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AHOTALIIA

leanwok X.B. ®13UKO-TEXHOJIOT1YHI OCHOBH (HOPMYBaHHsS OpraHIYHUX Ta
riOpUAHUX  CBITJIIOBUIPOMIHIOBAILHUX CTPYKTYp 13 3aJaHUMH CHEKTPaJbHO-
EHEePreTHYHUMHU XapaKTepUCTUKaMu — KBadidikalliiiHa HayKoBa Mpalsd Ha IpaBax
HAyKOBOI JIOTIOBI/II.

Hucepraiiiss Ha 3100yTTS HAyKOBOTO CTYIEHS JOKTOpAa TEXHIYHUX HAyK 3a
crietianbHicTIO 05.27.06 — «TexHomnoris, obagHaHHsI Ta BUPOOHHUIITBO €IEKTPOHHOT
texHiku» (171-Enextponika) — HanionansHuit yHiBepcuTeT «JIpBiBChbKa MOMITEXHIKA
MinictepcTBa OCBITH 1 HayKu YKpainu, JIbBiB, 2025.

JucepTariis cripssMOBaHa Ha KOMIUIEKCHE BUPIILIEHHS! OCHOBHUX HABEJCHUX 3a/1a4
y Tally3l OpraHi4HOi CBITJIOBUIPOMIHIOBAJIBHOI €JEKTPOHIKM - BiA Miadopy
HOBOCHHTE30BAaHUX aMOIMOJSIPHUX OPTraHIYHUX HAMIBIPOBIJHUKIB Ta KBAaHTOBHX
TOYOK B AKOCTI MYJIbTU(YHKIIOHAJIHUX IIapiB HAHOPO3MIHUX TE€TEPOCTPYKTYp A0
pealli3oBaHUX  KOHCTPYKTOPCHKO-TEXHOJIOTTUHUX PO3pOOOK  BHUCOKOE(PEKTUBHUX
OLED- ta QLED-nipucTp0iB pi3HHX THUIIIB reHEeparlii.

Takuii miaxig BUMarae MnpoBeAeHHS (yHIAMEHTaIbHUX Ta MPUKIATHUX
JOCIIIKEHB MPUPOJIN JIFOMIHECIIEHITIT MOJIEKYISIPHUX TUTIBOK Ta TETEPOCTPYKTYP Ha 1X
OCHOBI, PO3pOOKY HOBUX METOJIB TEXHOJIOTIYHOT IMIUIEMEHTAIli CTIOJIYK OpraHigyHO1
Ta HEOPraHiYHOI TPUPOJU B CBITJVIOBUIPOMIHIOBAJIbHY TE€TEPOCTPYKTYpPY Ta
e(eKTUBHUX apXiTeKTypHUX pimeHb nodyaosu OLED-nipuctpoiB mist RGB-komipaux
CUCTEM JHCIUIEHHUX TEXHOJIOTI Ta O1710ro KOJbOpY CBIYEHHS NUQPY3HUX CHUCTEM
OCBITJICHHSI HA OCHOBI €KOJIOTIYHO YHCTHX MaTtepiajiB. 3 ypaxyBaHHSIM BUKJIAIECHOTO,
JUCEPTAIlisl MAa€ HAYKOBY M MPAKTUYHY I[IHHICTD, a 11 pe3yJIbTaTU € aKTYaTbHUMU IS
rajy3si eeKTPOHIKH.

HaykoBa HoOBHM3Ha ojep:KaHUX Ppe3yJbTaTiB [OJATaE y po3poOIi
TEXHOJIOTIYHUX Ta KOHCTPYKTHUBHHUX 3acajl, (OpMyBaHHS MyJIbTHU(QYHKIIOHATBHUX
CBITJIOBUIIPOMIHIOBAJIbHUX OPTraHIYHUX 1 TIOPUAHHUX TETePOCTPYKTYp. Y poOOTI
PO3IIISTHYTO OCOOJIMBOCTI Ta METOIU TOCIIIIPKEHHS OPTaHIYHUX JJOHOPHO-AKIIEITOPHUX

CIOJIYK, BCTAaHOBJIEHO 3aKOHOMIPHOCTI €JEKTPOJIIOMIHECHEHTHUX BIJIACTUBOCTEN



TFEeTEPOCTPYKTYP BiJ XIMIYHOI CTPYKTYpH CIIOJYK, apXiTEKTypu IMOOyJOBH Ta
TEXHOJIOTTYHUX METOJIB (POPMYBaHHS T€TEPOCTPYKTYP. 30KpeMa:

1. IlpomeMOHCTpOBaHO, IO CTBOPEHHS YMOB, SKI MIHIMI3YIOTh IOJISIPOH-
TPUIUIETHY aHITUISIIIO0, Ta BIPOBAIKEHHSI HOBUX apXITEKTYp €MITepiB, JO3BOJSIOThH
M1BUIIMTH 30BHIIIHIO KBAHTOBY €()E€KTHUBHICTS 1 icKpaBicTh riuboko-cuHix OLED mo
PEKOPJAHUX 3HAYECHb.

2. ITokazano, 110 Ha OCHOBI iHTErpaIlii iHTepPEHCHOTO Ta 00’ EMHOTO EKCUTIICKCY,
ONTUMI3aIlli EeHEePreTUYHUX PIBHIB KOMIIOHGHT JUIsI aKTHBaIlli 3BOPOTHOTO
MmibkcuctemMHoro mnepexony (RISC) 1 BUKOpPHUCTaHHS E€KCHUIUIEKCIB SIK MaTpUIl JJis
E€MICIHHUX KOMIIOHEHT BJA€ThCA 3a0e3MeUYUTH 3aTpuMaHy (uIyopecieHilio Ta
MBUIIUTH €()EKTUBHICTh OPTraHIYHUX CBITIIOBUNIPOMIiHIOBaIBHUX J1011B (OLED).

3. BcTaHoBJI€HO, I1I0 BUKOPUCTAHHS €KCUIUICKCIB SIK CKJIAJJOBUX OaraToKaHaIbHOT
eMicli JI03BOJISi€ TTOKPAIIUTH [MapaMeTPH CBITJIOBUIPOMIHIOBAJILHUX T€TEPOCTPYKTYP
OLED. 3okpema, peainizalis rnepeaBaHHs eHeprii B iHTepdeici MK eKCUILIEKCOM Ta
dbayopecueHTHUM emiTepoM 3a mexaHizMoMm Depcrepa (FRET) cripuse nigBuineHHIo
kBaHTOBOI epexTuBHOCTI (EQE).

4. 3anpornoHOBaHO CIIH-YYTIUBUNA METOJ] JIarHOCTUKH (E€JIEKTPOIFOMIHECIICHITIS
B yMOBax [apaMar”HiTHOr0  pPe30HAHCY)  BHYTPIUIHbO-MOJIEKYJSIPHOI  Ta
MDKMOJIEKYJIIPHOT 3aTpuMaHoi (hIyopeciieHIlii eMiTepa Ta 6araTrokaHaabHOI emicli Ha
HOT0 OCHOBI, 11O JI03BOJISIE OLIHWUTH BIUIUB NPOLECY 3BOPOTHOTO MI>KCHCTEMHOIO
nepexony (RISC) tpumnetHoro crany Mosekynau abo MOJEKYJISPHOI CHUCTEMHU Y
CUHTJICTHUN CTaH 1 B CBOIO 4YEPry BIUIMB Ha €(EKTUBHICTH POOOTH OpraHIYHHX
CBITJIOIIO/1B.

3. Po3pob6ieno HOBUU TEXHOJIOT1YHUIT METOJT BUTOTOBJICHHSI
CBITJIOBUIIPOMIHIOBAJILHUX MPUCTPOIB HA OCHOBI KBAHTOBMX HEOpPraHIYHUX
HAHOCTPYKTYP, 110 J03BOJISIE€ MOKPAIIUTH KOJIIPHI XapaKTEPUCTUKU Ta CTAOLIBHICTh
MIPUCTPOIB TIPU BUCOKUX HAIpyrax >KUBICHHA. Brepiie 3acTOCOBaHO METOJ «CyXOro
PO3MUIICHHS» HAHOIMOPOIIKY IHUPKOHATY Oapil0 Ta MOJEIbh NMEPEHOCY €Heprii Mix
OpraHIYHUMHU Ta HEOPTaHIYHMMH KOMIIOHEHTaMH, IO JO03BOJISIE 3HAYHO ITiIBUIIUTH

e(eKTUBHICTD Mepeaadi eHeprii Ta MOKPAITUTH CIEKTPaTbHI BIACTHBOCTI MPUCTPOIB.



6. IlpogeMOHCTpOBAaHO  MOXJIMBICTh  MIiJACHICHHS  BY3bKOHAIPABJIEHOIO
(J1azepHOrO) BUIIPOMIHIOBaHHS ¢ryopecieHTHOTO Matepiany  (TOXiJgH1
TpudeHIIBIHUIPEHTY 1 JIAT1IPOIHA0JI0Kap0a3oIry) y 0e3pe30HaTOpHIM
plLAKOKpHCTaIIuHINi (POTOHHIN CTPYKTYPI.

7. IlokazaHo, 110 JBOKaHAIbHA €MICii B TOpUIHIN TeTepOCTPYKTYpl Ha OCHOBI
kBaHTOBUX TO4YOK CdTe/CdS (sapo-o0onoHka), sika TOEIHYE JiIBa MEXaHI3MU
CBITJIOBUIIPOMIHIOBaHHS €MiTepa B MeXaX CTPYKTYpH, CIIPHsE MEPEHECEHHIO0 eHepril
M1’ KBAaHTOBUMH TOYKAaMU Ta OPTraHIYHUMH MOJIEKYyJIaMU, 3a0e31euytoun cTablIbHICTh
CTPYKTYpPH, 3MEHIIYIOYM BTpAaTH €HEprii Ta MIATPUMYIOYH PIBHOBAry MK
€HEpPreTHYHUMU CTaHAMU B MPoILieci peKOMOIHAalIli HOCIIB 3apsiay.

8. IlponeMOHCTpOBaHO, 110 HAa OCHOBI HOBHUX IUJIAHAPHUX CIOJIYK, MOXITHUX
Kap0a30J10BMICHOTO TeTpadIyopoBiHUIPEHTY, po3po0seHi Ta CpOPMOBaHI pi3H1 TUIIH
OpTaHiYHUX CBITIOBHIIpOMiHIOBaATBHUX retepocTpykTyp (COLED, IBOLED, QLED).

IIpakTHYHe 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB.

1. lochimkeHo Ta MpoieMOHCTPOBAHO KOHCTPYKTOPCHKO-TEXHOJIOTTYHUI BIUIMB
CUCTEMH «T1CTh — TOCIOJAp», CTBOPEHOT HA OCHOBI HOBOCUHTE30BAHUX aMOIITOJIIPHUX
Kap0a30JI0BMICHUX I1aHOTPU(DEHUIOEH301B, HA TIBUIIEHHS 30BHINTHHOT KBAaHTOBOI
€()EeKTUBHOCTI OPraHIYHHUX E€JIEKTPOJIOMIHECIIEHTHUX MPUCTPOIB MIHMOOKOr0 CUHBOTO
koibopy. Jlocsarayra edextuBHicTh y aianaszoni Big 10,9% no 14,1% miarBepaxye
e()eKTUBHICTh KOHCTPYKIIi Ta 3aCTOCYBaHHA IIUX MaTepiaiiB y RGB - kosnipHiit Mmogeni
JUISL CyYaCHUX JTUCTUICHHUX TEXHOJIOTIMH.

2. 3amnporioHOBaHO Ta peaji30BaHO TEXHOJOTIYHUN TMIAXi[, IO IOETHYE
¢ryopectieHTHe, 3aTpuMaHe (DIyOpecleHTHE Ta EKCUILJICKCHE BHUIPOMIHIOBAHHS B
MeXax OHI€T reTepocTpyKTypH. Lle no3Bossie 3a6e3neunty 6araTokaHaabHy eMICiio 3
peryJIbOBaHUMHU XapaKTEPUCTUKAMHU «TEIJIOro» O1I0ro Ta 01J10ro BUMPOMIHIOBAHHS,
10 BIJIKpUBAE HOBI MO>KJIUBOCTI TS CTBOPEHHS e(heKTUBHUX
CBITJIOBUTIPOMIHIOBAJILHUX MPUCTPOIB 13 HIUPOKUM CIIEKTPOM 3aCTOCYBAHb.

3. Po3pobiieHO TexHOJOTiUHMM MeToj cTBopeHHs P33-nmaszepa, 3aCHOBaHOTO Ha
OpraHiYHUX CIOJYyKaxX - TMOXIHUX 1HJO0JIOKapOa3oy Ta PIAKOKPUCTATIYHIN

XOJIECTEPUKO-HEMATUYHOI CyMillll, 3 ONTUYHOIO HAKAYKOIO Ha JOBXKUHI XBHIII 352 HM.



3anporoHOBaHUN TEXHOJOTIYHMM MiaX1J 10 CTBOpeHHs P33-;ma3epiB Ha OCHOBI
OpraHiuYHUX CHOJYK 1 PIIKOKPUCTAIIYHUX CyMIIIEH BIAKPUBAE HOBI MOXKIUBOCTIL AJIst
PO3pOOKH J1a3epiB 3 HAJAIITOBAHUMHU IMapaMeTpaMHu BUIIPOMIHIOBAaHHS Ha OCHOBI ILJIOT
cepil CIMONYK MOXIAHWX 1HAO0JOKapOa30ly Ta AO3BOJISIE aganTyBaTH CIIEKTPaJbHI
XapaKTePUCTHKH Ta i €()eKTUBHICTD Ja3epiB IMiJl KOHKPETHI, HAaNlepe ] 3aJjaHl BUMOTH.

4. Tloka3zaHO TEXHOJIOTIYHY peali3alliio eJIeKTPOJIOMIHECICHIlI KBAaHTOBHUX
touok CdTe/CdS ta CdSeS/ZnS B ribpuaHux reTepocTpyKTypax, o 3a0e3nedyroTh
BHUCOKY sickpaBicTh cBiueHHs noHa 10 000 ku/m2. [HTerpalis pi3sHUX TUIIB KBAHTOBUX
TOYOK 3T1JTHO 3 HAaBEJECHUMHU KOHCTPYKTHUBHO-TEXHOJIOTTYHMX IIIXOMIB B OpraHIYHY
CBITJIOBUIIPOMIHIOBAIbHY TE€TEPOCTPYKTYPY MO3BOJMIA JIOCSITTH BHCOKOI UYHMCTOTH
koisopy (FWHM= 30 um) Ta 3nauynoi edextuBnocti ( EQE n0 4.5%) po3pobienux
IIPUCTPOIB.

5. Po3po0ieHuil TEXHOJOTTYHUNA METOJI «CyXOIro PO3NHIICHHS» y BakyyMi (dry
spray process) HaHOIIOPOUIKY IIMPKOHATy Oapito, IMIUIEMEHTOBAHOTO B apXITEKTypy
riopuaHoi  cBiTIOBUNpPOMIHIOBaIBHOI cTpykTypu (ITO/TCTA/BaZrO3/Bphen /Ca
/Al), 103BONMB OTPUMATH  EJIEKTPOJIOMIHECIECHIIII0 BHUCOKOTEMIEPATYpPHOTO
HAHOTOPOIIIKY LUpKOHATy Oapito. Po3pobnenuit wmerton cmpusie iHTErparii
BHUCOKOTEMITEpATYpHUX MaTepiamiB (IEpOBCKUT-IUPKOHATIB) y T1OpUAHI €1eKTPOHHI
CTPYKTYpH 3 BUKOPUCTAHHSAM TEPMOBAKYyMHOI'O OCAJKEHHS.

6. bararodyHKLiOHaTIbHE BUKOPUCTAHHS HOBUX IUIAHAPHUX CIIONYK, MOX1IHHUX
Kap0a30JI0BMICHOTO TeTpaduryopoBiHUI(pEeHTY, AO3BOJISIE CHPOCTUTH TEXHOJOTIUHI
nporecu BUrotosieHHss RGB - nucmiieiiHux cTpykryp.

Pesynpratu gucepranii  BOPOBA[KEHO B HAyKOBUX JOCHIDKCHHAX Ta
HaBYaJbHOMY Tporieci y HamionansHoMy yHiBepcuTeTl «JIbBIBChKa MOJITEXHIKA» Ha
Kadenpl eNeKTPOHHOI 1HXKEHEpli, a TaKOoX Po3poOJIeH] MIAXOAN, METOIHU Ta 3aco0w,
30KpeMa, TEXHOJOTIYHI MIAXOAW MPOJAEMOHCTPYBAIU €()EKTUBHICTb BUKOPUCTAHHS
OpraHiYHUX Ta TIOPUIHUX CBITIOBHUIPOMIHIOBAILHUX CTPYKTYP JUISl TI1BUINEHHS
eHeproe()eKTUBHOCTI Ta 3aBaIOCTIMKOCTI ONITUYHUX CEHCOPIB, 5IKI BAKOPUCTOBYIOTHCSA
Ha mignpuemctsi 11 «Mikpornpunan 07». Bkazani BOpoBaKeHHS T1ATBEPIKYIOThCS

BIIMOBITHUMH aKTaMHU.



VY nepmomy pozaim «CydyacHuii CTaH PO3BUTKY OPraHiuyHMX Ta riOpuaHmx
CBITJIOBUIIPOMiHIOBAJIbHHUX CTPYKTYP» MPOBEICHO aHAMTI3 JIITEPATYPHUX JKEPE, 3a
pe3yibTaTaMu SIKOTO BH3HAYEHO OCHOBHI BJIACTUBOCTI OPTraHIYHUX JIOHOPHO-
AKIIEITOPHUX HAIiBIPOBITHUKOBHUX CIOJYK Ta TETEPOCTPYKTYP Ha X OCHOBI, ITUISIXU
MiBUIICHHA iX e()EeKTHBHOCTI Ta KOJIpPHUX MapameTpiB. BuznaueHo mepeBaru Ta
HEJOJMIKA  ICHYIOYMX  KOHCTPYKTOPCHKO-TEXHOJIOTIYHHX  METOIIB  MOOYJAOBH
CBITJIOBUIIPOMIHIOBAIBHUX TE€TEPOCTPYKTYP IIOAO iX MPAKTHYHOTO 3aCTOCYBAaHHS.
BinznadeHo, 110 CTpyKTypa 1 BJACTUBOCTI OPraHIYHUX HaIBIIPOBIIHUKOBUX ILJIIBOK
CYTT€BO 3aJIeXkKaTh BiJl TEXHOJOTIYHUX YMOB X OTPUMaHHSI.

CdopmynboBaHOo MpoOsieMy Ta BU3HAYEHO OCHOBHI 3aBJaHHS AUCEPTAIIAHOIO
JOCIIJKEHHST 1I0A0 PO3POOJICHHS OpPraHIYHUX Ta TIOPUAHHUX TE€TEPOCTPYKTYp MJIs
BHCOKOE(DEKTUBHHUX CBITJIOBUIPOMIHIOBAJBHUX IPUCTPOIB HAa OCHOBI JTOHOPHO-
AKIIETITOPHUX OPTaHIYHUX CIIOJIYK, KBAHTOBUX TOYOK Ta HaHOYAacTHHOK ZnO.

VY apyromy posznini «JlocaigskeHHss MexaHi3MiB 3aTpuMaHoi duiyopecueHuii
(TADF 1a TTA) B aMOInoOJsIpHUX CIHOJYKAaX 3 METOK IiX 3aCTOCYBAaHHH K
eMiTepiB 'y BHCOKOe(peKTUBHMX OPraHiYHUX CBITJIOBHIIPOMIHIOBAJIBLHUX
CTPYKTYpPax» JOCHIKeHO edeKTUBHICTh opraHiyHux cpitinoaionis (OLED), mro
MpaIOl0Th Ha OCHOBI MeXaHi3MiB 3arpuManoi (uyopecuenuii TTA Ta TADF.
Posrnsitnyto opraHiyHI HOBOCHMHTE30BaHI CIIOJIYKH, SKI 3a1y4aloTh EHEpriio
TPUILUIETHUX CTaHIB y BUIPOMIHIOBAJIbHY pekoMOiHaito. [lokazana peamizanis 1BOX
MeXaHI13MiB 3aTPUMAaHO1 dbayopecteHtrii B CBITJIOBUITPOMIHIOBAJILHUX
reTepocTpykrypax. KOHCTpYKTOpPCBKHH TiaxXid 3a0e3ledyuB BHCOKY 30BHIIIHIO
KBaHTOBY €()EKTUBHICTh BUNIPOMiHIOBaHHS 10 14% 3aBAsSKH XOPOILIOMY ITEPEHECEHHIO
3apsAny Ta ePeKTUBHOMY BUKOPUCTAHHIO €HEPTil 30y I’KSHHS.

OkpemMo TakoXX MOKa3aHO JOCIIKEHHS IHIIMX HOBOCHMHTE30BAaHUX MaTepialiB,
SKI MOXYTh 3a0€3MeUuTH BUIY €(OEKTUBHICTh TETEPOCTPYKTYpPH 3a PaxyHOK
MEXaHI3My 3aTpuMaHoi (IyopecreHIlii, Mo T03BOJWIO OTpUMaTH e()EeKTHUBHI
CBITJIO/IIOJ{HI IPUCTPOT CUHBOTO KOJIBOPY MPU HU3BbKOMY €HEPrOCIOKHUBAHHI.

Y tperpomy pozauti «Po3polJieHHSI KOHCTPYKTOPCbKO-TE€XHOJIOTIYHOIO
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METO OTPUMAaHHS 3aTpuMaHol  QuiyopecueHUii Jisi TNOBHOKOJIPHHUX
CBITJIOBHIIPOMiHIOBAJIbHUX CTPYKTYP» JTOCII)KEHO BIACTHBOCTI HOBUX MaTepialliB
JUISl CTBOPEHHSI €(EKTHUBHUX OPraHIYHUX CBITJIOBUIIPOMIHIOBIBHUX TPHUCTPOIB.
[TokazaHa TEXHOJOTIYHA MOXJIMBICTH peaiizalii MIKMOJEKYJISIPHOI 3aTpUMaHOi
¢dryopecteHIlii 3 BAKOPUCTAHHSIM JIOHOPHOI Ta aKIENITOPHOI CKIAOBUX.

3anponoHOBaHO MiAX0AU 10 (OPMYBaHHS FETEPOCTPYKTYP 13 OaraToKaHaJIbHOIO
eMici€el0 Ta po3po0JeHO HOBI METOJIM IHTErpamii emicii pi3HOT TPUPOIU B OIHY
TeTPOCTPYKTYpPY AJiA 3a0e3neueHHs] e(heKTUBHOCTI F€TEPOCTPYKTYPH Ta i KOJIPHUX
napameTpiB.

[Ipo1IeMOHCTPOBAaHO MOKJIMBICTh €(EKTHBHOIO MEPEHECEHHS €HEPrii B TaKUX
CUCTeMax, 10 3a0e3ledye MOKpPALIECHHS  CBITIOBHUX, C€HEPreTUYHUX Ta
eKCIUTyaTaIllfHIX XapaKTePUCTHK MPUCTPOIB.

Y YETBEPTOMY po3ILI «JlocaipxeHH €JICKTPOJIIOMiHeCIeH Il
noBHOkoJipHoro OLED 3 OararokanaabHoro TADF ewmiciewo B yMoBax
NMapaMarHiTHOr0 Pe30HAHCY» JOCHIKEHO opraniudi citnomionun (OLED), mio
0a3yroThcsa Ha MexaHi3Mi 3aTpumanoi Quryopectieniiii (TADF), 30kpema BHYTpIITHBO-
Ta MDKMOJIEKYJSIPHOMY MexaHi3Max Lboro sBuma. IlokazaHa KOHCTPYKTOPCBHKO-
TEXHOJIOTIYHA IMIUIEMEHTAlllsl HOBOCHMHTE30BAHOI CIIOIYKH, $Ka JEMOHCTPYE SK
BHYTPIIIHBOMOJICKYJIIPHY 3aTpUMaHy (IIyOpecIeHIlito, Tak 1 popMye EeKCHUIIIIEKCHI
CTaHU y MOEJHAHHI 3 JOHOPHUM MaTepiajioM.

3a A0MOMOTOI0 JOCTIIKEHHSI €JIEKTPOJIFOMIHECIIEHITIT CBITIIOBUITPOMIHIOBAIBHOT
reTepoCTPYKTYpH B  yMOBax MapaMarHiTHOTO  pE30HAHCY IPOaHaJII30BaHO
CIIHO3aJIeKHI TPOIECH TEPEexXoay 3 TPHUIUIETHOTO Yy CHHIJeTHHH ctad. lle
JOCIIIKEHHS TO3BOJIMIIO KpaIlle 3p03yMITH Ipoliecu cBiTioBunpomiHtoBanHs B TADF
Marepiajax, 1o a0 3MOT'y onTUMI3yBaTH KOHCTpYyKIit0o OLED mist migBUIEHHS 1X
€()EeKTUBHOCTI, CTA0LIILHOCTI Ta SIKOCT1 CBIYEHHSI.

3anponoHoBaHO KOHCTPYKTUBHUM miaxiq koMOiHyBaHHs TADF i1 ekcuriekcHoro
BUIIPOMIHIOBAaHHS HAa OCHOBI OJ[HI€EIT HOBOCHHTE30BAaHOI CHOJYKM B PI3HHUX
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sckpasicTio moHazn 40 000 x1/M? Ta 30BHILIHBOIO KBAHTOBOKO e()EKTUBHICTIO Maiike
19%.

[T’satuit po3ain «Po3po06aeHHsT TEXHOJIOTIYHMX MiAX0AiB peaJizauii kaHajiB
nepeHeceHHsl eHeprii Bil OpraHiyHol KOMIIOHEHTH 10 HEOPraHiyHoOi rocThLOBOI
KOMIIOHEHTH B CBITJIOBHUIIPOMiHIOBAJIBLHUX KOMIIO3UTHUX reTepoCTpPyKTYypax». B
O3/ MOKa3aHO 3aCTOCYBAHHS HEOPraHIYHMX KBAaHTOBMX TOYOK B OPraHiuHUX Ta
riopuHUX TreTepocTpykTypax. OTpuMaHa OararokaHajdbHa €JIEKTPOJIOMIHECHEHIIS
KBaHTOBMX TOYOK B OpPraHIYHMX Te€TEPOCTPYKTypax 3ale3neuunsia MHUPOKUNA CIEKTP
BUIIPOMIHIOBaHHSI 3aBJIIKM KOMOIHOBaHIM eMicii BiJl pI3HUX PIBHIB 30yJKEHHS
KBAaHTOBUX TOUYOK THITY SApO/000NOHKA. BHKOpHUCTaHHS KBAaHTOBHX TOYOK B
OpraHi4yHIN TeTepPOCTPYKTYpPl SIK €MICIHHOTO IIapy JO3BIMIO OTPUMATH CTaOUIBHY
€(EeKTUBHICTh Ta 30BHIIIHIO KBAHTOBY €(EKTHBHICTh Y BChOMY Jlala3oHl I'YCTHUH
CTPYMIB.

B LLIOCTOMY po3aini «baraTto@pyHKIioHAJIbHE 3aCTOCYBaHHHA
HOBOCHHTE30BAaHHUX 2d-CIOJNYK s PO3PO0JICHHS Pi3HMX THIIIB OPraHiYHHX
CBITJIOBUNIPOMIHIOBAJILHUX  TeTEPOCTPYKTYpP» MOKa3aHo, SK  JU3aHi
TeTEPOCTPYKTYPH 1 TEXHOJIOT1UHI CIIOCOOH 3aCTOCYBAaHHS OJTHIET CITOYKH J03BOJISIOThH
OTPUMATH K TPATUIIINHI TaK 1 IHBEPTHI CBITJIOBUIIPOMIHIOBAJIbHI T€TEPOCTPYKTYPH 3
PI3HUMH KOJIIPpHUMU MapaMeTpaMu, €PEeKTUBHICTIO 1 MPAKTUYHUM 3aCTOCYBaHHSAM Ha
OCHOBI1 OJiHI€I crnoiayku. [loka3aHo 3acTOCYBaHHSI HOBOCHHTE30BaHOI CIOJYKU SK
CHUHOTO eMiTepa, aKIEeNTopa B €KCHIUIEKCHUX €MICIHHUX IIapax 1 SK MaTpHIl s
OpraHiYHUX CBITJIOAIO0/IIB HA OCHOBI KBAHTOBUX TOYOK.

[IpoBeneHO MOCHIKEHHS MEXaHOETIEKTPOIIOMIHECIICHTHUX  BIACTHBOCTEH
HOBOCHMHTE30BaHOT  CIOJIyKH, 110  BUKOPUCTOBYETHCA  AK  eMITep Y
0araro()yHKIIOHAJbHUX OpraHIYHUX TEeTEPOCTPYKTypax, sKi MOXYTb OyTH
IHTErpoOBaHi B THYUYKi €JIEKTPOHHI IPUCTPOI.

Coomuit po3ain «TexHoJioriuni ocodsmuBocti modynoBu RGB cucrem Ha
ocHOBI (uiyopecuieHTHUX Ta GochopecieHTHUX eMiTepiB». Y PO3/il PO3TISHYTO
TEXHOJIOT14H1 ocoOmmBocTi ToOyaoBu RGB cuctem Ha ocHOBI (piryopeciieHTHUX Ta

docdhopectieHTHHX eMiTepiB s opraHiyaux ceitaogioniB (OLED). TexHomoriaHo



9

peai3oBaHO Pi3HI METOJW IHTErpallii HOBOCUTE30BAaHMX €MITEpIB IS JAOCITHEHHS
CTaOLIFHOTO KOJILOPOBOTO BIATBOPEHHS, IO BIAMOBiAa€ KoJMipHUM napamerpam RGB
CHCTEM Ta BUCOKOi KBAHTOBOI €()eKTUBHOCTI KOKHOTO THUITY CBITJIO10IIB.

KirouoBi cjioBa: opraHiuHa CBITJIOBUIIPOMIHIOBAJIIBHA CTPYKTypa, TiOpumaHa
reTepOCTPYKTYpa, JTOHOPHO-AKLENTOPHI CHOMYKH, €KCUIUIEKC, HaHOYacTUHKU ZNnO,

WOLED (white organic light-emitting diode), 3arpumana ¢uyopecrenmist (TADF)

Ivanyuk H.B. Physical and technological bases of the formation of organic and
hybrid light-emitting structures with specified spectral and energy characteristics -
Qualifying scientific work as the scientific report.

Thesis for the Doctor’s degree of Technical Sciences in the specialty - "05.27.06
— Technology, equipment and production of electronic devices" (171-Electronics) -
Lviv Polytechnic National University of the Ministry of Education and Science of
Ukraine, Lviv, 2025.

The dissertation aims to comprehensively address the main challenges in the field
of organic light-emitting electronics, from the selection of newly synthesized
ambipolar organic semiconductors and quantum dots as multifunctional layers in
nanostructured heterostructures, to the realization of design and technological
developments of high-efficiency OLED and QLED devices of various generation
types. This approach requires fundamental and applied research on the nature of
luminescence in molecular films and the heterostructures based on them, the
development of new methods for the technological implementation of organic and
inorganic compounds in light-emitting heterostructures, and effective architectural
solutions for constructing OLED devices for RGB color systems in display
technologies and white light-emitting diffusive lighting systems based on
environmentally friendly materials. Given the above, the dissertation holds both
scientific and practical value, and its results are highly relevant for the electronics
industry.
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Scientific novelty of the obtained results.

The scientific novelty of the obtained results lies in the development of
technological and design principles for the formation of multifunctional light-emitting
organic and hybrid heterostructures. The work explores the features and methods of
studying organic donor-acceptor compounds and establishes the regularities of
electroluminescent properties of heterostructures depending on the chemical structure
of the compounds, the architecture of the construction, and the technological methods
of forming heterostructures. In particular:

1. It has been demonstrated that creating conditions that minimize polaron-triplet
annihilation and introducing new emitter architectures allow for an increase in the
external quantum efficiency and brightness of deep-blue OLEDs to record values.

2. It has been shown that by integrating interface and bulk exciplexes, optimizing
the energy levels of components to activate reverse intersystem crossing (RISC), and
using exciplexes as a matrix for emissive components, it is possible to achieve long-
lived fluorescence and enhance the efficiency of organic light-emitting diodes
(OLED:sS).

3. It has been established that using exciplexes as components of multichannel
emission improves the parameters of OLED light-emitting heterostructures. In
particular, the implementation of energy transfer at the interface between the exciplex
and the fluorescent emitter via the Forster resonance energy transfer (FRET)
mechanism contributes to an increase in quantum efficiency (EQE).

4. A spin-sensitive diagnostic method (electroluminescence under paramagnetic
resonance conditions) has been proposed for assessing the intramolecular and
intermolecular long-lived fluorescence of the emitter and multichannel emission based
on it. This method allows for evaluating the effect of the reverse intersystem crossing
(RISC) process from the triplet state of a molecule or molecular system to the singlet
state and, in turn, its impact on the efficiency of organic light-emitting diodes.

5. A new technological method for manufacturing light-emitting devices based on
quantum inorganic nanostructures has been developed, enabling improvements in the

color characteristics and stability of devices under high operating voltages. For the first
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time, a "dry sputtering” method for barium zirconate nanopowder and an energy
transfer model between organic and inorganic components have been applied,
significantly enhancing energy transfer efficiency and improving the spectral
properties of the devices.

6. The possibility of amplifying narrow-directed (laser) emission of a fluorescent
material (triphenylvinylphenyl and dihydroindolocarbazole derivatives) in a non-
resonator liquid-crystal photonic structure has been demonstrated.

7. It has been shown that dual-channel emission in a hybrid heterostructure based
on CdTe/CdS quantum dots (core-shell), which combines two emitter light-emission
mechanisms within the structure, facilitates energy transfer between quantum dots and
organic molecules. This ensures structural stability, reduces energy losses, and
maintains balance between energy states during charge carrier recombination.

8. It has been demonstrated that various types of organic light-emitting
heterostructures (COLED, IBOLED, QLED) can be created based on new planar
compounds derived from carbazole-containing tetrafluorovinylphenyl derivatives.

Practical value of the obtained results.

1. The design and technological impact of the "guest-host™ system, based on
newly synthesized ambipolar carbazole-containing cyanotriphenylbenzenes, on
enhancing the external quantum efficiency of deep-blue organic electroluminescent
devices has been investigated and demonstrated. The achieved efficiency in the range
of 10.9% to 14.1% confirms the effectiveness of the design and the applicability of
these materials in the RGB color model for modern display technologies.

2. A technological approach has been proposed and implemented that combines
fluorescent, long-lived fluorescent, and exciplex emission within a single
heterostructure. This enables multichannel emission with tunable characteristics of
"warm" white and white light emission, opening new possibilities for the development
of efficient light-emitting devices with a wide range of applications.

3. A technological method has been developed for creating a DFB laser based on
organic compounds—indolocarbazole derivatives—and a cholesteric-nematic liquid

crystal mixture, with optical pumping at a wavelength of 352 nm. The proposed
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technological approach for developing DFB lasers using organic compounds and liquid
crystal mixtures opens new opportunities for designing lasers with tunable emission
parameters based on an entire series of indolocarbazole derivatives. It also allows for
the adaptation of spectral characteristics and laser efficiency to meet specific pre-
defined requirements.

4. The technological implementation of electroluminescence of CdTe/CdS and
CdSeS/ZnS quantum dots in hybrid heterostructures has been demonstrated, achieving
high brightness exceeding 10,000 cd/mz2. The integration of different types of quantum
dots into an organic light-emitting heterostructure, following the described design and
technological approaches, enabled the development of devices with high color purity
(FWHM = 30 nm) and significant efficiency (EQE up to 4.5%).

5. A technological method of "dry spray process” in vacuum for barium zirconate
nanopowder, implemented in the architecture of a hybrid light-emitting structure
(ITO/TCTA/BaZrOs/Bphen/Ca/Al), has been developed. This method enabled the
electroluminescence of high-temperature barium zirconate nanopowder. The
developed approach facilitates the integration of high-temperature materials
(perovskite-zirconates) into hybrid electronic structures using thermal vacuum
deposition.

6. The multifunctional use of new planar compounds derived from carbazole-
containing tetrafluorovinylphenyl simplifies the technological processes of
manufacturing RGB display structures.

The results of the thesis have been implemented in scientific research and the
educational process at Lviv Polytechnic National University, specifically at the
Department of Electronic Engineering. Moreover, the developed approaches, methods,
and tools — in particular, technological approaches — have demonstrated the
effectiveness of using organic and hybrid light-emitting structures to improve the
energy efficiency and noise immunity of optical sensors employed at the "Microdevice
07" enterprise.

These implementations are confirmed by the relevant official documents.
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In the first chapter, “The Current State of Development of Organic and
Hybrid Light-Emitting Structures”, a comprehensive review of the literature was
conducted. Based on the analysis, the main properties of organic donor—acceptor
semiconductor compounds and the heterostructures based on them were identified, as
well as approaches to improving their efficiency and color characteristics.

The advantages and disadvantages of existing design and technological methods
for constructing light-emitting heterostructures in terms of their practical application
were outlined. It was noted that the structure and properties of organic semiconductor
films significantly depend on the technological conditions of their fabrication.

The research problem was formulated, and the main objectives of the dissertation
were defined — namely, the development of organic and hybrid heterostructures for
high-efficiency light-emitting devices based on donor—acceptor organic compounds,
quantum dots, and ZnO nanoparticles.

In the second chapter, “Investigation of Delayed Fluorescence Mechanisms
(TADF and TTA) in Ambipolar Compounds for Their Application as Emitters in
High-Efficiency Organic Light-Emitting Structures”, the performance of organic
light-emitting diodes (OLEDs) operating based on thermally activated delayed
fluorescence (TADF) and triplet-triplet annihilation (TTA) mechanisms was
investigated.

Newly synthesized organic compounds capable of harvesting triplet-state energy
for radiative recombination were studied. The realization of both TADF and TTA
mechanisms in light-emitting heterostructures was demonstrated. The design approach
ensured high external quantum efficiency (EQE) of up to 14% due to efficient charge
transport and effective utilization of excitation energy.

Additionally, the study explored other newly synthesized materials that can
enhance the efficiency of heterostructures through delayed fluorescence mechanisms.
This enabled the development of efficient blue-emitting OLED devices characterized
by low power consumption.

In the third chapter, “Development of a Design and Technological Method for

the Implementation of Intermolecular Donor—Acceptor Complexes to Achieve
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Delayed Fluorescence in Full-Color Light-Emitting Structures”, the properties of
novel materials for the fabrication of efficient organic light-emitting devices were
Investigated.

The technological feasibility of achieving intermolecular delayed fluorescence
using donor and acceptor components was demonstrated.

Approaches for the formation of heterostructures with multichannel emission
were proposed, and new methods were developed for integrating emissions of different
origins within a single heterostructure to enhance both the efficiency and color
parameters of the structure.

The results confirmed the possibility of efficient energy transfer within such
systems, contributing to improved optical, energy-related, and operational
characteristics of the devices.

In the fourth chapter, “Investigation of Electroluminescence in Full-Color
OLEDs with Multichannel TADF Emission under Conditions of Paramagnetic
Resonance”, organic light-emitting diodes (OLEDSs) based on the thermally activated
delayed fluorescence (TADF) mechanism were studied, with particular focus on both
intra- and intermolecular TADF processes.

The design and technological implementation of a newly synthesized compound
was demonstrated, which exhibits intramolecular delayed fluorescence and also forms
exciplex states when combined with a donor material.

By studying the electroluminescence of the light-emitting heterostructure under
conditions of paramagnetic resonance, spin-dependent processes of triplet-to-singlet
transitions were analyzed. This investigation provided deeper insight into light
emission processes in TADF materials, which enabled optimization of OLED design
in terms of efficiency, stability, and emission quality.

A structural approach was proposed that combines TADF and exciplex emission
based on a single newly synthesized compound in various ratios. This approach
allowed the development of warm white OLEDs with brightness exceeding 40,000

cd/m2 and an external quantum efficiency (EQE) of nearly 19%.
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In the fifth chapter, “Development of Technological Approaches for
Implementing Energy Transfer Channels from Organic Components to Inorganic
Guest Components in Light-Emitting Composite Heterostructures”, the use of
inorganic quantum dots in organic and hybrid heterostructures is presented.

Multichannel electroluminescence from quantum dots within organic
heterostructures was achieved, providing a broad emission spectrum due to combined
emission from different excitation levels of core/shell-type quantum dots.

The incorporation of quantum dots as the emissive layer in organic
heterostructures enabled stable performance and consistent external quantum
efficiency (EQE) across the entire range of current densities.

In the sixth chapter, “Multifunctional Application of Newly Synthesized 2D
Compounds for the Development of Various Types of Organic Light-Emitting
Heterostructures”, it is demonstrated how the design of heterostructures and
technological methods for utilizing a single compound enable the fabrication of both
conventional and inverted light-emitting heterostructures with diverse color
characteristics, efficiencies, and practical applications — all based on the same
compound.

The newly synthesized compound was shown to function as a blue emitter, as an
acceptor in exciplex-based emissive layers, and as a host matrix in quantum dot-based
organic light-emitting diodes (OLEDs).

The mechanoelectroluminescent properties of the synthesized compound were
also studied, highlighting its potential as an emitter in multifunctional organic
heterostructures that can be integrated into flexible electronic devices.

In the seventh chapter, “Technological Features of Constructing RGB Systems
Based on Fluorescent and Phosphorescent Emitters”, the technological aspects of
developing RGB systems using fluorescent and phosphorescent emitters for organic
light-emitting diodes (OLEDSs) are examined.

Various methods for integrating newly synthesized emitters were technologically
implemented to achieve stable color reproduction that meets the color parameters of
RGB systems, along with high quantum efficiency for each type of OLED.
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emitting diode), thermally activated delayed fluorescence (TADF)
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