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CeepxnpoBogsuime matepuasnbl 61arogaps cBoum
XapakTepucTukam v CBOMCTBaM, NPOSBASIEMbIM

B MarHUTHbIX MNONSX, NpeacTaBAAOT 60/1blION
MHTepec Ang NnponsBoanTeNien CUIOBbIX

Ka6enen, orpaHuYUTENein ToKa, reHepaTopoB.,
TpaHcpoOpMaTOpOB, CBEPXMNPOBOAALMNX MAarHUTOB.
MpepacTaBaeHbl pesybTaTbl NOJAYYEeHUS
BbICOKOTEMMEpPaTypPHbIX CBEPXMPOBOAHUKOBbIX
ceepxnpoBogAawmx (BTCIM) anuTakcuanbHbIX
nneHok YBa,Cu;0,, Ha TeKCTYPUPOBAHHbIX
MeTaN/INYeCcKUX NoAJT0XKKaX METOA0M UMIMYJ/IbCHOTO
NasepHoOro ocaxgeHus. OnpegeneHbl yci10BUS
3NUTAKCMANIbHOIO pOCTa CBEPXNPOBOASLLErO
nokpbITUA. NMony4vyeHa BeIM4MHA KPUTUYECKOTO
npoxoAasiuiero Toka 247 A npu ToauwmHe BTCI1-
NNEeHKU 2,25 MKM.

BBEAEHWE

[TonBITKA CO3[aHUS ITPOMBIIIJIEHHBIX YCTPOHCTB
C IpHMeHeHHeM BBICOKOTeMIIePATYPHBIX CBEpPXIIPO-
BogHMKOB (BTCII) Ha4ya/JHChb BCKOpe IIOCTe OTKPBI-
TUsL B 1986 rogy coemuMHeHHS M3 KJIacCa BBICOKOTEM-
IepaTypHBIX CBepXIIPOBOAHUKOB K.Mmwiiepom u I.
BegnopueMm [1]. B HacTosimee BpeMsi, C TeXHOJIOTH-
YecKOM TOYKHU 3peHUs], Onaromapsi cBoMM paboduum
XapaKTepPUCTUKAM (BeJIMUKMHE KPUTHUYECKOTO0 TOKa,
IIPOYHOCTH, IIOBEJEHUI0O B MArHUTHBIX II0O/SX) HAU-
60BN UHTEPeC IIPECTABIISIOT CBepXIIPOBOSIIIE
JIeHTBI BTOPOr'O IIOKOJIEHM S, KOTOPbIe IIpefHa3HaYeHbl
IJIs. U3TOTOBJIEHUS CHJIOBBIX Kabesler, OrpaHHUUMTe-
71ey ToKa, IeHepaTopoB, TPaHCPOPMATOPOB, CBepX-
IIPOBOISIIIMX MAarHUTOB [2-4]. OHU TIPe[CTaBISIOT
co60l1 MHOLOC/JIOMHBIE JIeHThI, BK/IIOYAIOIIKMe MeTa-
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SUPERCONDUCTING LAYER
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METHOD
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N.E.Bauman MSTU, Moscow, Russia

Second-generation superconducting material

tapes is an area of great interest for the production
of power cables, current limiters, generators,
transformers and superconducting magnets. It is

due to their performance and behavior in magnetic
fields. The results of obtaining high-temperature
superconductors (HTSC) YBa,Cu,0,, epitaxial films on
textured metal substrates by pulsed laser deposition
method are given in the article. The conditions

for superconducting coating epitaxial growth are
determined. The critical passing current value 247 A is
obtained, HTSC film as thick as 2.25 pm.

INTRODUCTION

Attempts to create industrial devices using high-
temperature superconductors (HTSC) have begun
soon after discovery of a compound from the class of
high-temperature superconductors by K. Muller and
H. Bednorzin1986 [1]. Currently, in terms of technology,
due to its performance characteristics (critical current
value, strength, behavior in magnetic fields), the
second-generation superconducting tapes, intended
for manufacturing power cables, current limiters,
generators, transformers and superconducting
magnets [2-4], are of the most interest. They represent
multilayered tapes, including metal substrate, buffer,
superconducting and protective layers (Fig. 1).

The superconducting layer is a polycrystal with
high mosaic structure degree; critical current
value is characterized by both intragranular and
intergranular critical currents. Intragranular current
is equal to the critical current in single crystal, while
intergranular current strongly depends on the angle
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JIMYEeCKYIO MOIJIOKKY, 6ydepHble, CBEPXIIPOBOLSIIHI
Y 3aIUTHBIe cIoH (puc.l).

CBepXIIPOBOISINUN CJIOM IpeAcTaBiseT cobor
MOJIMKPHUCTA/IZI C BBICOKOM CTeNeHBI0 MO3aMYHOCTH,
Be/IMYMHA KPUTHUYECKOI0 TOKA XapaKTepHU3yeTcs KakK
BHYTPHU3epeHHBIM, TaK U MeX3epPeHHBIM KpHUTHYe-
CKMMM TOKaMH. BHYTpHU3epeHHBIN TOK paBeH KPUTH-
YeCKOMY TOKY B MOHOKPHCTaJlJIe. A MesK3epeHHBIH TOK
CHJIPHO 3aBHCHUT OT yIJIa Pa30pHeHTALlMH COCeSHHUX
3epeH, U UMeHHO OH OIlpefie/sieT KPUTHYeCKHUH TOK
BTCII y1eHTBI BTOPOIO IIOKOJIEHHM S, II03TOMY IJISl CO3/3a-
Hus BTCII IeHT € BBICOKMMH 3JIeKTPUYECKUMU XapaK-
TEPUCTUKAMHU HeobXONHMO CO3aBaTh JIEHTY C BBICO-
KOM OCTPOTOM TeKCTYphl (<00l>). B HacTosmee BpeMs
CYLLeCTBYeT JBa OCHOBHBIX IIOAX0a K CO3JaHHUIO TeK-
cTyphl B BTCII neHTax. IlepBbI MOAXOM, 3aK/IIOYAETCS
B MCIIOJIb30BAHUM OMAKCHAJIBHO TeKCTYPHPOBAHHOK
MeTa/UIMUeCKOHM JIEHTBI-TIOJJIOKKH, II0JydeHHOH
IyTeM XOJMOLHOM AedopMalUu (IPOKATKM) U IIOCIIe-
IyIOLlero TeKCTypPHUpYIollero orkura [5,6]. Bropom -
bopMHpOBaHIe TeKCTypPUPOBAHHOI0 bydepHOro cios
C ACCUCTUPYIOLIMM HMOHHBIM IIyYKOM Ha IIOJIMKPH-
CTAIIMYeCKOM MeTaIJIMYecKoH neHTe [7-9].

BydepHBle /101 BBIIIOIHSIOT HECKOIBKO QYHKIIHL:
NpefoTBPalAoT AUPPY3HUI0 HUKeNST U3 IOMJIOKKHU
B CBEPXIIPOBOASIIMIL CJIOH, 0DeCIiedrBalOT COIIacoBa-
HHe I1apaMeTpPOB KPHUCTA/UIMYECKHX peIleToK, Ko3¢-
GUIIMeHTOB TepMUYECKOTO PaCIIMpeHHs, a TaKKe
nubo mepemaroT TEKCTYpPY JIEHTHI, JH60 CO3mAIOT ee.
BydpepHEble C/IOM NOJKHBL YOOBJIETBOPATh DALY Tpe-
OoBaHHUM: MapaMeTpPhl HUX KPUCTULIHYECKHUX pelle-
TOK IOJKHBI OBITH OMM3KH K aHAJIOTMUYHBIM I1apa-
metpaM BTCII- mleHKH; 3HaYeHHS KO3QPHUIIMEHTOB
TEIJIOBOI'O PACUIUPEHUSI TOKE JOKHBI OBITh OIIHU3KU;
Ha IPaHUILIAX CJIOEB JOJI’)KHO OTCYTCTBOBATh XMMMYe-
CKOe B3aHMOJIEHCTBHUE; OHU JO/IKHBI 00/1agaTh BBICO-
KOI MeXaHHYeCKOM IIPOYHOCTBHIO.

B kadecTBe MaTepuasa A CBEPXIIPOBOISIIErO
cios B BTCII /eHTax BTOPOrO IIOKOJIEHHUSI HAHOOIb-
lIee pacIpocTpaHeHHe II0JIyYH/IU CII0KHbIe YeThIpeX-
KOMIIOHEHTHBIe OKCHIBl YBa,Cu;0,, u GdBa,Cu;0,,.
J1s 1oNy4eHH sl KaueCTBeHHBIX JIGHT 2-TO IIOKOJIEHHU S
HeobxonnMo GOpMHPOBaHHE BBICOKOTEKCTYPHPOBAH-
HOI'O CBepXIIPOBOJSIIIEro CJIOS CO CTPOr0 KOHTPOJIH-
pyeMom cTexHoMeTpHeN. I103TOMy OCHOBHBIMH METO-
maMu ¢opMmupoBaHusa BTCII ciosg B JIeHTax BTOPOro
[IOKOJICHU S SIBJISIIOTCS:
¢ XHMMHYeCKOe OCaKAEHHEe MeTaJUIOpraHH4YeCcKUX

coeIUHEHHH U3 ra3oBou gassl (MOCVD);
¢ peakTuBHOe co-HcrapeHue (RCE);

* HMIIy/JBbCHOE Ja3epHoe ocakaeHHUe (MJIO, PLD).

MOCVD - MeTon XHMUHYEeCKOIro OCAKIAEHUSI MeTasl-
JIOOPTaHHUYeCKHUX COeJMHEHHH M3 Tra3oBoH (ashl.

i g

BSCCO MaTpuua (Ag)

Matrix (Ag) N

YBa,Cu;0.,

bydepHbie cnon
Buffer layers

MeTannun4yeckasa nognoxka / Metal substrate

Puc.1. KoHcmpykuyus BTCI nposoda 8mopozo noKoAeHus
Fig. 1. Construction of second-generation HTSC wire

of misorientation of the neighboring grains, and this
is what determines the critical current of the second-
generation high-temperature superconductor tape, so
it is necessary to create a tape with high texture
sharpness (<00I>) to create tapes with high electrical
characteristics. Currently, there are two basic
approaches to creating textures in HTSC tapes. The
first one is to use a biaxially textured metal backing
strip obtained by cold deformation (rolling) followed
by texturing annealing [5, 6]. The second one is the
formation of a textured buffer layer with an assist ion
beam on a polycrystalline metal tape [7-9].

The buffer layers perform several functions: they
prevent nickel diffusion from the substrate into the
superconducting layer, ensure parameter matching
of crystal lattices, thermal-expansion coefficients
and either transmit the tape texture or create it. The
buffer layers have to meet a lot of requirements: close
parameters of the crystal lattices with HTSC film;
close thermal-expansion coefficients, absence of
chemical interaction at the boundaries of layers; high
mechanical strength.

The complex four-component oxides YBa,Cu;0;.,
and GdBa,Cu;0,, are most common materials for
superconducting layer in second-generation HTSC tapes.
To obtain high-quality second-generation tapes, it is
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IlepBble pe3ynbTaThl 10 ocakAeHH0 BTCII TOKpEITHH
DAHHBIM MeToZoM 6bUIH monydeHBl B 1988 roxmy [10].
[Tony4yeHUe IJIEHOK IIPOMCXOAUT B IIpoliecce XHMMU-
YeCKOM peaKLMH BellecTBA Ha TOpsiued IIOBEPXHO-
CTH TOIJIOKKHU. OCa’kIaeMBIF MaTepHal HaXOLUTCS
B ra3000pa3HOM COCTOSSHUU U CMEIIaH C HHePTHBIM
ra3oM-HOCUTEJIEM.

XHUMHUYECKHEe METOABI OCAKIEHUS 00/1aIa0T BICO-
KO CKOPOCTBIO CHHTe3a IIIEHOK, YTO SIBJISIETCS KX
[JIaBHBIM IIPeHMYIEeCcTBOM I10 CPaBHEHHUIO C QU3HYe-
CKUMH MeTOAaMHU ocakAeHUsi. OCHOBHBIM HeJOCTaT-
KOM MeTo/1a SIB/ISIeTCA CJIOKHOCTD IT0/TydeHHU s IVIEHKHU
C HeoOXOOMMOM CTeXHOMeTpPHeH, a TaKke Heobxo-
IHUMOCTb HCIIO/Ib30BaHUS AOPOTOCTOSIIIUX BBICOKOUU-
CTBIX UCXOIHBIX BeIlleCcTB.

B HacTos1ee BpeMS$ faHHBIM METOAOM CBOU JIEHTHI
NIpPOM3BOAST aMepUKaHCKUe GupMBL SuperPower
(mo 350 A/cm, IBAD) um Americansuperconductor
(mo 300 A/cm, IBAD).

CaMBIM IIpPOM3BOAUTENBHBIM (o 6 HM/cek) [11]
Ha CerOAHSIIIHUM JeHb SIBJISIETCSI METO/, peaKTHUBHOIO
CO-HCIIapeHM 4 C ITOCTeAYIOMUM OCaKAeHHeM U XHUMHU-
yeckor peakuuen (RCE-DR) (prc.2). OH 3aK/I04aeTcst
B OBICTPOM CO-HCMAPEHHUU MHIIEHEH 3eKTPOHHBIM
Jy4oM IPH HHU3KOH TeMIlepaType M HH3KOM IIap-
LMa/IbHOM [JaBJIeHHU KMC/I0pOoAa M IOC/AeAYIIHM
OT>KUTOM B Cpefie KHCI0poAa.

OCHOBHBIM HeJIOCTaTKOM [JaHHOIO MeToAa SIBJS-
eTCSI CJIOKHOCTb 0OOpyHOBAaHHUS [JIS €ro peanmsa-
LUU - HeoOXOOUMOCTh CO3LaHUS OUdepeHIIHab-
HOHM CHCTEMBI OTKAa4yKkM (T.K. HCIIapeHHe MeTaJlJIOB
[IPOKMCXOOUT B YC/IOBUSIX BBICOKOIO BakyyMa, a B 30He
OCaKIeHHUS Hajo obecrieurBaTh HU3KUI BaKyyM).

B HacToslmee BpeMsl AAaHHBIM MeTOLOM CBOHU
JIeHTBl  I[IPOHU3BOAMUT aAMepUKaHCKasg dupMa
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necessary to form a highly textured superconducting
layer with strictly controlled stoichiometry. Therefore,
the main methods of forming a high-temperature
superconducting layer in second-generation tapes are
as follows:

metal-organic chemical vapor deposition (MOCVD);
reactive co-evaporation (RCE);

pulsed laser deposition (PLD).

MOCVD is a method of metal-organic chemical
vapor deposition. The first results on the deposition
of HTSC coatings by this method were obtained in
1988 [10]. The films obtaining occurs during substance
chemical reaction on the hot substrate surface. The
precipitated material is in the gaseous state and is
mixed with an inert carrier gas.

Chemical deposition methods have a high rate of
synthesis of films, which is their main advantage
in comparison with physical deposition methods.
The main drawback of this method is complexity of
obtaining a film with the required stoichiometry, as
well as the need for the use of expensive high-purity
raw materials.

Currently, this method is used for production of
tapes by American companies SuperPower (up to 350 A/
cm, IBAD) and Americansuperconductor (up to 300 A/
cm, IBAD).

Today, the most productive (up to 6 nm/s) [11] is
the method of reactive co-evaporation followed by
deposition and chemical reaction (RCE-DR) (Fig. 2). It
involves rapid target evaporating by an electron beam
at low temperature and low oxygen partial pressure,
followed by annealing in an oxygen medium.

The main disadvantage of this method is complex
equipment, it is necessary to create a differential
pumping system, since evaporation of metals occurs

.
DNIeKTPOHHas MyLika
Electron beam gun

A

Ba

Puc.2. Cxema RCE-DR npouecca [12]
Fig. 2. Diagram of RCE-DR process [12]
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SuperconductorTechnologiesinc (mo 500 A/cm, IBAD)
1 Koperickas SuNam (o 500 A/cMm, IBAD, GdBCO).

MeTon, HMIIYAbCHOIO JIa3€pHOLO OCaKAeHUS
(MJIO) mo3BossieT IMONy4aTh KaueCTBeHHble IJIEHKHU
M3 MIKPOKOrO CIIeKTPAa MAaTepPHaJIOB C BBICOKOM CTe-
[IeHBI0 COOTBETCTBUSI CTEXHOMETPUHU GOPMHPYyeMBIX
IIJIEHOK COCTaBY MarepHasia MHUIIEHH, YTO 0CoDeHHO
Ba)KHO IIPH OCa’KJeHHUH MHOTOKOMIIOHEHTHBIX MaTe-
PHAJIOB, K KOTOPBIM K OTHOCHTCS YBa,Cu;0,, (YBCO).
YctaHoBKa UJIO BKRIIOYaeT B cebs ymasep (Kak mpa-
BHJIO 3KCHUMEPHBIN, PaboTAIOIIUK Ha JJIMHE BOJHBI
193, 248, 308 unu 351 HM, peske YeTBepTasi TapMOHMKA
TBEePIOTEIbHOIO Nd:YAG ¢ gjauHOH BOMHBL 266 HM),
BaKYyMHYIO KaMepy, ONTHYeCKYI0 CUCTeMY U CUCTEMY
rnogavyy ras3oB. OCHOBHBIM HeJOCTAaTKOM [JaHHOIO
MeToJa SIB/ISIETCSI HEBBICOKASI CKOPOCTbh OCAXKAEHHUS.
CunbHOe yBelH4YeHHe MOLIHOCTH JIa3€pHOI0 M3Iy-
YeHHsI He yBeJU4YHBaeT IIPOM3BOJUTENIbHOCTh IIPO-
Llecca (a TO/IBKO JTHIID YBeIHUKBaeT KalleJbHYI0 da3sy,
TeM CaMBbIM YXyAlllag KayecTBO IUIEHKH), I109TOMY
O/ YBeJIMYeHUs POHU3BOLUTEIbHOCTU MPUMEHSIOT
MHOT0/1y4eBYI0 MHOTOIIPOXOAHYIO CXeMY HaIlbl/IeHHU S
(multiplume-multiturn PLD - MP-MT PLD) 1160 mytem
pa3brieHM s OHOTO MOILIHOIO ITy4Ka, 1160 yCTaHOBKO
HeCKOJIBKUX JIa3epHBIX U3nydaTened (puc.3) [13].

B HacTosmee BpeMsl OaHHBIM METOJOM CBOU
JeHTHl IIPOM3BOAUT HeMeIllkasi o¢upma Bruker
(mo 350 A/cm, IBAD), poccurickas SuperOx (mo 500 A/cm,
IBAD, GdBCO) u koperickas Fujikura (mo 550A/cm, IBAD,
GdBCO).

B mamHoM pabore coBMecTHO ¢ HHIL "Kypuartos-
CKHH MHCTHUTYT IIOJAyYaJH CBepXIIPOBOASIINI
cioxl B BTCII yneHTax BTOPOr'0 IIOKOJIEHHS MeTOOOM
HMITy/IbCHOTO JIa3ePHOI0 OCaKAEHMS C LIeIbI0 JOCTH-
SKeHHU S BeJIMYHMHBI KPUTUYECKOro TOKa 10 247 A.

J1s u3MepeHUs1 KPUTH4YecKoro Toka (I) HCIOIb-
30BajICSl 4YeTBIPEXKOHTAKTHBIM MeTon. Ompepeine-
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under high vacuum conditions, and low vacuum is
observed in the deposition zone.

Currently, thismethodisused for production of tapes
by American company SuperconductorTechnologiesInc
(up to 500 A/cm, IBAD) and Korean company SuNam
(up to 500 A/cm, IBAD, GdBCO).

Pulsed laser deposition (PLD) makes it possible
to obtain high-quality films from a wide range of
materials with a high degree of correspondence
between the formed films stoichiometry and the target
material composition, which is especially important
in the deposition of multicomponent materials,
including YBa,Cu;0,, (YBCO). PLD installation
includes a laser (typically, excimer one operating at
wavelength of 193, 248, 308 or 351 nm, less often fourth
harmonic solid state Nd:YAC with wavelength of 266
nm), a vacuum chamber, an optical system and gas
supply system. The main disadvantage of this method
is low deposition rate. A strong increase in the power of
the laser radiation does not increase the performance
of the process (it only increases the droplet phase,
thereby degrading the quality of the film) therefore,
in order to increase the performance, a multiplume-
multiturn PLD (MP-MT PLD) is used by splitting one
powerful beam or by installing several laser emitters
(Fig. 3) [13].

Currently, this method is used for tape production
by Cerman company Bruker (up to 350 A/cm, IBAD),
Russian company SuperOx (up to 500 A/cm, IBAD,
GdBCO) and Korean company Fujikura (up to 550 A/cm,
IBAD, GdBCO).

This paper, jointly with RDC "Kurchatovsky
Institute”, a superconducting layer in second-
generation HTSC tapes was obtained by pulsed laser
deposition to reach the critical current value to 247 A.

In order to measure critical current (I.), four-
contact method was applied. The critical current

KaTywka c neHTom
+ Coil with tape

MOBOPOTHbLIN PONNK
-~ Turnover roll

Heating plate

HarpeBaTenbHas niacTuHa

PocToBas 30Ha
‘Growth area;

"

~—A
Target

> TennoBow 3kpaH

NaszepHoe nsnyyeHuve Heat baffle
Laser radiation \
MwweHb MnasmeHHbIN daken

Puc.3. Cxema npouecca
MP-MT PLD

Fig. 3. Diagram

of MP-MT PLD process

Plasma plume
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HMe KPUTHYEeCKOI0 TOKa IIPOBOAMJIOCH 10 KPHUTEPHUIO
1 MxB/cM. M3MepeHHS MPOBOJM/IMCEH IIPH TeMIlepa-
Ttype T=77,4 K. KoHTpo/Ib MOP}OIOTUH IIOBEPXHOCTHU
IUIEHOK OCYILeCTBJISJICS C IIOMOIIBIO MeTOJa PacTpo-
BOM 3/IeKTPOHHOM MUKpocKkonuu (POM) Ha ycTaHOBKe
Quanta 3D200i, FEI Co. IudpaKIMOHHBIE CIIEKTPHI
CHMMAJIMCh IIPHU IIOMOIIH IIOPOIIKOBOIO OTUPPAKTO-
metpa BRUKER D8 ADVANCE B pexxuMe 0-20 B reo-
meTpumn bperra - bpeHTaHo. OCTpoTa TeKCTYPHI
OIIpeesisiyIach 10 IIPOPHIIIO IIOTIOCHEIX GUTYP II0 3HA-
yeHuo IIIIIB (rIoHOM LIMPUHBI Ha IIONYBHICOTE)
TeKCTYPHOI0 MaKCHMYyMa, CHATHIX Ha AUPpaKTOMe-
Tpe RigakuSmartlab. OcTpora TeKkcTyphl MOAJIOKKHU
B IIJIOCKOCTH COCTaBujaa 6,0°. PacyeT IIPOLIEHTHOIO
comepkaHMs a-Qa3pl B IIJIEHKAX OCYILEeCTBIISICA
o dopmysne I(200)/(1(006)+1(200))-100%. TonmmHa
CBEpPXIIPOBOASIIHUX IIOKPBITUH H3Mepslach KOHTAKT-
HbIM TpoduomeTpom BrukerDektak XTL.

B KavecTBe MOJJIOKEK ObIIa HCIIONB30BAHA METaj-
JIH4YecKasi TeKCTYpHUpOBaHHAas IIOIJIOKKA, COCTOAIIAS
u3 Ni cnnaBa, JerupoBaHHas 5aT.%W (mpousBoA-
cTBo ¢upmbl EVICO, mupuHOM 10 MM, TOMIIHMHOMN
69 MKM) U IIMPOKO paCIpOCTpaHeHHas IJs JaH-
HOTO THIIA IIOAJIOKeK OydepHas apxuUTeKTypa
NiW /Y,0,/YSZ (ZrO,+8%Y,0,)/ CeO, [2].

Poct 6ydepHBIX M CBEPXIIPOBOASIIEIO CIOEB OCY-
IIeCTB/ISAJICS METOLOM MMIIYJIBCHOTO JIa3epHOTO
OCaKAEHUSI Ha JIeHTOIIepeMOTOYHOM MHOIOIpPO-
XOJJHOH MHOTOJy4eBOu ycTaHoBKe PVD T1000. OnHa
ocHameHa 3KCUMepHBIM XeCl ma3epHBIM HCTOYHU-
koM Coherent LEAP 130 (308 HM) C BBIXOIHOM MOIIHO-
CTBIO 10 650 MJIK, YacTOTOM C/IefOBaHMS HMIIy/IbCOB
70 200 I'y ¥ ATUTeTbHOCTBIO UMITY/IbCA 22 HC. B aToM
yCTAaHOBKE peajiM30BaHa MHOIOJy4YeBasi MHOIOIIPO-
XOOHAas CHCTeMa HaIlblleHHs. CHUCTeMa OCHallleHa
[I0BOPAaYMBAIOLMIMMCS 3€pKaJIOM, KOTOpOe II03BOJIsIeT
JTUHENHO CKAaHHUPOBATh IIOBEPXHOCTh MHIIEHH, CO3-
IaBasi Ha HeM [0 4 IIOC/IeLOBaTeIbHO CIeAYIOIIHX
IpYT 3a ApyroM cGOKYCHPOBAHHBIX IITeH (IIOTHOCTb
SHEepPruM Ha MHUIIeHH 710 4 J[K/cMm?). BydepHble ciiou
OCaXHaIuCh IIPU TemIlepaType Harpematenas 970°C
C SHepruem JasepHoro usaydeHus 600 mJX. 3aTpa-
BOYHBIN cJIoOM Y,0; ocaskjajcsi B BOCCTaHaBIHBaIO-
e cpene (cmech rasoB Ar+5% Hz) IIpY JaBJIeHHH 2
MTOpp € YacTOTOH CaefOoBaHHS HMIIYyJIbCOB PaBHOMU
100 Tu. Ero TonmuHa cocTaBuaa 200 HM. bapbepHBIN
crort YSZ (100 T, 150 Hm) u 3aBepmatomuii CeO,
(25 T11, 70 HM) OCa>kIIMCh B Cpefie KHUCIOpoaa IIpU
dapneHuu 10 MTopp. OcTpoTa TeKCTYphl 3aBepIlalo-
mrero cinos CeO, coctaBuia 6,4°.

Hameinenre BTCIT ocyIecTBISI0Ch U3 CTeXHOMe-
TpUUeckor MuIlleHH YBCO B cpele KHC/IOpPOAa MpHU
JapneHuy 100 MTopp YeThIpbMS IyUKAMU JIA3€PHOTO
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was determined using the criterion of 1 pv/cm. The
measurements were carried out at a temperature of
T=77.4 K. Film surface morphology control was carried
out with the help of scanning electron microscopy
(SEM) method by Quanta 3D200i, FEI Co. Diffraction
spectra were recorded with BRUKER D8 ADVANCE
powder diffractometer in ©-20 mode in Bragg-Brentano
geometry. The texture sharpness was determined by
the pole figures profile according to FWHM value (full
width at half maximum) of the texture maximum
captured by RigakuSmartlab diffractometer. The
substrate texture sharpness in plane was 6.0°. The
a-phase percentage calculation in the films was carried
out according to formula (200)/(1(006)+1(200))-100
%. The thickness of the superconducting coatings
was measured with BrukerDektak XTL contact
profilometer.

Metal textured substrate consisting of Ni alloy
alloyed with 5at%W (by EVICO, 10 mm wide and
69 pm thick) was used as substrates as well as buffer
architecture NiW/Y,0,/YSZ (ZrO,+8%Y,0,)/CeO, (2],
widely distributed for this type of substrates [2].

The growth of buffer and superconducting layers
was carried out by pulsed laser deposition method on a
tape-winding multiplume-multiturn PVD installation
T1000. It was equipped with XeCl excimer laser source
Coherent LEAP 130 (308 nm) with a power output of
650 mJ, a pulse repetition frequency up to 200 Hz
and a pulse duration of 22 ns. In this installation,
a multiplume-multiturn deposition system was
implemented. The system is equipped with a rotating
mirror, which allows linear scan target surface,
creating sequentially up to 4 consecutive focused spots
(energy density at the target of up to 4 J/cm?). The buffer
layers were deposited at a heater temperature of 970 °C
with laser radiation energy of 600 mJ. Y,0; seed bed
was deposited in a reducing medium (Ar + 5% H, gas
mixture) at a pressure of 2 mTorr with a repetition rate
of 100 Hz. Its thickness was 200 nm. The barrier layer
YSZ (100 Hz, 150 nm) and the final CeO2 (25 Hz, 70 nm)
were deposited in an oxygen medium at a pressure of
10 mT. The sharpness of the texture of CeO, layer was
6.4°.

HTSC deposition was performed out of YBCO
stoichiometric target in an oxygen environment at a
pressure of 100 mT by four beams of laser radiation
with energy of 420 mJ, the pulse repetition frequency
was 100 Hz. The heater temperature has a feedback (7
thermocouples are installed), and the set temperature
is maintained. The superconducting layer was sprayed
onto the tape in the regime of tape rewinding from the
coil to the coil. YBCO film 150 nm thick is formed in
one turn of the tape through the deposition are. The
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HU37y4eHUs C 3Hepruul 420 MUK,
YacToTa CAeJ0BaHHS HMIIY/IbCOB
coctaBisia 100 T'm. TemmepaTypa
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@ 750HM/nm @ A-dasa 750 HMm / a-phase 750 nm
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GOpPMHPYIOT METOIOM TEPMOBAKY-
YMHOTO HamkbljieHHA. Ilocie 3Toro
IIPOBOJAT OTKMTI IIEHOK B Cpeje
KHCJI0pOJa MpH TeMIleparype
HarpeBaTtens 600°C B TeueHHe
JBYX 4aCoB.

300 u 750 Hm

thick

Temnepatypa Harpesatens, °C/ Heater temperature, °C

Puc.4. OnpedeneHue onmumanbHoll memnepamypbl pocma 0As NAeHOK MoAWUHOU

Fig. 4. Determination of the optimal growth temperature for films 300 and 750 nm

OBCYXXAOEHUE PE3Y/IbTATOB

H3BecTHO, 4YTO C yBeauueHHeM TonuHbl BTCII ciios
HaKaIlJIMBAIOTCS KpPHCTAa/IM4YecKue H Mopdoio-
ruyeckye ngedexThl, a TaKXKe IIPOMUCXOOHUT IIepexof
K d-OpHeHTHpoBaHHOMY pocty (h00), 4TO OoTpHLa-
TeJIbHO BJIMSIeT Ha 3JIeKTPUUYECKHe XaPaKTepUCTHUKHU
7eHTHl [14]. 3T0 MOXKeT OBITh CBS3aHO C IIOHM>KeHHEM
TeMIIepaTyphl Ha MOBEPXHOCTH JIEHTHl H3-3a U3MeHe-
HUS Ko3QPUIlMeHTa 4epHOTHl IJeHKM [15]. OmHUM
K3 MeTO/I0B OOPEOBI C 3THM SIBJIeHHEM SIB/ISI€TCSI [IOBBI-
IIeHKe TeMIIepaTyphl B IIpollecce pocTa IIeHKH. I1o3-
TOMy 6bLiIa IIpOBe/leHa CepHsi SKCIIEPHMEHTOB, I103BO-
JgI0IIas OIpeNe/uTh ONTHMAJbHYIO TeMIIepPaTypy
pocta BTCII cimos Ha Bcex 3Tamax GOPMHPOBAHHS
TOJICTOI CBEPXIIPOBOASIIIEH IIJIEHKH.

CHauana 6pIa oIpeleneHa TeMIIepaTypa pocTa
Ha4YaJIBHOTO CJI0ST TonmuHON 300 HM (890°C) (prc.4).
Ha puc.4 ykasaHbl 3HayeHHUs KPHUTHUYECKOTO TOKa
U pacCYMTAHBI IIPOLIEHTHEIE JOJIU a-$a3kl B IIJIeHKAX.
I[Tpu Takou TonuuHe BTCII cnost Habmromaetcs cnabas
3aBUCHMOCTb KPHUTHUYECKOIO TOKa OT TeMIlepaTyphl
pocTa BOMM3M onTHMyMa. Ha POM-usobpaskeHHUSX
(puc.5) BUAHBI INTafKHe IVIEHKH, Ha KOTOPBIX OTCYT-
CTBYIOT 3HauHuTe/bHble fAedeKTH (Kpome Kallesb,
Ha/lu4Ke KOTOPBIX CBS3aHO C HH3KOH IIJIOTHOCTBIO
MHUIIIEHH),

Jlanee OplIa ompemesneHa TeMIlepaTypa pocTa
IJIEHKU TONMIMHOM 750 HM, KOTOpas COCTaBHJa
900°C (cM.puc.4). IIpu TakoM TONIIKMHE CBepXIIPOBO-
OsIlen IVIeHKH KPUTUYeCKUH TOK CHJIBHO 3aBHCHUT
OT KPUCTAJ/IMYECKOro KayecTBa IUIeHKH. IIpu HU3-

protective silver layer is formed by evaporation (1-1.5 pm
thick), then the films are annealed in oxygen medium
for 2 hours at a heater temperature of 600°C.

DISCUSSION OF THE RESULTS

It is known that crystalline and morphological defects
accumulate with increasing thickness of HTSC layer,
and a transition to a-oriented growth (h00) occurs,
which adversely affects the electrical characteristics
of the tape [14]. This may be due to a decrease in the
temperature on the tape surface due to a change in the
blackness of the film [15]. One of the methods to combat
this phenomenon is the increase in temperature
during the growth of the film. Therefore, a series of
experiments was performed to determine the optimal
growth temperature of the HTSC layer at all stages of
thick superconducting film formation.

First, the growth temperature of the initial layer,
300 nm thick (890°C) (Fig. 4) was determined. Fig.
4 shows the values of the critical current, and the
percentage of a-phase in the films is calculated. With
such HTSC layer thickness, weak dependence of the
critical current on the growth temperature near the
optimum is observed. SEM images (Fig. 5) show smooth
films with no significant defects (except droplets
which are associated with low target density).

Then, the growth temperature of the film 750 nm
thick, which was 900 °C (see Fig. 4), was determined.
With such superconducting film thickness, the critical
current depends strongly on the crystalline quality of
the film. At a low deposition temperature, the film
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Puc.5. PoM-u306paxkeHus nogepxHOCMuU nAeHKU moAuyuHoul 300 Hm
Fig. 5. SEM images of film surface 300 nm thick

KOM TeMIlepaType OCakK[leHHs IIeHKa yke Ha ueT- || already consists of a-oriented crystallites by quarter,
BEePTb COCTOUT M3 d-OPHEHTHPOBAHHBIX KpHCTaa- || which negatively affects the critical characteristics.
JIUTOB, YTO OTPHLIATETbHO BIMseT Ha KpuTH4eckue || However, as the growth temperature increases, no
XapaKTepUCTHKHU. OIHAKO IIPU yBeJIH4YeHUHM TeM- || increase in the critical current occurs, despite a
IepaTypbl poCTa yBeIHUYeHHs KpHUTHYecKoro Toka || decrease in the a-phase content. SEM images (Fig. 6,7)
He IIPOUCXOUT, HECMOTPS Ha CHUsKeHHe comepskanus || show that with increasing thickness of the HTSC layer,
a-¢asel. Ha POM-u3o6paskeHUsIX (PUC.6,7) BULHO, YTO

Puc.6. PSM-u306pa>keHus nogepxHoCmu nAeHKU MoAwUHoOU 750 Hm
Fig. 6. SEM images of film surface 750 nm thick
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Puc.7. PoM-u306paxkeHus nosepxHocmu naeHKu moAwuHol 1950 Hm
Fig. 7. SEM images of film surface 1950 nm thick

¢ yBenudeHureMm TonumuHbl BTCII citos pasBuBaeTcs
penbed MOBEPXHOCTH, IIEHKH CTAHOBATCS MeHee
TJIaAKUMHU.

CremyoOmKUM 3TalloM CTaJo AaJibHellIllee IIOBBI-
IIeHHe TeMIIePaTyphl IIOAJIOKKH C YyBeJIHYeHHeM
TOJIIUHBL OCAKAAEMON IUIEHKU (CBEPXIIPOBOASINAS
IJIeHKa J0 750 HM ocaskaajiach IIPH OIITHMMAJIbHBIX
pe’kMMax, HaHJeHHBIX paHee). YBelHUYeHHe TOJ-
IIMHBI IIJIeHKH 10 1500 HM 1103BO-

the surface relief develops and the films become less
smooth.

Thenextstagewasa furtherincreasein the substrate
temperature with an increase in the thickness of the
deposited film (a superconducting film up to 750 nm
was deposited under the optimal regimes found earlier).
An increase in the film thickness up to 1500 nm made
it possible to obtain a critical current equal to 147 A (Fig.

JTMJIO TIONTYYUTh KPUTHYECKUH TOK
paBHBIN 147 A (puc.8) (Ha rpaduke

II0OKa3aHa TeMIlepaTypa Harpe-
150

-®-1500HM/nm -@ 1950 HM/nm
a-¢dasa 1500 HM / a-phase 1500 nm -@- a-pasa 1950 HM / a-phase 1950 nm

40

BaTejs HpU pocTe 6-10 cmoeB s

1500 HM H 10-13 cmoeB a1 1950 HM

IIJIHKH), OJHAKO [JaJibHeHnIlee Las

ﬂ\\ 30

yBe/IM4eHHe TOMIIUHEL 10 1950 HM

ITpHBeJIO JIMIIDb K IIaJeHHUI0 KPHUTH-

Yyeckoro Toka. Ha POM wu3obpaske- 140 |

[

HUSIX (CM. PHC.7) BUAHBI IIOTHOCTHIO

~_ )
[\ TN

3apociive IIJIEHKH, Ha IIOBepX-
135

A-dasza, %/ a-phase, %

HOCTH 3aMeTHO IIOSABJ/IEHHE

\.10

/X
M \

a-OpHeHTHPOBAHHBIX KPUCTAIH-
TOB (B BH/Ie IIPSIMOYTOJIbHHKOB).

Kputnyeckui Tok, A/ Critical current, A

. ?/T"/

/
J ) :

INony4yeHHBbIE pe3yabTaThl 905
[IOKa3bIBAIOT HEBBICOKHE 3Haye-
HUSI JEKTPUUECKUX XaPAKTEPHU-
CTHK CBEPXIIPOBOJSILINX IIJIEHOK.
OpHoBpeMeHHOe obpa3oBaHUe
A-OPUEHTHPOBAHHBIX KPUCTAJIIH-
TOB U IIOAIIABJIeHHBIX 0bjacTen

1500 u 1950 Hm

nm thick

910 915 920 925 930 935 940
Temnepatypa Harpesartens, °C / Heater temperature, °C

Puc.8. Onpedenetue onmumanbHol memMnepamypul pocma dAs NAeHOK MOoALLUHOL

Fig. 8. Determination of the optimal growth temperature for films 1500 and 1950
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y TOJICTHIX IJIEHOK MOXKeT FOBOPHUTH O HEOJHOPOJ-
HOM pacIIpefie/leHUH TeMIIepaTypbl HarpeBaTess.
[TosToMy OBl H3MepeH TeMIIePaTypHBIM IIpo-
¢unp Bronp HarpeBartens (puc.9). TemmepaTypa
B 30HE OCaKAeHHs IUIEHKH OKa3aJiaCh HIDKe, YeM
Ha Iepudepun HarpeBaTessi, YTO HETaTUBHO BJIK-
seT Ha IIPOLecC SIIUTAKCHA/IbHOTO POCTa IIEHKHU:
[Py ABM>KEHUHU JICHTH CGOPMHPOBAaHHAs IIJIeHKA
BBIXOAMUT U3 POCTOBOM 30HBI, IIOIIaJiaeT B 06acTh
c bosee BBICOKOM TeMIIepaTypoil, KU II03TOMY OHa
YaCTUYHO PACI/IaB/ISeTCs U PeKPUCTa/IIU3yeTCs
C IIPOM3BOJIPHOU OpPHeHTallHeH.

Ilocne yBenuuyeHHs PacCTOAHUS X MeXIy
HarpeBaTejieM M 3KpaHOM Ha 15, 20, 25 u 30 MM
(cM. puc.3) TeMIIepaTypHBIH IPOPUIb 3HAYUTEIBHO
BBIPOBHSIJICS, OLHAKO MOJNYYHUTh JIMHELHOe pacIipe-
IejleHHe BBHUJIY KOHCTPYKTHBHBIX 0cobeHHOCTeH
He IIpeACTaBJIeTCS BO3MOXKHBIM, H, HECMOTpA
Ha HebOOJIBILIYIO Pa3HHUIly TeMIIepaTyp, IONTyYHUI0Ch
3HAQYMTE/JIBHO YBEIHYUTh 3JIeKTPUUYeCKHe Iapa-
MeTpel GOPMHUPYeMBIX CBEePXIIPOBOIOSAIIMUX IIOKPHI-
TUH. Tak rpu TonwmuHe BTCII ciios 750 HM ymaiocsk
JOCTHYb KPUTHUYECKOro ToKa 150 A, 4TO B IipeabIay-
Iler 3aBOACKON KOHPUIYpaLlMKd POCTOBOM KaMephl
He y[AaBa/JioCh AOCTHYbL M Ha 1950 HM IJIeHKe
(puc.10). Ong 1500 HM IOKPBITHH, cGOPMUPOBAHHBIX
IIPY IIOCTOSIHHOM TeMIlepaType, MaKCHMaJIbHBIK TOK
paBHsieTcss 166 A, 4YTO He3HAYUTE/NbHO IIPeBHILIAET
3Ha4yeHMe /IS MOKPBITHM 750 HM. B TakoM IJieHKe
BeJIMKA [0S a-OPHeHTHPOBAHHEBIX KPHUCTAJIIMTOB,
[I03TOMY, IIepHUOAHYECKH IIOBbILIAS TeMIIepaTypy
HarpeBaTejsl HeIIOCPeACTBeHHO B IIpoliecce pocCTa,
yoaeTcsl YIYUIIHUTh KPUCTAJJIMYECKOe COBePILIEeHCTBO
bopMHpyeMOl CBEPXIIPOBOASILIEH IJIEHKH. Tak IpH
IIOBBIIIEHHH TeMIIepaTyphl Ha 45°C KPUTUYeCKHUH TOK
Bo3pacTaeT 10 218 A. [JajbpHelilllee yBeJlHU4YeHHe TOM-
IMHMHBI IJIEHOK 70 1950 m 2250 HM maeT 3HadeHUe
ToKa 243 u 247 A COOTBeTCTBEHHO. [IJis IIJIEHOK TOJI-
IMHOM 750 HM yBeJMUYeHHe TOKa COCTaBHIIO 63%, O
1500 HM —48%, a gy1g 1950 HM - 73%.

IToBepxHOCTD IIJIEHOK TOINMIKMHOM 750 U 1500 HM,
[OJy4YeHHBIX IIPU ONYIIeHHOM TeIlJIOBOM 3KpaHe
(x+30), HMeeT MeHee Pa3BUTYIO MOPDOIOTHIO
(puc. 10). Ha mneHke 1500 HM HabII0LAroOTCs OTHEIb-
HBle a-OpPUeHTHPOBAHHEBEIE KPUCTA/UIMTHL B OTIHYHE
OT IIEHKH TONIMHOM 1950 HM. BonbT-ammnepHas
xapakTepucTuka BTCII JeHThl ¢ HaubOJMBIIMM 3Ha-
YyeHHeM TOKa IIpeACTaB/JeHa Ha puc. 12. Kak BHIHO
M3 PHUCYHKa, IIPU JAHHOH TEeXHOJIOTUU YIAJIOCh IOy~
YHTh KPUTHUYECKHe 3HaYeHHM sl TOKa 247 A.

MogepHH3al g POCTOBOM KaMepsl II03BONHIA
BBIPOBHSITh TeMIIEpaTypy HarpeBaTejs II0 HaIlpaB-
JIEHHUIO ABHSKEHUS JIEHTBI, UTO 0becreqymuso yiydlle-
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— CraHpapTHoe KpernsieHne, X =10 Mm
Standard fastening, x=10 Mm

— X+15Mm/mm X+20MmM/ mm

— X+25MM/ mm  — X+30MM/ mm
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PocToBas 30Ha
Growth area
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TemnepaTtypa, °C/ Temperature, °C
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Mo3unumsa Tepmonapsl, cM / Thermocouple location, cm

Puc.9. TemnepamypHbili npoduAab Hazpesamens: 800Ab 08UXKe-
Hus AeHmbl

Fig. 9. Temperature profile of the heater along the tape
movement

8) (the diagram shows the heater temperature with the
growth of 6-10 layers for 1500 nm film and 10-13 layers
for 1950 nm film), but a further increase in thickness
to 1950 nm has only led to a drop in the critical current.
SEM images (Fig. 7) show completely overgrown films;
the appearance of a-oriented crystallites (in the form of
rectangles) is seen on the surface.

The results obtained show low values of
electrical characteristics of superconducting films.
Simultaneous formation of a-oriented crystallites and
fused regions in thick films may indicate non-uniform
distribution of the heater temperature. Therefore, the
temperature profile along the heater was measured
(Fig. 9). The temperature in the film deposition area
turned out to be lower than at the periphery of the
heater, which adversely affects the epitaxial growth
of the film: when the tape moves, the formed film
leaves the growth area, enters the area with a higher
temperature, and therefore it is partially melted and
recrystallized with arbitrary orientation.

After increasing the distance X between the heater
and the screen by 15, 20, 25 and 30 mm (Fig. 3), the
temperature profile was significantly leveled, but it
is not possible to obtain a linear distribution due to
design features, and despite the small temperature
difference, it was possible to significantly increase
the electrical parameters of the superconducting
coatings. Thus, HTSC layer as thick as 750 nm, a
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Puc.10. PM-u306paxkeHus nogepxHocmu naeHok moawuHodi 750 (a), 1500 Hm (b) u 1950 Hm (c) nocae modepHU3auUL Kamepbi
Fig. 10. SEM images of film surface 750 (a), 1500 nm (b) and 1950 nm (c) thick after the chamber has been modernized.
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i1

HHe KPHUCTA/UIMYecKoro KadecTBa QOPMHPYeMBIX
CBEPXIIPOBOASIINX [IOKPBITHUE, YTO B CBOIO OYepelb
IIPUBEJIO K POCTY 37eKTPHUUYECKUX XapaKTEePHUCTHK
o 70%.

3AKJ/TIOYEHUE

B HacTosimee BpeMsi OTpPabOTAaHBI PeKKMBI OCAK-
JeHUS JIMHHOMEPHBIX CBePXIIPOBOASIIUX IIEHOK
YBCO pa3anH01?1 TOJIIUHB Ha MOMJIOKKH NiW

C BBICOKMMH D3JIeKTPUYECKHMMHU XapaKTePHCTH-
KaMH. He3HauHTe/lpHOe M3MeHeHHe CTaHAapPTHOU
3aBOJCKON KOHCTPYKLHHU II03BOJIHJIO yBeIHYHUTb
KPUTUYECKUHN TOK CBePXIPOBOASIINX IIOKPBI-
TUH Ha 70% (1o 247 A). AHAJIOTUYHBEIe Pe3y/IbTaThl
OOCTUTHYTHl U Ha OTe4yeCTBEHHOM MHIIEHH IIPO-
usBoacrBa BHUMHM uMm. BouBapa. OgHako pyH-
DaMeHTaJlbHas IpobremMa IafeHUsS! IJIOTHOCTH
KPUTHUYeCKOI0 TOKa C yBeJlHYeHHeM TOJILIHUHEI
BCTII mOKPBITHSA He II03BOJISIET IIONYUYUTH OLHO-
CJIOMHBIe IIJIEHKH C KPUTHYECKHUM TOKOM 6oree
300 A Ha nomiIokkax Ni W. PaHee 6bl1a Imoxka3saHa
BO3MOXKHOCTh YBeJIMYEHUS 3IeKTPUUYECKHX XapakK-
TepucTUK BTCII 1eHT 3a cyeT GOpMUPOBAHUS MHO-
TOCJIOMHBIX 3MUTAaKCHANIBHBIX CTPYKTYP YBa,Cu;0,-
HHTepcaor-YBa,Cu;0, [16], mo3ToMy claenyoIIUM
3TarioM paboTsl bymeT co3aHUe JIMHHOMEPHBIX MHO-
rocnorHbIX BTCII IeHT ¢ BRICOKUMHU 31eKTPUYECKUMHU
ImapaMeTpaMH.
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I =247 A, dygeo = 2250 HM
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Puc.11. BAX caepxnposodsiuieli AeHmbi ¢ moawuHot BTCIT caos
2250 HM nocae modepHu3auuu Kamepsbl

Fig. 1. CVC characteristics of superconducting tape HTSC
layer as thick as 2250 nm after the chamber has been
modernized

critical current of 150 A was reached, which in the
previous factory configuration of the growth chamber
could not be achieved for 1950 nm film (Fig. 10). For
1500 nm coatings formed at a constant temperature,
the maximum current is 166 A, which is slightly
higher than the value for 750 nm coatings. In such a
film, the fraction of a-oriented crystallites is large,
and therefore, periodically increasing the temperature
of the heater directly in the growth process, it is
possible to improve the crystalline perfection of the
superconducting film being formed. Thus, with an
increase in temperature by 45 °C, the critical current
rises to 218 A. A further increase in the film thickness
up to 1950 and 2250 nm yields a current value of 243 and
247 A, respectively. For films 750 nm thick, the increase
in current was 63%, for 1500 nm - 48%, and for 1950
nm-73%.

The surface of films 750 and 1500 nm thick,
obtained with a lowered thermal screen (x+30), has
a less developed morphology (Fig. 10). On a 1500 nm
film, separate a-oriented crystallites are observed,
in contrast to the film as thick as 1950 nm. The
current-voltage characteristic of a high-temperature
superconductor tape with the highest current is
shown in Fig. 12. As can be seen from the figure, this
technology helped to obtain critical current values of
247 A.

The modernization of the growth chamber made
it possible to equalize the temperature of the heater
in the direction of the belt motion, which provided
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an improvement in the crystalline quality of the
superconducting coatings formed, which in turn led
to an increase in electrical characteristics up to 70%.

CONCLUSIONS

The deposition regimes of long-dimensional
superconducting YBCO films of various thicknesses
on NiW substrates with high electrical characteristics
have been mastered. A slight change in the standard
factory design allowed to increase the critical current
of superconducting coatings by 70% (up to 247 A).
Similar results have been achieved for domestic target
production at A.A.Bochvar All-Russian Scientific
Research Institute for Inorganic Materials. However,
the fundamental problem of the critical current
density drop with an increase in the coating thickness
of the coating cannot help in obtaining single-layer
films with a critical current of more than 300 A on
NiW substrates. Earlier, it was shown the possibility of
increasing the electrical characteristics of HTSC tapes
due to the formation of multilayer epitaxial structures
YBa,Cu,;0,-interlayer-YBa,Cu;0, [16], so the next stage
of work will be the creation of long-length multilayer
HTSC tapes with high electrical parameters.
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