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Abstract. The results of a study on the fabrication and properties of RBa2Cu3O7–
(R = Y, Pr) – based thin films and ramp-type Josephson junctions are presented. The
films were grown on (001) SrTiO3 substrates by radio frequency plasma-assisted pulsed
laser deposition (PLD) or by conventional PLD and their morphological, structural,
and electrical properties were analyzed. The ramp morphology and the quality of the
interfaces with the barrier and the top-electrode were found to be critical factors
limiting the transport of charge carrier between the superconducting electrodes of the
junctions.
Key words: pulsed laser deposition, YBa2Cu3O7–, ramp-type junctions.

1. INTRODUCTION

Many of the superconducting devices have as active element the so-called
Josephson junction, formed by two superconducting electrodes separated by a thin,
non-superconducting barrier [1–5]. Development of nanotechnologies based on
high critical-temperature (Tc) superconductors (HTSc) depends on knowledge of
the structural and electrical transport properties of these materials, as well as on the
reproducibility of the fabrication process [4, 6–9]. Some important requirements of
the circuits based on HTSc Josephson junctions are the necessity to operate in a
temperature range where the low-Tc superconducting devices cannot operate and
the flexibility of placing the junctions anywhere on the circuit chip [4, 6, 10]. HTSc
ramp-type Josephson junctions are increasingly studied for their ability to fulfill the
above requirements [8–12]. However, fine tuning of the interfaces between the
superconducting electrodes and the non-superconducting barrier in this type of
junctions is difficult, requiring good knowledge of the deposition method, complete
insights over the structural and electrical properties of the junction’s components,
and of the lithography process employed for ramp and junction definition [8–15].
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The use of the HTSc Josephson junctions for electronic applications requires
certain characteristics of the junctions, such as large IcRn products (> 1mV), highcritical current density (Jc) to exceed the thermal noise level, good uniformity, and
reproducibility of the junctions electrical properties [11, 12]. Epitaxial multilayer
junctions with an artificial barrier, such as the ramp-type junctions, are increasingly
used in fabrication of devices based on HTSc materials due to their promising
electrical properties [9, 13]. For example, the ramp-type junctions based on c-axis
oriented YBa2Cu3O7– thin films make use of the longer superconducting coherence
length in the a–b plane, ab, of about 15–20 Å, as compared with the c-axis coherence
length, c, of about 3 Å, giving more flexibility in the junction barrier thickness
[10–12, 16]. However, for practical applications of this type of junctions a better
knowledge of their electrical properties’ dependence on the films and ramps
characteristics is still required.
In this paper we present the results on the fabrication process and characterization
of RBa2Cu3O7– (RBCO, R = Y, Pr) thin films and YBCO/PBCO/YBCO Josephson
junctions, in the ramp-type configuration, with focus on the role of the films
microstructure and of the substrate-top electrode interface on the electrical
transport properties of the junctions. PBCO was selected as the barrier material
being isostructural with YBCO, the junctions using this material as barrier layer
having a lower junction capacitance determined by the overlap area, as compared
with the case of SrTiO3 (due to its large permittivity, ), for example [10]. Also,
due to its high electrical resistivity, similar thermal extension coefficient, and
similar deposition parameters with the YBCO electrodes, PBCO is one of the most
used barrier material for this type of junctions [10, 17]. YBCO/PBCO/YBCO
ramp-type junctions with low capacitance and sufficiently large Rn, while difficult
to fabricate, have potential for applications in high-frequency circuits, this being
the final aim for these studies.
2. EXPERIMENTAL PROCEDURE

For revealing the surface morphology features of the samples, an XE-100 Park
Systems instrument was used for atomic force microscopy (AFM) studies in contact
mode (in air), with standard Si3N4 triangular contact mode tips (k = 0.58 Nm–1),
keeping the total interaction force as low as possible. In order to reduce the
contamination of the surface, that would affect the quality of the image, the AFM
scans were acquired as soon as possible after the surface treatments, for substrates, or
after the deposition process, for films. For microstructural studies X-ray diffraction
(XRD) scans were performed on a four-circle Rigaku Smartlab single-crystal
diffractometer with rotating anode, using Cu K radiation. The lattice parameters
of the films have been calculated from 2/ scans around a series of (hkl)
diffraction planes, all the films being considered epitaxially grown. Low incidence
angle reflectivity measurements were performed as well in order to determine the
film’s thickness. For high-resolution transmission electron microscopy (HRTEM)
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studies a Tecnai TM G2 F30 S-TWIN microscope equipped with STEM/HAADF
detector, energy dispersive X-ray spectroscopy, and EFTEM-electron energy-loss
spectroscopy was used, at an acceleration voltage of 300 kV obtained from a
Shottky field emitter, giving a point resolution of 2 Å and a line resolution of
1.02 Å. Electrical properties were measured resistively or inductively (in order to
avoid contact to the films surface, for wiring) in a cryostat with liquid N2, down to
77 K, or with liquid He, down to 10 K.
3. RESULTS AND DISCUSSIONS
3.1. GROWTH AND PROPERTIES OF RBa2Cu3O7– THIN FILMS

Before junction’s fabrication, RBCO (R = Y, Pr) thin films with thickness of
50–150 nm were grown by radio-frequency (RF)-assisted PLD or by conventional
PLD on (001)-oriented SrTiO3 (STO) single crystal substrates, with dimensions of
10  10  1 mm3, in order to determine their morphological, structural, and electrical
transport properties. A PLD setup using an ArF excimer laser ( = 193 nm, pulsed
duration 20 ns) was used for deposition, the growth conditions for the RBCO thin
films being listed in Table 1. During deposition the laser beam, focused on the
target using an optical system, scans horizontally the rotating target for uniform
ablation. For RF-assisted PLD a 13.56 MHz radiofrequency generated oxygen
plasma source was used in order to increase the reactivity of the gas species for
stoichiometric and structural film’s properties enhancement [18, 19]. The main
advantage resulting from the use of radiofrequency discharge is related with the
enhanced reactivity at the substrate or film surface (during growth) between the
ablated species and the ionized and excited oxygen species coming from the
plasma beam. Therefore, formation of oxygen vacancies at the substrate-film
interface and/or oxygen deficiency in the films is prevented or drastically reduced.
The RF-assisted PLD method has also the advantage of increasing phase stability
of complex oxides for lower deposition temperatures, as well as reducing the
oxygen gradient with increased film thickness [19].
Table 1
Deposition parameters for YBa2Cu3O7– (YBCO) and PrBa2Cu3O7– (PBCO) thin films grown
by means of RF-assisted PLD or conventional PLD on (001) SrTiO3 substrates
Target composition
Substrate
Deposition temperature (Td)
Deposition pressure (Pd)
Laser repetition rate (f)
Deposition gas
Distance target-substrate (dts)
Energy density at target (Ed)
RF power

Polycrystalline, sintered YBCO or PBCO
(001) SrTiO3, 5  5  1 mm3 size
730–800°C
(18–25)  10–2 mbar
3–5 Hz
O2
50–65 mm
1.30–2.50 J/cm2
150 W
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All RF-assisted PLD grown YBCO films were deposited at 730°C, 0.25 mbar
O2, and an RF power of 150 W. Prior to films’ deposition, each STO wafer was
cleaned in organic solvents (acetone and ethanol) and then thermally treated. The
thermal treatment, done at temperatures of 900–1000°C under an O2 flow of 300 sccm,
was used in order to obtain substrates with a SrO termination [20, 21], which favors a
BaO termination surface of the RBCO films, thus avoiding formation of CuOx
precipitates on the films surface [22–26]. For deposition, the substrates are mounted
on the heater using Ag paste allowing for good thermal contact, the substrate
temperature being measured with a thermocouple. After deposition the PLD chamber
was flooded with oxygen up to a pressure of about 900 mbar, at the deposition
temperature. A two steps annealing procedure was then used during cooling down of
the films, after flooding the chamber: the films were first annealed for 15 min at
650°C, followed by 1 h annealing at 450°C, and then cool down to room temperature.
A speed of 25°C/min was used during all these steps of the cooling down procedure.
The first annealing step aims to partially relax the epitaxial strain due to the mismatch
between the in-plane cell parameters of the STO substrate and of the RBCO films.
The second annealing step is required in order to yield superconductivity in the
YBCO films by oxidation, leading to the phase transition from the tetragonal,
non-superconducting structure of the as-deposited films, to the orthorhombic,
superconducting structure of the oxidized films. For PBCO films the second
annealing step is also required, for better oxidation. After deposition, AFM, XRD
and electrical transport measurements were performed on the films.
The morphological and structural properties of the RBCO thin films were
strongly dependent on the deposition parameters, such as deposition temperature (Td),
deposition pressure (Pd), substrate-target distance (dts), and the laser energy density
on the target (fluence, Ed), as well as on the post-deposition annealing conditions
(oxygen pressure, annealing temperature and time), which determined the oxygen
composition and the crystallinity of the films. One of the critical aspects for the
fabrication of the ramp-type junctions is the presence of droplets on the surface of the
films, leading to pinholes via the barriers. To minimize the number of droplets a
high-density target was used that was fine polished before each deposition, for
yielding a fresh target’s surface. In this way, the possibility of removing nonstoichiometric material formed during previous ablation was avoided. Deposition
parameters (i.e., the distance target-substrate, laser fluence) were also optimized in
order to reduce the number of droplets. In Fig. 1 are shown SEM micrographs of two
YBCO films grown under different deposition conditions, indicative of the role of
the growth parameters on the films surface characteristics. The film from Fig. 1a was
deposited at a target-substrate distance dts = 56 mm and a laser energy density on the
target (fluence) of El = 1.75 mJ/cm2, while the film from Fig. 1b was deposited at
dts = 65 mm and El = 1.30 mJ/cm2. Both films were grown at 780°C, 0.23 mbar O2
and cooled down under 0.9 bar O2 and annealed 1 h at 450°C. The presence of droplets
is observed for the film from Fig. 1a, while only a reduced number of very small
droplets can be observed in the latter case.
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Fig. 1 – SEM micrographs (different scale) of YBCO films deposited by conventional PLD from the
same target, but at different deposition parameters (see text) showing: a) the presence of large droplets,
b) a reduced number of very small droplets.

Regarding the films’ microstructure, the XRD data showed that the RBCO
films are epitaxially grown, c-axis oriented. However, in some PLD grown YBCO
films the presence of a-axis YBCO was also observed, although in small amount.
This was the case for films grown at temperatures lower than 730°C. By increasing
the deposition temperature and/or the energy of the adatoms (higher Ed) this
problem could be avoided. All PLD-grown YBCO films deposited at 750–800°C
were single phase, c-axis oriented, as well as the films grown by RF-assisted PLD
(even for Td as low as 730°C). In Fig. 2 typical 2/ XRD patterns for single phase
RBCO thin films epitaxially grown on (001) STO by RF-assisted PLD (Fig. 2a)
and by conventional PLD (Fig. 2b and c, for YBCO and PBCO, respectively) are
shown, where only reflections coming from the (00l) planes can be observed.
Values for full width at half maximum (FWHM) of  = 0.1–0.2° for (005)
reflection were measured for the PLD grown YBCO and PBCO films from omega
scans (rocking curves), indicating highly crystalline films. The RF-assisted YBCO
films showed a larger FWHM, of about 0.25–0.55°, an indication of higher
mozaicity, higher strain level, and/or smaller crystallite size. The XRD data
showed that the PLD-grown YBCO films have an orthorhombic symmetry with inplane cell parameters of a ~ 3.835 Å and b ~ 3.885 Å, while the c axis value was
found to be c ~ 11.685 Å, with slightly larger c-axis value of c ~ 11.695 Å for the
RF-assisted YBCO films. For the PBCO films the cell parameters were found to be
a ~ b ~ 3.895 Å, and c ~ 11.675 Å.
The AFM analysis of the PBCO and YBCO films (Fig. 3) showed a
predominantly 3D (islands) growth mode, with formation of large 3D islands,
characteristic for these materials [13, 22–27]. A surface with an increased
roughness resulted for the RF-assisted PLD grow films, as compared with the films
grown by conventional PLD, as can be observed from the AFM images of two
YBCO films shown in Fig. 3, with rms (root mean square) value of ~ 19 nm for
former film (Fig. 3a), and of ~ 2 nm for latter (Fig. 3b). The PLD-grown PBCO
films (Fig. 3c) showed a smoother surface compared with YBCO films and, as a

Article no. 506

V. Leca, N. D. Scarisoreanu, M. Dinescu

6

result, the surface morphology of the YBCO/PBCO bi-layers showed improvement
after deposition of the PBCO layer.

Fig. 2 – XRD 2/ spectra of YBa2Cu3O7– (a and b) and PrBa2Cu3O7– (c) thin films grown on
(001) SrTiO3 substrates by RF-assisted PLD (a) and conventional PLD (b and c). Spectra (b) and (c)
are shifted to the right for clarity by 1°, and by 2°, respectively. The RF-assisted PLD-YBa2Cu3O7–
film was grown at 0.25 mbar O2 and 730°C, the PLD-YBa2Cu3O7– film was grown at 0.25 mbar O2
and 800°C, while the PrBa2Cu3O7– film was grown at 0.18 mbar O2 and 780°C.
a)

b)

c)

Fig. 3 – Topographic AFM images of RBCO thin films: a) YBCO grown by RF-assisted PLD
(rms = 19.3 nm), b) YBCO grown by conventional PLD (rms = 2.4 nm), and c) PBCO grown by
conventional PLD (rms = 1.8 nm). Scans size: 10  10 µm2, for a) and b); 1  1 µm2, for c).

The electrical transport measurements showed that for optimized growth
conditions the YBCO thin films were superconducting, with Tc values of 85–90K,
while the PBCO films showed a semiconducting like behaviour. The highest Tc
values were obtained for YBCO films grown at temperatures of 780–800°C or when
deposited by RF-assisted PLD, Tc value decreasing with decreasing deposition
temperature. The slightly higher Tc values for the films grown using the RF plasma
might be explained by a better oxygenation of the films (helped also by higher
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concentration of defects in these films) and a better oxygen distribution within film
thickness, characteristics of this technique [18, 19]. The morphology of the substrate
surface was also found to have an influence on the electrical transport properties, a
rough, untreated STO surface resulting in YBCO films with reduced Tc values,
mainly due to cation off-stoichiometry [28].
3.2. FABRICATION AND PROPERTIES OF THE YBa2Cu3O7–/PrBa2Cu3O7–/YBa2Cu3O7–
RAMP-TYPE JUNCTIONS

A schematic representation of the YBCO/PBCO/YBCO ramp-type junctions
discussed in this paper is given in Fig. 4. The use of PBCO as barrier layer is
motivated by the expected low carrier scattering at the interfaces between the
superconducting electrodes and the barrier [17], due to their similar crystal structure,
thermal expansion coefficient, and growth conditions [10, 17]. The fabrication
process of this type of junctions consisted of several steps. First, a bi-layer of
100–125 nm YBCO and 100–125 nm PBCO was deposited on an edge aligned
single crystal (001) STO substrate (edge aligned – the (100) plane of the STO is
aligned parallel with one of the substrate edges). All YBCO and PBCO films used
in the junction’s fabrication process were grown by conventional PLD due to their
better microstructural and morphological properties as compared to the films
grown by RF-assisted PLD. Within this bi-layer, YBCO represents the bottom
electrode of the junction, while the PBCO layer represents the insulating barrier, in
the c-axis direction, between the junction’s electrodes (no current should flow in
this direction between the electrodes). A positive photo resist mask is afterwards
used in order to define the ramp (characterized by an angle , see Fig. 4) by
Kaufmann Ar-ion milling, the bi-layer being patterned simultaneously with the
ramp. During the milling process the sample was rotated around its normal in order
to yield ramps with similar angle and height, independent on their position on the
substrate, and to avoid formation of kinks on the edge of the ramps due to the
shadowing effect of the photoresist mask. The angle of the ramps is kept low in
order to allow for epitaxial growth of the barrier and top electrode, and to avoid
formation of grain boundaries at the edge of the ramps [29]. After ion milling the
ramp, the photoresist was removed with acetone and ethanol.
During the ion milling process the ramp surface is damaged, resulting in
off-stoichiometry, negatively affecting the junctions parameters (interface transparency,
microstructure, electrical transport properties) [8–12, 30]. Following the ramp
definition and removal of the photoresist, in order to reduce the damage on the
ramp area, a short Ar-ion milling step with lower Ar-ions energy is used to soft
clean the ramp area. In order to recrystallize the ramp area an in-situ annealing step
is introduced before depositing the thin PBCO barrier layer. The annealing is done
for 30 minutes at the deposition conditions (temperature and pressure) for YBCO.
However, the annealing process does not restore the stoichiometry of the damaged
area, and a region with a thickness of up to 4 nm on the ramp area surface may
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have different electrical properties than of the bottom YBCO electrode and,
therefore, it acts as a very thin barrier [14, 17, 31]. This barrier was shown to result
in junctions with incomplete magnetic-field response due to the presence of shorts
between the junction’s electrodes via the barrier [10–14]. Therefore, after the
annealing step an extra 10–25 nm thick PBCO layer was deposited, that will define
the barrier in the ab plane of the junction. The top YBCO electrode with a
thickness of 100–125 nm is afterwards deposited using the same growth parameters
as for the bottom one. The junction’s dimensions are then defined by optical
lithography and Ar-ion milling, the excess material on top of the bottom electrode
being also removed in this step, the length of the overlap area of the electrodes in
the junction region being kept as small as possible (at about 3 µm) in order to
reduce the junction capacitance. Finally, a 50 nm thick Au layer that will provide
the electrical contacts with the junction’s electrodes was DC-sputtered and then
patterned. The current-voltage (I–V) characteristics of the junctions were then
measured in liquid N2 or in liquid He. Junctions with widths between 5 and 50 µm
were placed on the same chip, with the ramp area parallel to the [100] or [110]
crystallographic directions of the substrate. A SEM micrograph of a 50 m wide
ramp-type junction positioned parallel to the [110]-STO is shown in Fig. 5, where
the junction components are indicated. The junction was fabricated with 100 nm
thick YBCO electrodes, separated in the c-axis direction by a 120 nm thick PBCO
insulating layer, and by ~20 nm thick PBCO barrier.
The shape and morphology of the ramps were investigated by AFM, Fig. 6
showing the morphology on the ramp area of an YBCO/PBCO bi-layer. A smooth
surface of the ramp area and lack of redeposited material on the ramp edge can be
observed; however, some “spikes” appear on the ramp edge that may act as pinholes through the barrier of the final junction. The profile of the ramps was
determined mainly by the shape of the edge of the photoresist mask, and less by the
milling angle (the angle between the ion beam and the surface normal). In order to
obtain a ramp with an angle of 15 ± 5°, the photoresist mask was post-baked at
120°C, for 5 minutes. This baking makes the photoresist to flow, producing a
round shape of the mask edge. By using this type of photoresist mask the Ar-ion
milling could also be done without any tilt angle (ion beam perpendicular to the
sample surface), resulting in the desired ramp angle.

Fig. 4 – Schematic representation of the ramp-type junction.
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Fig. 5 – SEM micrograph of a 50 m
wide YBCO/PBCO/YBCO ramp-type
Josephson junction.
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Fig. 6 – Topographic AFM image of the ramp area of an
YBCO/PBCO bi-layer.

The ramp morphology and shape were found to be critical factors in observing
Cooper pair tunnelling via the junctions, improved I–V characteristics being obtained
for YBCO and PBCO films with reduced roughness, resulting in smooth ramps area.
This is explained by the fact that the film’s surface morphology is translated to the
ramp area via the photoresist during the ion-milling process, while the ramp
morphology influences the thickness distribution of the ramp barrier layer, and thus
the junction’s I–V characteristics [32, 33]. Rotation of the sample around its normal
during Ar-ion milling assured that there is no re-deposited material on the edge of the
ramp (as can be seen in Fig. 6), as well as a uniform distribution of the ramp angle
and height for all the junctions from the same chip.
The I–V characteristic at 4.2 K of a 5 µm wide YBCO/PBCO/YBCO ramptype junction with 100 nm thick top and bottom YBCO electrodes, 120 nm thick
insulating PBCO layer, and 15 nm thick PBCO barrier is shown in Fig. 7. The
effective coherence length of PBCO being estimated at n ~ 5–8 nm, for this barrier
thickness the junction can be considered as junction with thick barrier [17]. The
non-hysteretic I–V curve from Fig. 7 shows a behaviour that can be described by
the resistively shunted junction (RSJ) model, the small rounding being attributed to
flux flow, with flux trapping at the ramp being enhanced by the ramp structure
[34]. An IcRn value of ~0.77 mV, for measured Ic of ~5.6 µA and Rn of ~138 
(estimated from the slope at high voltage), was calculated from this characteristic,
at 4.2 K. The critical current density, Jc, of the junction, calculated from Jc = Ic/Aj,
is about 200 A/cm2 at 4.2K, with Aj = w  h/sin  (where Aj-junction area, w-junction
width, h-thickness of the YBCO bottom electrode, -the ramp angle, with Ic = 5.6 µA,
w = 5 µm, h = 100 nm, and  = 15°). The normal state resistivity n = Rn  Aj is calculated
to be n ~ 2.8  10–6 cm2, with Aj = 2  10–8 cm2, indication of low-ohmic weaklink structure [17]. The obtained Jc and n values are similar to those previously
reported for this type of junctions [28]. The reduced IcRn value (if compared to the
gap voltage of ~20 mV) can be explained by the interface effects and inelastic transport
via the barrier [15]. The presence of a large excess current, Ie, can be observed for
this junction in Fig. 7, an indication of electrical shorts (pin holes) between the
YBCO electrodes via the PBCO barrier, on the ramp area.
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w = 5 m
T = 4.2 K
Rn=138 
IcRn=0.77 mV

-3

-2

I (A)

Most of the junctions showed a resistive behaviour at temperatures higher
than about 50 K. A possible reason for the temperature limitation of this type of
junctions is the reduced quality of the top superconductive electrode (the electrode
grown on the Ar-ion milled area of the substrate and ramp). Therefore, we have
studied the electrical transport and microstructural properties of YBCO layers
grown on previously Ar-milled STO substrate, as well as the microstructure of the
film-substrate interface, in order to better understand the characteristics of YBCO
top electrode, especially on the region that was etched during the fabrication
process. Reduced Tc values of 65–70 K were measured for these YBCO layers,
while HRTEM analysis (Fig. 8) indicated a high degree of structural disorder at
STO-YBCO interface, findings that correlates well the limited electrical transport
properties of the junctions to the degraded superconducting properties of the top
electrode and of the ramp area interface with the thin barrier [35]. This adds to
possible degradation of the superconducting properties of the YBCO electrodes
during the lithography process, resulting in reduced working temperatures of the
junctions. Also, the thin PBCO barrier layer grown on top of the Ar-milled surface
of the ramp and of the substrate (as part of the junction fabrication process) is
expected to contain structural disorder and off-stoichiometry [10], as HRTEM data
showed, that are then transmitted to the top YBCO electrode. Optimization of the
junction fabrication process, especially of the recrystallization step of the ramp
area, as well as of the milled STO region, is required for obtaining junctions with
improved I–V characteristics at temperatures up to 80 K, a condition for this type
of junctions to be used in electronic devices [4, 6, 7, 10]. Also, fabrication of ramptype junctions on an already ramped-substrate (previous to the deposition of the
junction constituents) might help improving their electrical transport properties, as
was already tentatively shown in [36].
10

Ic
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YBCO

Ie
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0
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0
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interface
2 nm
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-10
Fig. 7 – The I–V characteristic at 4.2 K of a 5 µm
wide YBCO/PBCO/YBCO ramp-type junction with
100 nm thick electrodes, and 15 nm thick (ramp)
barrier. The junction has a critical current Ic value
of Ic ~ 5.6 µA.

Fig. 8 – Cross section HRTEM image of
part of the YBCO-STO interface region;
the substrate was Ar-ion milled before the
deposition of the YBCO layer.
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4. CONCLUSIONS

RF-assisted PLD and conventional PLD methods have been used to grow
high quality RBCO (R = Y, Pr) thin films onto (001) STO substrates for development
of the technology for fabrication of YBCO/PBCO/YBCO ramp-type Josephson
junctions. Deposition under optimum conditions (laser energy density, deposition
temperature, and pressure) produces PLD-grown YBCO thin films with a sharp
superconducting transition and relatively smooth surface, while PBCO was found
to be a suitable candidate as barrier layer due to its good wetting of YBCO, similar
crystalline structure and deposition conditions. The RF-assisted PLD grown YBCO
films showed poor microstructural and morphological properties as compared with
the conventional PLD produced samples. However, slightly higher Tc values have
been measured for the RF-assisted PLD films, most probably due to better
oxygenation, as a result of higher concentration of structural defects in these films.
Regarding the YBCO/PBCO/YBCO ramp-type Josephson junctions, the main
difficulty encountered during the fabrication process was the degradation of the
microstructural and superconducting properties of the top YBCO electrode grown
on a surface area that was Ar-milled during defining the ramp; this is considered to
be due to the degraded microstructure and morphology of the underlaying layers
and interfaces. The critical current Ic of the junctions was dependent on the ramp
morphology, the observation of excess current indicating pin-holes in the PBCO
barrier due to its thickness non-uniformity on the ramp area. The current-voltage
characteristics of the junctions showed a behaviour that can be described by the
resistively shunted junction model, IcRn values of about 0.77 mV being obtained.
The reduced IcRn values can be explained by strong pair-braking effect in the
barrier [17]. Improvement of the ramp characteristics, as well as of the interface
between the top electrode and the previously etched substrate and layers are
required in order to obtain higher IcRn values and higher working temperatures for
this type of junctions.
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