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Abstract— Superconductor - normal - superconductor 
(SNS) edge junctions consisting of YBa2Cu307-x / CaRu03 
/ YBa2Cu307_x were fabricated on (001) LaA103 substrates. 
These devices display an excess interface resistance which is 
not well understood but is related to the SN interface and 
interlayer structure. High-resolution and conventional 
transmission electron microscopy were employed to 
investigate the SN interface to determine the structure and 
possible interface defects. Energy-loss spectroscopy and 
energy dispersive x-ray analysis were performed on the 
CaRu03 film and near interface regions to quantify the extent 
of interdiffusion between the CaRuC>3 and YBCO films. 
Changes in either the interface structure or the normal layer 
chemistry are expected to greatly influence the junction 
properties. 

I. Introduction 
Numerous investigations have focused on the fabrication 

of superconducting - normal - superconducting (SNS) 
Josephson junctions using YBa2Cu307_x (YBCO) thin films. 
Junctions have been successfully fabricated in edge geometry 
designs using a variety of barrier layers which include noble 
metals [1-3] and oxides [4-10]. 

Char, Atonaggaza, and Geballe[9] have measured the I-V 
properties of edge junctions with different barrier layers and 
preliminary results favored CaRu03 as the barrier layer. In 
these studies the junction resistance was approximately 100 
times higher than expected. 

The origin of the excess resistance may be due to several 
sources including mismatch in carrier density, thermal 
expansion, lattice constant, or dimensions[9]. Only a few 
studies have investigated the microstructure of SNS junctions 
in detail[ll]. In view of the need for further study, our 
investigations have focused on determining the structure of 
the YBCO / CaRu03 interface and measurement of the 
interface chemistry to elucidate the origin of the excess 
resistance measured from these junctions. 

The geometry of the edge junction investigated in this 
work is shown in Fig. 1. Films of YBCO, CaTi03, and 
SrTi03 were deposited onto a (001) LaA103 substrate using a 
laser ablation technique. After the first YBCO film is 
deposited, the edge is patterned by ex-situ Ar sputtering and 
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standard photolithography techniques. The CaRu03 layer is 
then deposited followed by the second YBCO film. Both 
YBCO films and the SrTi03 layer are -0.25 um thick and the 
thickness of the CaRu03 has been varied from 10-50 am. 
Details of the fabrication steps of the edge junctions and 
junction properties are given elsewhere [8]. 

LaA103 

Fig. 1 Schematic of the SNS edge junction geometry in cross-
section. 

U. Experimental 
Thin foils were prepared by mechanical dimpling and 

polishing followed by ion-beam thinning to perforation. Ion-
thinning was performed in a Gatan ion-mill using a LN2 
stage to reduce sample heating. 

All TEM experiments were performed on a JEOL 4000 
EXTI microscope using an accelerating voltage of either 200 
or 300 keV. Analytical experiments were conducted on a 200 
kV cold field emission TEM (Hitachi HF-2000) equipped 
with a Gatan 666 parallel EELS Spectrometer and a link 
System ultra thin window (UTW) X-ray detector for X-ray 
chemical analysis. The probe size for all experiments was ~2 
nm. A liquid nitrogen holder was used to reduce sample 
contamination. 

EL Results and Discussion 
A TEM micrograph of an edge junction viewed in cross-
section is shown in Fig. 2. The LaA103 substrate and YBCO 
and SrTi03 films are readily distinguishable owing to the 
differences in atomic number. The uniformity of the upper 
YBCO and SrTi03 films in Fig. 2 are interrupted periodically 
by the presence of a-axis YBCO particles. The interface 
region of the junction is shown in greater detail in Fig. 3. The 
YBCO I CaRu03 I YBCO interface is stepped, which is 
attributed to the Ar sputtering of the first YBCO film during 
fabrication. The interface steps vary in height ranging from 3-
6 nm and are irregularly spaced. We wish to emphasize that 
mismatch in thermal expansion coefficients between the 
YBCO and CaRu03 films is larger at the steps by a factor of 
2 compared to the broad faces of the interface. 
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Fig. 2. Transmission electron microscopy image of a typical SNS edge junction near the [110] zone axis. Interruptions 
in the uniformity of the upper YBCO and SrTi03 films are due to the presence of a-axis YBCO particles. 

Fig. 3 Transmission electron microscopy image of the active interface region. The SN interface is stepped and 
eventually merges with the LaA103 substrate. Moir6 fringes are present near the steps in the interface (arrow). The 
thickness of the CaRu03 layer is nominally 10 nm along the broad faces of the interface. 

Moire" fringes were often observed near the steps in the 
CaRuC>3 layer as shown in Fig. 3. This was unexpected since 
the lattice mismatch is small and a moire" fringe will not be 

introduced from overlapping YBCO & CaRu03 films unless 
the films are either rotated from the expected orientation 
relationship (cube-on-cube) or there is a significant difference 
in the lattice parameters. The presence of another phase could 



also account for the observed moire" fringes. Olsson and Char 
studied earlier types of Conductus SNS junctions and 
observed Y2O3 particles at the CaRu03 I YBCO interface 
[11]. In our studies, Y2O3 particles with a platelet 
morphology have been observed in the YBCO films. 
However, these particles were associated with porosity in the 
YBCO films and Y2O3 was not observed near the interface. 

To understand the origin of the moire" fringes, special 
layered samples consisting of a-axis YBCO / CaRu03 / c-
axis YBCO were studied. Samples were fabricated entirely in 
situ by depositing a 10 nm layer of CaRu03 over a-axis 
oriented YBCO followed by the c-axis oriented YBCO film. 
High resolution TEM investigations were conducted and a 
representative image of the interface is shown in Fig. 4. The 
CaRu03 film is epitaxial with respect to the YBCO and 
lattice matching is maintained up to the interface, i.e., no 
amorphous phases or precipitates were observed. However, 
the CaRu03 is slightly distorted from an ideal cubic 
perovskite structure. Larger distortions have been observed in 
SNS junctions using HRTEM, but only for small segments of 
the CaRu03 film located at the interface steps. These results 
are consistent with the observations of moire" fringes shown 
in Fig. 3 and suggest that the CaRu03 grows with a non ideal 
orientation relationship on a-axis YBCO. It is not known 
whether or not the misorientation is induced by the mismatch 
in thermal expansion at the junction steps between YBCO 
and CaRu03. 

Energy loss analyses were conducted of the CaRu03 film 
and near interface region of the samples shown in Fig. 4. 
Typical spectra were recorded at several distances from the 
interface and are presented in Figs. 5 and 6. In Fig. 6, the 
background was fitted and removed to show the relevant 
edges. The relative amounts of Ba and O were quantified, 

Fig. 4 High resolution transmission electron microscopy image 
showing the interface region of the a-axis YBCO/ CaRu03 / c-axis 
YBCO films near the [100] zone axis. The CaRu03 film is epitaxial 
with YBCO and no amorphous phases or precipitates were observed. 
The CaRu03 film is distorted approximately 2° from an ideal cubic 
structure as shown by the distorted box. 

Energy Loss (eV) 
Fig. 5. Energy loss spectra recorded from the CaRu03 / YBCO 
junction shown in Fig. 4. The center refers to the center of the 
CaRu03 film. The probe size was ~2 nm. 

The results of the EELS analyses are presented in Fig. 7. The 
profile of the Ba / 0 ratio shows that significant interdiffusion 
occurs between the CaRu03 and YBCO films on the order of 
10 nm from the interface. It is interesting to note that the Ba / 
O ratio at the center of the CaRu03 film is -0.10, which was 
much higher than expected. If we assume that Ba substitutes 
only for Ca, then the normal film composition would be 
Bao.3Cao.7Ru O3. 

Energy Loss (eV) 
Fig. 6. Energy loss spectra shown in Fig. 5 after background 
removal. No Ca was observed in the spectra recorded 10 nm 
away from the interface. The center refers to the center of the 
CaRu03 film. 

Energy dispersive x-ray data were also recorded from the 
CaRu03 film and results are presented in Fig. 8. Integrated 
intensities for the Ba-L<x+p and Ca-K peaks were measured 
and a Ba / Ca ratio of 0.39 was calculated. This agrees well 
with the value of 0.44 determined from the EELS data, that 
is, the a normal layer composition is Bao.3Cao.7Ru O3. 
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Fig. 7. Ratio of Ba / O as a function of distance from the 
interface. The expected ratios are denoted by the dashed line. 
The error bars denote the probe size and scatter in measured 
ratios. 

IV. Conclusions 

In summary, TEM investigations have been conducted on 
SNS junctions with CaRu03 as the normal layer. The SN 
interface was found to be stepped and the thickness of the 
CaRu03 film was constant over the broad faces of the 
interface but was usually two times thicker at the steps. The 
interfaces were' free of amorphous phases and no precipitates 
were observed. 
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Energy loss results indicate that significant interdiffusion 
of Ba and Ca occurs between the CaRuC>3 and the YBCO 
films. The important question remains as to what degree the 
microstructural features and chemistry changes affect the 
junction properties. The misorientation and lattice mismatch 
between CaRu03 and YBCO can be significant which may 
introduce oxygen depleted regions near the interface as has 
been proposed earlier[9]. In addition, Ca diffusion and 
subsequent Ba depletion in the YBCO films near the interface 
is also expected to alter the junction properties. 
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Fig. 8. Energy dispersive x-ray spectra recorded from the 
CaRu03 film shown in Fig. 4. 

The CaRu03 was observed to grow epitaxial onto YBCO 
with a cube-on-cube orientation relationship; nevertheless, 
exceptions to the exact orientation were observed. Whether 
the misorientation is part of the film growth process or due to 
the mismatch in thermal expansion at the steps in the SN 
interface is not clear. 


