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Growth and Characterization of Eu-Cu-0 Thin 
Films on Y SZ( 100) Substrates 

J. Gao, W.H. Tang and C.Y. Yau 

Abstract-High quality epitaxial Eu2Cu04 (ECO) thin films 
have been deposited on yttrium-stabilized zirconia (YSZ) (100) 
substrates by magnetron rf sputtering method. The obtained 
ECO films are highly c-axis oriented and well crystallized, as 
shown by x-ray diffraction, rocking curves. The influence of 
oxygen out-diffusion on the c-axis length and the resistance 
behavior were studied. The post vacuum annealing removes the 
excess oxygen from the structure of ECO. As a result, the c-axis 
length decreases and the resistivity increases. By using ECO as a 
buffer layer, extremely smooth surface of YBCO was obtained on 
YSZ substrates. 

Index Term-High Temperature Superconductors, Materials 
Processing, Sputtering, Superconducting Films 

I. INTRODUCTION 

o obtain epitaxial high-Tc superconducting thin films, 
selection of suitable substrates is of great importance. A 
suitable substrate normally means that it has good 

structural and chemical compatibilities with the desired thin 
film, meanwhile its physical properties must not hamper the 
application purpose of the obtained thin film. Unfortunately, 
the perfect substrate for the epitaxial growth of high-Tc 
superconducting thin films is very rare. Thus, buffer layers are 
generally used to improve the initial growth of the thin films 
on those substrates having poor structural and chemical 
compatibilities with high-Tc thin films, such as Si, A1203 and 
yttrium-stabilized zirconia (YSZ) substrates. For example, 
YSZ substrate, its lattice parameters (ad2  - 3.63A) are quite 
different from those of YBazCu307.s (YBCO)(a - 3.82 A, b - 
3.88A). Furthermore, an intermediate BaZr03 is often formed 
due to the diffusion of Ba into YSZ substrate [1,2]. Thus 
various buffer layers, such as PrBa2Cu30, (PBCO) [3] and 
Nd2Cu04 [4], have been used for growing thin film of YBCO. 
Unlike PrBazCu30y, ECO shows higher stabilities in crystal 
structure and has no structural transition. NdzCu04 (a - 3.94A) 
with a 214-T' structure, had been successfully used as a buffer 
for making ultra-thin films of YBCO on YSZ [4]. Compared 
with that of Nd2Cu04, the lattice parameter of ECO (a - 
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3.89A) matches better with those of YBa2Cu307+ Thus, ECO 
could be a good buffer layer for the growth of high-T, 
superconducting thin films. In this work, ECO thin films have 
been grown on YSZ (100) substrates by magnetron rf 
sputtering method. The films were investigated by x-ray 
diffraction, rocking curves, surface step profile, AFM and 
SEM. The changes in the c-axis length and the resistance 
behavior were studied on the films treated by post vacuum 
annealing. 

11. EXPERIMENTAL 

ECO monolayer and ECO/YBCO bilayer thin films were 
deposited on YSZ (100) substrates by off-axis rf sputtering[5]. 
The depositing temperature referred hereafter to as the 
substrate temperature T, was measured using a thermocouple 
inserted into the stainless steel substrate heater. The substrate 
was stuck on the heater by silver paste. The substrate 
temperature was 75OOC to 770°C. The depositing gas was a 
mixture of argon and oxygen with different pressure ratios 
(PAI/Po2 - 3 to 4). The x-ray diffraction was performed on the 
Siemens D5000 x-ray diffractometer. The crystallinities of 
ECO thin films were examined by measuring the rocking curve 
of the (006) peak. To study the influence of oxygen 
out-diffusion on the e-axis length and the resistance behavior, 
post vacuum annealing for selected ECO thin films was 
performed. 

The film thickness and the surface roughness were measured 
by using the Dektak3ST surface profiler. The vertical 
resolution is 18, for the measuring range of 6 5 a .  The 
scanning length is larger than 1OOOpm. The surface 
morphologies of ECO thin films were examined by a 
Cambridge 440 scanning electron microscope (SEM) and 
atomic force microscopy (AFM). Micro-bridges ( 5 0 ~  in 
width and 200pm in length) were made by photolithography 
for the measurement of the resistivity. 

111. RESULTS AND DISCUSSIONS 

X-ray diffraction has been performed on ECO thin films 
to examine their crystallinities. Fig. 1 shows one typical x-ray 
diffraction pattern of an ECO thin film. It is found that only 
(001) (Z=2n) diffraction peaks for ECO were observed, 
indicating a highly e-axis orientation. The insert plot of the 
figure gives a rocking curve of the (006) peak for ECO. The 
rocking curve indicates a very small value of the full width at 
half maximum (FWHM), typically smaller then 0.15'. This 
value even is smaller than that of the (005) peak with lower 28 
value (-38.5") for YBCO. Very small FWHM value suggests 
good crystallinity of ECO films. 
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Fig.1 Typical x-ray difftaction pattern for the ECO thin film on YSZ(100) 
substrate. The insert shows the rocking curves of (006) peak for ECO. 

The ECO thin film is very shiny and shows a good surface. 
The average roughness of an ECO thin film is less than 1 Onm 
over a wide scanning region (IOOOpm). Unlike 123-phase thin 
films, ECO thin films exhibit very smooth surface without 
outgrowths. That could be the common feature for the 
214-phase thin films.[6,7] It could be attributed to their high 
structural stability. 

The ECO thin films exhibit semiconducting behavior. Fig2 
shows the temperature dependences of the resistivities of ECO 
and PBCO thin films. It is seen that the resistivity of ECO is 
much higher than that of PBCO, especially at lower 
temperature. For example, at 77K, the resistivities for ECO 
and PBCO are 1407mR.cm and 7mR.cm, respectively. Also, 
the increasing rate of the resistivity with temperature for ECO 
thin films is also remarkably larger than that of PBCO. PBCO 
has been used as a common bufferlayer and barrier material for 
high T, junctions. However, it has several drawbacks, such as: 
poor surface, structural instability, chemical interdiffusion and 
relatively low resistivity. Compared with PBCO, ECO is 
superior over PBCO for the applications as a buffer layer or a 
barrier material. 
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Fig. 2 Temperature dependences of the resistivities of ECO and PBCO thin 
films. 
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Fig.3 Local XRD patterns for the as-deposited and the post- treated ECO 
films. Post-treated 1 and 2 correspond to the films annealed at 4OO0C and 
500"C, respectively. 

To test the structural stability of ECO with the change of 
oxygen content, we have investigated the influence of oxygen 
out-diffusion on the c-axis length and the resistance behavior 
of ECO thin film was studied by post vacuum annealing. The 
ECO thin film was stuck by the silver paint onto the heater and 
then put it into the vacuum chamber (-104mbar). The ECO 
film was annealed at 400°C and 500°C for 30 minutes, 
respectively. Fig.3 shows the local XRD patterns for the 
as-deposited and the post annealed ECO films. It is found that 
the (004) peak of ECO was shifted to high 28 angle and the 
(002) peak of YSZ remained unchanged. In other words, the 
post vacuum annealing reduced the c-axis parameter of ECO. 
Vacuum annealing removes excess oxygen from the structure 
of ECO, which results in the reduction of the c-axis length. No 
structural transition was observed after the vacuum annealing. 
The variation of the c-axis length for ECO with oxygen is 
different from the case of 123-phase materials.[t] 
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Fig.4 R-T curves for the as-gown and the post vacuum annealed at 400°C for 
3Ominutes ECO thin films. The lines represent the fitting results by a 3D VRH 
mechanism. 
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Fig.5 The SEM surface morphology photos for the YBCO thin films (a) 
without and (b) with ECO buffer layer. The thickness of YBCO thin film is 
-160 tun, and the thickness of ECO buffer layer is -40 nm. 

Fig.4 shows the R-T curves for the as-grown and the post 
vacuum annealed ECO thin films. The lines represent the 
fitting curves. The oxygen out-diffusion results in an increase 
of the resistance. Like high T, superconducting cuprates, 
oxygen content is one of factors, which effect the carrier 
concentration for ECO. The experimental data can be fitted by 

R = R,,~x~(TO/T)“~ (1)  
where To is a characteristic temperature. The excellent fitting 
results suggest that the resistance behhvior can be well 
described by a 3D variable-range-hopping (VRH) conduction 
mechanism, which is similar with PBC0[9]. 

As mentioned above, ECO thin films have good 
crystallinity, stable crystal structure, excellent surface and high 
resistivity. Also, the in-plane lattice parameters match well 
with that of YBCO. Those features meet the requirements for a 
buffer layer and a barrier material. We have grown YBCO thin 
films on YSZ substrates by using ECO as a buffer layer. The 
obtained YBCO thin films exhibit very smooth surface. No 
outgrowths were observed. Fig.5 shows the SEM surface 
morphology photos for the YBCO thin films (a) without and 
(b) with ECO buffer layer. The thickness of YBCO thin film is 
-160 nm, and the thickness of ECO buffer layer is -40 nm. It 

can be seen that YBCO thin film grown directly on YSZ 
substrate shows poor surface morphology. Many small 
outgrowths were observed, which is very common for 
123-phase thin films. By using the ECO buffer layer, the 
outgrowth was totally eliminated. The YBCO thin film with 
ECO buffer layer has an extremely smooth surface. The 
average roughness is less than 5 nm measured by surface step 
profiler. Such smooth surface could result from the 
layer-by-layer growth mechanism. It has been reported that the 
growth of YBCO thin film on YSZ substrates can change from 
island formation to layer-by-layer growth by using 
Lal s5Sr~ &u04 as a buffer layer.[6] 

IV CONCLUSION 

We have fabricated high quality epitaxial Eu2Cu04 thin 
films on yttrium-stabilized zirconia (1 00) substrates by 
magnetron rf sputtering method. The obtained ECO films are 
highly c-axis oriented and well crystallized, as shown by x-ray 
diffraction and rocking curves. The changes in the c-axis 
length and the resistance behavior were studied on the films 
treated by post vacuum annealing. The post vacuum annealing 
removes the excess oxygen from the structure of ECO. As a 
result, the c-axis length decreases and the resistivity increases. 
By using ECO as a buffer layer, extremely smooth surfaces of 
YBCO thin films were obtained on YSZ substrates and the 
growth of YBCO could change from island mode to 
layer-by-layer one. 
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