TOHKUE NNEHKK

B mocnegnee Bpemsi B CBSI3U C pa3BUTHEM
BOJIOPOIHOM SHEPTETHKH, a TaKKe
TMOBCEMECTHBIM PACIPOCTPAHCHUEM TOIUTHBHBIX
SIY€EeK,  HEMOCPEACTBEHHO  IMpeoOpasyromux
XUMUYECKYIO SHEPrHI0 CropaHusi peareHTOB
(HampuMmep, MeTaHa WIM ~ METaHOJNa) B
ANEKTPUYECKYI0 DHEPIrHi0, OrPOMHYIO pOJb
HAaYMHAIOT WrpaTh MaTepuaibl CO CMENIAaHHOMN
HWOHHO-3JIEKTPOHHOW MPOBOAUMOCTHI0. OHa M3
BKHBIX TIPOOJIEM, pEIIeHUE KOTOPOU CBSI3aHO C
pPa3BUTHEM  HOBBIX  HCTOYHHMKOB  JHEpPIUH,
3aKJII0YAeTCS. B CO3JAaHUU  ACUMMETPHUYHBIX
KHCIIOPOJ - TPOBOAAIIMX MEeMOpaH Ha OCHOBE
KOOaJabTUTOB, Ta/uiatoB W J1p. KoHmemnmus
CO3JaHUsl TaKoW MeMOpaHBI 3aKJIIOYaeTcs B
HAaHECEHWH Ha Ta30MPOHUIIAEMYI0 MEXaHMYECKH
MPOYHYI0 TOPHUCTYIO MOJJIOXKKY Ta30ILIOTHOTO
IUICHOYHOT'O MOKPBITHS, KXAMHAYECKI»
pa3aeNsoNIero NOTOK ra3oB M JArOIIero YHCThIN
KHCJIOPOI.
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Cxema acuMMeTpHYeCKOi MeMOpaHbI

Jis  co3maHWs W JKCIUTyaTallid  TaKoOU
MeMOpaHbI TPeOyIOTCSI BRICOKUE YPOBHU HOHHOM
U DJIEKTPOHHOW (IBIPOYHOM) TPOBOJAUMOCTH B
MaTepuaie, XUMHYECKast YCTOMYUBOCTh
CMEIIAaHHOTO TPOBOJHHKA B PabOYMX Tra30BBIX

atMocepax wu rTpamgmente PO, BhICOKaA
INIOTHOCTH HMOH-IIPOBOAAIICTO CJIOSA, BBICOKAsA
ra3oMpoHUIIAEMOCTh  TOPUCTOM  MOJJIOXKKH,

ommskue KTP ruieHKH ¥ MOUIOKKH, OTCYTCTBHE
XMUMHYECKUX  B3aUMOJICUCTBMI Ha TpaHHIE
TUIeHKa / TIOJJIOXKKA, BHICOKAsI CKOPOCTh PeaKInu
oOMEHAa Ha  HHU3KOKUCIOPOIHOW  TpaHUIC
CMEIIAaHHOT'O MPOBOJHUKA U TOJIOXKKH
KiroueByro posnb B CO3AaHUU MEMOpPaHBI
UTPaeT TEXHOJOTUS OCAKACHHS TOHKHX IJICHOK
U3 Ta30BOH (a3bl ¢ HCMOJIH30BAHUEM JIETYIHX
MeTat-opranndeckux coeaunennii (MOCVD).
Tak, HanpuMep, B YCIOBUAX OCAKICHUS T peamco =
500-750°C, P = 2-10 mbap, p(O,) = 1-5mbap, T =
0.5-2yaca yaeTcs MOy YHUTh TUICHKY
MEPCIEKTUBHOIO CMEIIAHHOTO TMPOBOJHHMKA B
cucreme Ba-Sr-Co-Fe-O: [2Sr tﬁd o]-Hthd  +
Ba(thd),-2Phen + Fe(thd); + Co(thd); + O, —
Bag 5SrosCogsFeg 203« + CO/CO, + H,0. Jns
3TOTO Maphl MPEABAPUTEIBHO CHHTE3UPOBAHHBIX
METAJUT-OPTaHUYEeCKUX  COCJIMHCHUH, B TOM
YHCJIe CMENIAHHO-TUTaHIHBIX KOMIUIEKCOB, WIIH
UX AJIYKTOB C PACTBOPHUTEISAMH CMEIIUBAIOT C

WHEPTHBIM Ta30M — HOCHTEIEM, COIEPIKAILIUM
HEOOXO0IMMOE KOJIMYIECTBO KHCIIOpOJIa
(oxucnutens). Ilpu HarpeBaHHK TTAPOB B paHOHE
PACIIOIOKEHHUST O TOXKKH MIPOHMCXOIUT
pa3loKeHHe CMecH C OOpa30BaHHEM TOHKOTO
OKCHJIHOTO CJIOSI TIPOYKTA.
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TunnyHasi cxeMa yCTAHOBKH AJIs1
MOJIyYeHHS] TOHKHUX IJICHOK METOA0M
MOCVD.

ATNBTEepHATUBHBIM ~ CIIOCOOOM
aCUMMETPUYECKOU MeMOpaHBbI
VIUIOTHEHHE TOPUCTOM  OKCHJIHOM  TpyOKH,
HOJ'Iy‘-IGHHOfI IUIMKCPHBIM  JIMTBEM, 3a CYHCT
00pabOTKN TOBEPXHOCTH JIA3E€PHBIM ITyYKOM.
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«Bosmedusiii puiabtp». CTpoeHHEe aCHMMETPUYECKOl MeMOpPaHbl HA MUKPOYPOBHE
Ha npumepe ocaxaenus (La,Sr)(Ga,Fe)O; meronom MOCVD, mnonepedyHoe ceucHHe
MeMOpaHbl. BujHa mnopucTtas kepamuueckas IOJJIOXKKa (BHHM3Y) M KOJIOHYATas
MHKPOCTPYKTYpa  IUICHKH  (BepXHHMi  cioi).  (ckauupyrowas — 21eKmpoHHAs
MUKDPOCKONUSL).
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AnbTepHaTUBHAS TEXHOJIOTHUS -
TOHKOCTCHHYIO KEPaMHUYECKyI0 TPYyOKy
(«marmupocHast Oymara»), MOJYUYCHHYIO
[UTHKEPHBIM ~ JIMTBEM H  MarHUTHO-

UMITYJIbCHBIM PECCOBAHUEM c
MoCIIeAyIOMEH TepMooOpaboTKoi (cieBa)
MOJIBEPraroT MOBEPXHOCTHOMY

IJIABJICHUIO U KPUCTAJUIU3AIMU ITyYKOM
jmazepa s TMOJIYYEeHHS XUMHUYECKH U
(bU3UYECKH COBMECTHMOIO C MaTepHaioM
TpyOKM  MOBEPXHOCTHOIO  CJIOS  —
ra3oIuIoTHOM TUICHKU (BepxHsis

dororpadus).




Hcnonvzosanue mexnonoeuu MOCVD onsn cozdanus mennozawummuvix (6apvepHulx) nokpolmuil Ha
Jonamxax mypoun mypoopeakxmusHulx ogueameriell.
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[Toniepeunslit cpe3 oOpasiia U3 HUKEJICBOTO CyIEPCIiaBa ¢ TEIIO3AIUTHBIM ITOKPHITHEM
Zr0,,  crabmnmmsmpoBanHoro  Y;0;. Ha  wu3oOpaxkeHun  BUIHA  KOJIOHYATAS
MHUKPOMOP(]OJIOTHS TOKPBHITHS, 00ECTICUMBAOIIAs €ro BBICOKHME JKCIUTyaTallMOHHBIC
XapaKTePUCTHKHU.




KoopAanHauMoHHble coeaAnHEeHUA —
MaTepuarnbl Ans cosgaHus
OpraHny4yeckmnx
3NEeKTPONMHOMUHECLEHTHbIX
yctpouctB (OLED)

Passurne u YCOBEPILIECHCTBOBAHUE
COBPEMEHHBIX OCBETHUTEIIHLHBIX YCTPOUCTB
CBSI3aHO C CO3JaHUEM HOBBIX, COBPEMEHHBIX
MaTepHaioB M TEXHOJOTrui. B mociegnue romabl
3aMETHBIN Mporpecc ObLI JTOCTHTHYT B OOJACTH

Diode, OLED), mockonbky OHH 00Ja1al0T
pSIOM TMPEUMYIIECTB IO CPAaBHEHHIO C YyKe
UCTIONB3YIONUMHCS ~ JTUCIUICSIMH ~ Ha  OCHOBE
AJIEKTPOHHO-TyueBbIX TpyOok (Cathode Ray
Tube, CRT) u sxwmakux xpuctamios (Liquid
Crystal Display, LCD).

OLED mnpeacrasisier co0oil “coHIBUYEBYIO
cTpykrypy”’ TonmuHoi ~100 HM u 0OBIYHO
COCTOUT, IOMHMO DJJIGKTPOJOB, M3  CIIOCB
MaTEepPHAJIOB C 3JEKTPOHHOM ﬁEIectron Transport
Layer, ETL), meipounoii (Hole Transport Layer,
HTL) MIPOBOIUMOCTHIO "
anekTporomunectienTHoro (DJ1) marepuana.

OpraHUYECKUX TOHKOIICHOYHBIX CBETO-
smuccuonnbix auoaoB (Organic Light Emitting
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Crpykrypa OLED
Caeuenue OLED BO3HHUKAET IIpM  MOHMUTOPAMH, MCIOIB3YEMBIMH B HACTOsIIEE

NPOMYCKAHWH  3JEKTPUYECKOT0 TOKAa CKBO3b  BpEMs, COCTOMT B TOM, YTO OHH OOJamaiQT
CTPYKTYPY yCTpOWCTBA  BBICOKOM  spkocTthio (100000  Ku/m®),
(onexmpontomunecyenyus). Tpauncopr  koutpactHOoCThIO (1:1000), uMeOT IMHUPOKUH
JNICKTPOHOB  TPOUCXOTUT  Yepe3  HIDKHIOK  Yroll 0030pa (>170°C), BBICOKYIO

CBOOOAHYIO MoJeKyispHyto opourans (LUMO)
BemectBa DJI Matepumana, KoTopas aHaJOrMYHA
30He poBoaAUMOCTH (E¢) B MOTyIPOBOIHUKOBBIX
MaTepHuaiaX; TPaHCIOPT JBIPOK — Yepe3 BBICIIYIO
3aHATYI0O MOJIEKYJsIpHyI0 opbourtans (HOMO),
cXomHyw ¢ BajeHtHoit 3omoit  (E,) B
MOJYTIPOBOIHUKAX. DPPEKTUBHOCTD TPAHCIIOPTA
3JIEKTPOHOB " JIBIPOK oTIpeNieNsIeTcs
MOJIBUYKHOCTBIO O0OMX 3apsZ0BbIX IOTOKOB B
cinoe DJI marepuana, KoTopas, B CBOIO OYEpeb,
OKa3bIBaCT BIIVSTHHC Ha KBaHTOBYIO
a¢dexkruBHocTs OLED. JlocTarouno dacto
OKa3bIBAaCTCsl TPYIHBIM I0A00paTh MaTepHalIbI
JNEKTPOOB c pabotamu BBIXOA,
cooTBeTcTBYOmUM 3HaueHussMm HOMO u LUMO
DJI mMarepuana, 4TO HE MO3BOJSET IMOIYy4YaTh
OLED c¢ BbIcOKOW KBaHTOBOM 3()()HEKTUBHOCTHIO
JTIOMHHECHCHIIMK ¥  BPEMEHEM JKU3HH. Y
OOJNBIIMHCTBA K€ MOAXOSIIMX B KauecTBe
aKTUBHOTO CJIOSI BEIIECTB CHUJIBHO OTIMYAIOTCS
MOJBMKHOCTA  DJIGKTPOHOB ¥ JIBIPOK,  4TO
NPUBOAUT K AWCOAlaHCy dJCKTPOHHOTO |
JBIPOYHOTO TOKOB, H, KaK CIIJCTBUE, KBAHTOBAS
a¢dpexkruBHOCTE OLED oOKa3piBaeTCs HH3KOM.
Jnst ycTpaHeHus: mpoOsieM, BO3HUKAIOUIMX IPH
co3nannu oxHocnoiHeix OLED, ctpykTypa
CTPOWCTBA MOXET OBITh JIOMOJHEHA BBEIACHUEM
ETII_) n HTL.

[IpenmymiecTBO HMCIOIB30BAaHUS MOHHUTOPOB
Ha ocHoBe TexHonornn OLED mo cpaBheHwmio c

3P GEKTUBHOCTh 3JICKTPOJIO-MUHECHIeHIIU (>22
JIM/B), Huszkoe pabouee Hampspkenue (<5 B),
Mmasioe BpeMsi oTkinka (<1 Mcek), Kpome Toro,
TaKue MOHHUTOPHI CTa0WIBHO paboTalOT B
IIHPOKOM  HHTepBajie Ttemmeparyp (-20 =+
100°C), ToHkwue, JIETKHE, MPOYHBIC U YIAOOHBIC.
Y CcOBEPILIEHCTBOBAHUIO TEXHUYECKUX
xapakTepuctuk OLED cmocoGcTByeT He TOIBKO
MOJIEpHU3AIUS TEXHOJOTHIA HUX CO3/aHus, HO U

WCMOJb30BaHHE HOBBIX OJI  MOJEKYJSIPHBIX
MaTepuasos, MIPOSIBIISOLINX BBICOKYIO
3¢ (HEeKTUBHOCTH JIOMHHECIICHITHH,

TEPMUYECCKYI0O M XHUMHUYCCKYI0 CTaOMIIbHOCTb.
SIBJIEHUE AIIEKTPOTIOMHHECIICHIIMY OMMUCAHO JIJIs
COCJMHEHUI  pa3NWYHbIX  KiaccoB.  Jlis
opranndeckux matepuanoB JDJI mzBectHa ¢ 1962
roja, KoTJa OHa BIICPBEIC ObL1a
npojeMoHCcTpUpoBaHa B pabore M. Pope Ha
KpUCTa/ulaX aHTpameHa. OJHaKO HaCTOSIIHUIA
“oym” B obmactu co3manus OLED na ocHoBe
OpraHMYEeCKUX coeAMHEeHu Havancs B 1987 rony
¢ momenTa cozmanus C.W. Tang u S.A. VanSlyke
MHOTOCJIOMHOTO  YCTPOMCTBA  Ha  OCHOBE
KOMILIEKCA aIFOMUHHS C 8-THAPOKCHXUHOIMHOM

(AlQs). A KPCTb 9TOr0 yCTPOWCTBA COCTABJIsIA
1000 Kn/M" npu BeauuuHE MPHIOKEHHOTO
Hanpspkenuss — 10 B, a  kBaHTOBas

apdextuBHOCTE — 1 % doton/snektpon (T. €.
MPOKUCXOJUT HCIYCKaHHE OJHOTrO (OTOHA B
pesynbrare uHxeknuu 100 351eKTpOHOB).



B HacTosimiee Bpemsi MeTayuI-OpraHMYECKUe
koopauHaonusie coequnenus (KC) moxnO
CUMTaTh OJHUM M3 Haubojee MepCHeKTUBHBIX
KJIaCCOB COEAMHEHMH, KOTOpble MOTYT OBITh
I/(I)CIIIé)gBSOBaHH kak OJI maTtepuainsl B CTPyKType

Tb(acac)sPhen

IIpumepsnl kpucTaindeckux cTpykryp KC -
9JI maTepuajioB

Jst momy4yeHusl TOHKUX IJICHOK MaTepuasoB
cloeB, BXoAsmmx B cTpykTypy OLED,
WCIONB3YIOT METOJbl OCAXJIEHUS U3 Ta30BOM
da3er (Chemical Vapor Deposition, CVD) B
ciIyvae JETY4YuX COCTUHEHHH, W
neHTpu(yrupoBaHusl pacTBOpa KOMILJIEKCAa Ha
MOMJIOKKY JJI HEJIeTy4uX coequHeHui. OaHoi
n3 BaxHbIX xapaktepuctuk OLED sBisiercs
BpeMsl KM3HHM, KOTOpPOE 3aBHCHT OT pabodero
HaINpPsDKCHUS W Ka4eCTBa MOKPBITUS MaTEPHUAJIOB
CJIOEB, BXOMSIIUX B CTPYKTYpy ycrpoiictBa. K

KauecTBy  IOBEPXHOCTH  TOHKOILIEHOYHBIX
MaTepuasoB NPEABSIBISIOT ClIelyIOIIHe
TpeOoBaHUS: CIUIOIIHOCTD, OTCYTCTBHUE

KpUCTAIIIMYCCKUX BKJIIOUCHHI 1 Ir1agKoCThb.
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Inenka 3JI matepuasa. Mukpodortorpadus
TUICHKY Pa3HOJIMTaHIHOTO KOMILIEKCa TepOus —
Th(Sal)3(TOPO), (HSal — canunmiaoBas Kuciora,
TOPO - tpu(u-oxTIin)pochuHOKCH ),
MOJTYYEHHOH METOIOM HEHTPpU(YTHPOBAHHS HA
nomioxke crexsio/ITO, Tonmuua eHkn ~70
HM, HCTOYHHK 3€JICHOTO CBETA.
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