Applied Surface Science 466 (2019) 601-606

Contents lists available at ScienceDirect

Applied
Sllxjfface Science

Applied Surface Science

journal homepage: www.elsevier.com/locate/apsusc

Full Length Article

A comparison of the influence of CeO, and In doped CeO, interlayer on the @ R
properties of the YGBCO/interlayer/YGBCO tri-layer films deposited by e
pulsed laser deposition

Shunfan Liu, Wei Wang, Linfei Liu*, Tong Zheng, Yijie Li"

Key Lab of Artificial Structures & Quantum Control (Ministry of Education), School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai, People’s Republic
of China

ARTICLE INFO ABSTRACT

Keywords: High critical current (I.) has long been proved important to REBa,Cu30;_5 (REBCO or RE123) superconductor
YGBCO for the practical applications. To achieve high I. values, the primary way is to increase the thickness of super-
CeO, conducting layer and to enhance high critical current density (J.). However, J. drops precipitously with in-
Self-field I value creasing the thickness of the films. This phenomenon is called the thickness effect, which can be effectively
}Fr;i-layer inhibited by fabricating superconductor/interlayer/superconductor tri-layer structure. In this study, a series of
Thickness effect YGBCO/Ce0,/YGBCO and YGBCO/In doped CeO, (CeO, + In)/YGBCO tri-layer films with different interlayer
thickness were fabricated. The microstructure, surface morphology and superconducting property of these
samples were measured. It was found that all the tri-layer films had pure c-axis orientation. When using CeO,
film as an interlayer, the two YGBCO layers in the tri-layer films were almost completely isolated, resulting in the
low I. values, which were equivalent to the I. of a single YGBCO layer. While using CeO, + In film as an
interlayer, the I. values of all the YGBCO/CeO, + In/YGBCO trilayers were almost double the I. of a single
YGBCO layer, and the I. values of the trilayers firstly slow increased and then decreased with increasing the
thickness of CeO, + In interlayer. Under the optimal experimental parameters, the I. value was much higher
than that of the a double YGBCO layer without interlayer. The thickness effect of superconducting layer can be

effectively inhibited by inserting CeO, + In interlayer with wide thickness range.

1. Introduction

Second generation high temperature superconductor tape (2G HTS
tape), also called as coated conductor has been widely studied for high
critical current density (J.) and high superconducting transition tem-
perature (T.). REBa,Cus0; _5 (REBCO or RE123) superconductors have
always been considered as excellent candidates for various electronic
applications, such as electric grids, motors, transportations, magnets
and cables [1-4].

High critical current (I.) is important to REBCO superconductor for
the practical applications. Two primary methods for achieving a high
critical current (I.) are to increase the thickness of superconducting
layer and to enhance high critical current density (J.). However, many
studies have been reported demonstrate that the critical current density
(Jo) drops precipitously with increasing the thickness of the films,
which is called “thickness effect” [5,6]. The influence of the thickness
on the I. values have spurred a lot of intensive studies, for instance, the

* Corresponding authors.
E-mail addresses: linfeiliu@sjtu.edu.cn (L. Liu), yjli@sjtu.edu.cn (Y. Li).

https://doi.org/10.1016/j.apsusc.2018.10.011
Received 15 August 2018; Accepted 1 October 2018
Available online 03 October 2018

0169-4332/ © 2018 Published by Elsevier B.V.

function of temperature (T) and applied magnetic field (H) in the
thickness range [7], the addition of nano-defects [8], and the geome-
trical self-field effect [9]. To date, many progresses have been made to
inhibit the thickness effect.

In previous reports, an effective method to inhibit the thickness
effect is the preparation of superconductor/interlayer/superconductor
tri-layer structure. Yao et al. demonstrated that SrTiOs; (STO) re-
presented a promising interlayer for tri-layer structure, and it can im-
prove the superconducting properties of the films [10]. In addition,
Rauch et al draw the conclusion that NdAIO; was a useful insulating
dielectric for electronic applications [11]. Moreover, LaAlO3 was found
widely used as the material of interlayer [12].

Cerium oxide (CeO,) has a fluorite CaF, structure with a lattice
parameter of 5.41 A. CeO, is widely used as buffer layer because of its
better chemical compatibility with substrates [13], high ionic con-
ductivity [14] and small lattice mismatch with YBCO that is 0.52%
[15]. Under our experimental condition, CeO, buffer layer has
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Fig. 1. Sketch of the basic structure of the samples.

properties of strong c-axis orientation and smooth surface by optimizing
process parameters. With these excellent performances, CeO, re-
presents a promising candidate for the interlayer.

In this study, a series of YGBCO/CeO./YGBCO tri-layer films and
YGBCO/In doped CeO, (CeO, + In)/YGBCO tri-layer films with a range
of thickness were prepared symmetrically by PLD on CeO, buffered
IBAD-MgO substrates. The mechanism of the interlayer that affected the
superconducting properties of the samples was discussed. To further
investigate the influence of the interlayer on the samples’ super-
conducting properties, we also focus on the samples by the perspective
of the surface morphology and microstructure.

2. Experimental details

As shown in Fig. 1, the CeO,/IBAD-MgO/Y>053/Al,03/Hastelloy
C276 substrates were used for the deposition of all YGBCO films.
YGBCO/interlayer/YGBCO trilayers were done by multi-target reel-to-
reel PLD system in this study. As previously reported in detail [16], this
system consists of a reel-to-reel PLD chamber with a helix tap handling
system (PVD Products Inc.), a KrF excimer laser (LPX220) with the laser
beam incident angle of 45°. The CeO, buffer layer had a sharp {001}
cube texture from X-ray diffraction (XRD) patterns, and the full-width-
at-half-maximum (FWHM) value of typical X-ray w and ¢ scans were
1.84° and 4.17°, respectively. By AFM scanning, the root mean square
(RMS) roughness was < 2nm over a 1 um X lpm scan area, indicating
that the CeO, buffer layer had a very smooth surface. Therefore, the
high-quality CeO, buffer layer provided an excellent epitaxial growth
template for the subsequent deposition of YGBCO/interlayer/YGBCO
tri-layer films.

In this study, the YGBCO/CeO,/YGBCO tri-layer structure consisted
of the bottom and upper YGBCO layer with the same thickness, and the
interlayer of CeO, or CeO- + In layer with the thickness ranging from
10 nm to 80 nm. A multi-step deposition method was used to deposit
the tri-layer structure. The upper and bottom YGBCO layer prepared
under the same conditions. The thickness of a single YGBCO layer is
150 nm. As displayed in Fig. 2, the In wires were mixed with CeO,
target to obtain CeO, + In targets, then the CeO, + In interlayer was
generated by PLD. For comparison, a single and double YGBCO layer
without interlayer were deposited under the same condition with the
upper YGBCO layer deposition. After the superconducting films were
deposited, a silver layer was deposited by the magnetron sputtering as a
protection layer. Then, the YGBCO films were annealed in flowing O,
gas at 500 °C for 4 h.

The texture and structure of the films were analyzed by the X-ray
diffraction (XRD) system, utilizing the D8 Discover with general area
detector diffraction system (Bruker Advanced X-ray Solutions Inc.).
Meanwhile, the Cu Ka radiation ran at 40 mA and 40 kV. The surface
morphology and roughness of the films were investigated using atomic
force microscopy (AFM, BioScope, Veeco Instruments Inc.).
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Fig. 2. Schematic diagram of CeO, target doped by In wire.

3. Results and discussion
3.1. YGBCO/CeO2/YGBCO trilayers

The YGBCO/CeO,/YGBCO tri-layer films were deposited by the
multi-step PLD method. To evaluate the superconducting property of
the YGBCO/CeO,/YGBCO tri-layer films, the self-field I. values were
measured in the liquid nitrogen (77 K) by DC four-probe method with a
criterion of 1 uV/cm. As shown in Fig. 3, the self-field I. values of the
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Fig. 3. Self-field I. values of YGBCO/CeO,/YGBCO trilayers with the thickness
of CeO, interlayer ranging from 10 nm to 80 nm.
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