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HRXRD analysis for YBa,Cu;O7-, deposited on {001} LaAlO;
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Abstract: YBa,Cu;0,-, (YBCO) superconducting film was fabricated on {001} LaAlO; (LAO) substrate by pulse laser deposition
(PLD), and its microstructure was examined by high resolution X-ray diffraction technology (HRXRD), such as pole figure, rocking
curve, reciprocal space mapping. The results show that the YBCO crystalline alignment is almost {001}ypco//{001} 0,
(100)ypco//{100) a0 besides 2% {001}ygco//{001} a0, (110)ypco//{100)r0. The out-plane alignment of YBCO is some spreading
(the breadth is 0.75°). There are 90°+0.65°(110) twin domains in the film, which is caused by the high local stress and stress
difference between (100) and (010) during the tetragonal to orthorhombic phase transition.
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1 Introduction

MBa,Cu;07-, (where M is yttrium or a rare earth
element) film has a good prospect to produce microwave
passive components due to its very low loss in
microwave field [1-3]. However, the critical current
density in a—> plane is greatly influenced by the weak
link [4-5], and the critical temperature is very sensitive
to crystalline lattice modifications induced by
strain [6]. The film’s
superconducting ability is, therefore, affected by its

microstructure, such as crystalline alignment, large angle

compositional changes or

grain boundary, domain structure, micro crack,
crystalline structure [7]. Thus, we should analyze the
microstructure carefully.

As the pulsed laser deposition (PLD) offers
numerous advantages: including film stoichiometry close
to the target, low contamination level, high deposition
rate and non-equilibrium processing, it is one of the most
convenient methods to obtain YBa,Cu;0;-, (YBCO) thin
film [8-9]. In the study, the YBCO
superconducting film (450 nm in thickness) is grown on
{001} LaAlO; (LAO) by PLD. The crystalline

microstructure and alignment about both substrate and

present

film are analyzed by high resolution X-ray diffraction

(HRXRD) technology systematically.
2 Experimental
YBCO film was deposited on {001} LAO

(5 mmx10 mm) by PLD. The laser
(wavelength 248 nm, repetition rate 10 Hz, energy

substrate

density 2.5 J/cm®) was used to ablate materials from
rotating stoichiometric target. Substrate was attached
with silver paste to the stainless steel (SS) tape, which
was placed opposite to the target with a distance of
60 mm in a vacuum chamber. When the base pressure of
the chamber achieved 3x10* Pa, the YBCO was
deposited at the referential deposition temperature
of 780 °C with the oxygen pressure of 25 Pa. After
deposition, the oxygen pressure in the cavity was
increased to 8x10* Pa and the temperature was reduced
to 480 °C and kept for 30 min. Finally, the film was
cooled naturally.

The microstructure was analyzed by HRXRD
technology, such as pole figure, rocking curve and
reciprocal space map (RSM). The measurements
were carried out in a Panalytical X’ Pert MRD
diffractometer equipped with four-circle goniometer
and monochromator, using Cu K, radiation (40 kV,
40 mA).
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3 Results and discussion

3.1 Orientation relationship

The LAO {111} and YBCO {102} pole figures
were measured to reveal the crystalline orientation
relationship between LAO and YBCO generally, and the
results are shown in Fig. 1. LAO {111} pole plots are at
w=54.7°, p=45°, 135°, 225°, 315° (y: the azimuth angle
of the pole plot; ¢: the rotation angle of the pole plot),
and YBCO {102} pole plots are at the y=54.7°, p=0°,
45°, 90°, 135°, 180°, 225°, 270°, 315° respectively. It
can be deduced that the orientation relationships are
{001} vBco//{001} 1 a0, (100)ypco//{100) a0 and
{001}yco//{001} a0, (110)ypco// {100)La0. The first
orientation relationship is absolute majority due to the
lowest lattice mismatch, and the second is just 2%
calculated from the integrated area and pole intensity.

3.2 Out-plane alignment
The RSM around YBCO {006}/LAO {002} was
measured to study the out-plane alignment deeply, and

LAO{I11}
(@) o — {001}(100)
x—{001}(110)

—

YBCO{102}
(b)
Fig. 1 LAO {111} (a) and YBCO {102} (b) pole figures

the result is shown in Fig. 2. The YBCO {006} plot
spreads along the Q axis obviously (the breadth is almost
0.75°), which means the out-plane alignment of the
YBCO film is some spreading. As the plot does not
spread along the 26—Q axis, we can deduce that there is
no micro strain in the film. The LAO {002} plot is
splitting along the © axis, which means that there are
domains with different out-plane orientations in the LAO.
It can be deduced that the out-plane alignment spreading
of the YBCO is caused by the substrate’s domain
structure.
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Fig. 2 RSM around YBCO{006}/LAO {002}

The YBCO {006} peak is at (46.55°, 24.00°) (26,
Q), and LAO {002} is at (47.94°, 24.45°). The axial
lattice constant ¢ of YBCO film is 11.69 A according to
the 26 value of {006} plot and the Bragg equation
(2dsin 6=4), which is close to that of YBa,Cu;0; (11.684
A, JCPDS: 89-6049). The miscutting angle value (the
crystalline orientation deviates from the surface normal)
is 0.5° for LAO, which is 0.2° for YBCO film (deduced
from the Q value of the plots). It means that the c-axes of
the YBCO crystalline grains tend to the normal direction
of LAO surface, although the mismatch energy of the
YBCO film is the lowest when it is along LAO (001)
axis. It may be affected by the growing direction of or
the surface energy during deposition process.

3.3 In-plane alignment

The RSM around YBCO {206} and LAO {202}
was measured to learn detailed information about
in-plane microstructure, which is shown in Fig. 3. The
spreading of LAO {202} peak along the 26—Q axis is
caused by the instrumental broadening as the slit system
and asymmetrical X-ray diffraction geometry were
selected in the experiment. What is more, the
instrumental broadening is serious especially when the
sample is monocrystalline (i.e. we still chose this
diffraction geometry, considering the low intensity of
YBCO {206} plot). It can be deduced from the map that
the YBCO (100) is closely parallel to the LAO (100).
There is no obvious in-plane alignment splitting among
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the domains in the LAO according to the LAO {202}
plot. However, there are two splitting peaks with equal
intensity and near 26 value around YBCO {206}, and the
Q distance between them is about 0.4°. Unfortunately, it
is difficult to ascertain the possible reason (such as
multi-domains, multi-phases) for the splitting here due to
the higher instrumental broadening and lower resolution.
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Fig. 3 RSM around YBCO {206} and LAO {202}

Therefore, in order to analyze the reason of YBCO
{206} plot’s splitting, the RSM around YBCO {038} and
{308} (crystalline plane with higher Miller index) was
measured, as shown in Fig. 4. There are two peaks with
the equal intensity and integrated area in Fig. 4. The
positions are at (48.70°, 105.387°) (I) and (48.25°,
106.724°) (II) (£, 26) respectively. It can be deduced
that I is {038} plot and II is {308} plot. It means that
there are two in-plane alignment types with equal
proportion and nearly 90° included angle in plane. The
result is similar to what shown in Ref. [10], in which it
was defined as 90° (110) twin domain.
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Fig. 4 RSM around YBCO {038} and {308}

The intersection RSMs for YBCO {038} and {308}
(namely, the ©Q direction is vertical to the above RSM)
were measured respectively and shown in Fig. 5, from
which we can find that each one has two symmetrical
splitting peaks: I is at (52.92°, 105.387°, 48.2°, 90°) (L,
20, ¢, w), Il is at (52.46°, 105.387°, 48.2°, 90°) , 11l is at

(53.58°, 106.724°, 48.65°, 90°) , and IV is at (53.16°,
106.724°, 48.65°, 90°). The four peaks constitute a shape
X in the reciprocal space, and the intensities of them are
almost equal. The Q distances between I and II, III and
IV are about 0.46° and 0.42°, respectively.
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Fig. 5 Intersection RSMs for YBCO {038} (a) and {308} (b)

3.4 Discussion

From the above discussion, the in-plane alignments
of YBCO twin domains can be deduced, which is shown
in Fig. 6. The twin boundary is along YBCO (110),
which is parallel to the LAO (110). Both the YBCO
(100) and (010} are along but not parallel strictly to the
LAO (100), and there is a distortion angle (J) between
them, which is £0.65° in the present study (calculated
according to the trigonometry of spherical triangles).

The twin domains have also been found in the
YBCO monocrystal block [11], which was considered to
be caused by the phase transition. During the film
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Fig. 6 In-plane alignments of 90°+9 (110) twin domains
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depositing at higher temperature firstly, the crystalline
structure is tetragonal (T), with a=h=3.86 A. After
deposition, the film was annealed around 480 °C for 30
min, with the oxygen pressure increased to 8x10 * Pa. In
the annealing period, the oxygen in the crystal cell rises
and rearranges in the basal Cu—O planes [12], which
causes the changes in the unit cell symmetry (losing
Dyp(001) symmetry operation). The tetragonal phase
transits to the orthorhombic (O) (T—O phase transition),
with lattice constants of  and b changing from 3.86 A to
3.82 A and 3.88 A respectively [13]. Then, the strain,
1.04% extrusion along the orthorhombic (100) direction
and —0.52% compressing along (010) direction, will be
generated in the tetragonal grain. The local stress values
can become quite large with the T—O phase transition,
and it is the same as the stress difference between (100)
and (010) [14]. Therefore, the 90° (110) twin domain
structure has to be generated in order to release the stress
in the crystalline grain or keep it equivalent along every
direction. Due to the difference between lattice constants
a and b, the micro distortion angle will generate between
a and b axes of the twinned crystalline grains [15].

The twin domain has two opposite influences on the
superconducting ability: limiting the critical current
density because of its weak link and improving the
critical current due to its magnetic flux pinning effect
[16—17]. Therefore, the twin domain structure should be
paid more attention to analyzing and designing.

4 Conclusions

1) The orientation relationships between YBCO and
LAO are: {001}ypco//{001} a0, (100)ypco//{100) a0 and
{001}yco//{001} a0, (110)ypco//{100)La0, and the
second one is just about 2%.

2) The out-plane alignment of YBCO is some
spreading (0.75° along omega axis), which is caused by
the domain structure in the LAO substrate. The c—axes of
YBCO crystalline grains tend to the normal direction of
LAO surface.

3) The in-plane alignment is multifold. There are
90°+£0.65° (110) twin domains in the YBCO film,
although the YBCO (100) or (010) is closely parallel to
the LAO (100). The twin domain structure is caused by
the high local stress and stress difference between (100)
and (010) during the T—O phase transition.
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