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Magnetic Field Dependence of Critical Current
Density in Sm1+xBa2 x

Cu3O6+� Films
Prepared by Pulsed Laser Deposition

K. Sudoh, Y. Ichino, Y. Yoshida, Y. Takai, and I. Hirabayashi

Abstract—We have investigated Sm1+ Ba2 Cu3O6+

(SmBCO) films deposited by pulsed laser deposition technique
using stoichiometric and Sm-rich SmBCO ( = 0 08) laser tar-
gets. In the SmBCO films deposited using the target of = 0 08,
the critical current density ( ) at 77 K with zero applied field was
obtained 4.3 MA cm2 at film thickness of 1.1 m.To study the
pinning mechanism of SmBCO films, we investigated the magnetic
field (0 9 T) dependence of for = 0 and = 0 08

films. From this result, we found the different behavior of the
between = 0 and = 0 08 films. We examined the difference
of pinning mechanism from the scaling law and the microstructure
of film using transmission electron microscopy.

Index Terms—Critical current density, pinning mechanism,
pulsed laser deposition, Sm1+ Ba2 Cu3O6+ film.

I. INTRODUCTION

T O obtain coated conductors based on REBaCu O
(REBCO) superconductors with high critical current

density ( ) and critical current, considerable effort has been
made in the last few years. Sm Ba Cu O (SmBCO)
superconducting materials have higher critical tempera-
tures and irreversible fields, compared with YBaCu O
(YBCO) superconductor. Unlike YBCO superconductor,
SmBCO superconductor exhibits the substitution of Sm
into the Ba site, denoted by the parameterin the formula
Sm Ba Cu O . It was reported that the separation of
the superconducting phase and the nonsuperconducting phase
in the Nd Ba Cu O (NdBCO) was caused by the
substitution, such as the formation of the solid solution by
the spinodal decomposition [1]–[5]. Because of the superior
characteristics of NdBCO superconductor, several groups have
studied NdBCO films and successfully fabricated high quality
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NdBCO films by using pulsed laser deposition (PLD) [6]–[8]
and sputtering [9]–[11]. However, there are very few studies
on the other REBCO films. In case of SmBCO films, several
studies have been reported on the relationship between the
critical temperature ( ) and the deposition conditions [12],
[13], the composition analysis of Sm/Ba [14] and also the
growth mechanism [15]–[17].

We fabricated high-quality-axis oriented SmBCO films on
MgO (100) substrates by PLD using and laser
targets. In this work, we investigate the pinning mechanism for
difference of the Sm/Ba substitution quantity.

II. EXPERIMENTAL

The deposition conditions, the film orientation and the
of SmBCO films have been reported in detail elsewhere

[18]. SmBCO targets were sintered by the conventional solid
reaction methods, starting from quantities of SmO , BaO and
CuO powders. Appropriate amounts were accurately weighed
and thoroughly mixed. The mixed powder was first fired at
700 C. The reacted product was reground and pressed into
pellets. Three sintering steps were carried out at 850, 900 and
920 C, respectively, for 24 hour each time with intermediate
regrinding and repressing.

SmBCO films were grown on MgO (100) substrates de-
posited by PLD using a 193 nm ArF excimer laser. The energy
density of the laser beam was operated about 1 Jcm at a
repetition rate of 10 Hz. The substrate temperature was main-
tained at 850C and 810C. The oxygen partial pressure in the
deposition was adjusted 0.4 Torr. The substrate was placed at
50 mm above the laser target. At the end of the deposition the
vacuum chamber was filled with pure oxygen up to 20 Torr and
the heater was switched off.

The superconducting properties of SmBCO films were mea-
sured by usual four-probe point method. Magnetic field from 0 T
up to 9 T at 77 K was applied parallel to the-axis of the SmBCO
films. For transport critical current density () measurement,
samples were patterned to produce microbridge of 40-100m
width and 200 m length using a KrF excimer laser. Before the

and the measurements, the SmBCO films were annealed
at 350 C for 1 h in the flowing oxygen.

The microscopic structure and the substitution quantity
of the SmBCO films were observed by transmission electron
microscopy (TEM), equipped with an energy dispersive X-ray
spectroscopy (EDX) system. Cross section samples for TEM
were prepared by ion milling. The orientation of the SmBCO
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Fig. 1. Magnetic field dependence of critical current density forx = 0

SmBCO films of various film thickness. Closed circles, triangles, and squares
correspond to the film thickness of 0.3, 0.74, and 0.81�m, respectively.

Fig. 2. Magnetic field dependence of critical current density forx = 0:08
SmBCO films of various film thickness. Open circles, triangles, and squares
correspond to the film thickness of 0.69, 0.97, and 1.1�m, respectively.

films was examined by X-ray – 2 diffraction and -scan
using Cu- radiation. The film thickness of SmBCO films was
evaluated by inductively coupled plasma (ICP) spectrometry.

III. RESULT AND DISCUSSION

To investigate the pinning mechanism of SmBCO film, the
SmBCO films on MgO substrates were fabricated using
and laser targets. As reported elsewhere [18], [19],
we have obtained-axis oriented and cube-on-cube textured
SmBCO films with the zero resistance temperatures of91 K
and the critical current densities of 4 MA cm .

Fig. 1 shows the magnetic field dependence of thefor
the SmBCO films of various film thickness deposited with the

target. The applied magnetic field was parallel to the
-axis of the SmBCO film at 77 K. The decreases with in-

creasing the magnetic field, which is similar to the results ob-
served for YBCO films [20] and NdBCO films [21], [22]. The

of SmBCO film with film thickness of 0.3 m is still as high
as 1.5 10 A cm at 8 T and 77 K.

On the other hand, the magnetic field dependence of the
showed different behavior for the SmBCO films deposited with
the target, as shown in Fig. 2. In particular, it is found

Fig. 3. Scaling property of the flux pinning force density,F = J � B.
Relationship between normalized magnetic field and normalizedF of x = 0

andx = 0:08 films. The dashed lines show the curve fitting by (1) and (2).

that the of the films showed higher values in
low magnetic field, compared with that of the films. From
these results, it is considered that the films have strong
flux pinning site in low magnetic field.

From the magnetic field dependence ofdata of Figs. 1 and
2, the scaling property of the flux pinning force density (

) is calculated as shown in Fig. 3. The irreversibility field
( ) is defined as the magnetic field in 10 A cm . The
flux pinning force density exhibits clear scaling behavior with
the magnetic field normalized by and the maximum pinning
force density .

From this result, it is observed that the magnetic field depen-
dence of has weak dependence on the film thickness. How-
ever, it is confirmed that the different of pinning mechanism be-
tween and films. In particular, it is observed
that the peak of scaling property for films shift the
low magnetic field region compared with that of films.
Dashed line in Fig. 3 shown curve fitting by (1) and (2) [23].
From these equations, the experimental data agree
with the theoretical result.

(1)

(2)

It is reported that the critical Lorentz force are proportional to
, and for the volume pinning,

the plane pinning and the point pinning, respectively [23]. In our
case, the best fit to the data results in the volume pinning and the
plane pinning for films and the plane pinning and the
point pinning for films.

These differences can be understood given the difference
in defect structure between both samples. So, we investigated
the defect structure of the film using cross section
TEM image. Fig. 4(a) shows a cross section TEM image of
the SmBCO film deposited with target. Open circles
along the plane in this figure indicate the analyzed spots
with TEM-EDX. Fig. 4(b) shows the variation of substitution
quantity in the SmBCO film corresponding to the analyzed
spots of Fig. 4(a). A horizontal axis represents movement dis-
tance parallel to the surface of MgO substrate. And, the vertical
axis represents the substitution quantityof Sm/Ba.From



SUDOHet al.: MAGNETIC FIELD DEPENDENCE OF CRITICAL CURRENT DENSITY 2797

Fig. 4. (a) Cross-sectional TEM image of SmBCO film deposited withx =

0:08 target. (b) The variation of substitution quantityx in the SmBCO film
measured by TEM-EDX analysis.

Fig. 5. Cross-sectional TEM image of SmBCO film deposited withx = 0:08

target. The arrow indicates the grain boundary alongc-axis direction of SmBCO
film.

this result, the substitution quantity fluctuates between 0
and 0.14. Furthermore, it is considered that the Sm-rich phase
is dispersed at a distance of 20 nm, which is similar to the
results observed for the NdBCO films [4], [24]. This implies
that the superconducting phase and nonsuperconducting phase
mingle with each other. We assume that the fluctuation of the
Sm/Ba ratio caused the difference of scaling property in the
low magnetic field.

On the other hand, we investigated the plane pinning shown
in Fig. 3. Fig. 5 shows cross section TEM image of the SmBCO
film deposited with target. The arrow in the image
shows the grain boundary along-axis direction of SmBCO
film. It is considered that the grain boundary caused by the tilt of
the grain due to the lattice mismatch between the SmBCO film

and the MgO substrate. It is assumed that these defects exerted
as the plane pinning for and films.

IV. CONCLUSION

Pinning mechanism of SmBCO films were experimentally
studied. From the scaling property of the magnetic field depen-
dence of , the different pinning mechanisms between
and films is confirmed. We assume that the different
behavior in the low magnetic field is influenced by the fluctua-
tion of the substitution quantity in the SmBCO film deposited
with laser target.

Also, from the cross section TEM image, we observed grain
boundary along-axis direction of SmBCO film. It is considered
that these defects exerted as the plane pinning of and

films.
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