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JucepTalliifHy poOOTYy NPUCBSYEHO TOCTIHKEHHIO 0COOIMBOCTEN BIJIMBY HA OCHOBHI
CJIEKTPOHHI TMporecH, mo ¢GopMyloTh HOpManbHy Ta Hamgnposiany (HII) dasu B
BHUCOKOTEMIlepaTypHux HaanposigHukax (BTHII), takux ¢(akTopiB sK: Mar”iTHe IoJje,
ONPOMIHEHHS BHCOKOCHEPI€TMUYHHMHU €JEKTPOHAMH Ta JOBTOTpHUBajie 30epiraHHs
(cTapiHHS) TOHKUX IUTIBOK Ta MOHOKpHUCTaTiB Y Ba,CusOq.5 (nami - YBCO).

Y Berynmi KOpOTKO OOIPYHTOBaHa akTyaldbHICTh TEMHU JUCEPTAIIiHOI pPoOOTH,
BH3HAUYCHI METa Ta OCHOBHI 3aBJaHHs JOCIIIKEHb, 00’ €KTH, TIPEAMET 1 METOI! TOCTiKCHb.
CdopmynpoBaHa Ta BHKJIaJeHa HayKOBa HOBHM3HA ¥ TMPAaKTUYHA 3HAYYIIICTh OTPHUMAaHHUX
pesynbrariB. HaBeneHo naHi mpo ocoOHMCTHII BHECOK AMCEpPTaHTa, anpodailito podoTu Ta
myOJTiKarlii 3a TeMOI0 AUcCepTallii, a TaKOXK MOAAa€ThCs 1HGOpMAaIIis TPO CTPYKTYpy Ta oOcsar
UcepTaliitHoi poOoTH.

Po3ain 1 «OCHOBHI BJACTHBOCTI AOCTIIKYBAHUX HAANPOBIAHUKIB (Orasn
JiTepaTypm)» MPUCBAYEHO AHAIIZY JITEPATYpPHUX JaHUX 3a TEMOIK JUCEpTallii, a came:
CTPYKTypH, ¢a3oBoi giarpamMud Ta (HI3WYHUX BIJIACTUBOCTEH JIOCTIIKYBAaHUX OO0 EKTIB.
PosrisayTi TeOpeTHdH1 OCHOBH (hi13MKH BUCOKOTEMIIEPATYPHUX HAMPOBITHUKIB, 30KpeMa:
TOHKMX TUTIBOK Ta MoHOKpuctaiaiB YBCO. Omnucani ocHoBHi BiactuBocti BTHII, sxi
BIJIPI3HSIOTH iX BiJ HU3bKoTemmneparypaux HaganposinaukiB (HTHII). OxapakreprszoBaHo
Taki TIOHSTTS, SIK TICEBJONIUIMHA Ta JIOKAJIbHI Tapw, PO3TJIAHYTI Pi3HI TOYKU 30py Ha

MexaHi3M HaamnposiaHoro cnapioBanHs y BTHIL. Haseneno BimomocTi npo TeMiepaTypHi



3aJIe)KHOCTI HAJJIMIIKOBOI MPOBITHOCTI Ta TNCEBAOHIUIMHU. PO3risHyTi mpouecu sKi
BinOyBatoThcs y BTHII npu 3HM>KEHH1 TYCTHHH HOCI1B 3apsiay, OOrOBOPEHO MUTAHHS 100
aH130TpOIIi BJIACTUBOCTEH Ta crienudiku MoBeaiHKY JokanbHuX nap y BTHII. [eransHo
JOCITIIKEHO 3arajbHy 1H()OpMAIIito 010 BILTUBY 30BHINTHIX YUHHUKIB, TAKHUX SIK: MATHITHE
noJie, eJIeKTPOHHE ONIPOMIHEHHS Ta IoBrorpusaie ctapinas Ha BTHIT YBCO.

Y pozaiai 2 «O0’€kTH i MeTOAM eKCNePUMEHTAIBHUX J0CTIIKeHb)» BUCBITICHO
MpoIleC OTPUMAaHHS Ta MPOIEIYypPy MIATOTOBKH JO BHMIPIOBAaHb JIOCHIKYBAaHUX 3pa3KiB
MOHOKpHCTaIB 1 TOHKUX MWIBOK YBCO. JleTanbHO pO3riasHyTO METOANKY BUPOIIYBAaHHS
MoHOKpHcTaiB YBCO Ta TEXHOJOriI0 BUTOTOBJEHHS TOHKUX IUIIBOK 3a JIOMOMOTOIO
IMIIyJIBCHOTO  JIa3€pHOTO HamwieHHsA. JleTanbHO OOTOBOPEHO METOAMKH HAHECCHHS
CJICKTPOKOHTAKTIB JJIsi PE3UCTUBHUX JIOCHIKeHb. HagaHo omuc KOHCTPYKINT yCTaHOBKHU
JUTSI BAMIPIOBAHHS €JIEKTPOOIIOPY MIPH HU3BKHUX TEMIIEpaTypax, ska BUKOPHCTOBYBAJacs B
poboTi. Onucani METOAM BUMIPIOBAHHS €JIEKTPOONOPY MPHU HU3BKUX TEMIepaTypax I
BIJIMBOM MAarHiTHOTO MOJISl Ta €JIEKTPOHHOTO OMPOMIHEHHS.

Po3ain 3 «BnuimB MarHiTHOro moJjisi Ha BJACTHMBOCTI TOHKHMX IUIIBOK YBCO»
MPUCBSIYEHUN JOCTIPKEHHIO BIUTMBY MarHiTHoro mois Big O qo 8 Tn Ha TemmeparypHi
3QJIEKHOCTI MUTOMOTO OTOPY, HAJIUIIIKOBOT MPOBITHOCTI Ta MCEBAOLIIIMHA TOHKUX TUTIBOK
YBCO.

Brnepine nmpoBeeHo aHaii3 TeMIepaTypHOl 3aJIeKHOCT] (hIyKTyaIiitHOT IPOB1THOCTI
y Mar”iTHoMmy mnoJji. BusBiaeHo, mo y mar"itTHoMy nomi npubiauszno 3 Tn B obinacti
JBOBUMIPHUX (DITYKTyaIlil BiiOyBa€eThCS Mepexij Bl KIACUYHOI TEMIIEPATypPHOI 3aJIeKHOCTI
dbaykryamiitHoi nposigHocti (DJII) 2D Maki-Tomncona (MT) npo HecmnoaiBaHOT
3anexHocTi 2D AcnamasoBa-Jlapkuna (AJI) Bume temneparypu 3D-2D kpoccosepa.
3'sicoBaHO, 110 KOJIM 3HAYEHHSI MAarHITHOTO 1MOJIs iepeBuIye 3 Ti, iHTepBan HaAPOBITHUX
baykTyalii pizko 3pocTae MpuOIU3HO B 7 pasiB, a JOBXUHA KOT€PEHTHOCTI B3JIOBXK OCI ¢
JEMOHCTPYE HEOUIKyBaHY 3alieXkHICTh Bif TemriepaTypu HII mepexomy, mo Bkaszye Ha

nepeOy0By KPUCTATIIYHOI CTPYKTYPH 3pa3Ka IiJ BILTABOM MAarHiTHOTO MOJIS.



[lokazano, 1O y HYJIOBOMY MAarHiTHOMY IIOJi, TeMIepaTypHa 3aJekKHICTb
NICEBAOUIUIMHNA TOYMHAIOYHN BiJ TEeMIeEpaTypH il BIAKPUTTA A0 TeMIEpaTypH, 1€ BCe IIe
MpaIftoe TeOpisi CEPEAHBOrO MOJISA, Ma€ MHUPOKUA MAKCUMYM MPU TEMIIEPATYPl KPOCCOBEPY
BEK-BKIII, sixa mpubnusHo nopiHioe 140 K, mo xapakrepHo 1 100pe CTpyKTypOBaHUX
IJTIBOK 1 MOHOKPHUCTAJIIB 0€3 IBIMHUKIB.

3'sicoBaHoO, 110 HE3BaXKAIOYM Ha Te, [0 MarHiTHE MOJIe He BIUIMBAE HA MUTOMUM OMIp
3a BUCOKUX TEMIIepaTyp, YCl mapaMeTpu 3pa3KiB, MOMITHO 3MIHIOIOTHCS MPHU 301IBIICHHI
nosist 10 8 Tn, 1m0 MpU3BOAUTH MO MOMITHOI 3MiHU (OPMHU TeMIEepaTypHOI 3aJ€KHOCTI
NICEBJONIUIMHYA, HE3BAKAIOUM HA Te, IO TeMIepaTypa BIAKPUTTS MCEBAOLIUIMHU Ta
HAJIJIMIIKOBA TPOBIJIHICTh BBAXKAIOThCS HE3MIHHUMHU. B oJHOYAac, BHSBICHO IOMITHE
3MIIIEHHS Tpadiky TeMIepaTypHOi 3aJeKHOCTI TICEBIOIIUIMHN Y O1K HIDKUUX TEMIIepaTyp
I11]T BIUTUBOM MAarHITHOTO ITOJIS.

B o6nacti HII duykryariif mo6ausy Temneparypu HaAnpoBITHOTO EPEX0/Ty BIepIie
CIIOCTEPIraiocs CYyTTEBE 3MEHIICHHS 3HAUYEHHs MCEBIONIUIMHM I1J] BIUTMBOM MAarHiTHOTO
nosis. [Tokazano, n1o pi3Kui HU3BKOTEMIEPATYPHUN MaKCUMyM N00au3y Temneparypu 3D-
2D kpoccoBepy MOCTYMOBO MPUTHIYYETHCS, 1 3MIIYETHCS B 01K BUIIUX TEMITEPATyp Ta MOTIM
MOBHICTIO 3HUKA€E y Mar”HiTHoMmy o Buiie 5 Tu. Ane, nounHarouu 3 B mpudausno 0.5 To,
BUIlle Temmepatypu ['1H30ypra 3 aBIsS€TbCs SICKPABO BUPAKEHUM MIHIMYM. Y TOM ke 4ac,
BUSIBJICHO HE3BHYAMHY 3aJICKHICTh BEJIMYMHU TICEBIOIIUIMHYU MpU Temmeparypi ['iH3yopra
31 3pOCTAHHSIM TOJISI, SIKA CKJIAJIA€ThCs 3 IBOX JIIHIMHUX JUISTHOK 3 OJJHAKOBUM HAXWJIOM, ajie
sMimenux npubnusno Ha 1 Tn y monsx, Bumux 3a 2 Tn. [lepenbagaercs, mo cnenudivyHa
eBOJTIOLIs1 (POpPMHU NICEBIOIIIMHY, BUsIBIEHA o0im3y Temnepatypu HII nepexony, mBuaiie
3a BCE, BUBHAYAETHCS CaMe BIJIMBOM CTBOPEHOI MarHiTHUM I0JE€M JIBOBUMIPHOI BUXPOBOIi
I'PATKH, 10 TIEPEIIKOKAE YTBOPEHHIO HAAMPOBIMHUX (IIYKTYyalliid Moom3y TeMIiepaTypu
HIT nepexony.

Y po3nini 4 «BiJiiMB CWJIBHOTO €JIEKTPOHHOIO ONPOMiHEHHSI HA BJIACTHBOCTI
moHokpuctadiB YBCO» HaBeneHO pe3ylbTaTd OCHIIKEHHS BIUIUBY ONPOMIHEHHS

BUCOKOECHEPIe€TUUYHUMHU €JEKTPOHAMHM Ha TeMIEepaTypHi 3aleXHOCTI (IyKTyaliiHoi



nposigaocti (DJIIT) Tta mceBmoutimmam (ITH]) monokpucrana YBCO, sikuii HE MICTUTH
NBIHHUKIB. EnexkTpoHHe onpoMiHeHHs 3 eHeprieio 2,5 MeB eexTuBHO 3Millye BCi aTOMU B
KpUCTaJIl, IO MPU3BOAUTH JI0 TOSBU 0€3J114l NTepEeBaXKHO TOYKOBUX JCPEKTIB Yy TUIONTMHAX
CuO,. BrumuB mux nedextiB Ha OJIIT 1 ITIL y BTHII npu Benukux mo3ax ONpPOMiHEHHS
paHiiie He BUBYaBcs. BukoHaHHs npaBuia MarticeHa, 3T1IHO JI0 SIKOTO 31 301JIbIICHHSIM JI03U
OTMPOMIHEHHSI OMip 3pOCTae Maibke 0e3 3MIHM CBOTO HaXWJy Yy HOpPMaJIbHOMY CTaHi,
MiITBEPKYE BIICYTHICTD NBiitHUKIB. [lokazaHo, 1m0, SK 1 09iKyBagocs, TiHITHE 301TbIITEHHS
MUTOMOTO OMOPY 3 TMOJAJBIINM JIHIMHUM 3MeHIIeHHsM Temrepatypu HII mepexomy
CIOCTEPITa€EThCS MPH BCIX 03aX onpoMiHeHHs. [liaTBepakeHo, 110 3a BITHOCHO MaluX J103
ONMPOMIHEHHS JIHIWHY 3anexHIcTh Temrnepatypu HII nmepexonmy Bia 103U MOKHA ONHUCATH
Teopiero po3puBy map Ad6pukocoBa-I'oprkoBa (Al'), a mpu BeIUKUX 103aX ONMPOMIHEHHS —
teopiero Emepi-KiBenscona (EK), ska BpaxoBye NpHUrHIYEHHS KPUTUYHOI TeMIEpaTypu
baykryanisimu ¢dazu mapaMmerpa MOpsIKy, a BIUIMB Oe3iany, sSIKMi BUHHKAE 32 PaXyHOK
nedeKTiB OMPOMIHEHHS, MOJIsirae B 30UIbIIEHH] KBaHTOBUX (a3oBux ¢uykryamiil. Takum
YUHOM, 31 301JIBIIEHHSM /103U ONpOMiHEHHs Mae crioctepiratucs nepexia AI'-EK.

3'sicoBaHo, 110 TUTOMHUI omip Ta TemmepaTrypa HII mepexony niHiiHO 3anexaTh BiJ
7031 ONPOMIHEHHSI 1 HISIKUX OCOOJMBOCTEH Ha 3aJIeKHOCTSX MUTOMOIO OIOpYy Ta
temrniepatypu HII mepexomy Bim mo3u ompominenns npu Al'-EK kpoccoBepi He
CIIOCTEPITa€eThCs. Y TOM K€ Yac BUSIBIIEHO HECTIO/[IBAHE 3pOCTAaHHS TEMITEpaTypH BIIKPUTTS
NICEBJIONIIMHY, 3Ha4eHHs TiceBnomimau 3a temrnepatypu BEK-BKII kpoccoBepa Ta B
[IJIOMY BCi€i KPUBOI1 TCEBIONIIMHUA TPU CEPEAHHOMY 3HAUCHHI JIO3M ONPOMIHEHHS, IO
Bianosijae nepexony AI'-EK, mo cBITUUTh MPO MOXKIJIMBE 3HUKEHHS HIUIBHOCTI CTaHIB Ha
piBai @epmi (DOS) uepe3 nedexktn. Takox mokazaHo, MO OpH I 031 ONPOMIHEHHS
BIJICTaHb MK IIPOBIJHUMH TIOIIIMHAMU, JTIOBKHHA KOTE€PEHTHOCTI B3JIOBXK OC1 ¢ Ta IUIOITUHI
ab, a takox o6sacte HIT daykryariii pi3ko 301IbIIYIOTECS, a QUIYKTYyaIlidiHIE BHECOK 2D
MT mecmoaiBano 3MmiHOeThCsa Ha 2D AJL

3's1coBaHO, IO IPU 301IBIIEHH] 031 ONPOMiHEeHHs 10 ¢s= 5,6-10%° e/cm?, sax DJIII,

TaK 1 MCEeBAOIIUINHA JEMOHCTPYIOTh KPUBI, TUIIOBI )11 10Ope cTpykTypoBaHoro YBCO, mio



MIATBEPKYE 3araJbHOBIIOMUM (HAKT, IO “9uM Oinbie 1e(eKTiB, TUM OUIBII 130TPOITHUM
€ 3pa3ok”. I came 3 mporo “izorpomHoro” crany mMoHokpuctan YBCO mig BmauBoM
€JIEKTPOHHOTO OMPOMIHEHHS MMOYHHAE MEePEX1] METAI-130JI5TOP.

Takum ymHOM, TTOKa3aHO, 110 BICYTHICTH OyIb-SIKUX OCOOJIMBOCTEN Ha 3aIEKHOCTSIX
MUTOMOTO OIOPY Ta KPUTHUYHOI TEMIIEpaTypHu BiJ J03M OMPOMIHEHHS BKa3ye Ha Te, IIO
B3a€MO/Iisl 1e(DEKTIB ONMPOMIHEHHS 3 HOPMaJIbHUMH HOCISIMU 3apsiiy, BIAMOBIAATBHUMHU 32
MUTOMUH O11ip, Ta 3 JokansbHUMU napamu (JIIT), BinmoBinansaumu 3a OJIII ta I, ictoTHO
BiIpi3HAEThCA. ToOTO moBedeHo, 1m0 BIIMB jAcdekTiB Ha Mam JIII mpu BucOkHMX
TeMriepaTypax Ta Ha Benuki, Maixe HII, ¢uaykTyamiiiHi KynepiBCbKl mapu MooOJIu3y
temnepatypu HII nepexosy, BiANMOBIAIbHI 32 TOBEIHKY MCEBAOIIUIMHY 3a TEMIEpaTypu
['iH3yOpra, € TakoK aOCOTIOTHO PI3HUM.

3'sicoBaHO, 110 YTBOPEHHS PI3HOMAHITHUX aHCaMOJiB JIe(EKTIB y MOHOKpHCTAJIax
YBCO nij BIJIMBOM BUCOKOCHEPTE€TUUHOTO €JIEKTPOHHOTO OMIPOMIHEHHS € HEMOHOTOHHUM
mporiecoM 1 Mae BiacHy crenudiky. [lokazano, mo s crnenudika Moxxke OyTH BHSIBJIEHA
aumie nuisixom npoBefaeHHs anamizy DJIT 1 I, ski BusBuiaucs Habarato OUIBII
YYTJIMBAMHU JI0 3MiH Y BHYTPIIIHIX €IEKTPOHHUX MIACHCTEMAaX, YPAKEHUX 1HIyKOBAHUMU
nedexramu.

Y po3aijii 5 «BiiMB 10BroTpuBajioro 30epiranHs (CTapiHHs1) Ha BJIACTHBOCTI
moHokpuctadis YBCO» Bmepie n0CHipKEHO Ta MPOAaHANTI30BaHO BIUIUB TPHUBAJIOTO
30epiranHs (cTapiHHs), OpoTSIroM 17 poKiB 3a HOPMajJbHUX YMOB, Ha (IYKTyallliiHy
MPOBIAHICTH Ta TICEBIONIUIMHY B MoOHOKpuctamax YBCO 3 niiiHukamu. BuBdeHHs
BJIACTUBOCTEH  JOCIHIPKYBAaHOTO  MOHOKPHCTaJIa  TPOBOAMIMCS  OXpa3zy  IiCIs
BUTOTOBJIEHHS (S1), uepes3 6 pokiB (S2) Ta 17 pokiB (S3) miciast BATOTOBIEHHS.

3aBasku 3ycwinisiM O0arathox HaykoBux Trpyn ¢izuka BTHII neBHoro miporo crana
3posyminimiorw. [Ipore 3anuinaerbcsi 6arato MUTaHb MIOAO MPAKTUYHOTO 3aCTOCYBAaHHS
KyIpaTiB, oJlHe 3 TOJOBHUX: “Sk moBro moxxanBo BukopuctoByBaTd BTHII B pizHmx
npwianax?”’. TakuM YUHOM, JOCTIKEHHS €(PEeKTy TPUBAJIOTO 30epiraHHs KymnpariB Ha

MOBITP1 Ta 3a KIMHATHOI TEMIIEpAaTypU BUSIBISIETHCS NYKE€ BAXKIMBHUM, aje (PaKTUYHO HE



BUBYCHUM TWTaHHAM. J[iliCHO, KUIBKICTH pOOIT, TPHUCBIYCHUX e(EKTy TPHUBAIOTO
30epiraHHs KymnpariB, Ha AWBO MaJla, a HAaBEICHI CKCIEPUMEHTAIbHI JaHl € JeIlo
cynepewBuMu. [lIBuaie 3a Bce 1€ MOB'A3aHO 3 TUM, IO JIaHi OyJIM OTpUMaH1 Ha 3pa3Kax
3 PI3HOI0 TEXHOJIOTIYHOIO MEPEeAICTOPI€0, HANPUKIAA, Ha TOHKHX IUIIBKaX, Kepamill,
TEKCTYpPOBAHUX MOJIKPUCTAIAX TOIIIO.

VY Toit xe yac, HejosikoM MoHOKpucTaniB YBCO, K10 He BXXKUBATH CICIiaIbHUX
3aX0JliB, € HAaSBHICTh Y HHUX MPOTSHKHUX IUIOCKUX Je(EeKTiB, TaKWX fAK JBIHHUKHA Ta
nBiitHuKOB1 rpanuii (JI7), mo HeoOxigHo Opatu no yBaru. Jocmimkenas OJIII Ta T1H] va
MoHokpucTasiax YBCO micnst 6 ta 17 pokiB 30epiranHs 0e3 CyMHIBY NOBMHHI HaJaTu
noTpiOHy 1H(OpPMAIIiO MPO BILIUB MPOIIECY CTapiHHA Ha HaanpoBiaHi BractuBocti BTHIL
OpHak, HACKUIBKU HaM BIJIOMO, TaKi JJOCJIIJKEHHS paHiIle He MPOBOIUITUCS.

[TokazaHo, mo 3pa3ok S1 IEMOHCTpy€e XapaKTEPUCTUKH THUIIOB1 ISl ONTUMAaJbHO
nonoBaHuX MoHOKpuctamiB YBCO, mo MicTaTh JBIMHUKM Ta JABIMHUKOBI TpPaHMIII.
Busiineno, mo micias 6 pokiB 30epiraHHs, neeKTd, sKi BUHHUKIM II1J] 4ac CTapiHHS,
MPaKTUYHO MOBHICTIO YCYBaIOTh BIUIMB JBIMHHKIB 1 JIBINHUKOBUX T'PaHUIb Y 3pa3Ky. Sk
Hacligok, temmneparypHa mnoBeminka sk DJII, Tax 1 I naramye TumoBy mist moOpe
CcTpykTypoBaHux MoHokpuctaniB YBCO. Takum uumHOM Oyno [J0OBEIEHO, IO
BHUCOKOTEMITEpaTypHI HAAMPOBITHUKH TICIsA 6 POKIB 30€piraHHs MOXHA BUKOPUCTOBYBATH
y pPI3HOMaHITHUX MPUIAIAX.

BusiBnserbcsi, mo 31 30UIbIICHHSIM 4Yacy 30epiraHHs CHUTYyallisl 3MIHIO€ThCs. Tak,
3'sicoBaHo, 110 micys 17 pokiB 30epiraHHsl BEIMKA KITBKICTh CTPYKTYPHUX Je(DEKTIB, sIKi
BUHHUKAIOTh y 3pa3Ky, MPU3BOJIUTH A0 CHIIBHOI Jerpajallii CTpyKTypH Ta MEPepO3MOALTy
3apsay B KPUCTai, SKi MPU3BOJATH JO CHIJIBHOTO 3POCTAaHHS OTOPY Ta, IIBHIIIC 3a BCE,
BIJINIOBIIAI0TH 32 CIOCTEPEKyBaHy HE3BUYalHY TeMriepaTypHy 3anexHicTs ak DJIII, Tax 1
[TII. Mu noka3zanu, mo AedeKTH sIKi BUHUKAIOTh 1] 4ac TPUBAJIOIO CTapiHHS, CyTTEBO
BIUTUBAIOTH SIK Ha MUTOMUM orip, Tak 1 Ha DJII Ta nceBaouianHy.

Takum 4YMHOM NTOBEJEHO, 10 BUCOKOTEMIIEpATypHI HAJAMPOBITHUKA MAIOTh MEBHI

0OMEKEHHS aroao TepMiHy ix IMPAKTHUYHOTO BHUKOPHCTAHHI. 3a HasgBHUX JaHUX, MOX>XHa



CTBEpUKYBaTH, MO0 Iel yac OOMEXEeHHWH, SK MIHIMYyM, TEpMIHOM OJM3BKO IIBTOpPA
necsatupivyys 1, micas 17 pokis 30epiranns, gonoBani YBCO BTHII Bxe BTpauaioTh cBOI

(GyHKITIOHATBHI XapaKTePUCTHUKHU.

KuarouoBi cjioBa: HaANpoOBIAHICT, HAANPOBIJHA IIIJIMHA, BHUCOKOTEMIIEpATypHi
HAJIIPOBITHUKH, (DIIyKTyalliiiHa MPOBIIHICTh, padialliiHl AedeKTH, ITBOpIBHEBA CHUCTEMA,
MICEBJIOIIJIMHA, HAJJIMIIIKOBA MPOBIIHICTh, MOBepXHS @Depmi, KBaHTOBA i1HXKEHEpIs,
JIOTIyBaHHS, MOHOKPHUCTAJIH, TOHKI IJTIBKH, TUTOMUH OITip, peKOMOIHALlIA 3apsiB, MarHITHE

10JIe, €JIEKTPOHHE ONTPOMIHEHHS.
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ABSTRACT

Shytov M.V. Features of fluctuating conductivity and pseudogap in YBa,Cu3O7_; films
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The dissertation is devoted to the study of the effects of such factors as: magnetic
field, irradiation with high-energy electrons, and long-term storage (aging) of thin films and
single crystals of YBa,Cuz0--s (hereinafter — YBCO) on the main electronic processes that
form the normal and superconducting (SC) phases in high-temperature superconductors
(HTSCs).

The introduction briefly substantiates the relevance of the topic of the dissertation,
defines the purpose and main tasks of research, objects, subject and methods of research.
The scientific novelty and practical significance of the obtained results are formulated and
explained. Data on the personal contribution of the dissertation student, approval of work
and publications on the topic of the dissertation, as well as information on the structure and
scope of the dissertation work are provided.

Chapter 1 “The main properties of the studied superconductors (Literature
review)” is devoted to the analysis of literature data on the topic of the dissertation, namely:
the structure, phase diagram, and physical properties of the studied objects. The theoretical
foundations of the physics of high-temperature superconductors are considered, namely: thin
films and single crystals of YBCO. The main properties of HTSCs, which distinguish them
from low-temperature superconductors (LTSCs), are described. Concepts such as pseudogap
and local pairs are characterized, different points of view on the mechanism of

superconducting pairing in HTSCs are considered. Information on the temperature



dependence of the excess conductivity and the pseudogap is provided. Attention is drawn to
the processes that occur in HTSCs when the density of charge carriers decreases, questions
are raised regarding the anisotropy of properties and the specifics of the behavior of local
pairs in HTSCs. General information on the influence of external factors, such as: magnetic
field, electronic irradiation and long-term aging on YBCO HTSC, was studied in detail.

Chapter 2 “Objects and methods of experimental research” covers the process of
obtaining and the procedure of preparation for measurements of the studied samples of single
crystals and thin films of YBCO. The method of growing YBCO single crystals and the
technology of manufacturing thin films using pulsed laser sputtering are explained in detail.
Methods of applying electrical contacts for resistive studies are discussed in detail. A
description of the design of the installation for measuring electrical resistance at low
temperatures, which was used in the work, is provided. Methods of measuring electrical
resistance at low temperatures under the influence of a magnetic field and electron irradiation
are described.

Chapter 3 “Effect of the magnetic field on the properties of YBCO thin films” is
devoted to the study of the influence of the magnetic field from 0 to 8 T on the temperature
dependences of the resistivity, excess conductivity, and pseudogap of YBCO thin films.

For the first time, the temperature dependence of fluctuating conductivity in a
magnetic field was analyzed. It was found that in a magnetic field of approximately 3 T in
the region of two-dimensional fluctuations, there is a transition from the classical 2D Maki-
Thompson (MT) temperature dependence of fluctuating conductivity (FLC) to an
unexpected 2D Aslamazov-Larkin (AL) dependence above the 3D-2D crossover
temperature. It was found that when the value of the magnetic field exceeds 3 T, the interval
of superconducting fluctuations increases sharply by about 7 times, and the coherence length
along the c-axis shows an unusual dependence on the temperature of the SC transition, which
indicates the rearrangement of the crystal structure of the sample under the influence of the
magnetic field, which shown in the tables.



It is shown that in a zero magnetic field, the temperature dependence of the pseudogap
in the entire temperature range from the temperature of the opening of the pseudogap to the
temperature up to which the mean field theory works has a broad maximum at the BEC-BCS
crossover temperature, which is approximately equal to 140 K, which is characteristic of
well-structured films and single crystals without twins.

It is revealed that despite the fact that the magnetic field does not affect the resistivity
at high temperatures, all the parameters of the samples change noticeably when the field
increases to 8 T, which leads to a noticeable change in the shape of the temperature
dependence of the pseudogap, despite the fact that the temperature pseudogap opening and
excess conductivity are assumed to be constant. At the same time, a noticeable shift of the
pseudogap curve toward lower temperatures under the influence of the magnetic field was
revealed.

In the region of SC fluctuations near the temperature of the superconducting transition,
an intense decrease in the value of the pseudogap by the magnetic field was observed for the
first time. It is shown that the sharp low-temperature maximum near the 3D-2D crossover
temperature is gradually suppressed, and shifts towards higher temperatures and then
completely disappears in the magnetic field above 5 T. But starting with B of about 0.5 T, a
pronounced minimum appears above the Ginzburg temperature. At the same time, an
unusual dependence of the value of the pseudogap at the Ginzuberg temperature with
increasing field was revealed, which consists of two linear sections with the same slope, but
shifted by approximately 1 T at a magnetic field greater than 2 T. It is proved that the specific
evolution of the shape of the pseudogap, detected near the temperature of the SC transition,
is most likely determined precisely by the influence of the two-dimensional vortex lattice
created by the magnetic field, which prevents the formation of superconducting fluctuations
near the temperature of the SC transition.

Chapter 4 “The effect of strong electron irradiation on the properties of YBCO
single crystals”, presents the results of the study of the effect of high-energy electron

irradiation on the temperature dependence of the fluctuation conductivity (FLC) and



pseudogap (PG) of a YBCO single crystal that does not contain twins. Electron irradiation
with an energy of 2.5 MeV effectively displaces all atoms in the crystal, which leads to the
appearance of a set of mostly point defects in the CuO; planes. The influence of these defects
on FLC and PG in HTSC with high doses of irradiation has not been studied before. The
fulfillment of Matthiessen's rule, according to which as the radiation dose increases, the
resistance increases almost without changing its slope in the normal state, confirms the
absence of twins. It is shown that, as expected, a linear increase in resistivity followed by a
linear decrease in the temperature of the SC transition is observed at all irradiation doses. It
has been confirmed that for relatively small doses of radiation, the linear dependence of the
temperature of the SC transition on the dose can be described by the theory of breaking of
Abrykosov-Gorkov (AG) pairs, and at high doses of irradiation — by the theory of Emery-
Kivelson (EK), which takes into account the suppression of the critical temperature by
fluctuations of the phase of the order parameter, and the effect of disorder, which arises due
to irradiation defects, and increases the quantum phase fluctuations. Thus, with an increase
in the radiation dose, the AG-EK transition should be observed.

It is shown that the resistivity and the temperature of the SC transition depend linearly
on the radiation dose, and no peculiarities in the dependences of the resistivity and
temperature of the SC transition on the irradiation dose are observed at the AG-EK
crossover. At the same time, an unexpected increase in the temperature of the opening of the
pseudogap, the value of the pseudogap at the temperature of the BEC-BCS crossover and,
in general, the entire curve of the pseudogap at the average value of the irradiation dose
corresponding to the AG-EK transition is revealed, which indicates a possible decrease in
the density of states at the Fermi level (DOS) due to defects. It is also shown that at this
radiation dose, the distance between the conducting planes, the coherence length, both along
the c-axis and the ab plane, as well as the SC fluctuation region increase dramatically, and
the fluctuation contribution of 2D MT unexpectedly changes to 2D AL.

It was found that with the further in the irradiation dose to ps= 5.6-10'° e/cm?, both

the FLC and the pseudogap show curves typical of well-structured YBCO, from which it



was concluded that “The more defects, the more isotropic the sample” And it is from this
“isotropic” state that the YBCO single crystal begins the metal-insulator transition under the
influence of electron irradiation.

Thus, it is shown that the absence of any features on the dependences of the resistivity
and critical temperature on the irradiation dose indicates that the interaction of irradiation
defects with normal charge carriers responsible for the resistivity and with LPs responsible
for FLC and PG is significantly differs. That is, it has been proven that the effect of defects
on small LPs at high temperatures and on large, almost SC, fluctuating Cooper pairs near the
SC transition temperature, which are responsible for the behavior of the pseudogap at the
Ginzuberg temperature, is also completely different.

It was found that the formation of various ensembles of defects in YBCO single
crystals under the influence of high-energy electron irradiation is a non-monotonic process
and has its own specificity. It is shown that this specificity can be detected only by
conducting an analysis of FLC and PG, which turned out to be much more sensitive to
changes in internal electronic subsystems affected by induced defects.

In chapter 5, “Effect of long-term storage (aging) on the properties of YBCO
single crystals”, the effect of long-term storage (aging) for 17 years under normal conditions
on the fluctuating conductivity and pseudogap in twinned YBCO single crystals was
investigated and analyzed for the first time. The properties of the investigated single crystal
were measured immediately after manufacture (S1), 6 (S2) and 17 years (S3) after
manufacture.

Thanks to the efforts of many scientific groups, the physics of HTSC has become
somewhat clearer. However, many questions remain regarding the practical use of cuprates,
one of the main ones being: “How long is it possible to use HTSC in various devices?”.
Thus, the study of the effect of long-term storage of cuprates in air and at room temperature
turns out to be a very important, but actually unstudied issue. Indeed, the number of works
devoted to the effect of long-term storage of cuprates is surprisingly small, and the given

experimental data are somewhat contradictory. Most likely, this is due to the fact that the



data were obtained on samples with different technological backgrounds, for example, on
thin films, ceramics, textured polycrystals, etc.

At the same time, the disadvantage of YBCO single crystals, if no special measures
are taken, is the presence of extended planar defects such as twins and twin boundaries
(TBs), which must be taken into account. Studies of fluctuation conductivity (FLC) and
pseudogap (PG) on YBCO single crystals after 6 and 17 years of storage should undoubtedly
provide the necessary information about the effect of the aging process on the
superconducting properties of HTSCs. However, to the best of our knowledge, such studies
have not been conducted before.

In this section, for the first time, the temperature dependences of FLC, excess
conductivity, and pseudogap were investigated and new data were obtained based on
measurements of the resistivity of an optimally doped YBCO single crystal, which was
studied immediately after fabrication (S1), 6 (S2), and 17 years (S3) after fabrication.

It is shown that sample S1 exhibits characteristics typical of optimally doped YBCO
single crystals containing twins and twin boundaries. It was found that after 6 years of
storage, defects that arose during aging almost completely eliminate the influence of twins
and twin boundaries in the sample. As a result, the temperature behavior of both the FLC
and the PG resembles that typical for well-structured YBCO single crystals. Thus, it has
been proven that high-temperature superconductors can be used in various devices after 6
years of storage.

It is shown that the situation changes with an increase in storage time. Thus, it was
found that after 17 years of storage, a large number of structural defects that appear in the
sample lead to a strong degradation of the structure and redistribution of charge in the crystal,
which lead to a strong increase in resistance and, most likely, are responsible for the observed
unusual temperature dependence both FLC and PG. It is shown that the defects that arise
during long-term aging significantly affect both the resistivity and the FLC and the
pseudogap.



Thus, it has been proven that high-temperature superconductors have certain
limitations regarding the term of their practical use. According to the available data, it can
be stated that this time is limited, at least, to a period of about one and a half decades and,

after 17 years of storage, YBCO-doped HTSCs already lose their functional characteristics.

Key words: superconductivity, superconducting gap, high-temperature
superconductors, fluctuation conductivity, radiation defects, two-level system, pseudogap,
excess conductivity, Fermi surface, quantum engineering, doping, single crystals, thin films,

resistivity, charge recombination, magnetic field, electron irradiation.
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