CHAPTER 4:

FABRICATION OF SUPERCONDUCTING TAPES BY
DEPOSITING NdBCO FILMS ON BIAXIALLY TEXTURED
NICKEL

4.1 Background

This chapter discusses the method u$adfabricating rolling-assisted-biaxially-
textured substrateRABITS) by pulsed-laser deposition of oxides buffer-layers
on texturednickel. It also presents the resutibtained by depositing NdBCO
and YBCO superconductors on RABITS by PLD.

The deposition of a buffer layer is the first step required in depositiorcefaaic
superconductor on eetal substrate.lts role ismainly to overcome diffusion
problems between the substrate and the superconddatiegand formation of
oxides at their interface. However, physical vapor deposition on a polycrystalline
substrate results only in an uniaxial orientation of the buffer layer along the
perpendicular to thesurface, whilethe in-plane axes are randomdyiented.
Consequently, the superconductitayer deposited on top of the buffer layer
does not show biaxial texture. Biaxial texture of the buffer layer was achieved for
the first time by lijima etl. [41] and Reade ddl. [42] who independently used a

technique called ion-beam-assisted-deposition (IBAD). Such a technique consists



of bombarding the growing film with an ion beamented along &pecificangle

with respect to the substrate normal (54.7° in the ca¥&0), depending on the
ceramic’s crystal structure and the desired orientation. Channelling of the ions in
the specified lattice direction allows the growth of only one orientation, while the
crystallites having different orientations are ablated awayttesy grow. The
grains of the desired orientation grow faster than dfieers, andultimately
shadow and extinguish completely tloeystallites with differentorientations

[43]. Since a predominant fraction of timeaterialdeposited is removed by the
impinging ions, this technique igmited by avery slow deposition rate and was
not generally considered as @omising, industrial-scalableapproach when

proposed.

4.2 The second generation of HTS conductors: the RABITS substrate

The superconductivity group of Oak Ridge National Laboratory rexently
developed a new approadétr depositingHTS films on ametallic tape without
using an additional ion source during the growth procéss. firststep of this
method is to obtain a very sharp cube textiwe Nickel tapes by thermo-
mechanical processing of the metal. A high purity (99.99%) polycrystalline bar of
Ni is cold rolled to total deformation greatéhan 90% andsubsequently
annealed in vacuum (~¥0Torr) in a wide temperature rand@r recristallization.
The result is the formation of a sharp biaxial cubic texture, with typical full-width-
half-maximumvaluesfor X-ray w- and @-scans of 6° and 7°. Polishing of the Ni
surface is avoided by controlling the surface conditions of the wadik In this
way it is possible to obtain very smooth surfages= 10 nm)adequatefor film

growth, with an average grain size of }0@. Calculations of the grainoundary



misorientation angles areonducted atORNL using backscattered electron
Kikuchi diffraction (BKD) [46]. The results ofsuch analysis on Niextured
substrates typically show thatost ofthe boundaries have misorientatiangles

in the range 1 - 5° and most of the substrate is percolatively connected within 5°.
The second step of this process involves deposition omtial of abuffer layer

that is chemically and structurally adequatéor subsequent growth olfigh
guality epitaxialsuperconductingfiims. The best buffer layerdor YBCO fim
growth are oxidesand thesematerialsare normallydeposited in the presence of

an oxygen backgroungressure. On the other hand, a Ni surface reaety
easily with Op, forming a(111) textured NiO layer, the orientation of which is

unsuitable for fabricating highc HTS filmsbecause many high ang®undaries

are presentThis problem can be overcome kwo methods.The first, which
employs deposition ofessreactive noblemetal layers on Ni toprevent NiO
formation,followed by deposition obxides,will not be discussed in thisork.

The secondmethod, which haprovided the bestesults,employs deposition of
oxides directly on Ni under reducing conditioDifferent vapor deposition
techniques (e-beam, sputtering, PLD, precursor YBCO method) are uS&tNat

to deposit both buffetayers andYBCO on Ni. The choice of deposition
technique is dictated by the film quality provided, lalgo by the optimization of

the deposition rate and the industrial scalability of the equipment. At present, the
bestfim properties in the case of complematerials likeHTS areobtained using

PLD, while different techniques have been equally succedsiuldepositing
oxide buffer layers.

The work presented here is focused on the usé’ldd. Consequentlyboth
buffer layer architecture and the superconducting layer were deposited using this
technique, following a process previously optimiZed YBCO. Thepurpose of

the buffer layer is to retar@xidation of Ni, to reduce the latticemismatch



between Ni and the cuprate superconductors, and to prevent diffusionnod Ni
YBCO. Previous experimentatudies on the growth of epitaxial oxide buffer
layers on Ni indicatedhat Ce® was a good candidate. Growth of Ge@n Ni

results in the singl€100) epitaxial orientationwhen a particular procedure is

used in depositing the oxide. During the substrate heating phasituse of
96% Ar and 4% K is introduced in the vacuusystem. Thdlow is regulated to

obtain a total pressuff@(Ar) + P(Hp)] of 100 - 200mTorr. The presence of the

reducing gas protect the Ni surfaitem the formation ofNiO. Since Ni surface
oxidation increases with temperature, the €&Odeposited at theelatively low

substrate temperature of 600 °C. A former thin ldgened by300 lasershots of

CeQ is deposited in theamebackgroundmixture of Arand H, using alaser
energy of 300mJ/shotand a repetition rate of Bz. A subsequentayer formed

by nearly 500 shots is then deposited after the chamber is pumped out, in a
residual vapor pressure of-80rorr. In this way, the Ni surface is covered with a
400 A thickfilm which prevents Ni oxidation during the rest of the process. At

this point, oxygen is introduced in the chamber to a pressure of #x7a®, and
growth of the Ce® layer isconcluded by depositing a ~4600 A thitkyer at

Ts=600 °C using the same laser beam energy and increasing the repetition rate to
the value of 10Hz. The (100) oriented Ce@ layer provides a template for
subsequent epitaxial growth of another buffer-layer or the ceramic
superconductor. Althougkerium-oxide is an optimauffer layer forepitaxial

growth of HTS, the high oxygerdiffusion through Ce® could still lead to the
formation of NiIO at the metal interface when depositingcuprate-oxides
superconductors thatequire background oxygenpressures of hundreds of
mTorr. Moreover, due to the stress created by the latttematchand the

difference in the thermal expansion between substrate and laykerthe Ce®

layer has a hightendency toform cracks. A second buffelayer of yttria-



stabilized-zircon (YSZ) 5000 A thick is depositedsitu right after Ce® growth
at the substrate temperature of 70 YSZ is harder than Ce®) and more
resistant to the formation of cracks.fact, besides providing &arrier tooxygen
diffusion, the YSZ layer seems to alleviate the crabla$ areformedunderneath.
This structure, formed by an epitaxial buffer layer suitéaeHTS deposition on
the Ni textured substrate, ieferred to asRABITS, the acronymfor rolled-

assisted-biaxially-textured-substrates.
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Fig. 4.1. Field dependence ofcJor YBCO on SrTi@ (STO) and YBCO oRABITS
substrate ofdifferent configurations: Ce@Ag/Pd/Ni (ML1), YSZ/Ce@Pd/Ni (ML2),
YSZ/Ce@I/Ni (ML3). For comparison, glfield dependenctor a TI-1223film and a Bi-

2223 OPIT sample are reported.

YBCO isthe only cuprate-oxide that has been depositedRABITS structures
thus far. In fact,YBCO hasbeen the widest studied superconductorce the



discovery of High-T¢ superconductivity, and séar seems to offethe best
performance foapplication at 77 K. Moreover, at present, high quality epitaxial
YBCO films are obtained atORNL by using a method involving deposition of
precursor layers.This method has the advantage of depositing the
superconducting layer at low temperature, and, consequently, is more adequate to
an industrial developing of coated conductors technology. Figure 4.1 shows a
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comparison among the field dependence:ah ¥BCO on RABITS sample@with
different architectures), the dield dependencemneasured for YBCO orsrTiOg,
an epitaxialTl-1223 film on LaAlO3, and Bi-2223/AgOPIT samples inwhich
additional pinning sites were introduced by proton irradiation.

A typical x-ray 8-20 characterization of theYBCO/YSZ/CeQ/Ni structures
reveals that Ce®and YSZ buffer-layers are (0019riented with respect to the
surfacenormal. Therocking curvesfor the Ce® (002) andYSZ (002) peaks
show typicalFWHMs of 5.5 and 5, respectivelylhe out-of-plane texture of
YBCO shows a significant improvement with respect to the buffer layers with a
FWHM of only 1for the rocking curve of the (005) peakhe in-planetexture
revealed byXRD @-scan through orientations other th@&0l) also indicates
excellent epitaxy of the buffer layers on the metal substrateFH{ge4.2). The in-
plane axes of Cefand YSZ are rotated 45° with respect to the (0i01) axis,
while YBCO grows witha and b axes rotated 45° with respect ¥5Z. The
normally cubic YSZ and Cefattices show a small tetragonal distortion watl+
b=541,c= 5.422for CeQ®, anda = b = 5.12,c = 5.162for YSZ. Theratio
between the intensities of the Ce(@11) peak and the Ce@002) peak in the x-
ray spectra isessthan 162, indicating only a verysmall volume percentage of

(111) oriented oxide.

4.3 Deposition of NdBCO films on RABITS substrates: a comparison
between NdBCO and YBCO

In the work presentetiere, forthe first time we report the results obtained by

depositing a superconductirgyer of NdBCO onRABITS substrates. NdBCO
was deposited byPLD on a Ce@YSZ/CeQJ/Ni architecture.All three layers



were deposited continuously in tlemame run,without breaking the vacuum
conditions.The firstlayer of Ce® and theYSZ layer weredeposited using the
procedure discussed in the previous paragrdpie.only difference being that,

after increasing the substrate temperature to the value oPGlénd before
starting to growYSZ, we deposited 150 A of Cefat this temperature to

improve the epitaxial relatiorbetween the oxideslhe final CeQ cup layer is

introduced to avoid growth of two different in-plane orientations of the
superconductor on th&SZ layer, as sometimes bservedfor YBCO on
RABITS. In fact, it isknown thatYBCO can grow with two different epitaxial
orientations on YSZ: with <100> or <010> axes aligned WiBZ <100> axis, or
with <100> or <010> axes aligned with YSZ <110> aXisis layer wasgrown in
an oxygen background of 1x103rr, with a substrate temperature in ttenge
of 710 to 780 °C and a thickness of nearly 100 A. The NdBCO layersgmenan
following the exact procedure uséor NdBCO films on single crystals, at an
oxygen pressure of 08 Torrand a substrate temperature of P8 Thefims
were cooled in thesameoxygen partial pressure usefbr the deposition, and
oxygen was introduced in the vacuwhamber (up to a pressure of 500rr)
only after the substrate temperature had reached the value 8€5B@cause of
the differences in the phase stability relatitietween NdBCO and&BCO, the
NdBCO film is deposited usingl@ackground oxygemressure nearly two orders
of magnitude lower than that usddr YBCO. This significant difference is
interesting because the reduced oxygen pressight be highly beneficial in
preventing the oxidation of nickehe NdBCO films were formed by6000 laser
shots at the repetition rate of 2 Hz aflabser beamenergy of 300mJ/shot,
corresponding to a thickness of ~ Quh. The NdBCO films were shiny and
optically smoothlike a typical good YBCO fim on RABITS. The nickel

substrates, fabricated at Oak Ridge National Laboratory, had dimensions of



10x 10 mm or X 20 mm, and a thickness of 1@ For comparison, YBC@ms
were deposited orRABITS substrates using theame buffer-layers growth
procedure and architecture, and tbptimal growth conditions previously
determined for YBCO in the same deposition system.

Critical temperature was evaluated byneasuring the resistance-versus-
temperature curve with theamefour-probe technique discussdor films on
single crystals. In thisasethe normal-state resistivity it very meaningful, as

shorts between the superconducting layer and the Ni substrate arg@rafsemt.
Tco values observed in YBCO films ranged between 88 and 89.5 K, while NBCO

films exhibited typical Eg's of 92.5-93 K, ilmccordance with the valuesported

for optimal NdBCO films on single crystal (see Fig 4.3). Thus, NdBCO films
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Fig. 4.3.Resistive transition for the NdBCO samples 1a062498Nil and 1a0624Ni4.

deposited onRABITS, aswell as on singlecrystals (LaAlO3), showed higher

critical temperature than YBCO films on the corresponding substrates.

Structural and morphological characterization.

Structural and morphological characterization of the NdBEiG on RABITS
substrates was conducted using a scanning electron micro&il equipped

for performing backscattered electron diffraction.

When the incidenbeamelectrons in a SEM strikes the surface of a specimen
under observation, a significant fraction thfem re-emergdrom the sample,
propagating in thesamehemisphere as theriginal beam. Theselectrons are
calledbackscattered because th&yfferone ormoreelastic scatteringvents in
which the electron trajectory is changed impre than 90°from the forward
direction of motion.The backscattered electrons provide axtremely useful
signal for samplecharacterization, giving at theame timeinformation about
composition, locatopography, morphology, and crystallographiye fraction of
backscattered electrons can be greatly increased by increasinit thagle,
which is defined as the complement of the anpggdween thebeamand the
surface plane. At very highilt angles (>70°), which correspond to grazing
incidence, the number dbackscattered electrons approaches the number of
incident beam electrons.This behavior originates because of the higher
probability of scattering events resulting small deviation angles.Therefore,
when the beam is set almost parallel to the sample's surface, ntlostadéstically

scattered electrons tend to propagate along trajectories near the surface and,
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consequently, can escape with less total angular deviation as the result of a much
moreprobable event. When the surfacdilted, the sametendencyfor forward
elastic scattering favorBackscattering in the direction awdpm the incident
beam.Consequently, the angular distribution of the backscatteledtrons,
which at 0°tilt follows a cosinelow, becomes veryasymmetricalyesembling a
highly elongated ellipse, with the long axis forming approximatelystimeangle
with the surface as thbeam (see Fig.4.6) [47]. Amoritpe electronsemitted,
particularly interesting are those that leave the surfaoeptly, aftervery few

scattering events, and in the immediate vicinity of the beam impact area. In fact,

Fig. 4.6. Comparison othe angular distribution of backscattered electrons for sample

tilts of @= 0° andg= 80°.
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these electrons, which reta@mostall the initial energy, constitute a source of
high resolution local information about the sample. The fraction of these electrons
can be increased by taking advantage of the higlngctional distribution
originated at high-tilt angles and placing an energy-filtering collector at a low
take off angle to the surfac€he signalobtained in this way is very sensitive to
fine-scale details, with dimensions close to those of the focused probe, and retains
information from a thickness of only 10-20 nm from the surface.

Backscattered electrodiffraction was used to study the microstructure of the
NdBCO film deposited orRABITS, whose d dependence on H is reported in
Fig.4.4 (samplela062498Nil).The measurementaere performed byscanning

the electron beam over several macroscopic regions with a step sizenat@5,
obtainingfor each region a number of diffraction patterns greater 2@0000.

The measurementsere carriedout continuouslyfor severaldays in order to
acquireall the necessary data, after the absence of surface contamination was
determined bynormal SEM imaging.Because indexing the diffraction pattern at
each location gives a uniqueeasure othe three-dimensional crystallographic
orientation at that point, a large amount of informationbiginedfrom this kind

of measurementhoth on thelocal and macroscopic structure of tlsample's
surface layer. Before starting diffractigrattern acquisition,observation of the
sample'smorphology was conducted in tlsamemicroscope. SEM micrographs

of the sample's surface are reported in Figure 4.7. Figure 4.7 (a) was auqthred

the sample tilted at an angle @° and amagnification of 5 KxMany patrticles

are visible onthe surface but thefilm underneath looks very dense and smooth.
Figure 4.7(b) is alower magnification micrograpbbtained with asample tilt of

0°. The elongated particles oriented at 45° with respect to the substrate edge and
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perpendicularly to each other are a-axis oriergeains;these grainsometimes
are also observed in NdBCO films on single-crystal. Figurgad).ghows a higher
magnification of a region in Fig. 4(b). Besides the a-axigrains, somdBa-Cu-O

particles (similar tahose revealed ofim deposited orsingle crystal) are clearly
visible onthe surfaceThe film looked very dense andompact,and pin-holes

were completely absent. High magnification micrographs [Fig.4.7 (d) and (e)]
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Fig.4.7.SEM micrographs of sample 1a062498Nilof different magnifications: (a), & Kx,
=70°(b), 1 Kx; (c), 5 Kx; (d), 50 Kx; (e), 100 Kx; (f),5 Kx.
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Fig. 4.8.Top view and perspective view of the surface of a highn@ & NdBCOfilm on
LaAlOg acquired by AFM.

revealed the presence shall, finely-dispersed precipitates. Thesmall clusters
were also observed sometimes infilms deposited onsingle crystal. For
comparison, an AFM image ofldgh Tc NdBCO fim on LaAlO3 is reported in
Figure 4.8, showing a morphology vergimilar to that observed in the NdBCO
films on RABITS. In particularthe particles observed heaee characterized by a
lighter color because of their higher height with respect to the rest dinthe
However, anunderstanding of the nature of these precipitatéshave to wait
transmission electron microscopffEM) analysis. Another relevanteature
observed irsamplela062498Nil is the presence sdme YSZparticles of large
dimensions (~ @am) on top of the surfack-ig. 4.7 (f)]. These particlesriginated
during the YSZ layer growth and the NdBCO film developed around them.

Fig. 4.9 (a) represents an orientatidmage micrograph ofsamplela062498Nil

This image isnot an SEMmicrograph,but is the result of the electron diffraction
patterns acquired by using a technique known as backsé&alkigchi diffraction
(BKD). Each point composing the figure is characterized by a different shade of
gray according to the quality and intensity of the diffraction pattern atpthat.

Grain boundaries, asvell as other crystallographic defects or particles on the
surfaceshow a poor diffraction patterand,consequently, these regioappear

as darker points on the orientation map. It can be noticed that grain boundaries in
the Ni substrate are transferrdtdough the buffetayers to thesuperconductor
structure, showing on the orientation map as ddikes. Black spots originating

from the film's particles are also clearly visiblElectron diffraction patternwere
acquired on a hexagonagkid with a spacing of 0.fum. The total number of
patterns obtained in the region of nearly 0.5 x 1 mm reported in Figure 4.9 was

231868. Indexing the pattern at each location gave a umugesure of the
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orientation at that point. In order to calculate the misorientation dogleach
grain boundary, a hypothetical hexagonal lattice with a ggiam of0.5 um was
superimposed at each poifrom which a pattern was obtained’hus, by
processing the data, it is possible to calculate the dpaimdary misorientation
angles for all the resulting boundaries. In this way orientatiaps aregenerated
showing misorientation angle values at each gkoaondary and the regions
percolatively connected within a certain anglkgure 4.9 (b) shows a
regeneration of Figure 4@&) with the following grain boundariesriteria: green
boundaries have misorientation angles greater than 1l9easthan 5°; yellow
boundaries have misorientation angles greater than 5teasthan 10°; and red
boundaries have misorientations greater than 10°. Figure sl@lizes the
percolation of a current flow. Ifact, Figures 4.10@), (b), (c), (d),and (e) have
been colored according to the criterion that a single color represeatgiguous

or percolative region of orientatidassthan 1°, 2°, 3°, 4°,and 5°, respectively.

As shown inFigure 4.10(c), the NdBCOsampleanalyzed is well-connected by
boundariedessthan 3°,and thus exhibits an excellent in-plane orientation. The
grain boundary misorientations get even smaller if we focussmnadlerregion of

the samplesuch as that depicted in Figutell (a). Thidigure is theorientation
image micrograph obtained from a region of 0.12 x 0.2 meizi| Such a region

is percolatively connected within onl¢°, as shown in Figure 4.11 (b). A
representation of theameregion usingcriteria of percolation within 2°, 3°, and
4° is reported in Figure 4.12 (a), (b), and (c). Figure 4.12 (d) is a superimposition of
Figure 4.12 (c) and the graboundariedines,with the colors greenyellow, and

red having the same meaning as in Figure 4.9 (b).

The totality of the diffraction patterns acquired provides a complete
representation of the three-dimensional crystallographic structure clathple

and contains all the information obtainable from the pole figures relatiat ttoe
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crystal poles. In fact, the diffraction patterns collected can be used to generate the

pole figure for any one of the crystal planes families, providing all possible

— . boundary levels: 1
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(a) (b)

Fig. 4.9. Orientation image micrographs from a macroscopic region of sample
1a062498Nil, (a). In figure (b), different colors indicate different grain boundary
misorientation angles: between 1° and 5°, green; between 5° and 10°, yellow, and greater

than 10°, red.
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Fig. 4.10.Orientation image micrographs shown in Fig. 4.9 colored with the critehah
a givencolor represent gercolative region within 1fa), 2° (b), 3° (c), 4° (d), 5° (e).

Figure f is a superimposition of (e) and Fig.4.9 (b).
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EE— boundary levels: 5.0° 15.0° EE— boundary levels: 1.0° 5.0° 10.0°
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) (d)
Fig. 4.12.Orientation image shown iRkig. 4.11 coloredwith the criterion that agiven
color represents a percolative region within @), 3° (b), 4° (c). (dYhe grain boundary
lines are superimposed to figure (ayjth theusual colorcode: greenfor misorientation
anglesbetween 1and 5°,yellow for misorientation anglebetween 5%and 10°, and red

for misorientation angle greater than 10°.
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Fig. 4.13. X-ray @scans showing the in-plane texture of the rolled and annealed Ni
substrate, the CeO2 and YSZ buffer layers, and the NdBCO film in sample la082498Nil.
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Fig. 4.14.Pole figure for the NdBCO (113) reflection. The color scale is a measure of the
intensity of the patterns

informationabout the macroscopic three-dimensional orientation ofsémeple.

The pole figures obtained by electron diffraction are analogous to the pole figures
obtained byX-ray diffraction scans with thesamplerotating in turn around all
three Euler anglesp(8, andy). Theonly difference is that, duringackscattering
electron measurementdiffraction data are acquired simultaneousty all the
crystal poles, and only for a very thin surface layer (-n20. X-ray pole figures,
instead, provide the orientation of all the buffeyers,the superconductintayer,

and the Ni substrate. Consequently, in order to obtaformation on the
orientation of all the sample's layers, an X-ragharacterization ofsample

la062498Nil was performedihe in-plane crystallographic alignment of the
epitaxial NdBCO/YSZ/Ce@Ni structure was determined lgyscans through the

NdBCO (113), YSZ (111), Ce® (111),and Ni (111) planes. The out-of-plane
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texture was determined by thé€RD rocking curves f-scans)through the
following peaks: NdBCQO006), YSZ (200), Ce® (200),and Ni (200).For each
peak, two rocking curves were recorded by tilting gsmple inthe rolling
direction,and in the direction perpendicular to this (about fibiéng direction).
The data for the (113) pole figure of the NdBCO layer also were collected.

A collection of thep-scans for Ni (111), Ce£X111),YSZ (111),and NdBCO(113)
for the peaks is reported in Figure 4.T®e FWHMvalues arer.13,7.23, 7.42,
and 8.64 respectively, showing a very good alignment. It camobteed that the
cerium oxide grows with a 454xis rotation with respect to the nickalbstrate.
The YSZ film, in turn, grows witlihe <100> axisoriented along the Ce0<100>
axis. Thein-plane texture of the NdBC@m is reported in detail in Figurd.14,
where we show the NdBCQ.13) pole figure, which is a representations of a
collection of@-scansgach acquired at a differeptangle.The NdBCO axes are
45° rotated with respect to thé5Z axes and aligned with the Hiand b axes.
However, because the NdBCO (113) reflection is, in turn, 45° rotatedr@g@fiect
to the YSZ (111) reflection, thegscan and the pole figure of NdBCO appear 45°
rotated with respect to those of the Ni substrate.

The peak observed in the center of the pideire is due toX-ray fluorescence,
while the feature present at one side of the fighet does not show a four-fold
symmetry is only an artefact of the equipment.

A collection of rocking curves for the peaks Ni (200), GR00), YSZ (200), and
NdBCO (006), inand about theolling direction is reported in Figures 4.15 and
4.16. The alignment of the c-axis is always better inréfleng direction of the Ni

substrate,, where we find FWHM values of 7.72°, 6.65°, 6.63°, and mA#ie
Ni, CeQ, YSZ, and NdBCO peaks respectively.
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Transport critical current measurements and field dependence

The criticalcurrent ¢ was evaluated through direct transpmasurements. The

Jc dependence on magnetic field was measured witfigltevarying from 0 T to

the irreversibility field, which is measured as thewer-limit field value atwhich

the current flowing through the superconductor switdhas apower function

of the voltage measured toliaear function and flux flowregimetakes place. In

all NdBCO samples forwhich the ¢ field dependence wasneasured, the
irreversibility field was higher than 6 T, indicating the presence of strong flux
pinning. & values of 200 KA/crAmeasured at 77 K and zefield were obtained

for NdBCO films on RABITS. This value is comparable with thes Jalues

measured for the YBCO films on RABITS grown for this project, but is Iddvan

the optimal values (ranging around MA/cm2) obtained at ORNL for
YBCO/RABITS using the same technique.

Fabrication of high quality RABITS substrate is ndtigial task,and phenomena

such as the presence of micro-cracks in the buffer-layer, recrystallization of the Ni
substrate during growth, interdiffusion between the substratebaffier-layer, Ni
oxidation, or other type of structurdéfects, can often occur durirteposition

and more or less seriously affect superconducting layer growth. The quality of the
Ni substrate is another important paramébera good final result. Consequently,
more samples than those developed for this project need to be prepaf®dito

a more precise estimate of the critical current carried by NdE@©®on RABITS.
The best YBCO films on RABITS usually show@avalue at H=0 lower thathat

measured forflms on single crystal,but & decreasedess rapidly with the

magneticfield than it does inYBCO films on single crystal.Consequently, the
two L versus H curves (relative tsBCO/RABITS and YBCO/single crystal)

often show a cross-over point, and, at high magnetic field (5-6 T), RABITS
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samples exhibit highezdhan those omsingle crystalThis behavior is indicative

of the presence IRABITS samples of digher number of defects that act as

strong pinning sites when a magnetic field is applied. As regards Nda@ples
on RABITS, inspite of the not extremely highy(Bi=0), we observed high ¢J

values in high magnetifield and a very highrreversibility field (Hir = 8 T).

These results areonsistent with the observation of an increased number of

pinning sites in RABITS samples.
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A comparisonbetween variousclversus H curvesor NdABCO andYBCO on
RABITS and LaAlO3 substrates is reported in Figure 4.4. As can be noticed, the
best YBCO and NdBCOfims obtained onLaAlO3 show very similar J(H)

curves. Moreover, NdBC@Ims appear to carry a slightly higher curretitan

YBCO films at high magnetidfields, and alsoshow a higheirreversibility field
than YBCO. TheNdBCO film on RABITS shows adat H = 6 T equal to the

value usually measured for YBCO films on single crystal, and exhibits ahiginy
Je in the interval (6-8T). We also observed thatdJin NABCO/RABITS samples

exhibits thesamebehavior with magnetidield asthat reportedfior NdBCO on

single crystal, and no "peak effect" was revealed.
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Fig. 4.5. Angular dependence of dneasured at H = 5 T for NdBCO films &®ABITS
and LaAl®g (LAO) substrates.
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Figure 4.5 shows the: dlependence on the angle between the magietcand

the film's c-axis,measured fosamplesther than those reported kig. 4.4, and

for an applied magnetiteld of 5 T. Weobserve the reported enhancementcin J
at high magnetidield for films on RABITS compared tdilms on single crystal in

the region near tdH//c. However, such enhancement is accompanied by a
suppression in theritical current in the region near td//a,b.Such behavior has
alsobeen reportedor YBCO fims on RABITS substrates and is believed to
originatefrom the presence afomesort of strong-pinningextended defects in
RABITS samples that would extend upward through ftive enhancing vortices

pinning in the configuration with H//c.

In conclusion, the NdBCO film oRABITS considered above showed aptimal
structure: dense, characterized by well-connegahs,and with an excellent

epitaxy. Moreover, we did not observe any trace of microcrdeitscouldcause
a suppression otJSuch a structure is revealed only by the MTO fims on

RABITS, that consequently exhibit very highc & 1MA/cmd), and is not
consistent with aglof only 200 KA/cn? measured for our sample. The reasons for

a & lower than that observed in NdBCfdms on single crystal substrates,
deposited in thesameconditions, is thus attributable to other causes. Since Ni
substrates and insulating substrdiks LaAlO3 or SITiQ3 have a very different
thermal conductivity, it is possible that for a given heater temperature, dimng
deposition, different substrates actually have different temperatures. According to

the study performed on NdBCOflms deposited onLaAlO3, changing the

substrate temperatufer flm growth by 20 °C leads to small difference in the
flm's T, but a considerable suppression @f(@mostone order-of-magnitude).

Consequently, in a situation in whicill the other deposition parameters are

unchanged, substrate temperature difference isrib& probable cause of the
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lower & observedfor the samples on RABITSThis hypothesis constitutes the

starting point for a future investigation to address the processing of NdBO
on RABITS with very high g At present, the result of an irreversibility field of 8 T

for a sample showing only a moderagatlH=0, in addition to a measuregpbf

93 K, is very interesting and encouraging for further research on NdBCO.
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CONCLUSIONS

The first aspect of the research presented here is a systematic investigation of the
superconducting properties dfdBCO films. Because of the existence of the
solid solution Nd+xBa>.xCuzOy, NdBCO fim synthesis was very sensitive to
small variations inall the deposition parameters and required a significant effort.
The optimization of thesuperconducting transport properties NdBCO films

was obtained by growing a considerable numbesarfiples(about 100) and
studying the influence of numerous deposition and anneatiatgameters,
including backgroundoressuresubstrate temperaturigser energy, laser-target
distance, targetomposition, cooling pathgjepositionrate, and duration and
temperature of the heat treatments. Such a study invaiveasurements of
samples' electricalnd magnetic propertiespmposition, morphologyand crystal
structure, by numerous techniques.

The effect of theoxygen partial pressure durinfim growth was analyzed by
varying this pressure in a range of four orders-of-magnitfime,a substrate
temperature (§ range of 730 °C to 800 °TOhe experiment was motivated by
results reported in the literature on bulk synthesis and considerations on the
YBCO P-T phase diagram. On this basis iwas hypothesized that the
thermodynamic stability curve in the P{@T phase-spacér in-situ NdBCO fim
synthesis would be shifted towards reduced oxygen pressure valatge to

the YBaCuzO7.5 (YBCO) curve (Hammondand Bormannine). Consequently,
deposition conditions appropriate for the growth of NdBfli@s were expected

to differ significantly from those successfully usetbr YBCO. The results
obtained confirmed this hypothesis showing &alear dependence offims
superconducting properties on the oxygen partial pressure during groytbt A

of the conditions [§, P(Q)] for optimal film synthesis ithe log[P(Oy)]-1/T phase-
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space determined bBne almost parallel tothe correspondingHammond and
Bormannline for YBCO films, but shifted with respect to thelammond and
Bormannline by about two orders-of-magnitudé&he optimization of NdBCO
flm growth resulted in the reproducible synthesissampleswith T¢'s of 93 K
and J's above 2 MA/cr.

The J dependence omagneticfield observedfor NdBCO films was similar to
that reported folyBCO films. However, asmallerreduction of d with increasing
magnetic field, and a higher irreversibility field compared to YBCO webrgerved

in the best NdBCdiims grown. Neither stoichiometric NdBC@ms nor films
with presence of small amounts of Nd-Ba antisite defects showed the peak in the
J. dependence omagneticfield that has been observed in bidamples.This
behavior suggests that tledtical current in epitaxiafilms is dominated by the
density of growth-induced structural defects that act as pinning cefterse
defects, such as dislocation and stacking faults originditomg impurities and
imperfections on the substraseirface,have a much higher density in epitaxial
flms than in bulksamplesConsequently, ((H) in epitaxialfims is typically two
orders-of-magnitude higher thapid bulk samplesand a weaker field-activated
pinning mechanism, if present, can be easily masked.

Thework conducted omNdBCO film growth on single-crystal substrates was a
precursor to a second aspect of this thesis that involved deposittdhiSaiims
on metallic substrates. Rolled-assisted-biaxially-textured-substr{E4&BITS)
were fabricated by depositinySZ and CeQ buffer-layers on rolled and
annealed Ni substrates BLD. Subsequently, NdBCO andBCO films were
deposited on the RABITS using the parameters for optimaldgronvth previously
determined. The samples were characterized by eledirdreportmeasurements,
X-ray diffraction, scanning electron microscopy and backscatteedeictron

diffraction. The in-plane and out-of-plane alignment of the NdBCO layer and the
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YSZ/CeQ/Ni architecture were evaluated by acquiripgscans androcking
curvesfor specificplanes of theNi, CeQ, YSZ, and NdBCOlayers. Theresults
showed excellent epitaxy of thmuffer-layers on thenetalsubstrate and aery

good in-plane and out-of-plane texture, with FWHM values ofpgtkeansfor the
Ni(111), Ce®(111),and YSZ(111)peaks of nearly°, and FWHM valuesfor the
rocking curves of théNi(200), CeQ(200), and YSZ(200) peaks of neaBy5°.

The CeQ a,b axes were rotated 45° degrees with respect to the Ni axes, while the
YSZ a, baxes were aligned with the Cgn-plane axesThe NdBCO layer
showed very good epitaxy with the in-plane axes rotated 45° with respect to the
YSZ axes. A rocking curve of the NdBCO (006) peak and-scan of the
NdBCO(113) peak showed FWHM values of 6.4° and 8.6° respectively.

X-ray diffraction data give information on the macroscopic average of the
orientations of the sample's grains. Consequently, from X-ray FWHM data it is not
possible to extract eealistic estimate of;JMore precisely, assuming @alue of

8.6° for the grain-boundary misorientation angles would correspond denach
lower than that actuallyneasured. Irfact, the most important parameter for
obtaining high Jvalues (16 A/lcn®) is the local existence ofsmall (<5°) grain
boundary misorientation angledetween adjacengrains,and theconsequent
formation of a low-angle percolative path along the sample.

A study of the grain-boundary misorientation distribution wasiducted by
backscattered electromliffraction. The resultsobtained by acquiring and
indexing a number of diffraction patterns close 260000 for a macroscopic
sampleregion with dimensions of 0.% 1 mm,showed that thesample was
percolatively connected bsnisorientation angles lower than 3Fhis value is
particularly good and typically correspond tg alues of about MA/cm2 in
YBCO films on RABITS. However, transport current measurements on the
NdBCO/RABITS samplegave a Jof 200 KA/cm?, while T; was in the range of
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92 to 93 K. The lowerwith respect to the values measufedNdBCO films on
LaALO3 can be explained by considering that, a constant heatetemperature,
the actual Ni substrate temperature could differ significadnaiy the temperature
of an insulating single-crystal substrate. Such a difference could produce a
variation in the 123 stoichiometry didBCO, which is highly sensitive temall
composition changes, and thus supprgsi Bpite of the relatively low:Jalue
at0 T (T = 77 K), Jmeasurements in applied magndigtd showed a verhigh
irreversibility field (H,y = 8 T). This result,combined with theoptimal texture and
the high T, indicates that improvingiTS wires performance by using NdBCO as
a superconductinglayer is possible,and that further optimization of the
superconducting properties &fdBCO films on RABITS substrates would be

worthwhile.
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