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Growth Mechanism and Surface Morphologies of
Sm1+xBa2 xCu3O6+y Thin Films
Yutaka Yoshida, Kimihiko Sudoh, Yusuke Ichino, Izumi Hirabayashi, and Yoshiaki Takai

Abstract—In order to obtain high quality multilayer
Sm1+ Ba2 Cu3 O6+ (SmBCO) coated conductors, it is
indispensable to understand the surface growth mechanism of the
SmBCO system. Using AFM, the step-and-terrace features due
to 3D island growth are observed that are polygonal-like from
the surface images. Steps and terrace width are approximately
1.2 nm in height and 30 nm in width, respectively. Spiral steps
accompanied by screw dislocations were observed on the surface
films of Ca doped SmBCO films. The spiral shapes of Ca doped
SmBCO films are polygonal-like with width of
80 nm. Using
Ca-doping, the surface morphology of the SmBCO films changes
from 3D island growth mode to spiral growth, and contributes to
the flat surface of the SmBCO-multilayers.
Index Terms—Superconducting film, superconducting wires,
surfaces, thin films.

I. INTRODUCTION

T

HE application of high-temperature superconducting
(HTS) materials in the field of electronic devices and
coated conductors requires the manufacturing of the film with
good superconducting and morphological properties. Recently,
the rare earth-123 (RE-123) superconductors particularly
(NdBCO), which showed good
depenNdBa Cu O
dence on and also high stability to atmospheric degradation,
(YBCO)
have emerged as an alternate for YBa Cu O
material in bulk form [1], [2]. Furthermore, with respect to
YBCO, NdBCO thin films exhibit better crystallinity and
surface morphology [3].
We have reported the superconducting properties of NdBCO
films deposited by the metal organic chemical vapor deposition
(MOCVD) method. Transmission electron microscopy (TEM)
observation of the NdBCO films revealed that the phase separation caused by the Nd-Ba substitution, was the cause of the
different behavior of their electrical and magnetic properties
[4]. Therefore, we have studied the effect of this substitution
on the properties of RE-123 thin films from the viewpoint of
the difference in the ionic radius and the substitution value in
Ba
Cu O
system [5]. Sm
Ba
Cu O
the RE
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(SmBCO) films were found to show a zero resistance temper91 K and critical current density ( ) of
ature ( ) of
8 MA cm at 77 K [6]. The of SmBCO films deposited using
and
decreased with increasing film thickness.
of the films deposited using
was
However, the
3 MA cm , and increased with the film thickness. This makes
Ba
Cu O
system a very interesting material
the RE
for the coated conductor, and it is important to get a clear understanding of the film growth and the surface growth mechanism.
There are many reports concerning the surface morphologies
of HTS thin films. From the surface morphology of YBCO films
fabricated by MOCVD, we found the existence of a quasi liquid
layer on the growing surface above 750 C and proposed the
possibility of the vapor-liquid-solid growth mode [7].
When YBCO films were prepared on cube textured Ag tape,
numerous spiral steps accompanied by screw dislocations were
observed, and many particles were observed on the terrace surface of the spiral steps. They gradually became smaller and concentrated at the step edge with increasing heat treatment temperature. From the results of atomic force microscopy (AFM) and
scanning Auger microscopy (SAM), we found that Ag segregated to the surface of film and acted as a surfactant during the
growth of YBCO film [8].
In this paper, we fabricated high critical current ( )-SmBCO
films by the pulsed laser deposition (PLD) technique for coated
conductors. In particular, we discuss the surface morphology
of the films with Sm-Ba substitution quantities. Furthermore,
the AFM images of Ca-doped SBCO films are discussed for the
high SBCO-multilayers.
II. EXPERIMENTAL
The SmBCO and Ca-doped SmBCO thin films were grown
on MgO (100) substrates by the PLD technique using a 193 nm
ArF excimer laser. The energy density of the laser beam was
about 1 J cm at the surface on the target. The ArF laser was
operated at a repetition rate of 10 Hz. The substrate was placed at
50 mm above the laser target and the oxygen partial pressure was
fixed at 50 Pa. The substrate temperature was set at 800–880 C.
At the end of the deposition the vacuum chamber was filled with
pure oxygen to 2.7 10 Pa and the heater was switched off.
Before the measurements, the SmBCO films were annealed at
350 C for 1 hour in the flowing oxygen.
The crystal structure of the deposited films was examined
by –2 X-ray diffraction (XRD) method. In particular, the
in-plane orientation of the films was determined by X-ray
pole-figure measurements using the Schulz reflection method.
of the grown films was measured by four-probe
The
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Fig. 2. AFM images of (a) SmBCO film deposited with x = 0, (b) SmBCO
film deposited with x = 0:08 and (c) SmBCO film deposited with x = 0:12.

Fig. 1. Projected critical current (I c ) for 1 cm width as a function of
SmBCOfilm thickness. The open circles, squares and triangles correspond to
0, 0.04 and 0.08, respectively.
the data of x

=

resistance measurement. The
was measured in the usual
four-point probe configuration at 77 K and self field. Samples
were patterned to form a microbridge 40–100 m wide and
200 m long using KrF excimer laser. The surface morphology
of the films was investigated by AFM.

Fig. 3.
x

III. RESULTS AND DISCUSSION
A. Superconducting Properties of SmBCO Films
We grew SmBCO thin films with -axis orientation and cube
higher than
on cube texture on MgO substrates, which have
, the
91 K. For the SmBCO thin films fabricated at
(7.9 MA cm ) was obtained at the film thickness
highest
and 0.04 films decreased as the film
of 0.4 m. The
, we found that the
thickness is increased. Using the
maintained the value over 2.9 MA cm for an increase of the
film thickness. The maximum of 4.3 MA cm was obtained
at the film thickness of 1.1 m at 77 K [6].
From the SmBCO film thickness dependence of the micro
data, the
calculated for a hypothetical 1 cm wide
bridge
of SmBCO films using the
tape is shown in Fig. 1. The
and 0.08 targets increased with the film thickness. The
of the
film with a thickness of 1.1 m reaches a value
of 480 A cm-width.
B. Surface Morphology of SmBCO Films
300 nm SBCO thin films
It showed be possible to grow
and for the coated conductor. It is
on the MgO with high
therefore important to get a clear understanding of the SmBCO
film dependence on the Sm-Ba substitution quantities. Fig. 2
shows the AFM images of (a) SmBCO film deposited with
, (b) SmBCO film deposited with
and (c) SmBCO
. The growth mode of the SmBCO
film deposited with
films is different for different values of the substitution quantity,
; very smooth surfaces are obtained for Sm-rich SmBCO films,

AFM images and line scan profile of (a) a SmBCO film deposited with

= 0 and (b) a SmBCO film deposited with x = 0:08.

while the stoichiometric SmBCO films show 3D towers of unit
cell height along the -axis.
For the root mean-square (Rms) of surface roughness of the
SmBCO films in the Fig. 2, the Rms value is 5 nm, 2 nm
, 0.08 and
and 2 nm for the film deposited using the
0.12, respectively. In fact, very smooth surfaces are obtained for
Sm-rich SmBCO film.
We have used higher resolution AFM images to elucidate
the origin of the change in surface morphology in the SmBCO
films. Typical AFM images at higher magnification with their
and
line scan profiles for SmBCO films deposited using
are shown in Fig. 3.Steps are approximately 1.2 nm
in height, which agrees with the one unit cell height along the
-axis of the SmBCO. The shape of the growth steps for the stoichiometric films are rounded, as shown in Fig. 3(a), whereas
the shape of those for the Sm-rich films are polygonal-like, as
shown in Fig. 3(b).
Furthermore, in Fig. 3(a) the terrace widths of the each
25 nm, which is similar to the widths reported for
step are
YBCO films grown by PLD method [9]. The terrace widths of
50 nm, which is wider than
the Sm-rich SmBCO films are
that YBCO films. Fig. 4 shows the dependence of the terrace
Ba
Cu O
films on MgO
width on the value in Sm
substrates from the AFM images. The terrace width increases
as the Sm-Ba substitution quantities increase. It is concluded
that the growth mode shifts from 3-dimentional island growth
to atomically flat 2-dimentional layer-by-layer growth as the
Sm-Ba substitution increased. We speculate that the surface
growth mode change in the SmBCO lead to the high SmBCO
thick film.
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Fig. 4. Dependence of the terrace width on the x value in
Sm
Ba
Cu O
films on the MgO substrates taken from the AFM
images.

Fig. 5. AFM images of the Sm Ca Ba Cu O
films and the
Sm Ca Ba Cu O
films showed in (1) and (2), respectively.

C. Surface Morphology of (SmCa)BCO Films
It is necessary to give insight into the mechanism controlling the grain boundary behavior for the higher SmBCO thick
films. The improvement of the grain boundary transport prop/ Y Ca Ba Cu O
erties by doping, such as YBa Cu O
superlattices, is of great importance for application in coated
conductors [10].
In this section, we discuss the growth of Sm Ca
Ba Cu O
((SmCa)BCO) films for fabricating SmBCO/
(SmCa)BCO multilayers. (SmCa)BCO films have the
K and
K. Fig. 5 shows the
film and a
AFM images of a Sm Ca Ba Cu O
film. Screw dislocations on the
Sm Ca Ba Cu O
plate-like crystallites are observed in both the images. The
spiral shapes of growth steps for the Ca- doped SmBCO films
are polygonal-like.
Fig. 6 shows the terrace width versus for SmCa
Ba Cu O
films on MgO substrates from the AFM
images. The terrace width is 90 nm, which is wider than that
data of the SmBCO-PLD film. The terrace width increases with
increasing Ca-dopant quantities.
The spiral morphology, whether it takes a circular or a
polygonal form, is determined by the step energy. If we use
the model of a Kossel crystal to calculate the thermodynamic
properties of the crystal surface, Jackson’ -factor, which
represents the lateral bonding energy between the growth
units, determines the step roughness [11]. In previous work,

Ba

Cu O
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Fig. 6. Dependence of the terrace width on the substrate temperature for
(SmCa)Ba Cu O
films on the MgO substrates from the AFM images. The
open circles and triangles correspond to the data of the films fabricated using
target and the Sm Ca Ba Cu O
target,
the Sm Ca Ba Cu O
respectively.

we studied the growth mechanism of YBCO deposited by
metalorganic (MO) chemical vapor deposition using the MO
sources with and without fluorine [12]. As the results show,
there is no difference in the terrace width dependence on the
growth temperature between the two films using the different
MO sources, while the different values of the ; value for the
films were explained. In the case of the SmBCO film with Cadoped quantities, the different behavior is not the -factor but
the terrace width. The spiral morphology is dominated not
only by the value of -factor and the terrace width but also by
the kinetic effects which are represented by the magnitude of
supersaturation, the driving force of the crystal growth. The
effect of supersaturation, which is defined as the chemical
potential ( ) and the melting temperature ( ) will be
reported elsewhere.[13]

IV. CONCLUSION
High quality -axis oriented SmBCO thin films were grown
on MgO substrates by PLD. The superconducting properties of
K and
MA cm (77 K, 0 T)
the films were
of the
film
with the thickness of 1.1 m. The
with the thickness of 1.1 m reached a maximum value of
480 A cm-width.
From the AFM images of the SmBCO thin films, the terraces
of the steps on the film surface were smooth, which is caused by
growth mode shifts from 3-dimensional island growth to atomically flat 2-dimensional layer-by-layer growth as the Sm-Ba
substitution is increased.
Furthermore, the surface growth of (SmCa)BCO thin films
is discussed for fabricating a SmBCO/ (SmCa)BCO multilayer.
The surface morphologies are drastically changed with Ca concentration in the (SmCa)BCO at the spiral step.
We presume that the surface growth mode change in the
SmBCO lead to the high SmBCO thick films, and the effect
of the Ca-doped SmBCO layer between the SmBCO layers
allow for deposition of thick films.
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