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Abstract Textured cerium zirconate (CexZr1-xO2) films

were deposited on biaxially textured Ni-5at.%W substrate

by direct-current (dc) reactive magnetron sputtering for

low cost production of high performance YBa2Cu3O7-d

(YBCO) coated conductors. Film composition was con-

trolled by modulating dc power applied to the Ce metal

target. X-ray diffraction analysis shows that all the samples

exhibit epitaxial growth, with c-axis perpendicular to the

substrate surface. The YBCO film deposited directly on the

Ce0.32Zr0.68O2 layer for optimized lattice matching shows a

transition temperature Tc and critical current density Jc

(75.5 K, self field) of 90.4 K and 1.3 MA/cm2. The in-field

dependence of Jc is similar to the standard CeO2/YSZ/

CeO2 buffered samples. These results demonstrate that a

single CexZr1-xO2 buffer layer, instead of CeO2/YSZ/CeO2

multi-buffer layers for the fabrication of YBCO coated

conductors, provides advantages such as simplified archi-

tecture and potentially reduced cost due to the reduced

fabrication steps.

Introduction

YBa2Cu3O7-d (YBCO) coated conductors (CCs) have

received increased attention from researchers worldwide,

due to their lower ac loses, better in-field performance,

and lower processing costs compared with first-generation

high-temperature superconductor wires [1–3]. In order to

successfully develop CCs for practical applications, it is

necessary to suppress the interdiffusion, reduce lattice

mismatch between YBCO and bare metal substrates, and

improve the overall crystallographic texture in the YBCO

layer. To fabricate YBCO films with high current carrying

capability on textured metal substrate, typical tri-layer

stacks of CeO2/YSZ/CeO2 or CeO2/YSZ/Y2O3 are the

most commonly explored architectures, i.e., CeO2 (or

Y2O3) film is used as a seed layer and cap layer, while

YSZ plays a major role of diffusion barrier [4, 5]. How-

ever, some challenges such as process complexity and

high manufacturing cost are still present. It should be

noted that a single buffer architecture has been developed

recently, such as Y2O3 [6, 7], La2Zr2O7 [8], LaMnO3 [9,

10], and SrTiO3 [11]. As a promising candidate of buffer

material for YBCO CCs, CeO2 film development has been

attempted by many groups due to its excellent chemical

compatibility with Ni-based alloy substrates as well as

good lattice match with YBCO or ReBCO (Re = Rare

earth element). Unfortunately, due to the existence of a

critical thickness of *50 nm, beyond which cracks are

known to form and micro-cracks propagate, CeO2 has

seldom been successfully used as a single buffer layer

[12, 13]. Alternatively, the use of Zr-doped CeO2 allows

for a very thick and crack-free CexZr1-xO2 (CZO) layer,

making it possible to combine the previously stated

functions into one layer and replace the tri-layer of CeO2/

YSZ/CeO2.
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In this study, we report epitaxial CZO films with

adjustable lattice constants for better lattice matching as a

single buffer layer for YBCO CCs. The growth of sub-

sequent YBCO films on this optimized single platform is

also investigated.

Experimental

Deposition of CZO thin films (*0.3 lm thick) was per-

formed by direct-current (dc) reactive magnetron sputter-

ing with the two sputtering guns arranged symmetrically

with respect to the substrate, one with a Ce (99.99%) target

and the other with a Zr (99.95%) target. The short sub-

strates cut from a 10 m long Ni-5at.%W (NiW) tape were

manufactured and supplied by evico GmbH with a thick-

ness of 70 lm and width of 10 mm. The substrate was

heated to 750 �C at forming gas pressure (96%Ar ?

4%H2) of 2.0 Pa. Water vapor was introduced inside the

chamber near the NiW substrates at a pressure of 10-3 Pa

to react with deposited Cerium and Zirconium atoms. In

order to grow CZO films with different Ce concentration,

the dc power applied to the Zr target was kept constant at

100 W, while the dc power applied to the Ce target was

varied from 30 to 100 W. YBCO films with a thickness of

about 0.54 lm were deposited by dc sputtering on short

segments of the buffered substrates. Details of the experi-

mental conditions were reported elsewhere [14, 15].

X-ray diffraction analysis (h–2h, x-scan, and /-scan)

was used to characterize the structure, texture, and lattice

parameter of CZO and YBCO films. The composition of

CZO was determined by energy dispersive spectroscopy

(EDS). Surface morphology was examined by atomic force

microscopy (AFM tapping mode). Secondary ion mass

spectrometer (SIMS) analysis was carried out to evaluate

the effectiveness of buffer architecture as a barrier against

interdiffusion. A four-probe technique with a 1 lV/cm

voltage criterion was used to measure superconducting

properties, i.e., transition temperature (Tc) and critical

current density (Jc) at 75.5 K. The angular dependence of

Jc was measured in the maximum Lorentz force configu-

ration at 75.5 K and a 1 T magnetic field.

Results and discussion

The epitaxial nature of CZO films with various composi-

tions was investigated using XRD, indicating all the films

were good epitaxial with c-axis perpendicular to the sub-

strate surface [16]. Figure 1 shows the (002) peaks of the

CZO films at approximately 34o. CZO film compositions

were analyzed by EDS. CZO films varied in composition as

a function of increased dc power applied to the Ce target.

The values for the atomic fraction (x) were approximately

0.32, 0.5, 0.6, and 0.75 when Ce target power was 30, 50,

75, and 100 W, respectively. From Fig. 1, a clear shift of

the (002) peak position towards a lower diffraction angle

shows an increase in lattice spacing with increasing Ce

concentration. The increase is a result of Ce4? (1.11 Å)

having a larger effective ionic radius than Zr4? (0.86 Å).

The lattice parameters that changed with Ce fraction

were calculated from these XRD data, shown in the insert.

A linear dependence of the lattice parameter with x is

observed. With a 45� rotation of CZO with respect to the

NiW, the lattice mismatch between CZO and NiW varies

from 7.8% (CexZr1-xO2 with x = 0.75) to 4.9% (CexZr1-

xO2 with x = 0.32). Furthermore, the insert shows the full

Fig. 1 Expanded XRD h–2h patterns at approximately 34o of

CexZr1-xO2 (002) peak. The insert shows lattice parameters and the

FWHM values

Fig. 2 Typical SIMS analysis on a Ce0.32Zr0.68O2/NiW structure

showing a sharp interface
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width at half maximum (FWHM) values of CZO (002)

diffraction peaks. FWHM values increased with Ce con-

centration, indicating that crystal quality became worse,

which attributed to the stress in the CZO films. Overall, the

increase in Ce content correlates with an increase in

compressive stress induced by the mismatch between CZO

and substrate, which would result in deterioration of the

crystalline quality of the CZO films. Therefore,

Ce0.32Zr0.68O2 was used as the single buffer layer for the

subsequent YBCO CCs.

Usually, a careful control of the different surface and

interface is required to achieve the desired epitaxy.

A typical AFM micrograph of the surface morphology for

0.3 lm-thick Ce0.32Zr0.68O2 film exhibits a continuous,

crack-free, and dense surface morphology, with an average

roughness of 3.3 nm [16]. To investigate the ability of the

buffer layer to block the diffusion of metal elements,

especially Ni and W from the substrate, SIMS depth

Fig. 3 Typical XRD h–2h pattern of the YBCO films on

Ce0.32Zr0.68O2/NiW substrate. Weak NiWO4 and NiO impurity peaks

are denoted by stars

Fig. 4 a out-of-plane (x-scans)

and b in-plane (/-scans) texture

for YBCO film on

Ce0.32Zr0.68O2/NiW substrate
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profile analyses were performed (shown in Fig. 2). The

measurement of the sputter depth profile shows a sharp

interface between the substrate and the buffer layer.

The performance of the reactively sputtered Ce0.32

Zr0.68O2 buffer layers was evaluated by depositing 0.54 lm

YBCO layers. A typical XRD h–2h scan of the YBCO film

is shown in Fig. 3. The YBCO film exhibits excellent

c-axis orientation. Weak NiWO4 and NiO impurity peaks

(denoted by stars) are observed at around 19� and 37�,

respectively, implying minor oxidation of the metal sub-

strate interface. The relative out-of-plane and in-plane

textures for YBCO films on 0.3 lm-thick Ce0.32Zr0.68O2

buffered NiW substrates are documented in Fig. 4a and b,

respectively. The x-scans (Fig. 4a) obtained from the

reflections of (002) NiW (002) Ce0.32Zr0.68O2 and (005)

YBCO, yield peak-width FWHM values (Dx) of 6.1�, 4.7�,

and 3.1�, respectively, indicating good out-of-plane crys-

tallographic alignment among the layers. In-plane textures

of the individual layers for the same sample are illustrated

in Fig. 4b, where /-scans of (111) NiW, (111) Ce0.32

Zr0.68O2, and (103) YBCO reveal four equally spaced

peaks, with in-plane FWHM values (D/) of 5.9�, 5.2�, and

5.0�, respectively, indicating a significant improvement in

the in-plane and out-of-plane textures. The epitaxial rela-

tionship between YBCO, Ce0.32Zr0.68O2, and NiW can be

summarized as (001)YBCO||(001)Ce0.32Zr0.68O2||(001)NiW and

[100]YBCO|| [110] Ce0.32Zr0.68O2||[100]NiW.

The superconducting performance of YBCO film was

assessed by transport measurements. Tc and self-field Jc

were 90.4 K and 1.3 MA/cm2, respectively. In-field trans-

port studies were conducted as well. Figure 5 shows field-

dependent Jc versus applied field at 75.5 K with the mag-

netic field parallel to the YBCO c axis (H||c). The exponent

a in the relation Jc * H-a was determined to be 0.6 for

this sample as compared to the typical value of 0.5–0.6 for

pure PLD-YBCO films. The inset shows the angular

dependence of Jc at 75.5 K and 1 T, with the field always

in the maximum Lorentz force configuration. The variation

of Jc with field orientation or angle (H||ab) is expected due

to the intrinsic anisotropy of the YBCO films from the

layered CuO planes, or the pinning defects aligned with the

ab-planes, such as in stacking faults [17]. Also, the much

broader peak for H||c is observed to be attributable to

c axis-correlated defects in this film, such as threading

dislocations, twin boundaries, and grain boundary dislo-

cations. These results indicate good superconducting

behaviors similar to standard CeO2/YSZ/CeO2 multilayer

buffered samples [18].

Conclusions

We have demonstrated that CZO films were obtained by

reactive co-sputtering of Ce and Zr metal targets on biax-

ially textured metal substrates. The CZO lattice parameter

can be tailored from 5.22 to 5.34 Å by changing the

composition. The epitaxial YBCO films grown on the

0.3 lm-thick CexZr1-xO2 single buffer layer have a Tc of

90.4 K and Jc (75.5 K, self field) of 1.3 MA/cm2. The in-

field behavior indicates that superconducting samples are

as good as those on CeO2/YSZ/CeO2 multi-buffer layers.

This simple buffer architecture will reduce manufacturing

costs and process easily in the production of YBCO CCs.
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