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Coated conductor€CC) are quasisingle crystals consisting of a series-parallel network of predominantly low
angle grain boundaries, whose network misorientation distribution determines the current-carrying character-
istics. To deepen our understanding of the influence of the grain boundary network in CC, we present a study
of critical current densityJ.) and electric field—current densif§-J) characteristics over a broad range of
magnetic fields and temperatures in a series of thrgm-thick YBa,Cu;O,_, samples with variable textures,
including a single-crystal film and two deformation-textured coated conductors made by a metal-organic
deposition(MOD) process. We also investigated the influence of the number of grains within the bridge width
by successively narrowing the bridge on the better-textured CC. We found clear evidence of crossover from
grain boundaryGB) network control to grain control af. by study of the magnitude af. and the shape of
the E-J characteristic. In the narrowest tracks, we were able to isolate the effect of single GBs, finding
dissipation only when the misorientation exceederf, more than twice that seen in classic bicrystal experi-
ments. We found that the influence of global textureJpii77 K, O T) is highly nonlinearJ; rising by more
than 2.5 times as the full width at half maximum decreases only-BY. Very interestingly, the MOD-CC
exhibited no grain boundary dissipation signature in ttieil characteristics in wide bridges, showing that
global influence of grain boundary network is very much attenuated even for the grain boundary network
containing misorientations that would generate significant dissipation in thin film bicrystals.
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I. INTRODUCTION the voltage-currentV-l) characteristics. Typica¥-I charac-

Grain boundarieSGBS of YBa,Cu;0;., (YBCO) are teristics within the grain exhibit rather straiggt and evenly
well known as regions of weakened superconductivity. TheypPaced traces when plotted in log-lug space’” However,
are structurally and compositionally heterogeneous on scaleé! characteristics for a GB witl#> 6, show a steep rise
of 1-5 nm, comparable to that of the coherence length, N V and a “knee” at higher voltage in a log-log! plot,
Low angle GBs consist of GB dislocations separated by conwhile showing non-Ohmic linear differentidNOLD) behav-
ductive, grainlike channefs.The atomic disruptions and ior in a linearV-I plot. The steep voltage rise in the log-log
strain fields of the core depress the superconducting ordéf-l plot is a characteristic GB dissipation signature, caused
parameter? and, thus, depress the supercurrent densityby depinning of hybrid Abrikosov-Josephson vortices in
At small angles, e.g., 5° di001] tilt, dislocation cores are the GB!! Such characteristics are clearly evident in many
separated by-4 nm, so the channel can be more thigg  classical bicrystal experimefit§®1?in which the YBCO
(~3.5nm at 77 K wide but the GB dislocation separation grain boundary grows parallel to theaxis. The GB very
decreases inversely with increasing misorientation argjle, effectively captures vortices when field is applied along this
so that at about 10° the disruptive effects of strain and disaxis too.
order close the channel. An important and poorly understood The nature of the GB dissipation depends on both
component of the disruption is loss of oxygen as means ofnagnetic and electric field. In intermediate magnetic fields
minimizing the GB strain, which additionally weakens super-the V-I traces across a single GB often show hybrid behavior,
conductivity across the GBS! Wider oxygen-depleted re- in which there is grainlike dissipation at low voltage
gions have been seen at higher misorientations, exacerbatingyels followed by a steep rise characteristic of depinning of
the weak coupling across the GB. the GB vortices at midvoltage levels, followed by a

Suppressed superconductivity at the GB causes a reduc@flee which makes the transition to broad flux flow dissipa-
critical current densityJ). It has been well established from tion in the grains at higher voltage levéfs.The V-I
[001] tilt bicrystal experimenfs’ and microbridge experi- traces become more grainlike in higher magnetic fields as the
ments on coated conduct8i&€Csy thatJ; of GBs decreases GB dissipation signature disappears and flux flow in the
exponentially with increasing misorientation ang®, fall- grains dominates. It is gradually becoming clear that
ing below that of the grain beyond a critical andl¢.) of  the crossover field at which the grain starts to dissipate
3°—4°. However, it is also becoming clear titatis both field  prior to the GB dissipation depends on misorientation angle.
and temperature dependént? although so fard, is deter-  For a 7° bicrystal, the crossover field is between 5 and 6 T at
mined only at self-field. 77 K as shown in Gurevicket all! Verebelyiet al.’” found

Not only are J. values across the GB depressed butthat the crossover field is around 4 T fora 3.8°GB and 0 T
so also do the vortex properties change, as is apparent for a 2.0°(<6,) GB while Holzapfelet al!? found a cross-
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over field of 1 T for a 4° GB, 4 T for an 8° GB, and 6 T for the conductor moved from many grains to about one grain in
a 12° GB. width. We compare these results to a similarly made YBCO
The GB superconducting properties are affected byfilm grown on a single crystal substrate. The layout of our
temperature too. Polyanskiet al. found by low field paper is as follows. Section Il describes the experimental
(~0.1 T) magneto-optic study thatJ.(T) of low angle GBs  details. In Sec. Ill, we contrast three nominajub-thick
with 3°~10° are less temperature dependent th@h) inthe  films with different textures by using broad-range measure-
grain and thus that the difference betwedp of the  ments of J(H,T) and electric field—current densit{E-J)
grains andJ, of the GBs becomes less pronounced at highegnaracteristics. Then, in Sec. IV, the influence of the number
temperature. In summary, we can say that studies Oft grains in the track width is explored by contrasting the
single low-angle GBs shows that they become more singlegansport hehaviors of different bridge widths on the better-
crystal-like as temperature and magnetic field mcreasec\Extured CC sample. In the discussion of Sec. V we show
and that g; is also thus dependent on temperature an ow our study delineates the influence of the grain boundary

magg\(/av“tchif;eli?\./ersity of GB behavior controls th of CCs network in controlling theJ. properties at lower field and
is both interesting and technologically important. CCs arﬁ&%errzg:gi’ atrqzntsélt‘lr?prgrr]e?tutr?asa grain-dominated regime at

quasi-single crystals consisting of a series-parallel network
of predominantly low angle GBs, whose global properties
result from series-parallel, multipath percolative current Il. EXPERIMENTAL DETAILS
transportt41® The most practical way to evaluate the grain
misorientation of CCs over large length scales is by x-ray All three nominal 1am-thick YBCO films were grown
diffraction pole figures, from which the full width half maxi- using the samex situtrifluoroacetate TFA)-based precursor
mum (FWHM) of both in-plane(A¢) and out-of-planéAw)  metal-organic depositiofMOD) process%?! The precursor
misorientations can be determined. However, it is the grainwas deposited by solution coating and then decomposed to
to-grain misorientation which actually determines the localBaF,, CuO, and ¥O; which were then continuously con-
intergranular current density. Although this local misorienta-verted to the superconducting YBCO phase in a humid, low
tion matrix can be determined by electron backscattering difoxygen partial pressure environment at 700-806%€The
fraction (EBSD) analysis, it is not feasible to do this on YBCO single crystalline film was grown epitaxially on
scales larger than about 1 rarNumerical simulations of the CeQ,-buffered YSZ single crystal using the same MOD pro-
global J, of CCs have been addressed by variouscess. For the two CC samples, epitaxial buffer layers of
models®-18 which include the influence of the degree of Y203/YSZ/CeQ were deposited on the Ni 5 at. %W roll-
texture, the number of grains in the tape width, and tapdng assisted biaxially textured substraRABITS).
length. Such models indeed show tlatvalues are reduced  Bridges were defined on the CC samples300 um wide
with worsening texture and decreasing number of grain®y ~500 um long by Nd-YAG (yttrium aluminum garngt
within the tape width. However, such models suffer from alaser ablation, and on the single crysta0 um wide by 100
certain quantitative imprecision because the range of texturém long by photolithography so as to restrict critical current
found in present CCFWHM of ~4°-89 lies exactly (l¢) to <10 A at full thickness. The bridges on the CCs were
within the same range that the GB misorientation obstructgnore than seven grains wide given the observed Ni-W tem-
the current. plate grain sizes of~40 um. The V-1 characteristics were
Based on the simplest analogy of a CC to the knowrobtained with standard four-point measurements. A current
properties of single GBs in bicrystals, we would expect thatoulse of 50 ms duration with 30 ms voltage read was used
J. of CCs would be reduced as the texture worsens and théer currents higher than 100 mA to prevent possible sample
GB effects would become less pronounced as field and tenheating. The measurements were performed over a wide
perature rise. Consistent with this expectation, Fernaetez range of magnetic fields up to 12 T applied perpendicular to
al.’® found that a CC with a YBCO in-plane FWHM of 8° the film surface at temperatures of 77, 65, 50, 40, and 27 K.
exhibited both significantly reduced] values compared to The J; values were determined using the usual electric field
those expected from the intragranular behavior and a distingsriterion of 1 «V/cm. Although the MOD/TFA process pro-
tive GB dissipation signature in thé characteristics below duces a highl, YBCO layer, it is also porous with a surface
4T at 77 K, while showing no GB limitation af, beyond 4  roughness of order about 10% of the thickness, which limits
T at 77 K. They also reported that this GB-to-grain crossovethe absolute accuracy of our critical current density numbers
field became progressively larger as the temperature ddéo about the same value. The superconducting critical tem-
creased, consistent with the magneto-optical study of GHEperature(T.) was determined as the onset of zero resistance.
effects by Polyanskiet al'® They clearly established that the ~ The effect of the number of grains in the bridge width was
domain within which the GB reduced] depended strongly investigated with the better textured CC. Bridges were ini-
on the temperature and magnetic field. tially defined by laser cutting tracks-400 um wide by
The purpose of the present paper is to deepen our under1 mm long, after which the bridges were successively nar-
standing of the influence of global texture on the criticalrowed to around 5@m width, about the grain size. To check
current density using two recent CCs with smaller FWHMthe local GB misorientation distribution within the bridges,
than that studied by Fernandez all® We amplified our orientation mapping by EBSD was performed. Due to the
study by cutting progressively narrower tracks into the bettesurface roughness, we could not get good EBSD patterns
textured CC so as to observe changed.iil,T) behavior as from the YBCO and had to do this on the Ni-W after etching
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TABLE I. Key results of the measured sampl&C, CC1, CC2and of L. Fernandeet al. (see Ref.

19)].
Sample Bridge width T, J. (77K, sf) J. (77K, 1T) HY (77 K)
no. Adysco  Awvypeo (um) (K)  (MA/cm?) (MA/cm?) (T
SC 30 93 5.3 0.41
CC1 5.5° 3.8° 330 91 24 0.36 2
Ccc2 6.6° 6.1° 300 89 0.9 0.11 none
Ref. 19 8° 300 0.3 0.04 4

away the oxides. A magneto-optic image was taken on th&.5° of in-plane FWHM (A¢) and 3.8° of out-of-plane
bridge region by field cooling the sample in a perpendiculaFWHM (Aw), while the worse textured, lowel, sample
field of 60 mT to 10 K. These showed up regions where thgCC2) had A¢ of 6.6° andAw of 6.1°, respectively. The
GB current density was lower than the grain current densityJ, (77 K, 0 T) values are directly correlated to the degree of
Global texture measurements were made by x-ray diffractexture. The single crystal sampi8C) achieved the very
tion. The in-plane texture was determined by the FWHM ofhigh J, value of 5.3 MA/cn at self-field, butl, (77 K, 0 T)
the in-plane off-axig ¢) scan of thg103) YBCO peak while  was reduced to 2.4 and 0.9 MA/érfor CC1 and CC2, re-
the out-of-plane texture was measured from the rockingpectively. However, at 1 T and 77 K relative differences in

curve of the(005 YBCO peak. J. were markedly smaller, values of 0.41, 0.36, and
0.11 MA/cn? were being observed.
(TNI'II\'IEIEUCERNI(;E:gf(?JISISQIE‘I’TEET\J%FI{TEY Figure 1 showsJ.(H) of the three samples at 77, 65,
50, 40, and 27 K. Some low-temperature, low-field data

The key texture properties of the three samples are showdo not exist because of our 10 A current limit. The
in Table I. The better textured, highdf sample(CC1) had  worse textured CC2(A¢$~6.6° Aw~6.1°) always had
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significantly lower J, values,

in strong contrast to CC1
(A¢p~5.5° Aw~3.8°) and SC, which showed very similar
J.(H) behavior over a large range of fie{ft) and tempera-
ture (T). At 65, 50, and 40 K, CC1 exhibits reducédwith
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FIG. 2. E-J characteristics of(a),(b) SC;
(c),(d) CC1; (e),(f) CC2 at (a),(c),(e) 77 and
(b),(d),(f) 65 K. The three samples show very
similar single-crystal-likeE-J characteristics in
terms of their curve shape and their field depen-
dence even for CC2 that has significantly lower
J. values.

samples in fields above a few Tesla. Only close to the irre-
versibility field at 77 K do thel.(H) curves differ. CC2 has
about half theJ, of the SC and CC1 in high fields. It is
striking that the differences id.(H) between SC and CC1

respect to SC only at low fields. An interesting feature of Fig.disappear at the rather low field ef2 T.

1 is the parallel field dependence df(H) for all three
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Figure 2 presents the electric field—current denéiiyd)

FIG. 3. Orientation mapping by EBSD on the
Ni-W substrate of the bridge region of CC2. The
indicated angles are the combined one-angle-
common-axis misorientation.
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characteristics of SC, CC1, and CC2 at 77 and 65 K. SC 10" (a) ' ' —=—Single Crystal' ]
exhibits typical intragrainE-J characteristics. CC1 shows H :::gg?ggummz
rather single-crystal-lik&-J characteristics, as also, perhaps 10" ] . —v—ccssui;wide i
more surprisingly, does CC2. In fact there was no evidence ) =2 CC 48um wide
of significant GB dissipation in th&-J curves of CC2, in u'g 10" ] a0k
spite of its strongly reduced,. values. o

Figure 3 shows the results of grain orientation mapping < ) oon
on the Ni-W substrate in the bridge region of CC2. The in- Eo 10 3
dicated angle$6) are the combined one-angle-common-axis I
misorientation. The grain boundary network is almost com- 107 3
pletely developed fop values of 3°, while at 7° most appar- u
ent grain boundaries are disconnected segments. Quite a few 10 o 2 ) 6 s 10 12
0 values exceed 9°, but these GB segments are even more H(T)
isolated. Note that these misorientation angles are between
grains on the Ni-W substrate, not on the YBCO. From x-ray 10'- —o—Single Crystal |
measurements on this sample, we observed that the in-plane —e—CC 380pm wide
texture worsened slightly from 5.9° on the Ni-W to 6.1° on :‘:gg 18950“::,‘;:’:
YBCO, while the out-of-plane texture improved from 7.2° . —:—cc “ﬁmwide
from 6.6°. NE 10°

g
IV. INFLUENCE OF THE NUMBER OF GRAINS =
WITHIN THE BRIDGE WIDTH ::o
4

The influence of the number of grains within the bridge 10

width was investigated with a second sample of the better- 85K 77K

textured CC1. The\¢ and Aw of the YBCO layer on this 2
sample were 5.9° and 3.8°, respectivalywas 91 K, andl, H(T)
was 2.6 MA/cnt at 77 K and self-field.

The J.(H) characteristics for four different track widths  FIG. 4. (a) J;(H) for four different widths at 50, 65, 77, and 85
varying from 380 to 4gm at 50, 65, 77, and 85 K are shown K up to 12 T. There is a noticeable reductionJinat low magnetic
in Fig. 4@a). There is a noticeable reduction il at low fields as the track width is reduced, while all tracks behave identi-
magnetic fields as the track width is reduced, while all trackgally beyond a crossover field indicated with a dashed line. This
behave identically beyond a crossover fiéF") shown by crossover field is s_urprlsmgly low, only 2 T at 77_ K, rising to abqut
the dashed line. This crossover field is surprisingly low, only? T @t 50 K.(b) This expands the scale at low fields to emphasize
2 T at 77 K, rising to about 4 T at 50 K. The open Symbolsthe dlff(_arences bereen the _dlfferent track \_Nldths._ The 65 K data
are data for the single crystalline film. They show excellen’® Om'tte.d to avoid Qverlgpplng. _The two wider bndges—380 _ar_1d

. 190 um widths—are identical, while the narrower bridges exhibit

agreement with thd. curves of CC1 beyond the crossover reduced
field. The small high-field difference at 77 and 65 K is again ¢
due to the higheT, of the single crystalline sample, an effect ther set exhibits any significant GB dissipation signature.
which becomes less pronounced as temperature decreaspi®wever, the two narrow bridges show a distinct broadening
Figure 4b) expands the scale at low fields to emphasize thef the E-J characteristics at low voltage, typical of additional
differences between the different track widths. The twoGB dissipation occurring in the narrower links. The 48-
wider bridges—38@m and 19Qum width—are always iden- wide bridge shows this GB dissipation more extensively than
tical, regardless of field and temperature and have only ghe 85um wide bridge. However, the GB dissipation signa-
slightly reducedJ, for H<H® with respect to the single ture progressively weakens as the applied magnetic field in-
crystalline film. However, the 8pm wide bridge does show creases, and disappears beyond the crossover Héld,
a reduced],, while the 48am wide bridge exhibited even Figure §a) shows the results of grain orientation mapping
more reduced, below the crossover field. For example, the on the Ni-W substrate in the bridge regions. Soénealues
85 um wide bridge shows about 35% reduckdself-field  exceed 9°: however, such GB segments are always isolated
compared to the wide bridges and the 4@ wide bridge ones. If the misorientation criterion is reduced to 3°, virtually
about 50% reduced. (self-field). all GB segments are linked, while at 5° many terminating

The E-J characteristics were extensively measured assB segments appear. Note that these misorientation angles
shown in Fig. 5. TheE-J characteristics of the two wide are between grains on the Ni-W substrate, not on YBCO.
bridges are identical regardless of temperature and magnetfrom x-ray measurements on this sample, we observed that
fields as already implied by their identici(H) behavior in  the in-plane texture worsened slightly from 5.2° on the Ni-W
Fig. 4. (Note that some of the self-field data for the widestto 5.9° on the YBCO, while the out-of-plane texture im-
bridge do not exist, because of the 10 A current limit of theproved significantly from 6.0° to 3.8°.
experimeni. The E-J characteristics of the two wide bridges ~ To understand better the source of the dissipation in the
are also similar to those of the single-crystalline sample; neinarrower tracks we performed magneto-oghtO) imaging.
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The MO images were taken in the field-cooled condition inand a current density of 0.01 MA/&nOur study nicely
60 mT at 10 K so as to emphasize any GB-current-limitingcomplements theirs because the FWHM of the YBCO of
effects. The image shown in the middle of Fig. 6 shows thatheir conductor was~8°, rather larger than our three
only a few GBs with lower], than the grains appear in the samples.
48-um wide track and only one completely crosses the track. Itis clear from comparing thd, and FWHM data in Table
As noted later, the misorientation of this single GB is ratherl that the FWHM exercises a powerful effect dn J. (77 K,
high. 0 T) rises from 0.3 MA/crd (A¢ FWHM 8°) through
We also observed a second bridge set cut on other regios9 MA/cn?  (6.6° through 2.4 MA/cmd (559 to
of the same sample, whose width was successively narrowewl3 MA/cn? for the single crystal. At 1 T where the GB
from 450 to 55um. In this case, no width dependence at allnetwork influence is somewhat reduced for all three CC, the
of eitherJ,(H) or theE-J curves was seen, even down to the respectivel, values are 0.04, 0.11, 0.36, and 0.41 MAFcm
55um wide bridge, as is shown in Fig. 7. The EBSD mapsAt 77 K the crossover fieldd® at which the GB and intra-
on the Ni-W substratg(Fig. 8 show several GBs with grain J. become identical was 4 T for Fernandez al.
6>7° in the narrowest bridge, making it especially interest-(A¢ygco~8°), While curiously no crossover was seen for
ing that theE-J characteristics lack the grain boundary dis-our CC2 (A¢ygco~6.6°). For the better-textured CC1

sipation signatur¢Fig. 7(b)]. (Apygco~5.5°), a crossover from GB to grain control was
observed at~2 T at 77 K. As FWHM values of YBCO
V. DISCUSSION layers have come down in recent years, e.g., 4.5° on

RABITS?! and 2.5° on IBAD-Mg! the possibility of real
A key issue for understanding the attainable critical cur-single-crystal-like behavior on CC indeed increases.

rent density of coated conductors is first to understand the A second significant difference between the conductor of
range of fields and temperatures over whighs reduced by  Fernandezt al® and ours was that they saw the NOLD-like
the grain boundary network. The present work suggests segignature of GB dissipation very widely, while we saw this
eral ways in which the GB network and its misorientation signature only when we narrowed the bridge to 1-2 grains
distribution can contral,; given that a CC is generally many wide, as shown in Fig. 5. In our7 grain wide bridges, no
grains wide and presents a complex set of series-parallel cuUROLD-like signature was visible in either CC1 or CC2 at
rent paths defined by obstacles around which current flowany field or temperature. More explicitly, we did not observe
percolatively. The recent study of a RABITS conductor byany NOLD-like signature even for the narrowest track of the
Fernandezt al1® was clearly able to distinguish the domain second bridge set, which contains several GBs Wittigher
in which the GBs controlled(H,T) in their conductor. than 7°(Fig. 8).
They found a non-Ohmic linear differentidNOLD)-like The collective behavior observed in our two studies can
signature in thée-J curves of their 6—7 grain wide conductor be summarized briefly as follow$l) The highestl, values
and a power-law dependence &fH,T) when GBs con- were seen in the single crystals where no grain boundaries
trolled J. and an exponential dependence without anyare present. In spite of much data that show significant deg-
NOLD-like signature when flux pinning within the grains radation ofJ, with increasing thicknes®27J. (77 K, 0 T)
controlledJ.. At 77 K this crossover occurred at about 4 T was much higher for the fim-thick MOD film than for the
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the bridge region. The indicated angles are the combined one-angle- 10°  10° 10° 107 210'1 10"  10'
common-axis misorientation. Field-cooled magneto-optic image on J (MA/em’)

the narrowest bridge region is shown in the middle. Only a few GBs

width lower J. than the grains appears in the narrowest bridge and FIG. 7. (@) J«(H) and(b) E-J characteristics at 77 K of a second

only one completely crosses the track. bridge set cut on other regions of the same sample. No width de-
pendence at all of eithel,(H) or the E-J curves was seen. THe

0.2um-thick pulsed laser depositiafPLD) film of Fernan- characteristics lack the grain boundary dissipation signature.

dezet al, 5.3 vs 2 MA/cnf. The lowerJo(H,T) properties expected to act as partial obstacles with strong dissipation at
of the PLD CC were seen at all fields—for example at 4 Tihejr end82° If we reduce these values by 1°—2° to ac-
and 77 K(H* for the PLD CQ, J. was ~0.01 MA/cnf  count for the usual orientation improvement on YBCO
compared to 0.05 MA/cfifor the MOD single crystal film.  growth, the critical change appears to occur at about 5°—6° of
(2) Although the crossover from GB to grain control&fis ~ YBCO misorientation for both conductors, although it does
clearly seen in th&-J curves for the wide-bridge PLD CE,  appear that the obstacle density at thiis visibly greater in
no crossover in th&-J curves is seen for the highdf MOD  CC2 than in CC1. This conclusion is made even more ex-
coated conductors. We did see a distinctive GB signaturelicit by the magneto-optical image in Fig. 6. In this case,
when we narrowed the track to one or two grains but theonly one grain boundary shows up as having a lodyg¢han
influence on the MOD-CE-J curves was much less strong the rest of the track. The majority of this visible GB has
than in the PLD-CC, as can be seen by comparing our Fig. By, >7° and a small portion greater than 9°. Many small
to Fig. 4 of Ref. 19. However, we were able to see the crosssegments with the same misorientations exist in the track but
over from GB to grain control by comparison of thgH, T) do not show up at all or just as partial penetrations.
of the single crystal to CC1 and especially in the narrow The result of many bicrystal studies of YBCO grown by
track J.(H,T) data taken on CCL1. PLD on SrTiQ, or YSZ bicrystals is that the critical angle is
An overview of the GB misorientation distributions in the 3°—4°/#1%Thus a substantial GB signature and redudgd
Ni-W templates of CC1 and CC2 is given in Fig.(@C2  would be expected from all three coated conductors. But,
and Figs. 6 and 8CCJ). It is clear for both CC1 and CC2 only the PLD-RABITS conductor shows NOLD-like signa-
that a major change in connectivity occurs at misorientationgure, although all three do showJa reduction at zero field
between 5° and 7°. At 5° or less the GB network is essenand 77 K.
tially complete so that long-range current flow must cross In considering the role of grain boundaries in controlling
this whole grain boundary network. However, if only grain J.(H,T) of coated conductors it has generally been assumed
boundaries with9>7° are considered, then continuous cur-that data taken on 200—400-nm-thick films grown generally
rent paths exists which do not cross the GB network, alby PLD on SrTiQ or YSZ bicrystal substrates are equally
though current would still be obstructed by the set of pre-valid for 1-2um-thick coated conductors. Indeed a number
dominantly disconnected GB segments appear that would bef modeling studies take this input and use it to compute the
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critical current of long conductors as a function of their ment can be frequently fulfilled in these MOD conductors
FWHM distributions!®~® But several prior experiments too. Experiments to test this hypothesis explicitly are cur-
have shown that the influence of grain boundaries is comrently in progress.
plex. The fact that the ratio ody,/J,; depends on field is In summary we have made extensive measurements of the
attested by multiple studi€s®® More recently Durrellet  E-J characteristics of recent jim-thick MOD conductors
al.3% have shown that the angle made by the magnetic field tand compared them to the earlier study of an h2thick
the grain boundary plane affects both the magnitudd,pf PLD conductot? We find that the influence ak¢ on J. is
and the appearance of the distinctive NOLD GB signaturehighly nonlinear,J. (77 K, 0 T) rising by more than eight
When the field lay within the GB plane of their 4.8001] tilt times as the FWHM ofA ¢ygco decreases only from 8° to
bicrystal, a distinctive NOLD signature and reductionJgf ~ 5.5°. This is very good news for the technology of coated
was found. However, when they placed the magnetic fieldconductors because it makes it clear that the critical angle is
within the ab plane and rotate¢i with respect to the grain significantly greater than found in previous, significantly
boundary plane which lay parallel to tleaxis, they found thinner scientific bicrystal studi€s!! The second striking
thatJy, was neither reduced nor was there any NOLD signafesult is that the MOD coated conductors do not possess the
ture when the field deviated by more that30° from the GB  strongly dissipative NOLD signature familiar from thin PLD
plane. The NOLD signature is developed both by the distorfilms’-21919:3%and that, even when we were able to conclu-
tion of vortex core structure produced by depressed supesively identify a dissipative GB, its misorientation was much
conductivity at the GB' and by alignment of the vortices in larger than expecte~6°) and the NOLD signature was
the GB so that a channel of weakly pinned hybridvery attenuated. Thus although the low field performance of
Abrikosov-Josephson vortices is depinned at a rather shapese highd. coated conductors is still limited by grain
value of Lorentz force. Durrell's observation develops thisboundaries, the effects appear to be much less than should be
model for the case where the field makes an angle to the GBxpected from the FWHM distributions. The dream of pro-
so that only a small segment of any one vortex possessescasses that could make single crystal properties at essentially
weakly pinned GB segment. Evidently the intragrain compo-infinite length is indeed close.
nents of such vortices are sufficient to pin the GB segments,
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