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Influence of Porosity on the Critical Currents of
Trifluoroacetate-MOD YBaCu; O Films
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Abstract—The influence of porosity on the superconducting Il. EXPERIMENTAL DETAILS
properties have been investigated on YB#ZCuzO7 thin films L . .
deposited on LaAlO; (100) substrates by the so-called Triflu- ~ Samples are YB&uw O thin films grown by spin coating
oroacetate (TFA) route. Micro-Raman spectroscopy have been Stoichiometric trifluoroacetate precursor solutions onto
used to determine the concentration ot-axis grainsé in different  (100)-oriented LaAlQ@ substrates. Spinning rates (up to 6000
samples and their influence on the final film porosity as observed r.p.m.) and solution concentration (1.5 M) were chosen to

from SEM imaging. This has been compared with measurements . L e : . ’
of resistivity and critical currents in the same samples. We prove obtain thin films of thickness in the order of 250 nm as deter

that this & fraction is the main parameter controlling the porosity ~Mined from profile measurements and optical interferometric
and hence the normal-state resistivity of the thin films. The methods. After spinning the wet films were calcined in three

optimization of the microstructure of these YBaCusOr TFA  steps: First, pyrolysis of the organic material was performed
films allow to have high critical currents : J, = 3 x 10° A/cm? and films were heated up to 40Q in a moist @ atmosphere.
at7r K. Second, crystallization of YBCO films was done at high
Index Terms—Coated conductors, critical currents, supercon- temperatures in a wet atmosphere wittlRO) = 73 mbar and
ducting thin films. P(O;) = 0.2 mbar. The films were kept at high temperature
just the time required for completing the reaction (typically one
|. INTRODUCTION hour forT ~ 800°C) to avoid degradation after film growth
. ) due to the wet atmosphere. In this way, we can assume that
X-SITU growth of YBaCwO; (YBCO) using trifluo-  {he microstructural characteristics of the TFA films are mainly
roacetate (TFA) precursors is a very promising alternativgie to growth mechanisms directly related to temperature
for low cost fabrication of coated conductors [1]-{4]. One ofitgng atmosphere conditions of the reaction (thus, neglecting
main advantages is that this route allow to grow pure YBC@e influence of extra sintering time). Samples with different
phases at low reaction temperatures [1]. This is useful to av@jgrosities were achieved by modifying reaction parameters as
the formation of BaC@ or any reaction with the buffer layersthe temperature (from 700 to 83Q) or the reaction atmos-
[5]-[8]. On the other hand, high critical currents in YBCO fi|m5phere_ Finally, films were oxidized at 48C in flowing O, for
are usually obtained at high reaction temperatures. Thus a m&orminutes.
challenge to this route is to obtain critical currents as high asFilms were systematically characterized by X-ray diffraction,
possible while keeping low reaction temperatures. This can rREM and AFM after the different processing stages. Although
be achieved without a full control of the microstructural factomsiore details will be given elsewhere [15] we should note that
which may influence the film quality. However, and in spite ofjuality of the films strongly depends on the parameters con-
the numerous experimental efforts, there is still a lack of unddrolling spin deposition and pyrolysis steps. Thus, these two
standing of the influence of the different processing parameté®cesses were optimized in this work to avoid the formation
on the final superconducting properties [2]-[4], [9]-[14]. of macrosegregations which could lead to the presence of sec-
In this work we have investigated the influence of growth cortndary phases or to the degradation of epitaxy [15]. Qualitative
ditions on the microstructure of YBCO thin films. In particulainformation on the final porosity of the films was obtained from
we will show that, in order to strongly reduce the porosity oPEM imaging. Micro Raman spectroscopy;(= 514.5 nm)
the thin films, the-axis grain growth should be enhanced. As &/lowed us to determine the orientation of the grains at a mi-

consequence superconducting properties, resistivity and critiEgimetric resolution (see below) [16]. Normal state dc trans-
current, will be dramatically improved. port properties were measured by a usual four-points technique.

Critical currents were obtained from inductive measurements

(SQUID magnetometer and ac third-harmonic susceptometer).

The main error source affecting the absolutd’) and J.(T")
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Fig. 1. SEM images of two YBCO thin films: (a) well densified, low . \ . , . . ) , )
porosity film and, (b) highly porous film. Note also the strong difference in the

concentration of:/b-axis grains between both samples and how in (b) pore: 200 300 400 500 600 700
are mainly associated to these a-axis grains.

Raman Shift (cm'l)

typical example of a well densified thin film. Here only some. . ) . . )
b d ti d ietl if ig. 2. Polarized and depolarized micro-Raman spectra of two typical regions:
pores can be seen and a conunuous and quietly unirorm “with low porosity and small concentration @f b-axis grains and (b) with

trix is observed. Also, a few /b-axis grains have been foundhigh porosity and an important concentratiorugb-axis grains.
with a typical size of lum. In contrast, SEM image of Fig. 1(b)
illustrates the case of a high porous thin film. The difference% .
. . . Wherez,,, a4, £p14 are the Raman tensor elements arid
between both pictures are evident. The two main features hn . : . . .
the Raman intensity ratio = Ip;,/14, Of the total intensities

Fig. 1(b) are _the dom|_nant presence of pores over _the mat |‘.Xe., the sum of the integrated Raman intensities in the polarized
and a huge difference in the relative proportioru@b-axis ori-

. . . . and depolarized spectra) of the O (2/3); and O(4)A,, active
ented grains although the average size remains essentially un- 1 . .
: . modes observed at 340 crhand 500 crm!, respectively. Fig. 2
changed{ 1 um). An interesting fact that we can observe from :
shows two typical examples of the measureBaman spectra

a care_ful looking at Fig. 1(b) is ‘h"’_‘t pores seems to be alwg th a spot size of 1@m. Fig. 2(a) is a spectra taken in a region
associated to the presence«h-axis oriented grains. To un- ite similar to that of Fig. 1(a) with almost ng/b-axis grains.

derstand this we should keep in mind that the growth ratef?:%e estimated-axis fraction in this region was ~ 0.9. In

much faster in the-planes than along-direction. Thus when contrast, Fig. 2(b) represents a region similar to that of Fig. 1(b)

an a/b-axis grain nucleates it takes as much material as p(@l—th a higher presence af/b -grains. In this casé was found

sible from the surrounding areas in order to increase its Ienq0 have a much lower value &f ~ 0.3. Although the precise
%ea[{)e ?;;?'?:h;};ontgie hstl)‘lcg’isr:ra::;isAs rZi:;StL:)I t fitIkI]?rrlee |saa I;1::(d)efpendence of this fractighon the growth conditions deserves
g g 9 gap erHore experimental studies it seems that the temperature reaction

tweena/b axis nucleation centers, and pores are thus form .

Therefore, in these TFA-YBCO samples it seems that the m a}ﬂd the RH,0) of the reaction atmosphere are key factors. In
P . P . . articular we have systematically observed that, when keeping

factor controlling the porosity is the relative concentration

. . . X . . others parameters constant, at higher reaction temperatures
a/b-axis oriented grains. This concentration can be quantlflede b 9 P

) . correspond higher values 6f(i.e., less fraction ofi/b-grains)
from pu-Raman spectroscopy measurements. dagis grain o !
. S : and, consequently, lower porosities. Also, the quality of the wet
fraction ¢ is given by the equation [17],

films after spinning and pyrolysis steps seem to be crucial in the
final morphology of the samples [15].

_ 9 9 9 1) Now we will look at the influence of porosity on the normal
+p,, state properties of the thin films. Fig. 3 shows the temperature
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Fig. 3. Temperature dependence of the resistivity for three thin films wiffig. 4. Relationship between the measured room temperature resistivity,

different c-axis grain fractiong. Resistivity increases with the/b-axis grain (300 K), and thec-axis grain fraction, s calculated from u-Raman

fraction, i.e, with higher porosities. measurements for YBaCuO thin films with different porosities. Dashed line
is a guide to the eye.

dependence of the resistivityT') for three thin films with dif-
ferent values ob. First, a normal-state linear behaviel') =
po+ AT (solid lines in Fig. 3) withp, ~ 0 is observed for all the
samples here studied. As critical temperature vdlue- 90 K
indicates an optimal doping, this linearity suggests that elec __
trical transport is only governed by thé-planes and there is &
no out-of-plane or grain boundary contributions. This is in good & 1000 |
agreement with the measurédvalues, above the percolation =
threshold forc-axis grains. These are typical features of high (&
quality thin films such as those grown through vacuum pro-S
cesses [18], [19]. Second, the room temperature resistivity
(300 K) increases whetraxis fractions decreases. The lowest <
measured valug(300 K) ~ 200 pu2cm is comparable with that
obtained in YBCO single crystals [20], thus suggesting an al- 100 - L.l L
most pore-free sample. We may attribute this enhancement « 10 15 20 25 30
the resistivity to a reduction of the effective cross section of the J. (5K) (106 Acm'z)
sampleS. ; and, maybe most importantly, to an increase of the
effective percolation lengm‘%f through the sample. The reSiS'Fig. 5. Room temperature resistivip{300 K) as a function of the critical
tivity can be written a9 (T) = (1/p)pas(T) Wherep is a pa- current J. at 5 K for YBaCuO thin films with different porosities. Inset:
rameter related to the porosity of the sample which dependsﬁﬁic"’!' temperature dependepce of the critical curtgnfor two thin films
. . . with differentc-axis grain fraction.

some function of the effective cross section and the percolation
length,0 < p = f(4es, Ser) < 1. We can deduce from Fig. 3
thatp ~ 1 for the sample witlh = 0.9 whereas it takes a valuein the inset in Fig. 5. We can observe that the main difference
aslow ag ~ 0.07 for a sample witld = 0.65. This dependence between the samples is the absolute value of their critical cur-
of the room-temperature resistivity on thaxis grain fractionis rent, being the temperature dependence quite similar. Further-
summarized in Fig. 4 for the samples here studied. Note that fapre, higher critical currents/{ ~ 3 x 10° A/cnm? at 77 K
each sample the givetvalue is an average pf-Raman spectra andJ. ~ 2 x 107 A/cn? at 5 K) were obtained for the less
taken at different regions. The error bars reflect the dispersiparous samples which as seen above also correspond to the less
between these spectra. It can be seen that there is a monotomesistive samples. This close relationship between both quanti-
relationship betweef andp (300 K). This confirms the results ties is illustrated in Fig. 5 where room temperature resistivity
above commented on Fig. 1 and, in these samples, porositysisepresented as a function of the critical currents measured at
controlled by out-of-plane growth. Thus an improving scenar®K for samples having a wide range®tbetween 0.5 and 0.9)
emerges from these results: A reduction of the porosity will leaohd, therefore, of porosities. This clear correlation suggests that
to a direct and immediate enhancement of transport superctire dominant factor of the degradation of the critical current in
ducting properties. the more porous samples is the reduction of the effective cross

Finally, we have investigated the zero field critical currergection. However we can not neglect a contribution from the
J. in samples with different porosities. The temperature da-axis grains, especially in the samples where lower and it
pendence of], for two of the samples of Fig. 3 is presentedpproaches the percolation threshold fordkexis grains.
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IV. CONCLUSIONS [71

Growth of epitaxial YBaCu;O7 thin films on single crys-
talline LaAlO; (100) substrates have been investigated usingg]
Trifluoroacetate precursors. The comparison of SEM imaging
and micro-Raman spectroscopy indicates that the porosity ob-
served in these as-grown films is mainly due to the presence of
a/b-axis grains. These results suggest that the growth param[-gl
eters should be optimized in order to faveaxis growth and
to keep the relative proportion af b-axis grains under control.
This will lead to a drastically reduction of the porosity that it [t
seems to be the main factor controlling the transport properties
and therefore the critical currents in these as-grown TFA YBCC%M]
thin films.

[12]
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