changes depending on

sample thickness and the direction of the primary beam, due to structural inhomogeneities and the texture of the
columnar structure in doped AloOno/YAG:Ce eutectics. Based on the analysis of the Ce®n ion luminescence in
AlnOo/YAG:Ce samples, the following was established: 1) the luminescence intensity of eutectic samples is almost 7
times higher than that of monocrystalline YAG:Ce; 2) the luminous output of Ce®n luminescence depends on the
orientation of the emission surface relative to the crystallization direction of the ingot; 3) an increase in

luminescence intensity by approximately 15% can be achieved by annealing in an oxidizing atmosphere at T =
1500m°C. It was found that a decrease in the microstructure size (ooon) of AlnOno/YAG:Ce eutectics results in increased
luminescence efficiency, with a maximum luminous efficacy of 234 Im /W observed for an eutectic converter with oooo
= 8.9 + 1.4 um and a dopant concentration of 0.25 at.%. It was clarified that there exists an optimal converter
thickness at which the maximum luminous efficacy is achieved. This thickness depends on the Ce concentration,
microstructural dimensions of the eutectic, and the irradiation power of the converter.
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