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Abstract. For the improvement of superconducting properties of BaMO; (M=Zr, Sn, Hf)-
doped REBa,Cuz0, films, we focused on the T, reduction caused by lattice misfit between
BaMO; and REBa,Cu30,. We compared the influence on the T. reduction of BaZrOz;, BaSnO;
and BaHfO;-doped SmBa,CusO, (SmBCO) films with various BMO contents. From the
correlation between configuration of nanorods and c-axis expansion, it was suggested that the
lattice strain working on the SmBCO matrix became stronger in the order of BaHfO;, BaZrO,
and BaSnO;. Therefore, the combination of SmBCO and BaHfOj; is better regarding the
suppression of the T, reduction compared with other combinations of SMBCO and BaMOs.

1. Introduction

For the realization of the high performance superconducting applications such as superconducting
magnetic energy storage (SMES) and magnetic resonance imaging (MRI) using REBa,Cu;Oy
(REBCO: RE = rare earth) coated conductors, they must have a high critical current density in the
applied magnetic fields J.(B) [1]. In order to improve the in-fields J., it is well known that the
introduction of the artificial pinning centers (APCs) is effective. So far, various kinds of APCs had
been reported [2-4]. Among them, BaMO; (BMO: M = Zr, Sn, Hf) nanorods are known as strong c-
axis correlated pinning centers in REBCO films fabricated by vapor phase epitaxial method such as a
pulsed laser deposition (PLD) and a chemical vapor deposition (CVD) methods [5-8]. However, the
introduction of BMO nanorods also causes a reduction of the critical temperature (T.) in the REBCO
films, because the REBCO lattice is distorted by the lattice misfit between REBCO and BMO. The c-
axis of REBCO matrix is extended by the lattice strain and the T, decreases. The suppression of the T,
reduction is considered to be effective for the increase in J. of BMO-doped REBCO films. Therefore,
the lattice strain in the REBCO matrix and its influence on the T, reduction should change with the
kind of BMO materials due to their different lattice constants.
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In this study, we aimed to suppress the T, reduction of the BMO-doped REBCO films such as
BaZrO; (BZO), BaSnO; (BSO) and BaHfO; (BHO). We have investigated the correlations between T,
reduction and several BMO materials for BMO-doped SmBCO films with various BMO contents.

2. Experimental details

All the BMO-doped SmBCO films were deposited on LaAlO; (100) single crystalline substrates by
the conventional PLD method using a KrF excimer laser (1 = 248 nm) at a repetition rate of 10 Hz.
The laser energy density, distance between substrate and targets, and O, partial pressure during the
deposition were 1.7 J/cm?, 70 mm, and 400 mTorr, respectively. The BMO-doped SmBCO films were
deposited by an alternating-targets technique (ALT-PLD) [9, 10]. We fixed substrate temperatures
during the deposition of BZO-doped films (940°C), BSO-doped films (840°C), and BHO-doped films
(960°C). These temperatures are the optimum temperatures for the straightly growth of each BMO
nanorods. We changed the BMO contents in each BMO-doped SmBCO film from 1.0 to 8.3 vol.% in
order to change the nanorod density and diameter. All samples were taken O, post-annealing at 350°C
for 1.5 hours after the deposition. The crystalline orientation of the films was evaluated by x-ray
diffraction (XRD) analysis and the microstructure of the films was investigated using high-resolution
transmission electron microscope (TEM). The diameter and the number densities of nanorods were
measured from the cross-sectional and plan-view TEM images. The BMO content in each film were
measured by energy dispersive x-ray spectroscopy (EDX). The resistivity was measured with a
physical property measurement system (PPMS: Quantum Design) by standard four-probe method. The
T. was defined from the temperature dependence of the resistivity using a resistivity criterion of 0.1
1Q cm and the probe current was fixed to about 25 A/cm?.

3. Results and discussion

Figure 1 (a), (b) and (c) show the cross-sectional TEM images of the 3.0 vol.% BZO-doped, 4.8 vol.%
BSO-doped and 4.9 vol.% BHO-doped SmBCO films, respectively. From these TEM images, it was
observed that all BMO materials formed nanorods and all nanorods grew straightly and continuously.
In this study, we confirmed that nanorods grew straightly and continuously in most of all films with
different BMO contents by TEM images and magnetic field angular dependence of J. (data not shown).
Therefore, it is not necessary to consider the influence of nanorods formation on the lattice strain, c-
axis expansion and T, reduction.

Figure 2 shows the correlation between T, and c-axis length of each BMO-doped SmBCO films
with various BMO contents. In all kinds of BMO-doped SmBCO films, the T.s decreased with
increasing of c-axis length. Additionally, these tendencies quantitatively agree for all BMO material.
The correlation between T, and c-axis length of the BMO-doped SmBCO films does not depend on the
kind of BMO material.
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Figure 1. Cross-sectional TEM images of (a) 3.0 vol.% BaZrO;-doped SmBa,Cu;0, film, (b) 4.8
vol.% BaSnO3-doped SmBa,CuzOy film, and (c) 4.9 vol.% BaHfO;-doped SmBa,Cu;0, film.
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Figure 2. Correlation between T, and c-axis length of each BMO-doped
SmBCO film with various BMO contents.

Furthermore, we investigated the correlation between configuration of nanorods and lattice strain.
Figure 3 shows the c-axis lengths versus the interfacial area between BMO nanorods and SmBCO
matrix in unit volume and figure 4 shows the c-axis lengths versus the distance between adjacent
nanorods interfaces. The c-axis length increases with increasing of interfacial area (fig. 3) or
decreasing of distance between nanorods (fig. 4). In addition, the c-axis lengths become longer in the
order of BHO-doped films, BZO-doped films and BSO-doped films at the same interfacial area or
nanorods distance. From this result, it is considered that the lattice strain in the SmBCO matrix
become stronger in the order of BHO, BZO and BSO. The lattice strain should be stronger with
increase of lattice misfit ((3Cemo-Csmeco)/Csmaco) in the order of BSO (5.4%), BHO (6.7%), and BZO
(7.2%). However, these orders were different with our results. We have not clarified the reason of this
difference between the order of c-axis expansion and lattice misfit, yet. We anticipate that the lattice
strain is composed of the tensile stress by the lattice misfit and stress relaxation by the dislocations.
From the results of this study, BHO might be better for the stress relaxation by the dislocations than
BZO and BSO in the SmBCO matrix.

4. Conclusion

In order to suppress the T, reduction of the BMO-doped REBCO films, we have investigated the
correlations between T, reduction and different kinds of BMO material in SmBCO films with various
BMO contents. From the comparisons between T, and c-axis length of each BMO-doped SmBCO film,
it was revealed that the correlation between T, and c-axis length is not depending on the kind of BMO
material. Additionally, we investigated the correlation between configuration of nanorods and c-axis
lengths. From the results, lattice strain became stronger in the order of BHO, BZO and BSO in both
cases focusing on interfacial area and nanorods distance, and the order differed from the order of
lattice misfit. In this study, it was considered that the combination of SmMBCO and BHO are better for
the suppression of the T, reduction compared with other BMO-doped SmBCO films.
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Figure 3. C-axis lengths versus the interfacial
area between BMO nanorods and SmBCO
matrix in unit volume for BMO-doped
SmBCO films with various BMO contents.
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