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Biaxial texture analysis of YBaCu;0,-coated conductors by micro-Raman spectroscopy

J. C. Gonzélez, N. Mestres, T. Puig, J. Gazquez, F. Sandiumenge, and X. Obradors
Institut de Ciéncia de Materials de Barcelona—CSIC, Campus UAB, E-08193, Bellatera, Spain

A. Usoskin, Ch. Jooss, and H. C. Freyhardt
Zentrum fur Funktionwerkstoffe, 37073 Gottingen, Germany

R. Feenstra
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6057, USA
(Received 3 December 2003; revised manuscript received 6 April 2004; published 30 September 2004

A quantitative determination of the degree of biaxial texture of XB80,_scoated conductors has been
carried out by micro-Raman spectroscopy. The uniaxial texture is characterized by determimiaxithgrain
fraction from the ratio between the intensity of2)3)-B,; and Q4)-A; 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 diffraciescan 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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[. INTRODUCTION rather difficult. Instead, the GBs of the underlayer cubic
structures are systematically analyzed, i.e., the Ni textured

Coated conductors are an interesting class of supercosubstrate. In the case of YBCO layers deposited onto buff-
ducting materials composed of YR2u,0,_5 (YBCO) biax- ere_d yttria_1 stabilized zirconi@YSZz) d_eposited on p_olycrys- _
ially textured grains deposited on a metallic substrate anfplline stainless steel substrates by ion beam assisted deposi-
separated by low-angle grain boundai€8s). High current tion (IBAD), the difficulties are even larger since the small
density YBCO coatings have a high out-of-plane texturedrain sizes of the underlayefs-0.5—1.m) cannot be re-
(c-axis oriented filmgand a high inplane textur@-b plane solved by elec;tr(_)n backscatterlng diffraction.
texture. These materials display very high critical current The potentiality of micro-Raman spectroscopy to deter-

densities approaching those of epitaxial thin films and thu#ir;'ne the orientation of the crystal axes in YBCO films was

: . ! . o st evidenced by Farrowt al.” The distinct selection rules
they have a very high potential for engineering app.hcatlc.)n or Raman scattering from the optical phonons of YBCO
like developing advanced power systems and high fiel

. . ingl tal le t termi i in fracti
magnets. The grain boundaries of the YBCO layers are air:nt%gsce:r}/”snfggenabe 0 determine firaxis grain fraction

direct reflection of the grain boundaries of the underlayer Preliminary studies showed the capabilities of micro-
structures, i.e., textured Ni substraféhe supercurrents flow Raman scattering to analyze the in-plane texture of YBCO
through these GBs and therefore new physics related to cUfjms 10-12 Thomsenet all! investigated the degree of in-
rent percolation through a network of grain boundaries isplane orientation of YBCO films consisting only cfaxis
encountered. The local misorientation angle between thgriented crystals. Dieckmaret all2 extended the evaluation
YBCO grains has been shown to be the main factor detefof the degree of epitaxy to the case where the superconductor
mining the critical currentd.Hence, the local texture study films includea- andc-axis oriented crystallites. In these pre-
of the YBCO layer is of great relevance for understandingvious works, the samples were considered as a mixture of
the properties of these materials. completely oriented and completely random crystals. A pre-
Local analysis of the GBs of YBCO-coated conductorsliminary study determining the local degree @hxis grain
has been performed by transmission electron microstopytexture in YBCO IBAD-coated conductors was presented in
and they have evidenced that the grain boundaries existing iRef. 13.
high-quality samples are mainly100]-tilt of less than In this paper, we present a thorough study of the biaxial
5-10°. In addition, electron backscattering diffraction hastexture of YBCO-coated conductors by micro-Raman spec-
been envisaged as one of the best structural techniques timscopy. A specific methodology to characterize the local
determine the local distribution of the grain-boundary struc-biaxial texture adapted to YBCO-coated conductors has been
ture in a quantitative and statistical manhdfowever, the  developed where, grain misoriented distribution functions
complexity of the method when applied to noncubic struc-have been taken into account. The relevance of the distribu-
tures makes the direct characterization of the YBCO GBsion 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 bee
compared to x-ray diffractiog-scan measurements. The ca-
pability of micro-Raman to perform local analysis enables to

extend the same methodology to local studies. Micro-Ramar«

is, therefore, envisaged as a very useful technique to detet
mine the local degree af-axis fraction and the degree of
in-plane orientation of YBCO-coated conductors.

Il. EXPERIMENT

Seven samples grown by different methods and with dif-
ferent in-plane texture characterized by full width at half
maximum (FWHM) x-ray ¢-scan values expanding from
1.7° up to 17° have been analyzed in order to test the devel
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fraction and in-plane orientation by micro-Raman. Six of FIG. 1. Critical current densities,; at 77 K for all the different
them are YBCO-coated conductors, three YBCO IBAD andcoated conductors investigated in this work as a function of their
three YBCO rolling assisted biaxial textured substratest-scan FWHM for the x-ray diffractiot102) reflection.

(RABITSs). The last sample, FILM-a, is a YBCO thin film of
250 nm grown on a LaAl@single crystal by the trifluoro-
acetates metalorganic decomposition methoavith a  eter depending on the analysis to be performed. The larger
FWHM ¢-scan of 1.7°. spot was used when an average measurement was to be per-

A first IBAD sample, IBAD-a, was prepared by deposit- formed and compared with x-ray data. Theufin spot was
ing a YBCO film by standard pulsed laser depositieh.D) used for the local determination of film uniformity. The laser
on a 20 nm Ce@buffered biaxially textured YSZ layer of power onto the sample was kept belowl2 kW/cn? to
900 nm in thickness and deposited by IBAD on a polycrys-avoid degradation on the films due to overheating of the
talline YSZ substrate. It was 230 nm thick and hag-acan  proved volume. Raman spectra were recorded in backscatter-
FWHM using the(102) reflection of 7.5°. The other two ing geometry. The samples were mounted on the rotation
IBAD-coated conductors were prepared by depositing &X-Y stage of the microscope.
1.6-um-thick YBaCu;O;_, film by a high rate PLD, on a Two scattering geometriegyolarized and depolarized
nonmagnetic Ni-Cr stainless steel ribbon of 1@ buffered  were used to obtain Raman spectra of the YBCO films. Spec-
with a biaxially textured YSZ layer of 900 nm in thickness tra are called polarized when the directionsepfind e, are
and deposited by IBAD® IBAD-b had a ¢-scan FWHM  parallel to each other, and depolarized when they are perpen-
value of 12.7° and IBAD-c had &-scan FWHM value of dicular(g andes denote the directions of polarization of the
17.2°. incident and scattered lightA correction factolK=1.9 was

The three RABITs-coated conductors were prepared bypplied to the spectra measured in polarized configuration, to
growing a YBCO film by a Bak ex situ process using correct for the efficiency of the collecting optics and spec-
evaporated precursors on a cube textured Ni tape microatrometer in this configuration.
loyed with 3% W with buffers of N1 um), Y,05 (20 nm),
YSZ (150 nm, and CeQ@ (20 nm.'® RABiTs-a was
0.32 um thick, RABIiTs-b was 1um thick, and RABITs-c
was 2.4um thick. Their FWHM ¢ scans were 5.3°, 5.2°,
and 6.6°, respectively.

In order to summarize the quality of the samples ana- Two phonon peaks in the Raman spectrum have been used
lyzed, we present in Fig. 1 the critical current densiy,at  in the structural characterization of YBCO thin films. The
77 K for the seven samples as a function of théiscan  peak at 340 cit (B1g-like) associated with the out-of-phase
FWHM (A¢) using the (102 x-ray diffraction reflection. vibration of the @2)-O(3) oxygen atoms in the Cuplanes,

The critical current densities have been determined inducand the peak at 500 crth an A; mode involving the apical
tively as reported in Ref. 17. Notice thag follows the ex-  oxygen atoms @) vibrations!®® By using the integrated
ponential decay with the misorientation angle in agreemenintensities of these two Raman modes for different sample
with the literature® which further evidences that the degree geometries we have developed a methodology to determine
of biaxial texture is the main factor determining the critical the biaxial texture of coated conductors taking into account
currents in these granular materials. the distribution function of the misoriented grains. However,

Micro-Raman measurements were carried out using theve have first determined their out-of-plane orientation
5145 A line of an argon-ion laser at room temperature with auniaxial texturg. In this case, we have applied the same
Jovin-Yvon T-64000 Raman spectrometer attached to aprinciples reported in Ref. 12 to determine the uniaxial tex-
Olympus microscope and equipped with a liquid-nitrogen-ture of coated conductors, and specificays explained in
cooled charge coupled device detector. Two focused lasehe next sectionwe have determined the local uniaxial tex-

spot sizes on the sample were used, or 10 um in diam-

Ill. RESULTS AND DISCUSSION

A. Uniaxial texture
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ture to estimate the size and distribution of the and ' T
c-oriented crystals. (@) 0(2,3)-B,

In the nearly tetragonal symmetry, the Raman tensors 9
RBlg and RAg corresponding to the @)-O(3) and Q4)
modes have the forms

Xg,, 0 0 Polarized
D -
c Depolarized
Xa 0 O ..Q
9 [ - T T T T T T T
Ry=[ 0 ya O (1 —
A g o5 [ m) 0(4)-A
0 0 ZAg g 9
For our calculations we have used the values of the Raman 3=
tensor elements taken from Ref. 12, and they af\g.:yig 8 0(2,3)-B,, Polarized
=2,7; =100,x5 =Yg =8.5. ()

Remember that the Raman intensity for a given phonon

mode is proportional to WWM«

l<|eg-R-gf ) Depolarized
wheree; andes denote the polarization directions of incident —
and scattered light, respectively, aRdis the corresponding 200 300 400 500 600 700
Raman tensor for the vibration mode being considered. 1
According to the Raman scattering selection rules and Raman shift (cm' )
with the Raman tensor elements given earlier, tHg ,3)-
B1g mode should be strong for grains whiclaxis is oriented FIG. 2. Polarized and depolarized Raman spectra for two YBCO

perpendicular to the substrate plajeaxis oriented grains  |BAD-coated conductors with different fraction afaxis oriented
while the 4)-Ay mode should appear weak; the opposite isgrains, 8. () §=0.92+0.05,(b) 6=0.03+0.05.
expected fora-axis oriented grains. Therefore, the determi-

nation of thec-axis fraction is a measure of the uniaxial F(Zze +Xi)—X§1
texture quality. 6= (2 —x )+ (5)
; ; ; A B
Figure 2 shows typical Raman spectra of two different Ag g 1g

YBCO IBAD-coated conductors with polarized and depolar-  |n Eq. (4), the total intensity, for each mode, is the sum of

ized scattering geometries. Figur@pshows the typical Ra-  the integrated intensities in the polarized and depolarized

man spectra of a sample with a large fractioncaixis ori- spectra. For the total intensity, _ of the O2,3) mode, we

ented grains. On the contrary, the strong intensity of theyeiermined the integrated intensities by fitting the peak with

O(4)-Aq phonon mode of Fig. ®) is an indication of a film 5 Fang profilg?® and for the total intensity, of the O(4)

W'tlh a Igrge fract|on_ ob;]amfs or_lentgtfj gragns. o d mode, by fitting the peak with a Lorentz profile. Th&alues

n order to quantify t e fraction ot- anda-axis oriente extracted from the Raman measurements for the two samples

grains in a film, we consider that the intensity of the Ramandisplayed in Figs. @) and 2b) are 5=0.92+0.05 and

signal is the sum of the intensity of the c-axis oriented part 5 53,4 o5 respec.tively T

andl, of the a-axis oriented part of the filfd This simple model does not include any distribution of
=8+ (1-0)l, (3) g(ain _tilting with respect to perfect on-axis orientation iden-

tified in x-ray diffraction as the FWHM of the scan(Aw).
According to this equation, the parameteis close to unity  However, all the samples investigated in this work shiow
for c-axis oriented films and close to zero faxis oriented  always below 5°. We have estimate an error value in the

films. S-parameter determination below 3% for neglecting the grain
The c-axis oriented grain fractiong, can be then calcu- tilt for samples withAw <5°.
lated from the Raman intensity ratio Figure 3 shows the values férextracted from the Raman
measurements as a function of the FWHMscan x-ray dif-
[ = ﬂ;' 4) fraction data of the(102) reflection for all the different

coated conductors investigated in this work. Notice that all
seven samples analyzed hafealues above 0.9 indicating
and the Raman tensors element values of tt,8)-B,gand  that less than a 10% of the sample reelxis grain growth.
O(4)-Ag modes, using the equation We demonstrate that there should not exist any correlation
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FIG. 3. Fraction of-axis oriented crystalsj, extracted from the 0.2 .
Raman measurements as a function of the FWkthgcan x-ray 00- (b) ; ]
diffraction data(102) reflection for all the different coated conduc- o ‘ é ' 1'0 1'5 ' 2|0 ' o5
tors investigated in this work. Distance (um)
between the degree ofaxis grain fraction and the distribu- FIG. 4. 5 values obtained along line scans measured withn
tion of in-plane grain orientations. spatial resolution on samples RABIT¢a), and IBAD-b (b).

The S results, obtained by averaging five different Lt
laser spot Raman measurements, were compared to the . : .
c-axis grain fraction deduced from x-ray diffraction patternstt1he experimental errdisee Fig. 4a)], whereas IBAD-b is a

recorded in the Bragg-Brentano geometry taking into ac-d ominantc-crystal sample with the appearance of some

count the structure factor of the Bragg reflectidh&® A Z%)S]ta\lflé g(f);ju"é;nthséﬁﬁigﬁ)rlg(;rmgndslsggféiggee iglag.ver
fairly good agreement within a 5% was obtained between the >/~ P Py y

. . Suitable technique to determine the uniformity of the uniaxial
two methods. This demonstrates that micro-Raman SpeCtrO?éxture of coated conductors, to identify the appearance of
copy is a very suitable technique to determine thaxis o ' . bp .

; . . _crystals even in higle-crystal fraction samples and to esti-
grain fraction of coated conductor samples. In the foIIowmgmate their size and distribution
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 The intensity of the Raman signal in crystalline YBCO
YBCO,?! these analysis may be useful to determine deptistrongly depends on the scattering geometry and the relative
profiles of c-axis grain fraction in thick coated conductors orientation between the sample and the polarization direction
(>1 um) which are unable to be acquired by x-ray of the incident and scattered light. This makes it possible to
diffraction. 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

Micro-Raman scattering offers the unique possibility todirection of the incident laser, the scattered intensity for
perform Raman-microprobe scans and to test the structure €¥(2,3)-B,q and Q4)-A; modes in polarized and depolarized
the films at a microscopic level. We have tested this capabilgeometries oscillates generating an angular modulated func-
ity in some of the coated conductor samples analyzed in thison. We are interested in developing a simple and truthful
work, both concerning the degree®éxis grain fraction and method for easier and practical characterization of in-plane-
the degree of in-plane orientatigas it will be described in texture of YBCO-coated conductors which in addition takes
Sec. Il D). into account the distribution of misoriented grains.

Figures 4a) and 4b) show line scans of um resolution We are dealing with textured coatings characterized by a
performed to the samples RABIT-c and IBAD-b, respec-narrow grain misorientation distribution, directly related to
tively. These measurements have enabled to determine tliee FWHM of the ¢-scan XRD spectrédl.7°<A¢$<17°).
degree ot-axis fraction in each measured position following As we have seen in Sec. Ill A and Fig. 3, the samples inves-
the model described in Sec. lll A and, therefore, we havaigated in this work have high values éf therefore we are
evaluated if the YBCO layers have long range order oveigoing to consider the simplified equations wifl=1 as a
distances much larger than the diameter of the focused lasgood approximation for determining the degree of in-plane
beam. For this reason the laser spot used wasum. No-  orientation of YBCO coated conductors with a high degree
tice that sample RABIT-c is a perfecicrystal sample within  of c-axis grain fraction.

C. In-plane orientation

B. Local evaluation of uniaxial texture
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The angular dependence of the Raman interigity scat-

tered from a coated conductor sample is dependent on th
grain misorientation distribution present in the particular

sample. The rotation anglg 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 equationC¥

()= 2 P& (0+6),

i=0

(6)

where P;(6,) is defined as the fraction of crystals with a
misorientation angl®, according to some angle distribution
function, andl(¢+6,) is its Raman intensity angulas de-
pendence.

From Eq.(6) we derived the expressions for the intensity
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dependence on the rotation angle of the depolarized spectra fig. 5. Theoretical dependence of the texture paran@tes a

for the O2,3) mode, see Eq.7):
I5,(¢) =406,

X{A—Sf WP(&)sinz 6 cos 0d9}

+a
Xsir? ¢ co ¢ + 4a><§lgj P(6)

X sir? 6 cos?6de, (7
whereA is the total grain population, verifying
A=J P(6)dé. (8)

According to Eq(7), the scattered intensity has a tekin
oscillating in ¢ like sir® ¢ cos ¢, and ag-independenk,
term

k1=4é>(élg{A—8J WP(e)sinz 6 cog ma}. (93

and

+r

P(9)sir? 6 cos 6d6 (9b)

ko= 40%3 f

and therefore,

Iglg(w) =k, Sir? ¢ cog ¢ +ko. (90)
The magnitude of the term oscillating ip is a direct
measure of the degree of texture in a given sample. We ¢
define a texture paramet€;, as the coefficient of the term
oscillating in ¢ in a given sample normalized to the same
coefficient for a perfectly epitaxial oriented filntk;

:4Aa><§lg):

ke
ky ky ko
= = = . 10
Q 4Aa><§lg ky + 8k, ﬁ+8 (10)
ko

a

function of the FWHM of three different grain orientation distribu-
tion functions. Dots are the experiment@. values determined
from micro-Raman measurements using ) for all the samples
analyzed as a function of the FWHMscan(102) x-ray diffraction
reflection.

A highly textured sample will be characterized by values
of the Q. parameter close to unity. On the contrary, poorly
textured samples will hav@®. values close to zero.

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

1B, (#)= axglg{A— 8 f ’ P(6)sir? 6 cos’ 9d0}

X (sir? ¢ — cog ¢)?

+ 4&@19 J

+a

P(6)sir? 6 cos 6de (119

or,

1,,(9) = Gka(Sir? ¢ = coS @) + k. (11b
This formulation enables us to assume different distribu-
tion functions,P(6), 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-
rﬁtical dependence of the texture parame@gr,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 partga simple 1 or 0 modgl The intensity of the
signal scattered from the perfectly oriented fraction is depen-
dent of the rotation angle, and the intensity scattered from
the randomly oriented fraction i@ 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, th@, parameter value decays very
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L 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 (2, 3)-B,y mode measured in the depolarized scatter-
ing configuration using Eq9c). The values ok; andk, are
determined from the numerical fit to the experimental Raman
data.Q, can be directly calculated using E{.0) from the
value ofk;/k, evaluated from the fit to the experimental data.
ExpressingQ. as a function of thé,/k; 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(8) 3)-B,; mode in the
depolarized geometry for IBAD-b sample are displayed in
Fig. 6@). Also shown is the corresponding best fit function
according to Eq(9c¢). The value ofQ, obtained for this par-
ticular case when applying E@10) is Q.=0.68+0.05. For
samples with6>0.9, that is the case for all the samples
analyzed in this work, th@, values estimated from E{LO)
differ in less than a 3% from those determined considering
— 1 1+ 1 v T T 1 the c- anda-axis crystal population.

0 20 40 60 80 100 120 We have confirmed that the value @f obtained from the
i fit to the depolarized configuration, also fits the angular de-
Rotation angle (Degree) pendence of the Raman intensity of th€208) mode when
measured in the polarized scattering configuration. We show
in Fig. 6b), the experimental angular Raman intensity oscil-
lations of the @2,3) phonon mode measured in polarized

FIG. 6. Angular dependence of the integrated Raman intensitgcattering geometry for the IBAD-b sample together with the
of the 02, 3)-B;g Raman mode in IBAD-b sample measured in the calculated intensity oscillation using E@L1b) and the pa-
depolarized geometra), and in the polarized geomety). The  rameter values encountered in Figa) Notice that a good
lines are the best fit values wi=0.92, andQ.=0.68+0.05. agreement is obtained between theory and experiment. Simi-

lar agreement is also obtained for the other samples. There-
fast to values close to zero. A similar model was previouslyfore, we can conclude that in order to determine @epa-
assumed in Raman studié$? analyzing the biaxial texture rameter only the depolarized Raman spectra is required to be
of YBCO films. analyzed.

In order to formulate a more realistic view of the coated Figure 5 also displays th@. experimental values deter-
conductor samples, a Gaussian and a Lorentzian distributiomined by using Eq(10) as a function of the FWHMp$-scan
of the grain orientation have instead been considered witli102) reflection for thec-crystal domain for all the samples
the appropriate normalizations of E¢B). Figure 5 shows analyzed. A relationship is obtained between @eparam-
that the decay of the texture parame@y with increasing eter determined by micro-Raman and the x-gagcan data,
FWHM of the distribution is moderate for the Lorentzian indicating that indeed both parameters are quantitatively re-
grain distribution and it goes to zero at an slower rate for dated to the degree of biaxial texture of YBCO- coated con-
Gaussian grain distribution. It is clear from this theoreticalductors. Furthermore, it can be seen that an extremely good
study that the underlaying physics of the material will beagreement with the experimental Raman results is obtained
determined by the particular distribution of the misorientedwhen using the Lorentz distribution function in our model.
grains, and therefore these results validate the importance d¥e conclude then, that micro-Raman is an interesting tech-
modeling the Raman scattered intensities by using distribunique to investigate the grain orientation distribution func-
tion functions. tion of coated conductors.

From the experimental point of view, the intensity modu-  Moreover, the exponential decay &f with in-plane tex-
lation were verified by rotating the sample fropx0° to ¢  ture presented in Fig. 1 can now be described by @he
=120° and measuring the corresponding polarized and deptexture parameter, as shown in Fig 7. This figure shows the
larized Raman spectra every 6°. The samples were mountetirect relationship existing between ti parameter value
on a rotational microscope table whose perpendicular axisalculated from the micro-Raman measurements in different
was carefully aligned with the optical axis of the microscope kind of coated conductors and the critical current densities
so that always the same spot of the film remained in the).. Micro-Raman scattering appears then as a technique to
focus during rotation. In Fig. 6, we show the angular modu-also investigate the superconducting properties of coated
lation of the integrated Raman intensity of th€203) pho-  conductors.

Integrated intensity (arb. units)
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texture parametdd,, 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 @,3)-B,;; Raman mode and the corresponding
_ o best fit function(dotted ling according to Eq(9c¢) for the IBAD-
D. Local evalution of biaxial texture a sample. Th&), value obtained is 0.77+0.05.

We have next evaluated the feasibility of micro-Raman to
determine the uniformity of the in-plane texture of coatedprocedure presented in this section enables to tackle this in-
conductors. We have used the model described in the previcestigation with a reasonable time investment.
ous section to estimatg, 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 IV. CONCLUSIONS
evaluate the local biaxial texture of YBCO-coated conduc- e have demonstrated the high potentiality of micro-
tors. We determined the intensity oscillations only by meagsman spectroscopy for nondestructive biaxial texture
suring the depolarized scattering configuration of the;n,is of YBCO-coated conductors. A simple methodology
O(2,3)-B,; Raman mode at angle steps of 45° between 045 heen developed adapted to coated conductors based on
and 135° in order to minimize the measuring and evaluationhe specific Raman selection rules for YBCO and polarized
times. This experimental simplification will enable us to de-Raman scattering experiments. Detailed information on the
termine the structure paramet@ in several sample posi- gpjtaxial quality of the superconducting films is obtained
tions in a reasonable time scale. from two parametersc-axis oriented grains fractions, and
Figure 8 shows the experimental values of the angulaghe gegree of the in-plane orientation of therystals,Q,.

intensity dependence of the depolarize®(B)-By; Raman e have theoretically modeled the Raman scattering intensi-
mode and the corresponding best fit function according to

Eq. (9¢) for the IBAD-a sample. Th&), value estimated for 1.0
this particular sample and position according to Edf) is
Q.=0.77+0.05, which is within the error bar of the value
extracted from the full oscillation analysis shown in Fig. 5 0.94 .
(Q.=0.75+0.05. This justifies the reduction of the experi-
mental measurements down to fapwalues for the determi-

of in-plane texture using the simplified model just described 0.7~
are presented in Fig. 9 for the IBAD-a sample. These results
confirm that the in-plane texture of this particular sample is

. 0.8+ .
nation of Q..
The first attempts to evaluate the uniformity of the degree0° ] } E ]

uniform, within our experimental accuracy, over large re- 061 ’
gions of the YBCO conductor.

In view of these results, we conclude that micro-Raman 0.5 r T y T .
scattering is a powerful technique to evaluate the uniformity 0 1 2 3 4
of the c-axis grain fraction and in-plane texture of coated Distance (mm)

conductors, and hence, of the uniformity of the critical cur-

rent which we have demonstrated to be directly related to the FIG. 9. In-plane textureQ., of IBAD-a sample evaluated in
degree of in-plane texture. Moreover, we have shown that @ree different points with a 1@m laser spot according to the
simplified modification of the model and the experimentalsimplified model described in the text.

094525-7



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

ties using different grain misorientation distribution func- been demonstrated for coated conductors and a simplification
tions and defining th€. parameter accordingly. The analy- of the model developed has been presented in this case.
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, t@atis a

true parameter to extract the degree of in-plane texture and This work has been supported by MCY(MAT2002-
grain misorientation distribution of YBCO coated conduc-02642, Generalitat de CatalunyéSGR 2001-00189 and
tors. The feasibility and uniqueness possibility of micro- CeRMAE) and EU(SOLSULET G5RD-CT2001-00550Fi-
Raman to study the biaxial texture sample uniformity hasnancial support from AECI is acknowledged.
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