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We report the growth and properties of a-axis oriented GdBa,CusO,-a high T, thin films on
(100) SrTi03 substrates by dc magnetron sputtering. It is found that GdBa,Cu,O,-s
films on
(100) SrTiO, exhibit a-oriented growth at higher substrate temperatures compared with
YBaQtsO,-& films. By utilizing low-temperature-grown u-axis GdBazCu,O,_.s films (200 A in
thickness) as a self-template, pure a-axis films can be grown at elevated temperatures. The
growth of b-axis film on vicinal ( 100) SrTiOs under similar growth conditions is also reported.
Non-c-axis-oriented 123 high T, thin films may be advantageous for applications in tunneling and Josephson devices because of the substantially longer superconducting
coherence length &, in the planes ( 12-15 A) than along the
c-axis (2-3 A) (GBCO). Among the variety of non-coriented films reported to date,lA in situ a-oriented
YBa,Cu,0,-6j-YBC0
films appear attractive because of
the very smooth surfaces produced.’ It is well established
that YBCO and related materials, such as EuBa2Cu307--6
exhibit u-oriented growth on lattice constant matched substrates, e.g., SrTiOs (STO) and LaAlOs, at reduced substrate temperatures.4-7 These low-temperature-grown
a-oriented films show a suppressed superconducting transition temperature, T, of 80-85 K, probably due to disorder in the films, inherent to low-temperature growth. One
possible approach to obtain higher quality in situ a-axis
films is to develop a growth technique at higher substrate
temperatures
( T,).
Inam et al. * used an a-axis
PrBa$u,O,-a
film as a template followed by the deposition of an u-axis YBCO film at higher T, They observed a
high T, onset of 92 K and smooth surfaces although these
were grown at high temperature. a-axis growth of YBCO
at higher T, where c-axis orientation usually is found, suggests that other factors in addition to the usual lattice
matching play an important role. Earlier,g we have found
that DyBa,Cu,O,-a
grows (110) oriented on (110)
LaBa,Cu,O,, at substrate temperatures up to 700 “C.
In this letter, we report the growth and properties at
a-axis oriented GdBa,Cu307-8
(GBCO) high T, thin
films on ( 100) ST0 substrates by dc magnetron sputtering.
By utilizing low-temperature-grown
a-axis GBCO films
(200 A in thickness) as a self-template, pure a-axis films
can be grown at elevated temperatures higher than those
used usually for YBa,CusO,-a. The growth of b-axis film
on vicinal (100) ST0 under similar growth conditions is
also reported.
The details of the fabrication technique have been previously described. lo We use here two methods to prepare
u-axis GBCO films. First, a set of films are grown at dif“On leave from the Corporate Research and Development Laboratory,
Tonen Corporation, l-3-1 Nishi-Tsurugaoka, Ohi-Machi, Saitama 354,
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ferent T, to determine the epitaxial behavior versus T,T
Next, we investigate a two-step-T, deposition, in which the
first 10% of the total thickness of a film is grown at lower
T, [ ( =: 600 “C) at which GBCO film shows perfect a-axis
growth], and then T, is increased to the final value. The
deposition of the film is uninterrupted while T, is increased. The film thickness deposited during this transition
period is 5%-10% of the total film thickness of ~2000 A.
The orientation of the films are studied by 8-28 x-ray diffraction (XRD) using CUK, radiation. The mosaic spread
of the a-axis grains is measured from the 0 (rocking curve)
scan along its (200) reflection. The volume percent of the
a-axis oriented sample is estimated from the (005) and
(200) reflection intensities and their FWHMs of both 0-28
and 13scans. The superconducting transition temperature
T, is measured by the conventional four-probe resistive dc
method. T, quoted in this study is the estimated substrate
temperature, which is calibrated using a secondary thermocouple in different runs, and is =: 100 “C lower than the
substrate carrier temperature.
Figure 1 shows the a-axis volume percent, the mosaic
spread of a-axis domains, and the T,‘s of the films. For the
two-step-T= films, the final T, is shown in the figure and the
results for YBCO films are included for comparison. Although YBCO lIIms studied here ( ~900 A in thickness)
are thinner than GBCO films ( -2000 A), comparison is
possible since we found the film properties to be only
slightly affected by thickness in this range. It is clear from
Fig. 1 that GBCO exhibits u-oriented growth with a narrow mosaic spread of 0.07”-0.08” (instrumental broadening
-0.030) at higher T, than YBCO. This could be explained
by the better lattice constant match of GBCO than
YBCO” with ST012 (the bulk lattice constants are STO;
a=3.90 A, YBCO; a=3.82 A, b=3.88 .& c/3=3.89
A,
GBCO; a=3.84 A, b=c/3=3.90
A). The films grown at
lower temperatures show a depressed T,, perhaps due to
disorder which is not resolved by the x-ray diffraction
method.i3,i4
With the constant-T,r method, the best result for
GBCO films (a volume =: lOO%, midpoint transition temperature T,=86.4
K, 90% to 10% transition width AT,
=5.4 K) is obtained at T,=640 “C!, which is 80 “C higher
than the optimal T, for YBCO. By applying the two-stepT, method, we found the T, can be further increased. It
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FIG. 2. Representative 0-20 XRD spectra for a-, b-, and c-axis
GdBa,Cu,O,-,
films on (100) SrTiO,, b-axis film was grown on 18
faceted (100) SrTi03 and XRD spectra were taken around the [IOO]
SrTQ direction. Indexing in the figure for GdBa2CuA0,--6 films; (lOO),
and (200), denote SrTi03 reflections.
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FIG. 1. (a) u-axis volume percent, (b) a-axis grains mosaic spread
[FWHM of the rocking curve scan along the (200) peak], and (c) r, as
a function of substrate temperature, r, for YBa,Cu,O,-s
and
GdBa,Cu,0,-6
films. In (c), the symbol denotes the midpoint r, and
error bars show the 90% to 10% resistive transition widths. Open circles;
YBa,Cu,O,-b films (z-900 A), solid circles; GdBa,Cu,O,-G films, solid
diamonds; GdBa2Cu307-6 films by the two-step-l; method, solid triangles; GdBa,CqO,-6 films by the two-step-Tsmethod from the 1:2.05:3.10
composition target. All GdBa,Cu,0,-6
films are of ,-2000 8, in total
thickness. Some data points are shifted 5 K along the temperature axis for
clarity of display. The lines are guides to the eye.

was reported earlierI that the a-axis oriented growth of
YBCO is very sensitive to cation composition of the sputtering targets and that copper-rich targets together with
low substrate temperatures are necessary for the successful
growth of a-axis YBCO films on ST0 and LaA103. We
have also found the a-axis film properties to be very sensitive to small changes in the target composition. A slightly
barium and copper rich target gives the optimal T,
-670 “C while the stoichiometric target gives the best result at ~730 “C. In both cases, however, a midpoint T,
larger than 90 K with AT,‘=3 K can be obtained by the
two-step-Ts method. For c-axis films, slight changes in target composition result in almost negligible changes in film
properties.
Figure 2 shows a representative 0-20 XRD spectra of
a- and c-axis films. The figure includes the XRD spectra of
a b-axis film grown on (100) SrTi03 18” faceted towards
the [OIO] direction obtained by the two-step-Ts method
with the final T,z750 “C. The XRD spectra taken in the
standard 0-28 geometry with the beam and detector in the
plane formed by the [loo] and [OlO] ST0 axes only allows
access to a restricted angular range 20 > 36” in Fig. 2(b).
We identify this film as b-axis oriented from the following
characteristics; ( 1) No (ZOO) reflection is observed in the
XRD spectra and (OOn) reflections are much weaker for a
c-axis film. (2) The ST0 (200) reflection has 8 scan
FWHM of 0.08”, wider than the 0.03” for the same reflection from the bare substrate without GBCO film. This in-

dicates an overlap from the GBCO (020) reflection. (3)
Normal state resistivity of the film [Fig. 3) is of the same
order as a-axis film and much higher than c-axis film. To
estimate the volume fraction of c-axis crystals, the (007)
GBCO peak intensity and FWHM of 8-28 and 8 scans are
measured in both the b- and c-axis films. By comparing the
normalized (007) reflection intensities we estimate the baxis volume percent to be at least 90%. In this film, the b
axis of GBCO is parallel to the [loo] ST0 direction, at 18”
to the substrate normal. The final a or b orientation of the
films is determined during the low-temperature oxygen
soaking procedure, since GBCO is tetragonal at the deposition condition. l6 On the vicinal STO, a better lattice
match is obtained between the GBCO b axis and the (010)
ST0 plane, which may favor the growth of b-axis films.
Representative resistivity versus temperature curves
are shown in Fig. 3. a- and b-axis films have z 10 times
higher resistivity at room temperature than similar c-axis
films, which may be explained by the dense 90” grain
boundaries found
in in situ a-axis films.5’8 A
semiconductor-like p(T) behavior of a-axis films was
found earlier in the literature.4 Although metallic behavio?* is usually reported, we found that p( 300 K)/p( 100
K), which characterizes the metallicity of the sample, decreases with decreasing final T, in the two-step-grown
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FIG. 3. Resistivity vs temperature curves of GdBa,Cu,0,-8
films with
(a) a- oriented by the two-step-T, method, (b) b-axis oriented by the
two-step-T, method, and (c) typical c-axis oriented film.

Nakamura et a/.
2599
Appl. Phys. Lett., Vol. 61, No. 21, 23 November 1992
2599
Downloaded 22 Jun 2009 to 132.239.69.137. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp

films. We note that a-axis YBCO and GBCO films grown
by the constant-T, method at lower temperature exhibit a
positive slope in resistivity; however, p( 300 K) are similar
to the two-step films in Fig. 1. Our optimized a-axis films
grown by the two-step method show relatively sharp 90%
to 10% transitions but often exhibit a small resistivity tail
to lower temperature; typical zero-resistance T, is 80-85
K. Note that the b-axis film shows a sharp superconducting transition of AT,=2 K and zero-resistance T,> 89 K.
This behavior suggests the possibility of crack formation in u-axis films, like in ( 110) r’ oriented films where the
cracks increase with increasing T,. In spite of this speculation, we find that our u-axis films exhibit very smooth,
featureless surfaces under optical and scanning electron
microscope inspection down to a resolution of 50 A before
and after light bromine etch. It is not clear, therefore, why
the b-axis films show metallic behavior, whereas a-axis
films grown under almost identical conditions exhibit semiconducting characteristics.
For a-axis films, the properties degrade with increasing
T, above the optimal temperature. We expect that the inclusions of c-axis growth caused by higher T, would not
reduce T,. We are left, therefore,to conclude that crack
formation caused at higher T, by the differential thermal
contraction together with the stresses caused by the mixture of the a and c axis, may explain the T, degradation.
Further indirect evidence for crack formation is also provided by independent tunneling measurements presently
under investigation.
In conclusion, we have grown a- and b-axis oriented
GBCO and YBCO films at moderately elevated temperatures, on self-templates grown at lower temperatures. Xray and transport measurements show them to be of high
quality. There are some indications of crack formation in
the a-axis films.
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