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Transport properties of magnetic field/liquid assisted textured
YBa,Cu;0_, thick films
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Science and Technology Center for Superconductivity and the Materials Science
and Engineering Department, University of lllinois, Urbana, Illinois 61801

(Received 6 July 1995; accepted for publication 8 September)1995

Textured YBaCu;O; _, thick films (thickness~1 mm) were fabricated by vacuum filtration in an
applied magnetic fieldH=7 T). Platinum(1 wt %) was incorporated to induce liquid phase-assisted
densification in films fired between 960 and 1030 °C in oxygen. The transport critical current
densities {.,) of films fired to 1030 °C exhibited nearly field insensitive behavior betwée®—3

T (Hilc-axig) at 77 K, withJ~2500 A/cm? and corresponding critical currenti,) of nearly 100
AatH=1T. © 1995 American Institute of Physics.

The discovery of the superconductor YBasO;_,  as shown in Fig. 1. 10 vol % YB&u,0,_, particles(diam-
(Y123) (Ref. 1) with its transition temperatureT¢) above eter~2—6 um) were dispersed by dissolving an appropriate
the boiling point of liquid nitrogen has generated much in-amount of an organic dispersant in isopropyl alcohol. Cast
terest in the development of highy components for appli- films (diameter=2.5 cm, thickness=1.0 mm contained 1
cations at 77 K. The attractive intrinsic properties of Y123 atwt % platinum (Pt) and were fired on magnesium oxide
T<77 K, include its low thermal flux creep and high upper (MgO) single crystal substrates witf100 orientation.
critical field in excess of 500 T. Several techniques have beehiquid-assisted densification was carried out by heating
developed to produce textured Y&u;0,_, (Y123) bulk?  samples in nitrogen to 600 °C at 1 °C/min, holding at 600 °C
single domair?~® and thin film’*® components with superior for 2 h in oxygen, heating to 950 °C at 5 °C/min, holding at
superconducting properties. Magnetic alignment was demor50 °C for 2 h, heating to a maximum temperature of 1010
strated early on as an effective means of texturing Y®23.or 1030 °C at 5°C/min in oxygen, rapidly cooling to
This approach, however, was largely abandoned becaud®10 °C, and then slow cooling to 950 °C at 1 °C/h. Repre-
samples exhibited weak-link behavior resulting from con-sentative samples underwent solid-state densification follow-
ventional, solid-state densificatién.Melt texturing via ing an analogous thermal profile to 950 °C with a 24 h hold
melt-growti~° or directional solidificatiot*'! processes has at temperature. All samples were furnace cooled from 950 to
also gained attention; however, both techniques have inheft50 °C, oxygen annealed for 24 h, and cooled to room tem-

ent limitations. Melt-growth processing yields large, texturedPerature. o
Y123 single domains which are size limitéghaximum di- We have shown that Pt has a dramatic impact on the

ameter~100 mm) or multidomain samples that are poorly melt?ng behavior of_Y123, redgtlzgng the onset of incongruent
connected and misaligned. Alternatively, directional solidifi- M€lting by ~70 °C in ox'ygenl. " For Y123(+1 wt% P
cation of Y123 produces highly oriented samples, but at slovfiiMS: liquid phase-assisted densification occurs between
growth rate~1 um/s). Recently, textured Y123 thin films 960—1030 °C in pure oxygen. In this temperature range,
have been fabricated on biaxially aligned oxide buffer layers
deposited by ion beam assisted deposititBAD) on flex-
ible metal alloys.® Such films exhibit excellent crystallo-
graphic orientation and high transport current densiigeg.,
J>10° Alem? at 77 K). Furthermore, this approach ap-
pears amenable to scale-up, thus renewing interest in the use
of Y123 superconductors for large scale applications at 77 K.
We have demonstrated that magnetic alignment of Y123
particles under ambient conditions followed by liquid phase-
assisted densification in the presence of platir{@thyields
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dense, textured Y123 thick film&:!* Hereinafter the tech- Col

nique is referred to as the magnetic field/liquid assisted tex- T

tured (MFLAT) process. In this letter, we report on the cur- Filler — = %
rent carrying properties of MFLAT processed ‘

sensitive behavior at elevated temperatures in modest applied
fields (T=77 K, H=0-3 T).

Y123 thick films were formed by vacuum filtration of a
particulate suspension in an applied magnetic fiele-7 T)

YBa,Cu;O;_, thick films which exhibit magnetic field in- P |’

Coil

FIG. 1. Schematic cross-sectional view of magnetic field-assisted process-
ing technique.(Note: Split coil superconducting magnet has vertical and
3E|ectronic mail: jalewis@ux1.cso.uiuc.edu radial warm bore$.
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FIG. 2. Optical micrographs of polished cross sections of textured Y123 films fired on MgO substrates heat treated at maximum tempea®&@S@f
(b) 1010 °C, andc) 1030 °C.(Arrow denotesc-axis direction of each film.

Y123 is partially decomposed to form a liquid phase andtemperature insertVTIl) apparatus(T=77 K), which was
nonsuperconducting phasés.g., Y,BaCuQ,)). Unmelted, placed in the vertical bore of the split-coil 7 T superconduct-
prealigned Y123 particles serve as seeds for textured growtimg magnet shown in Fig. 1. The magnetic field was ramped
during densification. In comparison, melt processing require$o a maximum value oH=1 or 5 T, and then reduced by
processing temperatures above 1030(fC O,) and fully  increments of 0.2 or 1 T, respectively. Transport measure-
decomposes the Y123 phase. ments were performed on several samples for each set of

Figures 2a)—2(c) show optical micrographs of polished conditions and average values are reported. Due to problems
cross sections of textured Y123 thick films fired on MgO toarising from contact failure, individual samples were gener-
Tmax= 950, 1010, and 1030 °C, respectively. Films were re-ally not evaluated over the entire magnetic field range.
moved from the substrate prior to microstructural analysis. The dependence of transport critical current density
Y123 thick films heated above 960 °C have an average graifJ.) on applied magnetic field is shown in Fig. 4 for films
size >50 um (long dimensioh and are nearly 100% dense, fired to different maximum temperatures. Y123 thick films
features indicative of a liquid-assisted densification procesdired to 950 °C exhibited the characteristic weak-link behav-
In contrast, the conventional solid-state sinteref,,  ior associated with conventionally sintered, polycrystalline
=950 °C) Y123 films are porous, fine grained samples. samples. In contrast, magnetic field insensitive transport

Hysteresis measurements of aligned Y123 films wereroperties were observed for films fired Tg,,,=1010 and
made using a high-field SQUID magnetometénodel 1030 °C betweeid=0-1 T andH=0-3 T at 77 K, respec-
MPMS, Quantum Design, San Diego, CAt 5 K and were tively. The averagd,’s of samples fired to 1030 °C ranged
normalized with respect to sample volume. Representativelom 2100 to 3000 A/cth between 0-3 T at 77 K, with
M-H loops are shown in Fig. 3 for samples fired g,  corresponding critical current$ § of nearly 100 Aat 1 T.
=1010 °C. Thebulk anisotropy(or degree ofc-axis tex- To our knowledge, the MFLAT process is the first tech-
ture) within these films was evaluated from the ratio /A1 nique to yield bulk Y123 samples which exhibit field insen-
(Hllc-axis) to AM (HLc-axig). This ratio AM,/AM ) was sitive properties at 77 K in modest applied magnetic fields
averaged over the applied magnetic field range from 1 to 5 TH=0-3 T). The transport properties of these Y123 thick
for each film and was found to be2.9 (T,,,=1030 °C) to
1.5 (Tha=950 °C). These values lie between those mea-
sured for randomly orientedR=1) and single crystalR 600 F —— H Il c-axis
~10) Y123 sampled? Notably, the presence of the liquid 2 U Hlc-axis
phase during densification leads to a twofold increase in the 400
bulk c-axis texture of the Y123 thick films relative to those
conventionally sintered. Since the bulk texture of as-vacuum
filtrated samples is similar to the conventionally sintered
ones, it is believed that further improvements in final grain
alignment are possible upon optimization of the casting pro-
cedure.

Transport measurements were carried out using a con-
tinuous dc four-point probe technique with an electric field
criterion of 1 uV/cm. A schematic view of the sample geom- sk
etry (approximate dimensions are giyes shown in the in- T S S S TR
set of Fig. 4. Silver contacts were made on transport samples 6 -4 -2 0 2 4 6
cut from densified thick films. Samples were annealed at Hpp(D
450 °C for 24 h in oxygen prior to the measurements. The

contact resistivity was about 10¢) cm at .77 K. Transpo_rt FIG. 3. Magnetization hysteresis loops5aK of Y123 thick films heated to
samples were mounted on the testing fixture of a variable,,,~=1010 °C.
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10° . 10f ial alignment to meet the demands by large current specifi-
i T=77K ] cations. The highest reportéds for biaxially aligned Y123
] films (thickness=2 um) were recently announced by Foltyn
et al'®to be approximately 50 Aat 75 K, 1 T. In comparison,
MFLAT Y123 thick films which do not have processing-
] imposed thickness limitations, carry nearly twice this
Cumentps ] value under analogous conditions. A scaled-up MFLAT pro-
H"A Volage ] cess may be competitive with the biaxial thin film approach
950°C 2-3m@ when considering both superconducting properties and eco-
q 10 nomic factors. The feasibility of continuous, in-field process-
L ] ing utilizing the radial warm bore of the split coil supercon-
[ Tkaczyk and Lay (in Ref. 2) T ducting magnet to produce doctor-blade MFLAT Y123 tapes
(magnetically aligned; 1020°C, 24 h) 1 is under investigation.
0 e T o In summary, we have demonstrated that textured
Happ(T) Y-B.azcu:g07,>< thIC!( films with good cu_rrer_lt carrying capa-
bility can be fabricated by a magnetic field/liquid-assisted
FIG. 4. Transport critical current density) as a function of applied i[eXtu“r.].g process.. Such films exhibited nearly magnetic field
magnetic fieldHllc-axis) for Y123 thick films heated to different maximum m_sensmve behavior betweefi=0-3 T (Hllc—ax_|§) at 77 K,
temperatures. with J,~2500 A/cm? and corresponding critical currents
(I;) of nearly 100 A atH=1 T. The MFLAT technique ap-

films compare favorably to those obtained for samples fabriP€ars _to be a promising new apprqach for producing Y.123
hick films for large-scale applications in modest applied

cated by other techniques. For example, the transport proé,— Id
erties of magnetically-aligned bulk Y123 samples conven-'€!ds-
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