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Low angle grain boundary transport in YBa  ,Cu;0,_s coated conductors
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Second generation, high-temperature superconducting wires are based on buffered, metallic tape
substrates of near single crystal texture. Strong alignment of adjacent grains was found to be
necessary from previous work that suggested large angle,0(B@;_ s [001]-tilt boundaries
reducel, exponentially with increasing misorientation ang#®. We pursue the low} regime by
evaluating single grain boundariéSB) and biaxially aligned polycrystalline films utilizing both the
rolling-assisted biaxially textured substrates and ion-beam assisted deposition coated conductor
architectures. Analysis concludes that an exponential dependendgisrapplicable for6=4°,

where the spacing between the periodic disordered regions along the GB become smaller than a
coherence length. @000 American Institute of Physids$S0003-695(00)02713-3

~Second generation superconducting wires consist of agndJ$® could be possible based on a doping scenario where
These “coated conductors” are based on a substrate that Erain. To counter some of these concerns, our approach in-

polycrystalline but very well aligned. In fact, grain boundary o gtigates the grain-GB system through the analysis of the
(GB) misorientations of only a few degrees are typitahis V-J relationship in magnetic field combined with extended

is essential because Chaudheirial? discovered high-angle : .
. : . . V-J curves, which enables simultaneous measurement of
grain boundarie$HAGB) disrupt the superconducting order . . . .
Bath the grain and GB response. This permits a direct com-

parameter, and the transport across the boundary is governed" . ) )
by the Josephson effect. These large g&@R) misalign- parison of the grain and GB while reducing the chance of

ments in YBaCu,O,_ s (YBCO) result in a perturbed bound- experimental variables affecting the results. We combine
ary that remains locally ordered and can be described by H€se measurements with the practice of reporting absolute
specific sequence of structural uniteVith only small grain ~ values ofJ. and validating the consistently high's of the
misalignment, mismatch is accommodated by periodic dislograins with successive patterning.

cations along the GB, separated by only slightly perturbed Two systems have been studied: the first system uses a
material. Chisholm and Pennycdokvestigated the disor- symmetric SrTiQ (STO) bicrystal as a template for produc-
dered region with transmission electron microscdpM)  ing a single YBCJ001]-tilt boundary by pulsed laser depo-
and correlated atomic displacement to strain which is modsition; the second is an ensemble of YBCO tilt boundaries
eled as a linear decrease in critical current density @t  formed using biaxially aligned polycrystalline substrates.
low 6. Anglysis of HAGBs provides a model for the apparentsing|e grain boundar{SGB) studies give a fundamental ap-
exponential deper)denrtf Jc at large 6 due to a I!ne?r proach to GB transport while polycrystalline samples allow
increase in the width of the boundahSeveral studies’ ¢, 5 siatistical verification of the developed model, to the

|qd|cate a pear-gxpo_nenqal_ depeqdence at ghut large extent that the grain misorientation predominantly influences
discrepancies still exist within the literature for the Iow—anglethe transport

grain boundary(LAGB) regime. A more complete under- The biaxially aligned polycrystalline samples were fab-
standing of LAGBs is necessary for the advanced develop- y alg polycry b

ment of coated conductors targeting power delivery and higl’i'_CateOI usmg.t_wo coateg conduc.tor techmques_: |qn-beam as-
magnetic field applications. sisted depositiolBAD )® and rolling-assisted biaxially tex-

First, we address the problem of inconsistent reportingured  substrate (RABITS).” Both architectures were
of the ratioJS8/JCR, which is a widely used quantity based completed with consistently highs, YBCO films produced
on the assumption thaf® scales withI®R. In the ideal case by the ex situ “barium fluoride” process?® The RABITS
this is expected to hold true, but the variables responsible fostructure, in this case, uses buffer layers of gg@ium
reduced grain), may have a lesser effect on the GB due tostabilized zirconid YSZ)/CeQ, on textured Ni(or Ni alloy),
its disordered nature. Even an anti-correlation betw@&h  which provides an epitaxial template that is both an oxygen

diffusion barrier and chemically compatible with YBCO.

dAuthor to whom corresponence should be addressed; electronic maiIThe IBAD architecture consists of an untextured, metallic
vod@ornl.gov alloy substrate coated with ion-beam aligned YSZ and
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resolution x-ray diffraction confirmed the expected YBCO
/01T misorientations: 1.83P001] tilt and 0.13°[100] tilt. Accord-

ing to TEM micrograph¥ and the relationshipD
=|bl|/2sin(@2), the dislocation spacing for a 2° GB B
=11 nm, assuming is a Burger’s vector of 0.4 nm. A maxi-
mum strong channel size of 10 nm can be approximated
from visual inspection of the dislocation cores from TEM
images. Extrapolating, with the assumption of a constant
core size, a 4.5° GB would have a strong channel size ap-

2x10™

Grain proximately equal to the 77 K coherence len(®b nm). A
more elegant approach modeled by Gurevich and Pashtskii
77K predicts nonsuperconducting regions will overlap at 4°, due
0 Hi/lc to excess ion charge. This leads to a view of a 2° GB in
0x10 3 which J; is limited by strongly coupled material punctuated

by a periodic array of dislocations that reduce the cross sec-
tional area available for superconducting transport. This is
FIG. 1. V-J characteristics of a 4.5° SGB. The GB shows NOLD behavior particularly true at low applied fields where numerous dislo-

with a transition to nonlinear characteristics as the surrounding grains domipations are unoccupied by vortices, due to the large equiva-
nate dissipation. A separate patterning of a grain is also plotted that shovs15 t field (17 f the defect d it

the complete nonlineav-J curve of a grain. Voltage is plotted in place of ent field (17 T) o e detec er_1$| Y. o ) )
electric field due to the uncertainty of the width of the GB. If, on the other hand, weak-linked dissipation dominated

a 2° GB, simulations using extrapolated values from the
_ o HAGB regime, J. (2X10° A/cm? and GB resistivity (1
capped with a layer of CeQfor compatibility with theex . 14-100) cn?) | we find that NOLD behavior would clearly
situ BaF;, process. o be observed in th&/-J relations. However, if the strong
Microstructural characterization suggests that the Overaltl:hannels of the GB exhibit grain-like, nonlinedrJ charac-
distribution of grain boundary tilts in these polycrystalline (gyistics, our typical measurement configuration would be in-
films are correlated on a local _Scélﬂ?\CCQfd'nQ to electron  gensitive to the small voltage generated at the GB when in
backscattering maps of the grain misorientation distributiongeries with typical sized grains. This observation is consis-
we define an “equivalent” GB angle such that pervasive,tent with the results, and proposes the need for a transport-
long-range connectivity is observédonnecting 70% of the ¢ rrent experiment with voltage probes closer thanui®to
cross section with GB angles less than or equalelp. This  achieve the sensitivity required to further investigate GBs of
enhancedlocal alignment of grains presumably results from 4 few degrees. The difference in character between the strong
both rolling and ion-beam texturing techniques. Thereforegng weak-coupled regimes was demonstrated by Polyanskii
current transport in coated conductors may be limited byt 5116 where magneto-optical imaging showed flux penetra-
LAGBs of only a few degrees, despite global distributionsiion into a 5° but not a 3° SGB at 748 @& K).
W|th fU” Wldth at half maximum ValueS greater than 100 Equatlon(l) phenomenologlca"y quantlfles the effect Of

according to x-ray diffraction. misorientation angle od, for the weakly coupled regime
We previously characterized theJ curves for HAGBs

and identified a signature non-ohmic, linear differential 0
(NOLD) behavior'! Figure 1 shows both inter-grain and JC(6)=JC(O)ex;<—;
intra-grain dissipation for a 4.5° SGB, with NOLD behavior
dominating only up to 4 T. This is a confirmation of a result A fit to our SGB data above 4°, using E@l), finds «
reported by Diazet all? for a 4° SGB that exhibited clear =3.2° andJ,(0)=3.2MA/cn?, at 77 K, self-field. Pub-
NOLD behavior at 1.6 T, 77 K. We therefore propose thatlished data at 77 K giver=4.0°'° and a=4.4°> Recent
the transport properties of a wide range of GB angles can bdata at 4.2 K finde=5.5°%’
grouped together by a common NOLD signature, which is  Figure 2 combines the SGB data and exponential curve
likely tunneling-dominated behavior. Recall that HAGBs arefit from Eq. (1) for comparison with thed. measurements on
characterized by a disordered boundary while the low-angl&oth IBAD and RABITS tapes. These coated conductors give
regime shows regions of YBCO that are structurally intacta unique opportunity to verify this low-angle regime with the
and only periodically punctuated by dislocations. As the GBadvantage of statistics and small grain size. In the case of
angle is reduced below 4°, the well-ordered regions betweehigh-purity Ni RABITS, the grain size typically ranges from
dislocation cores become larger than the coherence length @D to 100um, providing sampling of hundreds of thousands
YBCO,'3 and grain-like dissipation is expected. In this case,of GBs with the applied transport current. This number is at
we expect that the macroscopig will be fractionally re- least an order of magnitude larger with IBAD samples,
duced due to the cross sectional loss of supercurrent fronwhere the grain size is typically less thamuin. The present
dislocations uninhabited by vortices. data underscore the important role of biaxial texture by indi-
To test the strongly coupled model expected at hva  cating a direct correlation betwedp and the grain-to-grain
nominal 2° GB was measured and showed grain-likd orientation distribution, as parameterized by the equivalent
characteristics and a self-fieltl (77 K) of 4 MA/cm?. A angle 64. This implies that the coated conductors are lim-
subsequent 5@m patterning of the grain and GB confirmed ited by low-angle GBs and the intra-graig is higher than
the film homogeneity with nearly identical results. High 3 MA/cm?. To close the gap between single crystal data and

; [6=4°]. (1)
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107 dicted exponent decreases to 19£its to a general expres-
14 A/'BAD 77K sion find a range of exponents from 0.63 to 0.15 for 24° to
& 4.5°, respectively. There is good agreement among all the
100F RS SGBs for the value of the characteristic fielig ,** which

A = Single
Grain

Boundary

implies a constant effective junction area.

Of particular interest is the field dependent behavior of
the tunneling-dominated 4.5°, and 7° SGBs, which at low
field have significantly lowed;'s than their adjacent grains,
but like the HAGBs, show leseelative sensitivity to field

10*k than the graingFig. 3). A direct result of this field depen-
dence is a range of high fields where the dissipation in the
GB is indistinguishable compared to the surrounding grains.

10° PP R NP This implies that at high fields, the GBs in coated conductors

0 4 8 12 16 20
[001]-tilt angle

24

are transparent to transport measurements of loss.
Summarizing, the best coated conductors are character-

FIG. 2. J. vs. 6 for the SGBs, IBAD and RABITS samples. An equivalent |ze.d by gram-_to-glr.am connectivity of °r?'y a fefw degrees_.
angle is used in the case of the coated conductors that represents the bIJf'S can b_e visualized as .graln boundaries perforated by is-
estimate of the limiting angle according to electron backscattering diffraclands of disorder separating channels of strongly coupled
tion maps. The HAGBs fit an exponential dependence, while the stronghsuperconductor. At small fields, periodic disordered regions
coupled regime below 4° is interpolated with a linear dependence to zergyy he more numerous than vortices resulting in a reduction
misorientation, 4.5 MA/crfy which is represented by both a pulsed laser . . . . .
deposition deposited YBCO/STO and a Bafeposited YBCO/Ce@YSZ. n supe_rconductmg Ccross section. HOW_eVFj‘r, _at hl.gh fields, the
properties of coated conductors are indistinguishable from

the weak-linked regime at 4°, a linear interpolation is a|so_single orientation YBCO films. Indeed, the abrupt transition

represented in Fig. 2. This linear dependence on angle i¥ fild dependence, exemplified in Fig. 3, seems to imply

proposed to approximate the expected change in channgiat the observed high field. is limited by the grain behav-

size. To reiterate, the data suggest the strongly coupled GB¥"

found in coated conductors, provide sensitivity to an ex- Research was co-sponsored by the DOE Division of Ma-
pected reduction id, from disorder along the GB. terials Sciences, the DOE Office of Energy Efficiency and
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