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Influence of nickel substrate grain structure on YBa >,Cu3z0,_, supercurrent
connectivity in deformation-textured coated conductors
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Coupled magneto-optical imaging and local misorientation angle mapping have been used to
demonstrate the percolative nature of supercurrent flow in,€B#,_,(YBCO) coated conductors
grown on deformation-textured Ni substrates. Barriers to current flow occur at many YBCO grain
boundariesGBs) which have propagated through the buffer layers from the underlying Ni substrate,
and all Ni GBs with misorientation angles4° initiate percolative current flow. This type of current
barrier is characteristic of the conductor form and has been found to exist in samples with
J.(0T,77K) values>2 MA/cm? Sharpening of the local substrate texture or improving in
low-angle GB properties should lead to higliervalues. © 2000 American Institute of Physics.
[S0003-695(100)00341-7

High critical current densityJ;) conductors capable of um-thick YBCO sample had a high transpdg(0 T,77 K)
operating in fields of several tesla at liquid-nitrogen temperaof 1.2 MA/cn?. The remaining samples were taken directly
ture are critical to large-scale applications of high-to other characterizations.
temperature superconductors. Coated condu¢@@s with A representative MO image of the granular flux-
biaxially textured YBaCu;O,(YBCO) respond to this penetration network obtained using standard imaging
need'~® One widely employed approach today uses deforprocedure$®is shown in Fig. 1. This network is common to
mation texturing of a metal substrate, generally pure Ni, orCCs with varying constructions from multiple sources.
which buffer layers and YBCO are growr:.Such architec- Among the variations are deformation-textured substrates
tures permit),(0 T,77 K) value$? >1 MA/cm?, but many from two different sources and buffer layer combinations,
samples have lower values. Here we couple magneto-opticathich include Ce@ YSZ, Y,05,° and Ey0;,” deposited by
imaging and local misorientation angle mapping to show thag-beam, sputtering, PLD, and sol-getchniques. YBCO
many such barriers to current flow occur at YBCO graindeposition methods included PLD, BakFand trifluoroac-
boundariegGBs) which have propagated through the buffer etate(TFA).? Every one of more than two dozen CCs of the
layers from the Ni GBs in the underlying substrate. All Ni above-mentioned different combinations wili(0 T,77 K)
GBs with misorientation angles-4° were found to initiate Vvalues from 0.1 to 2.4 MA/cfawas found to exhibit quali-
percolative current flow. Since typical deformation-texturedtatively similar electromagnetic granularfyThe pattern and
substrates have many GBs misoriented in the range of 5°average separatidn-100 um) of the bright lines in the MO
10°, this study shows that it will be very valuable for CC image, which map flux penetration, are characteristic of the
technology to further enhance substrate texture and/or to infrain structure of the underlying Ni substrate. An example of
prove low-angle GB properties. this granular flux network is shown at higher magnification

Magneto-optical(MO) imaging, light microscopy, and in Fig. 2(a). Light microscopy of the surface of the YBCO
backscattered electron Kikuchi pattefBEKP) analysis of [Fig. 2(b)] shows a grain structure which correlates well to
the local texture were conducted on a series of four cdhe MO image. Some, but not all, of the GBs of Fighl2can
samples grown on deformation-textured Ni substratres wittP€ immediately matched up to the flux-penetration network
in-plane and out-of-plane full width at half maxima of 6.6°— of Fig. 2(@). To verify the suspected source of this granular-
7.4° and 5.8°-8.7°, respectively, as measured by x-ray polty, the sample was chemically etched to expose the under-
figures. The buffer and YBCO layers were deposited b>)y|ng Ni su_bstrgte. A Ilght micrograph of the Ni surface_ls
pulsed-laser  deposition (PLD)  with  architecture ~Presented in Fig. @). Figure 2d) overlays the MO and Ni
YBCO/CeQyyttria-stabilized zirconia(YSZ)/CeQy/Ni and ~ IMmages, making it clear that flux penetration in the YBCO
thickness of 300—1200/100/500/100 nm for the respectiv&l0€s occur preferentially above Ni GBs, but that not all Ni
oxide layers. The thickness of the YBCO layer varied from©BS Provoke flux entry. The montage of Fig. 2 shows con-

sample to sample without obvious differences in the properg:lusively that important features of the underlying Ni grain

ties measured by MO imaging and ac susceptibility. A 0.eStructure directly replicate themselves in the subsequently
deposited YBCO layer.

Earlier studies of flux penetration in YBCO bicrystals
‘have shown that GBs become visible in MO images when
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FIG. 1. (Color) MO image taken across the whole width of &40 mm
coated conductor after cooling in zero field to 15 K and then applying a field 0

of 60 mT. Bright areas indicate magnetic flux penetration, dark areas flux

shielding. Magnetic flux enters the sample from the edges and propagaig§s 3. |ntensity of flux penetration vs GB misorientation angle as deter-
preferentially along weaker-linked regions such as grain boundaries. Thgineg by BEKP analysis from more than 60 grain boundaries in Fig. 2. The
two straight-line Qefects at the left dgrlve fror_n scratches present on thg intensity was determined by averaging the pixel intensity along the
substrate before film growth. YBCO thickness is (.. boundary. The pixel intensity scales directly with the magnetic field.

tals we have found general agreement between the MO im- ) . i i )
410 which also  @bove Ni GBs with9<4°, while boundaries witt#>4° do

aging and the transpod,, and J.4 results; e i
show good general agreement with other well-known trans€Xhibit MO contrast. It can also be seen that the magnitude
of flux penetration for6>4° varies considerably and not

port studies>'2 Since the magnitude of flux penetration at a _ _ _ (
GB increases a3, /Jqq decrease$ qualitative comparisons V€'Y systematically withd, suggesting that other variables
start to control the GB properties at larger

of the current-carrying capability of the GBs are possible. g i o
Accordingly, we estimated the relative magnitude of flux _ 1he direct correlation betweeiand flux penetration is
penetration by measuring the MO image intensity at mordVen in Fig. 4. Figure @) is a percolation mapin which a
than 60 of the GBs in Fig. 2, comparing this intensity to the9"ain is defined as a set of points for which each point has a
misorientation anglés) measured using BEKP analysis. Fig- neighbor that has the same crystallographic orientation, in

ure 3 shows a marked threshold at 4°: flux does not penetraffiS case to within 1°. Each grain on the map is shaded a
different color. Similarly, Fig. &) is a percolation map for

FIG. 2. (Color) MO and light microscopy images of the same location, R X !::.‘..ﬁ (d) : J e
demonstrating the influence of grain boundaries in the Ni substrate on th - — S
flux-penetration pattern and on the visible YBCO GB structuige.MO

image of a 1.2am-thick YBCO sample. The sample was cooled in 60 mT

i

from aboveT . to 50 K, and then the field was removed. Darlgneern areas
are electromagnetically well-connected regions, while the ligtdesnge
flux network indicates where the local current density is redubgd.ight
similar to the MO image(c) Light micrograph of the underlying Ni sub-
mixture of NH,F(40%) and HF48%). (d) Overlay of (a) and (c) showing

and also that not all Ni grain boundaries admit flux.

FIG. 4. (Color) MO image and corresponding BEKP maps. The data was
taken on a 3um grid over a roughly 508 500um area.(a) BEKP data
presented in the form of a percolation map in which all points are colored
micrograph of the surface of the YBCO, showing a visible GB structurethe same if there is a continuous connection having point-to-point misori-
entations of<1°. (b) BEKP percolation map of the same region(as but
strate after the buffer layers were etched away. Etching was done with a 2:fr a point-to-point misorientation criterion of 4t) MO image of the same
region of the sample(d)—(f) Grain-boundary maps of the location of all
that flux penetration occurs almost exclusively along Ni grain boundariesooundaries for whichg is =1°, 4°, and 7°, respectively. The 4° boundary
map in(e) most strongly resembles the MO image.
Downloaded 25 Mar 2005 to 128.2.114.97. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



2908 Appl. Phys. Lett., Vol. 77, No. 18, 30 October 2000 Feldmann et al.

which the crystal orientation criterion is 4°. This 4° percola- Characterizations such as the present can reveal how to real-
tion map might suggest that the sample is single-crystal-likéze this potential.

with respect to current flow, a conclusion that is at variance ) )
with the MO image. Figure @) is a grain-boundary map _ The authors thank E. Hellstrom _for advice on etching
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