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A quantitative determination of the degree of biaxial texture of YBa2Cu3O7−d-coated conductors has been
carried out by micro-Raman spectroscopy. The uniaxial texture is characterized by determining thec-axis grain
fraction from the ratio between the intensity of Os2,3d-B1g and Os4d-Ag modes. The degree of in-plane
orientation is determined from the relative intensity modulation of the Raman phonon modes when samples are
rotated around the axis perpendicular to the films. The biaxial texture parameter determined from Raman
scattering has been modeled taking into account different grain misorientation distribution functions. The
Raman results are compared with results of x-ray diffractionf-scan measurements, and we demonstrate the
relationship between the texture determination provided by both techniques. Additionally, the possibility of
micro-Raman spectroscopy to perform local analysis allows one to characterize the texture uniformity of the
superconducting films. The relationship between the biaxial texture determined by micro-Raman and the
critical currents of coated conductors is further evidenced.
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I. INTRODUCTION

Coated conductors are an interesting class of supercon-
ducting materials composed of YBa2Cu3O7−d sYBCOd biax-
ially textured grains deposited on a metallic substrate and
separated by low-angle grain boundaries(GBs). High current
density YBCO coatings have a high out-of-plane texture
(c-axis oriented films) and a high inplane texture(a-b plane
texture). These materials display very high critical current
densities approaching those of epitaxial thin films and thus
they have a very high potential for engineering applications
like developing advanced power systems and high field
magnets.1 The grain boundaries of the YBCO layers are a
direct reflection of the grain boundaries of the underlayer
structures, i.e., textured Ni substrate.2 The supercurrents flow
through these GBs and therefore new physics related to cur-
rent percolation through a network of grain boundaries is
encountered. The local misorientation angle between the
YBCO grains has been shown to be the main factor deter-
mining the critical currents.3 Hence, the local texture study
of the YBCO layer is of great relevance for understanding
the properties of these materials.

Local analysis of the GBs of YBCO-coated conductors
has been performed by transmission electron microscopy4

and they have evidenced that the grain boundaries existing in
high-quality samples are mainlyf100g-tilt of less than
5–10°. In addition, electron backscattering diffraction has
been envisaged as one of the best structural techniques to
determine the local distribution of the grain-boundary struc-
ture in a quantitative and statistical manner.5 However, the
complexity of the method when applied to noncubic struc-
tures makes the direct characterization of the YBCO GBs

rather difficult. Instead, the GBs of the underlayer cubic
structures are systematically analyzed, i.e., the Ni textured
substrate. In the case of YBCO layers deposited onto buff-
ered yttria stabilized zirconia(YSZ) deposited on polycrys-
talline stainless steel substrates by ion beam assisted deposi-
tion (IBAD ),6 the difficulties are even larger since the small
grain sizes of the underlayerss,0.5–1mmd cannot be re-
solved by electron backscattering diffraction.

The potentiality of micro-Raman spectroscopy to deter-
mine the orientation of the crystal axes in YBCO films was
first evidenced by Farrowet al.7 The distinct selection rules
for Raman scattering from the optical phonons of YBCO
single crystals enable to determine thec-axis grain fraction
in those films.8,9

Preliminary studies showed the capabilities of micro-
Raman scattering to analyze the in-plane texture of YBCO
films.10–12 Thomsenet al.11 investigated the degree of in-
plane orientation of YBCO films consisting only ofc-axis
oriented crystals. Dieckmannet al.12 extended the evaluation
of the degree of epitaxy to the case where the superconductor
films includea- andc-axis oriented crystallites. In these pre-
vious works, the samples were considered as a mixture of
completely oriented and completely random crystals. A pre-
liminary study determining the local degree ofc-axis grain
texture in YBCO IBAD-coated conductors was presented in
Ref. 13.

In this paper, we present a thorough study of the biaxial
texture of YBCO-coated conductors by micro-Raman spec-
troscopy. A specific methodology to characterize the local
biaxial texture adapted to YBCO-coated conductors has been
developed where, grain misoriented distribution functions
have been taken into account. The relevance of the distribu-
tion function on the physical analysis of the material is con-
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clusive. A set of different coated conductors with distinct
biaxial textures has been analyzed and the results have been
compared to x-ray diffractionf-scan measurements. The ca-
pability of micro-Raman to perform local analysis enables to
extend the same methodology to local studies. Micro-Raman
is, therefore, envisaged as a very useful technique to deter-
mine the local degree ofc-axis fraction and the degree of
in-plane orientation of YBCO-coated conductors.

II. EXPERIMENT

Seven samples grown by different methods and with dif-
ferent in-plane texture characterized by full width at half
maximum (FWHM) x-ray f-scan values expanding from
1.7° up to 17º have been analyzed in order to test the devel-
oped methodology and determine the degrees ofc-axis grain
fraction and in-plane orientation by micro-Raman. Six of
them are YBCO-coated conductors, three YBCO IBAD and
three YBCO rolling assisted biaxial textured substrates
(RABiTs). The last sample, FILM-a, is a YBCO thin film of
250 nm grown on a LaAlO3 single crystal by the trifluoro-
acetates metalorganic decomposition method14 with a
FWHM f-scan of 1.7°.

A first IBAD sample, IBAD-a, was prepared by deposit-
ing a YBCO film by standard pulsed laser deposition(PLD)
on a 20 nm CeO2 buffered biaxially textured YSZ layer of
900 nm in thickness and deposited by IBAD on a polycrys-
talline YSZ substrate. It was 230 nm thick and had af-scan
FWHM using the(102) reflection of 7.5°. The other two
IBAD-coated conductors were prepared by depositing a
1.6-mm-thick YBa2Cu3O7−x film by a high rate PLD, on a
nonmagnetic Ni-Cr stainless steel ribbon of 100mm buffered
with a biaxially textured YSZ layer of 900 nm in thickness
and deposited by IBAD.15 IBAD-b had a f-scan FWHM
value of 12.7° and IBAD-c had af-scan FWHM value of
17.2°.

The three RABiTs-coated conductors were prepared by
growing a YBCO film by a BaF2 ex situ process using
evaporated precursors on a cube textured Ni tape microal-
loyed with 3% W with buffers of Nis1 mmd, Y2O3 s20 nmd,
YSZ s150 nmd, and CeO2 s20 nmd.16 RABiTs-a was
0.32mm thick, RABiTs-b was 1mm thick, and RABiTs-c
was 2.4mm thick. Their FWHM f scans were 5.3°, 5.2°,
and 6.6°, respectively.

In order to summarize the quality of the samples ana-
lyzed, we present in Fig. 1 the critical current density,Jc, at
77 K for the seven samples as a function of theirf-scan
FWHM sDfd using the (102) x-ray diffraction reflection.
The critical current densities have been determined induc-
tively as reported in Ref. 17. Notice thatJc follows the ex-
ponential decay with the misorientation angle in agreement
with the literature,3 which further evidences that the degree
of biaxial texture is the main factor determining the critical
currents in these granular materials.

Micro-Raman measurements were carried out using the
5145 Å line of an argon-ion laser at room temperature with a
Jovin-Yvon T-64000 Raman spectrometer attached to an
Olympus microscope and equipped with a liquid-nitrogen-
cooled charge coupled device detector. Two focused laser

spot sizes on the sample were used,,1 or 10mm in diam-
eter depending on the analysis to be performed. The larger
spot was used when an average measurement was to be per-
formed and compared with x-ray data. The 1mm spot was
used for the local determination of film uniformity. The laser
power onto the sample was kept below,12 kW/cm2 to
avoid degradation on the films due to overheating of the
proved volume. Raman spectra were recorded in backscatter-
ing geometry. The samples were mounted on the rotation
X-Y stage of the microscope.

Two scattering geometries,polarized and depolarized,
were used to obtain Raman spectra of the YBCO films. Spec-
tra are called polarized when the directions ofei andes are
parallel to each other, and depolarized when they are perpen-
dicular (ei andes denote the directions of polarization of the
incident and scattered light). A correction factorK=1.9 was
applied to the spectra measured in polarized configuration, to
correct for the efficiency of the collecting optics and spec-
trometer in this configuration.

III. RESULTS AND DISCUSSION

A. Uniaxial texture

Two phonon peaks in the Raman spectrum have been used
in the structural characterization of YBCO thin films. The
peak at 340 cm−1 (B1g-like) associated with the out-of-phase
vibration of the Os2d-Os3d oxygen atoms in the CuO2 planes,
and the peak at 500 cm−1, an Ag mode involving the apical
oxygen atoms Os4d vibrations.18,19 By using the integrated
intensities of these two Raman modes for different sample
geometries we have developed a methodology to determine
the biaxial texture of coated conductors taking into account
the distribution function of the misoriented grains. However,
we have first determined their out-of-plane orientation
(uniaxial texture). In this case, we have applied the same
principles reported in Ref. 12 to determine the uniaxial tex-
ture of coated conductors, and specifically(as explained in
the next section) we have determined the local uniaxial tex-

FIG. 1. Critical current densities,Jc; at 77 K for all the different
coated conductors investigated in this work as a function of their
f-scan FWHM for the x-ray diffraction(102) reflection.
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ture to estimate the size and distribution of thea- and
c-oriented crystals.

In the nearly tetragonal symmetry, the Raman tensors
RB1g

and RAg
corresponding to the Os2d-Os3d and Os4d

modes have the forms

RB1g
= 1xB1g

0 0

0 − yB1g
0

0 0 0
2 ,

RAg
= 1xAg

0 0

0 yAg
0

0 0 zAg

2 . s1d

For our calculations we have used the values of the Raman
tensor elements taken from Ref. 12, and they are:xAg

2 =yAg

2

=2, zAg

2 =100,xB1g

2 =yB1g

2 =8.5.
Remember that the Raman intensity for a given phonon

mode is proportional to

I ~ ues ·R ·eiu2 s2d

whereei andes denote the polarization directions of incident
and scattered light, respectively, andR is the corresponding
Raman tensor for the vibration mode being considered.

According to the Raman scattering selection rules and
with the Raman tensor elements given earlier, the Os2,3d-
B1g mode should be strong for grains whichc axis is oriented
perpendicular to the substrate plane(c-axis oriented grains),
while the Os4d-Ag mode should appear weak; the opposite is
expected fora-axis oriented grains. Therefore, the determi-
nation of thec-axis fraction is a measure of the uniaxial
texture quality.

Figure 2 shows typical Raman spectra of two different
YBCO IBAD-coated conductors with polarized and depolar-
ized scattering geometries. Figure 2(a) shows the typical Ra-
man spectra of a sample with a large fraction ofc-axis ori-
ented grains. On the contrary, the strong intensity of the
Os4d-Ag phonon mode of Fig. 2(b) is an indication of a film
with a large fraction ofa-axis oriented grains.

In order to quantify the fraction ofc- anda-axis oriented
grains in a film, we consider that the intensity of the Raman
signal is the sum of the intensityIc of thec-axis oriented part
and Ia of the a-axis oriented part of the film12

I = dIc + s1 − ddIa. s3d

According to this equation, the parameterd is close to unity
for c-axis oriented films and close to zero fora-axis oriented
films.

The c-axis oriented grain fraction,d, can be then calcu-
lated from the Raman intensity ratio

r =
IB1g

IAg

, s4d

and the Raman tensors element values of the Os2,3d-B1g and
Os4d-Ag modes, using the equation

d =
rszAg

2 + xAg

2 d − xB1g

2

rszAg

2 − xAg

2 d + xB1g

2 . s5d

In Eq. (4), the total intensity, for each mode, is the sum of
the integrated intensities in the polarized and depolarized
spectra. For the total intensityIB1g

of the Os2,3d mode, we
determined the integrated intensities by fitting the peak with
a Fano profile,19 and for the total intensityIAg

of the Os4d
mode, by fitting the peak with a Lorentz profile. Thed values
extracted from the Raman measurements for the two samples
displayed in Figs. 2(a) and 2(b) are d=0.92±0.05 and
0.03±0.05, respectively.

This simple model does not include any distribution of
grain tilting with respect to perfect on-axis orientation iden-
tified in x-ray diffraction as the FWHM of thev scansDvd.
However, all the samples investigated in this work showDv
always below 5°. We have estimate an error value in the
d-parameter determination below 3% for neglecting the grain
tilt for samples withDv,5°.

Figure 3 shows the values ford extracted from the Raman
measurements as a function of the FWHMf-scan x-ray dif-
fraction data of the(102) reflection for all the different
coated conductors investigated in this work. Notice that all
seven samples analyzed haved values above 0.9 indicating
that less than a 10% of the sample hada-axis grain growth.
We demonstrate that there should not exist any correlation

FIG. 2. Polarized and depolarized Raman spectra for two YBCO
IBAD-coated conductors with different fraction ofc-axis oriented
grains,d. (a) d=0.92±0.05,(b) d=0.03±0.05.
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between the degree ofc-axis grain fraction and the distribu-
tion of in-plane grain orientations.

Thed results, obtained by averaging five different 10mm
laser spot Raman measurements, were compared to the
c-axis grain fraction deduced from x-ray diffraction patterns
recorded in the Bragg-Brentano geometry taking into ac-
count the structure factor of the Bragg reflections.13,20 A
fairly good agreement within a 5% was obtained between the
two methods. This demonstrates that micro-Raman spectros-
copy is a very suitable technique to determine thec-axis
grain fraction of coated conductor samples. In the following
section we will apply this methodology to perform local line
scans on the investigated samples.

Moreover, since the visible light used in micro-Raman
scattering has a penetration depth of about 80 nm in
YBCO,21 these analysis may be useful to determine depth
profiles of c-axis grain fraction in thick coated conductors
s.1 mmd which are unable to be acquired by x-ray
diffraction.

B. Local evaluation of uniaxial texture

Micro-Raman scattering offers the unique possibility to
perform Raman-microprobe scans and to test the structure of
the films at a microscopic level. We have tested this capabil-
ity in some of the coated conductor samples analyzed in this
work, both concerning the degree ofc-axis grain fraction and
the degree of in-plane orientation(as it will be described in
Sec. III D).

Figures 4(a) and 4(b) show line scans of 1mm resolution
performed to the samples RABiT-c and IBAD-b, respec-
tively. These measurements have enabled to determine the
degree ofc-axis fraction in each measured position following
the model described in Sec. III A and, therefore, we have
evaluated if the YBCO layers have long range order over
distances much larger than the diameter of the focused laser
beam. For this reason the laser spot used was,1 mm. No-
tice that sample RABiT-c is a perfectc-crystal sample within

the experimental error[see Fig. 4(a)], whereas IBAD-b is a
dominantc-crystal sample with the appearance of somea
crystals, of ,2 mm size, randomly distributed[see Fig.
4(b)]. We conclude that micro-Raman spectroscopy is a very
suitable technique to determine the uniformity of the uniaxial
texture of coated conductors, to identify the appearance ofa
crystals even in highc-crystal fraction samples and to esti-
mate their size and distribution.

C. In-plane orientation

The intensity of the Raman signal in crystalline YBCO
strongly depends on the scattering geometry and the relative
orientation between the sample and the polarization direction
of the incident and scattered light. This makes it possible to
find the directions of the crystallographic axes of the film
crystals in relation to the substrate axes, i.e., the degree of
in-plane orientation. By rotating the angle between the crys-
tallographic axes of the film crystals and the polarization
direction of the incident laser, the scattered intensity for
Os2,3d-B1g and Os4d-Ag modes in polarized and depolarized
geometries oscillates generating an angular modulated func-
tion. We are interested in developing a simple and truthful
method for easier and practical characterization of in-plane-
texture of YBCO-coated conductors which in addition takes
into account the distribution of misoriented grains.

We are dealing with textured coatings characterized by a
narrow grain misorientation distribution, directly related to
the FWHM of thef-scan XRD spectras1.7°,Df,17°d.
As we have seen in Sec. III A and Fig. 3, the samples inves-
tigated in this work have high values ofd, therefore we are
going to consider the simplified equations withd<1 as a
good approximation for determining the degree of in-plane
orientation of YBCO coated conductors with a high degree
of c-axis grain fraction.

FIG. 3. Fraction ofc-axis oriented crystals,d, extracted from the
Raman measurements as a function of the FWHMf-scan x-ray
diffraction data(102) reflection for all the different coated conduc-
tors investigated in this work.

FIG. 4. d values obtained along line scans measured with 1mm
spatial resolution on samples RABiT-c(a), and IBAD-b (b).
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The angular dependence of the Raman intensityIswd scat-
tered from a coated conductor sample is dependent on the
grain misorientation distribution present in the particular
sample. The rotation anglew, is defined as the angle between
a sample edge and the polarization direction of the incident
laser light. For the angular dependence of the Raman inten-
sity of a particular phonon mode, we can write the equation

Iswd = o
i=0

n

PisuidIsw + uid, s6d

where Pisuid is defined as the fraction of crystals with a
misorientation angleui according to some angle distribution
function, andIsw+uid is its Raman intensity angularw de-
pendence.

From Eq.(6) we derived the expressions for the intensity
dependence on the rotation angle of the depolarized spectra
for the Os2,3d mode, see Eq.(7):

IB1g

d swd = 4dxB1g

2

3HA − 8E
−p

+p

Psudsin2 u cos2 uduJ
3sin2 w cos2 w + 4dxB1g

2 E
−p

+p

Psud

3sin2 u cos2udu, s7d

whereA is the total grain population, verifying

A =E
−p

+p

Psuddu. s8d

According to Eq.(7), the scattered intensity has a termk1
oscillating in w like sin2 w cos2 w, and aw-independentk2
term

k1 = 4dxB1g

2 HA − 8E
−p

+p

Psudsin2 u cos2 uduJ . s9ad

and

k2 = 4dxB1g

2 E
−p

+p

Psudsin2 u cos2 udu s9bd

and therefore,

IB1g

d swd = k1 sin2 w cos2 w + k2. s9cd

The magnitude of the term oscillating inw is a direct
measure of the degree of texture in a given sample. We can
define a texture parameterQc as the coefficient of the term
oscillating in w in a given sample normalized to the same
coefficient for a perfectly epitaxial oriented filmsk1

=4AdxB1g

2 d:

Qc =
k1

4AdxB1g

2 =
k1

k1 + 8k2
=

k1

k2

k1

k2
+ 8

. s10d

A highly textured sample will be characterized by values
of the Qc parameter close to unity. On the contrary, poorly
textured samples will haveQc values close to zero.

The same treatment can be applied to analyze the angular
dependence of the Raman intensity of the Os2,3d mode mea-
sured in polarized scattering configuration. The equation that
describes the intensity modulation in this case is

IB1g

p swd = dxB1g

2 HA − 8E
−p

+p

Psudsin2 u cos2 uduJ
3ssin2 w − cos2 wd2

+ 4dxB1g

2 E
−p

+p

Psudsin2 u cos2 udu s11ad

or,

IB1g

p swd = 1
4k1ssin2 w − cos2 wd2 + k2. s11bd

This formulation enables us to assume different distribu-
tion functions,Psud, in order to further analyze the material
and thus provide information on the grain orientation distri-
bution function present in a particular sample. A given dis-
tribution function reflects the abundance of different grain
orientations in the film plane. We have calculated the theo-
retical dependence of the texture parameter,Qc, as a function
of the FWHM of three grain orientation distribution func-
tions. In the most simple approximation, we considered that
the films consist of a perfectly oriented and a randomly ori-
ented parts(a simple 1 or 0 model). The intensity of the
signal scattered from the perfectly oriented fraction is depen-
dent of the rotation anglew, and the intensity scattered from
the randomly oriented fraction isw independent. We have
taken the value of the maximum of a normalized Gaussian
function as the magnitude of the perfectly oriented part. As it
can be seen in Fig. 5, theQc parameter value decays very

FIG. 5. Theoretical dependence of the texture parameterQc as a
function of the FWHM of three different grain orientation distribu-
tion functions. Dots are the experimentalQc values determined
from micro-Raman measurements using Eq.(10) for all the samples
analyzed as a function of the FWHMf-scan(102) x-ray diffraction
reflection.
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fast to values close to zero. A similar model was previously
assumed in Raman studies11,12 analyzing the biaxial texture
of YBCO films.

In order to formulate a more realistic view of the coated
conductor samples, a Gaussian and a Lorentzian distribution
of the grain orientation have instead been considered with
the appropriate normalizations of Eq.(8). Figure 5 shows
that the decay of the texture parameterQc with increasing
FWHM of the distribution is moderate for the Lorentzian
grain distribution and it goes to zero at an slower rate for a
Gaussian grain distribution. It is clear from this theoretical
study that the underlaying physics of the material will be
determined by the particular distribution of the misoriented
grains, and therefore these results validate the importance of
modeling the Raman scattered intensities by using distribu-
tion functions.

From the experimental point of view, the intensity modu-
lation were verified by rotating the sample fromw=0° to w
=120° and measuring the corresponding polarized and depo-
larized Raman spectra every 6°. The samples were mounted
on a rotational microscope table whose perpendicular axis
was carefully aligned with the optical axis of the microscope,
so that always the same spot of the film remained in the
focus during rotation. In Fig. 6, we show the angular modu-
lation of the integrated Raman intensity of the Os2,3d pho-

non mode measured in the depolarized scattering geometry
for one representative sample, IBAD-b.

We fitted the angular dependence of the Raman intensity
of the Os2,3d-B1g mode measured in the depolarized scatter-
ing configuration using Eq.(9c). The values ofk1 andk2 are
determined from the numerical fit to the experimental Raman
data.Qc can be directly calculated using Eq.(10) from the
value ofk1/k2 evaluated from the fit to the experimental data.
ExpressingQc as a function of thek1/k2 ratio has the advan-
tage to eliminate contributions of the particular detection
system efficiency, the actual values of the Raman tensor el-
ements, integration time, etc.

The experimental values of the angular dependence of the
integrated Raman intensity of the Os2,3d-B1g mode in the
depolarized geometry for IBAD-b sample are displayed in
Fig. 6(a). Also shown is the corresponding best fit function
according to Eq.(9c). The value ofQc obtained for this par-
ticular case when applying Eq.(10) is Qc=0.68±0.05. For
samples withd.0.9, that is the case for all the samples
analyzed in this work, theQc values estimated from Eq.(10)
differ in less than a 3% from those determined considering
the c- anda-axis crystal population.

We have confirmed that the value ofQc obtained from the
fit to the depolarized configuration, also fits the angular de-
pendence of the Raman intensity of the Os2,3d mode when
measured in the polarized scattering configuration. We show
in Fig. 6(b), the experimental angular Raman intensity oscil-
lations of the Os2,3d phonon mode measured in polarized
scattering geometry for the IBAD-b sample together with the
calculated intensity oscillation using Eq.(11b) and the pa-
rameter values encountered in Fig. 6(a). Notice that a good
agreement is obtained between theory and experiment. Simi-
lar agreement is also obtained for the other samples. There-
fore, we can conclude that in order to determine theQc pa-
rameter only the depolarized Raman spectra is required to be
analyzed.

Figure 5 also displays theQc experimental values deter-
mined by using Eq.(10) as a function of the FWHMf-scan
(102) reflection for thec-crystal domain for all the samples
analyzed. A relationship is obtained between theQc param-
eter determined by micro-Raman and the x-rayf-scan data,
indicating that indeed both parameters are quantitatively re-
lated to the degree of biaxial texture of YBCO- coated con-
ductors. Furthermore, it can be seen that an extremely good
agreement with the experimental Raman results is obtained
when using the Lorentz distribution function in our model.
We conclude then, that micro-Raman is an interesting tech-
nique to investigate the grain orientation distribution func-
tion of coated conductors.

Moreover, the exponential decay ofJc with in-plane tex-
ture presented in Fig. 1 can now be described by theQc
texture parameter, as shown in Fig 7. This figure shows the
direct relationship existing between theQc parameter value
calculated from the micro-Raman measurements in different
kind of coated conductors and the critical current densities
Jc. Micro-Raman scattering appears then as a technique to
also investigate the superconducting properties of coated
conductors.

FIG. 6. Angular dependence of the integrated Raman intensity
of the Os2,3d-B1g Raman mode in IBAD-b sample measured in the
depolarized geometry(a), and in the polarized geometry(b). The
lines are the best fit values withd=0.92, andQc=0.68±0.05.
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D. Local evalution of biaxial texture

We have next evaluated the feasibility of micro-Raman to
determine the uniformity of the in-plane texture of coated
conductors. We have used the model described in the previ-
ous section to estimateQc at different points of samples with
a high fraction ofc-axis growth. We further simplified the
experimental procedure to end up with a practical method to
evaluate the local biaxial texture of YBCO-coated conduc-
tors. We determined the intensity oscillations only by mea-
suring the depolarized scattering configuration of the
Os2,3d-B1g Raman mode at angle steps of 45° between 0°
and 135° in order to minimize the measuring and evaluation
times. This experimental simplification will enable us to de-
termine the structure parameterQc in several sample posi-
tions in a reasonable time scale.

Figure 8 shows the experimental values of the angular
intensity dependence of the depolarized Os2,3d-B1g Raman
mode and the corresponding best fit function according to
Eq. (9c) for the IBAD-a sample. TheQc value estimated for
this particular sample and position according to Eq.(10) is
Qc=0.77±0.05, which is within the error bar of the value
extracted from the full oscillation analysis shown in Fig. 5
sQc=0.75±0.05d. This justifies the reduction of the experi-
mental measurements down to fourw values for the determi-
nation ofQc.

The first attempts to evaluate the uniformity of the degree
of in-plane texture using the simplified model just described
are presented in Fig. 9 for the IBAD-a sample. These results
confirm that the in-plane texture of this particular sample is
uniform, within our experimental accuracy, over large re-
gions of the YBCO conductor.

In view of these results, we conclude that micro-Raman
scattering is a powerful technique to evaluate the uniformity
of the c-axis grain fraction and in-plane texture of coated
conductors, and hence, of the uniformity of the critical cur-
rent which we have demonstrated to be directly related to the
degree of in-plane texture. Moreover, we have shown that a
simplified modification of the model and the experimental

procedure presented in this section enables to tackle this in-
vestigation with a reasonable time investment.

IV. CONCLUSIONS

We have demonstrated the high potentiality of micro-
Raman spectroscopy for nondestructive biaxial texture
analysis of YBCO-coated conductors. A simple methodology
has been developed adapted to coated conductors based on
the specific Raman selection rules for YBCO and polarized
Raman scattering experiments. Detailed information on the
epitaxial quality of the superconducting films is obtained
from two parameters:c-axis oriented grains fraction,d, and
the degree of the in-plane orientation of thec crystals,Qc.
We have theoretically modeled the Raman scattering intensi-

FIG. 9. In-plane texture,Qc, of IBAD-a sample evaluated in
three different points with a 10mm laser spot according to the
simplified model described in the text.

FIG. 7. Critical current densities,Jc; at 77 K as a function of the
texture parameterQc, determined from micro-Raman measurements
using Eq.(10) for all the different coated conductors investigated in
this work.

FIG. 8. Experimental values of the angular intensity dependence
of the depolarized Os2,3d-B1g Raman mode and the corresponding
best fit function(dotted line) according to Eq.(9c) for the IBAD-
a sample. TheQc value obtained is 0.77±0.05.
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ties using different grain misorientation distribution func-
tions and defining theQc parameter accordingly. The analy-
sis of several samples with different in-plane orientation
have proved that coated conductors are governed by a Lor-
entz distribution. We have confirmed, therefore, thatQc is a
true parameter to extract the degree of in-plane texture and
grain misorientation distribution of YBCO coated conduc-
tors. The feasibility and uniqueness possibility of micro-
Raman to study the biaxial texture sample uniformity has

been demonstrated for coated conductors and a simplification
of the model developed has been presented in this case.

ACKNOWLEDGMENTS

This work has been supported by MCYT(MAT2002-
02642), Generalitat de Catalunya(SGR 2001-00189 and
CeRMAE) and EU(SOLSULET G5RD-CT2001-00550). Fi-
nancial support from AECI is acknowledged.

1D. Larbalestier, A. Gurevich, D. Mathew, and A. Polyanskii, Na-
ture (London) 414, 368 (2001).

2D. M. Feldmann, J. L. Reeves, A. Polyanskii, G. Kozlowski, R.
R. Biggers, R. M. Nekkanti, I. Maartense, M. Tomsic, P. Barnes,
C. E. Oberly, T. L. Peterson, S. E. Babcock, and D. C. Larbal-
estier, Appl. Phys. Lett.77, 2906(2000).

3D. T. Verebeyi, D. K. Christen, R. Feenstra, C. Cantoni, A. Goyal,
D. F. Lee, P. N. Arendt, D. F. DePaula, J. R. Groves, and C.
Prouteau, Appl. Phys. Lett.76, 1755(2000).

4C. Y. Yang, S. E. Babcock, A. Ichinose, A. Goyal, D. M. Kroeger,
D. F. Lee, F. A. Lis, D. P. Norton, J. E. Mathis, M. Paranthaman,
and C. Park, Physica C377, 333 (2002).

5A. Goyal, S. X. Ren, E. D. Specht, D. M. Kroeger, R. Feenstra,
D. Norton, M. Paranthaman, D. F. Lee, and D. K. Christen,
Micron 30, 463 (1999); L. Fernández, B. Holzapfel, F. Schin-
dler, B. de Boer, A. Attenberger, J. Hänisch, and L. Schultz,
Phys. Rev. B67, 052503(2003).

6S. R. Foltyn, P. N. Arendt, P. C. Dowden, R. F. DePaula, J. R.
Groves, J. Y. Coulter, Q. Jia, M. P. Maley, and D. E. Peterson,
IEEE Trans. Appl. Supercond.9, 1519(1999); Ch. Joos, L. O.
Kautschor, M. P. Delmamare, B. Bringmann, K. Guth, V. Born,
S. Sievers, H. Walter, J. Dizk, J. Hoffmann, H. C. Freyhardrt, B.
De Boer, B. Holzapfel, and F. Sandiumenge, Mater. Res. Soc.
Symp. Proc.659, 117.1.1(2001).

7L. A. Farrow, T. Venkatesan, W. A. Bonner, X. D. Wu, A. Inam,
and M. S. Hegde, J. Appl. Phys.65, 4452(1989).

8E. García-González, G. Wagner, M. Reedyk, and H.-U. Haber-
meier, J. Appl. Phys.78, 353 (1995).

9O. Martínez, J. Jiménez, D. Chambonnet, and C. Belouet, J.
Mater. Res.15, 1069(2000).

10U. Weimer, R. Freile, P. Leiderer, U. Poppe, J. Schubert, J.
Fröhlingsdorf, B. Stritzker, and W. Zander, Physica C168, 359
(1990).

11C. Thomsen, R. Wegerer, H.-U. Habermeier, and M. Cardona,
Solid State Commun.83, 199 (1992).

12N. Dieckmann, R. Kursten, M. Lohndorf, and A. Bock, Physica C
245, 212 (1995).

13T. Puig, A. Puig-Molina, N. Mestres, H. Van Seijen, F. Alsina, J.
C. González, X. Obradors, H. Graafsma, A. Usoskin, and H. C.
Freyhardt, Mater. Res. Soc. Symp. Proc.659, II5.6.1 (2001).

14O. Castaño, A. Cavallaro, A. Palau, J. C. González, M. Rossell, T.
Puig, F. Sandiumenge, N. Mestres, S. Piñol, A. Pomar, and X.
Obradors, Supercond. Sci. Technol.16, 45 (2003).

15A. Usoskin, F. García-Moreno, S. Siever, J. Dzick, and H. C.
Freyhardt, Inst. Phys. Conf. Ser.167, 447 (2000).

16R. Feenstra(unpublished).
17A. Palau, T. Puig, X. Obradors, A. Usoskin, H. C. Freyhardt, L.

Fernández, and B. Holzapfel, IEEE Trans. Appl. Supercond.13,
2599 (2003).

18R. Liu, C. Thomsen, W. Kress, M. Cardona, B. Gegenheimer, F.
W. de Wette, J. Prade, A. D. Kulkarni, and U. Schroeder, Phys.
Rev. B 37, 7971(1988).

19C. Thomsen, inLight Scattering in Solids VI, Topics in Applied
Physics, 68, edited by M. Cardona and G. Güntherodt(Springer,
Berlin, 1991), p. 285.

20C. Hammond,The Basics of Crystallography and Diffraction,
International Union of Crystallography Texts on Crystallography
5 (Oxford University Press, Oxford, 2001).

21J. Kircher, M. K. Kelly, S. Rashkeev, M. Alouani, D. Fuchs, and
M. Cardona, Phys. Rev. B44, 217 (1991).

J. C. GONZÁLEZet al. PHYSICAL REVIEW B 70, 094525(2004)

094525-8


