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Abstract—We report on a new technique to isolate grain
boundaries and single grains in YBa2 Cu3 O 7 ° ± coated conduc-
tors using a focused ion beam microscope. For fields swept in-
plane a crossover from a regime where the critical current density
is limited by the grain boundary to a regime where it is governed
by the properties of the grain was found.

I. I N T R O D U C T I O N

The critical current density J c of cuprate superconductors
is, in most cases, limited by grain boundaries (G Bs). J c
decreases exponentially with misorientation angle between
adjacent grains [1]–[3]. A t low angles the suppression of J c
is due to reduced pinning in the G B region leading to flux
channeling [4]–[6].

In order to overcome this detrimental effect of grain bound-
aries on J c Y Ba2 Cu3 O 7 ° ± (Y B C O) is grown on textured
substrates (“coated conductors” or C Cs.). In one of the ap-
proaches, called R A B iTS (Rolling A ssisted B i-axially Tex-
tured Substrates) [7], a N i alloy with oriented grains is used.

Nonetheless, in wide temperature and field ranges G Bs
remain the limiting factor, therefore making it necessary to
ascertain their electromagnetic properties. Most of this work
has been done using model systems consisting of Y B C O thin
films grown on bicrystal substrates [1], [4], [6] and only
recently data obtained on isolated C C grain boundaries has
been published [2], [8], [9].

There are two advantages of examining G Bs on C Cs instead
of bicrystals. F irstly, only with these can we analyse the
combination of different twists and tilts causing the actual G B
[3]. Secondly, it was discovered that certain ex situ growth
methods lead to meandering G Bs (both along their length and
through the thickness) [10], which show a higher J c than
planar boundaries [8]. This increase has been explained by
their larger cross sectional area [8], [11] and by the suppression
of vortex channeling along the boundaries [9].

I I. E X P E R I M E N T A L

A. Sample preparation
Tracks 50 πm wide were patterned by conventional pho-

tolithography and ion milling on R A B iTS samples grown by
T FA -M O D (metal-organic deposition using trifluoroacetates)
[12], [13]. Subsequently, E BSD (E lectron Backscatter D iffrac-
tion) maps of these tracks were acquired, in order to locate
grains and grain boundaries of interest as well as to measure

their respective misorientation angles. This is a challenging
task, particularly after lithographic patterning. F ig. 1a shows
an E BSD image of the grain boundary which was isolated.

F ig. 1. (a) E BSD map of several grains on an M O D sample. The grain
boundary which was isolated subsequently is indicated by arrows. (b) A
50 µm wide track onto which a bridge spanning this G B has been patterned
by F IB. The G B is marked by white dots.

In a last step bridges 4:5 and 5 πm wide were patterned
across a G B and on a single grain, respectively, using an F IB
(Focused Ion Beam microscope, see F ig. 1b). The misorien-
tation angle between the two grains adjacent to the G B was
between 4 and 6± (the scatter being caused by grain mosaicity).

Single grains and grain boundaries have been isolated in
C Cs before, using E BSD and conventional lithography [2],
[8]. In the present work however, this goal has been achieved
by the combination of E BSD and F IB for the first time, which
allows a more accurate positioning of the patterned bridges.
Consequently, specific grains and grain boundaries can be
targeted more precisely.

B. Critical current measurements
The critical current densities were measured at 77:35K for

different applied magnetic fields swept in the plane of the
film, using a two-axis goniometer [14] mounted in an O xford
Instruments cryostat with an 8T magnet. J c was obtained by a
four-terminal measurement with a voltage criterion of 0:5 πV.

I I I. R E S U LT S A N D D I S C U SS I O N

F ig. 2 shows a plot of the critical current densities of the
G B and the grain vs. angle between the bridge direction and
applied magnetic fields of 0:5, 1, 3 and 5T swept in the plane
of the film (“ ¡ -scans”). A t 0± field and bridge are parallel
to each other (force-free orientation), while at 90± they are
perpendicular (maximum Lorentz force).



F ig. 2. Critical current densities measured on bridges across a grain boundary
(G B) and within a single grain (intragranular, IG) plotted vs. angle between
bridge and fields swept in-plane. A t φ = 0◦ bridge and field are parallel to
each other. For B ≥ 1T and angles around 90◦ Jc of the grain is lower than
that of the G B. The inset shows the measurement geometry.

A t 0:5T J c of the G B is lower than that of the grain over
the whole angular range and shows virtually no dependence on
angle between bridge and field. We explain this flatness by G B
meandering [10], which leads to microscopic currents flowing
in many different directions, because current always crosses
G Bs perpendicular to the boundary plane (see F ig. 3, which
also shows a high resolution E BSD image of a grain boundary
in one of our samples). Consequently, unlike samples grown
by PL D (Pulsed Laser Deposition), which have planar G Bs,
for M O D films there is no orientation where all currents are
parallel or perpendicular to the applied field. The result being
that the force free maximum (due to a minimum in Lorentz
force for B ||J ) is suppressed.

(a) (b) (c)

F ig. 3. Schematics showing current flow across (a) planar G Bs and (b)
meandering G Bs (as found in M O D samples). J indicates the direction of
macroscopic current flow while j represents microscopic currents. (c) A high
resolution E BSD map showing the meandering in one of the samples analysed.

The curves measured on the bridge across the grain on the
other hand closely resemble ¡ -scans of a Y B C O film grown
on a single crystal substrate [15].

A t fields from 1T upwards at angles around 90± the critical
current densities of the G B and the grain bridges overlap
perfectly, indicating that J c of the G B bridge is actually
limited by the properties of the two grains adjacent to the

boundary. This means that J c of the G B exceeds that of the
grains. The angular range where this is the case increases with
field. A similar crossover from intergrain to intragrain limited
critical current density, depending on magnitude of applied
field rather than angle between bridge and field, was reported
by Fernandez et al. [16].

J c of both the G B and the grain depend strongly on field
over the whole angular range. This behaviour is consistent with
measurements on G Bs isolated by conventional lithography,
which showed that J c of meandering G Bs decreases with
increasing field more strongly than J c of planar G Bs [9].

I V. C O N C L U S I O N S A N D S U M M A R Y

We have successfully used a F IB for the first time to isolate
a grain boundary and a single grain on a coated conductor.
Measurements of the critical current density of the bridge
with the G B for fields swept in-plane gave a surprisingly low
angular dependence, which can most likely be explained by
grain boundary meandering. Comparison with data obtained
on a single grain showed a clear crossover from G B to grain
limited J c .

A C K N O W L E D G M E N T

We would like to thank A merican Superconductor for
supplying us with C C samples. One of the authors (M. W.)
is grateful to Boris Maiorov for a useful discussion. We
acknowledge the support of the Engineering and Physical
Sciences Research Council (U K ).

R E F E R E N C E S

[1] D. D imos, P. Chaudhari, and J. Mannhart, Phys. Rev. B 41, 7, 4038
(1990).

[2] D. M. Feldmann, D. C. Larbalestier, D. T. Verebelyi, W. Zhang, Q. L i,
G. N. Riley, R. Feenstra, A . Goyal, D. F. Lee, M. Paranthaman, D. M.
K roeger, and D. K . Christen, Appl. Phys. Lett. 79, 24, 3998 (2001).

[3] H. H ilgenkamp and J. Mannhart, Rev. Mod. Phys. 74, 2, 485 (2002).
[4] A . D iaz, L. Mechin, P. Berghuis, and J. E. E vetts, Phys. Rev. B 58, 6,

R2960 (1998).
[5] A . Gurevich, M. S. Rzchowski, G. Daniels, S. Patnaik, B. M. H inaus,

F. Carillo, F. Tafuri, and D. C. Larbalestier, Phys. Rev. Lett. 88, 9, 097001
(2002).

[6] J. H. Durrell, M. J. Hogg, F. K ahlmann, Z. H. Barber, M. G. B lamire,
and J. E. E vetts, Phys. Rev. Lett. 90, 24, 247006 (2003).

[7] D. P. Norton, A . Goyal, J. D. Budai, D. K . Christen, D. M. K roeger,
E. D. Specht, Q. He, B. Saffian, M. Paranthaman, C. E. K labunde, D. F.
Lee, B. C. Sales, and F. A . L ist, Science 274, 5288, 755 (1996).

[8] D. M. Feldmann, T. G. Holesinger, R. Feenstra, C. Cantoni, W. Zhang,
M. Rupich, X . L i, J. H. Durrell, A . Gurevich, and D. C. Larbalestier, J.
Appl. Phys. 102, 8, 083912 (2007).

[9] J. H. Durrell, D. M. Feldmann, and C. Cantoni, Appl. Phys. Lett. 91,
182506 (2007).

[10] D. M. Feldmann, T. G. Holesinger, C. Cantoni, R. Feenstra, N. A .
Nelson, D. C. Larbalestier, D. T. Verebelyi, X . L i, and M. Rupich, J.
Mater. Res. 21, 4, 923 (2006).

[11] R. B. D inner, K . A . Moler, M. R. Beasley, and D. M. Feldmann, Appl.
Phys. Lett. 90, 21, 212501 (2007).

[12] M. W. Rupich, D. Verebelyi, W. Zhang, T. Kodenkandath, and X . P. L i,
MRS Bull. 29, 8, 572 (2004).

[13] U. Schoop, M. W. Rupich, C. Thieme, D. T. Verebelyi, W. Zhang,
X . L i, T. Kodenkandath, N. Nguyen, E. Siegal, L. C ivale, T. Holesinger,
B. Maiorov, A . Goyal, and M. Paranthaman, IEEE Trans. Appl. Super-
cond. 15, 2, Part 3, 2611 (2005).

[14] R. Herzog and J. E. E vetts, Rev. Sci. Instr. 65, 11, 3574 (1994).
[15] N. A . Rutter, J. H. Durrell, M. G. B lamire, J. L. MacManus-Driscoll,

H. Wang, and S. R. Foltyn, Appl. Phys. Lett. 87, 16, 162507 (2005).
[16] L. Fernandez, B. Holzapfel, F. Schindler, B. de Boer, A . A ttenberger,

J. Hanisch, and L. Schultz, Phys. Rev. B 67, 5, 052503 (2003).


