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1. Introduction
Since the discovery of the Josephson effect in 1962 1, 

a high number of studies has been devoted to this effect, 
after the appearance of High Temperature Superconductors 
(HTS) 2, as the Bi-Sr-Ca-Cu-O 3, the research in this area 
become more attractive due to new phenomenon involved 
and technological potential applications. The electrical and 
magnetic behaviours of the HTSs are influenced by the 
synthesis rote, i.e., dependending on the conection between 
the grains, some properties like the capacity in transport 
electrical currents without dissipation is affected. Then, the 
study of the influence of synthesis routes and heat treatments 
is of great importance.

Recent studies have been shown a new and alternative 
method, in terms of thermal treatment of samples, by using 
a domestic microwave oven as heating source, with the 
advantage of processing time shorter than conventional 
methods 4. Microwave oven has been used as laboratory 
instrument since 70´s years 5 and also employed with success 
in the sintering of metallic oxides and in the crystallization 
process of thin films6,7.

The study and understanding of Josephson effect in 
intergrain junction of BSCCO samples are well established in 
the literature to samples prepared by conventional methods 
8. Besides the structure and morphological changes observed 
in materials treated by different routes (varying heating rate, 
atmosphere, time and temperature) there is no report for 
samples prepared by domestic microwave oven, in which 

the energy density and heating rate is quite different than 
conventional methods. The effect and structural differences 
caused by this new thermal treatment are still been studied 
in the literature 6.

The aim of this work was describe the preparation of a 
bridge-type Josephson junction with length of 200 μm and 
treated thermally in a domestic microwave oven. Then, we 
used a commercial powder of BSCCO (2212) to produce a 
superconducting thick film, deposited on a LaAlO3 (100) 
substrate. The junction properties such as morphology, 
structure and electrical are extensively studied.

2. Materials and Methods
A Josephson junction was obtained from a BPSCCO 

superconductor film. A commercial powder with nominal 
composition Bi1.8Pb0.4Sr2CaCu2Ox - BPSCCO purchase from 
Superconductive Components Inc. (Lot#SCI3130SCP3), was 
employed to produce the film. The powder was spread on a 
LaAlO3 (100) substrate. The junction was molded by using an 
adhesive mask, to form a bridge-type junction. The thickness 
of the film was barelly controled by the mass of the used 
powder since in this work we focused on the production of 
a Josepson junction by a microwave heat treatment.

The thermal treatment was carried out using a domestic 
microwave oven of Panasonic (NN-S 46 BK model, 800W 
and 2,45GHz), by heating the sample at 400 oC/2min 
and then 780 oC/7min by using a heating/cooling rate of 
20 oC/min. A small pellet of SiC (30x25x5 mm3) was used 
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as susceptor to improve the microwave energy absorption, 
and transfer the thermal energy to the film. The temperature 
control was obtained using a temperature controller with a 
K-type thermo-couple in contact with the SiC pellet. Figure 1 
shows the experimental scheme for the sample preparation 
in according to Silveira et al 9.

The structural characterization of the film was performed 
by x-ray diffraction (XRD), by using a Shimadzu di⋅ractometer 
model XRD-6000, in Bragg-Brentano geometry, using a 
CuKα1 radiation with wavelength of 1,542 Å and step size of 
0.02o. The microstructural and quantitative chemical analysis 
was carried out using a Zeiss Scanning Electron Microscopy 
(SEM) model EVO-LS15, with Energy Dispersive of X-ray 
(EDX) INCA detector.

The resistance versus Temperature (RxT) and Voltage 
versus Current characteristic curves (VxI) were carried out 
by using DC four probe method in the Quantum Design 
PPMS (Physical Properties Magnetic System) equipment.

3. Results and Discussion
The commercial powder and the treated film were analyzed 

by XDR measurements. In Figure 2(a) is shown the XRD 
patterns for the film which was heat treated in a microwave 
oven. The down triangles indicate the (2212), the “” symbol 
indicates the Ca2PbO4 and the “o” symbol represents the 
(2223). Then, it can be noted a predominance of the Bi-(2212) 
phase however, there was also the formation of Ca2PbO4, a 
non-superconducting material 9,10. In Figure 2(b) is shown 
the XRD analysis of the commercial powder. It can be noted 
a predominance of Bi-(2212) phase and the coexistence of 
two different phases, Bi-(2223) and Bi3Pb0,4Sr2CaCu3Ox 
represented by “ ” symbol 11-14.

Figure  3 shows the microstructure of a bridge-type 
junction built with 200 μm of length and 200 μm of width. 
The microstructure and the morphology of the junction were 
examined by SEM. The presence of a plate-like structure, 
typical of the BSCCO system, can be noted. The observed 

Figure 1: Experimental scheme for the sample preparation [9].

                  
Figure 2: X-ray patterns of BSCCO powder: (a) treated sample (film) by using microwave-oven (b) commercial powder.
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grain coalescence in the microstructure is indicative of the 
thermal treatment efficacy by using a domestic microwave 
oven. The chemical composition of the sample was qualitatively 
analyzed by Energy Dispersive of X-ray (EDX), the results 
are shown at Table 1. The EDX analysis was performed in 
two different areas, a smooth area (region 1) and a plate‑like 
area (region 2), as can be seen at Figure  4. The results 
obtained, point to nominal compositions of Bi2,18Pb0,12Sr1

,72Ca0,55Cu1,53O9,11 to region 1, and Bi1,28Pb0,9Sr1,57Ca0,8Cu1,

66O9,8 to region 2. Such difference can be attributed to the 
presence in different contents of Ca2PbO4 in such regions 
for example. Basically, a non-superconducting region in the 
material is desirable since the penetrated magnetic flux (which 
is originated when an external magnetic field is applied or 
even due to the self-field produced by the transport current) 
is trapped in such sites which avoid its dissipative motion.

The electrical resistance as a function of the temperature 
(RxT) and its respective derivative are show in Figure 5. 

Figure 3: SEM images for the junction builted in the BSCCO 
film: (a) Junction view, and (b) detailed of the structure observed 
at the junction.

Table 1: EDS quantitative results of the junction: (a) Smooth and (b) Roughness area.

Regions Analysed
Mass %

Area (a)
EDS Mass %

Area (b)
EDS

Element Nominal Atom % Atom %
Bi L 1.8 172.92 8.43 1.28 206.82 14.36 2.18

Pb M 0.4 11.77 0.58 0.9 10.87 0.76 0.12
Sr L 2 88.12 10.30 1.57 68.10 11.28 1.72
Ca K 1 20.59 5.96 0.80 9.97 3.61 0.55
Cu K 2 67.82 10.94 1.66 44.07 10.06 1.53
O K 8 100.71 64.99 9.8 66.06 59.92 9.11
Total 15.2 460.93 100 16.01 405.9 99.9 15.21

Figure 4: EDS analysis of the different structures presented by the 
treated sample (a) Smooth and (b) Roughness area.
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Figure 6: Characteristic curves as function of temperature: (a) 
Voltage versus electrical current (VxI), and (b) Derivative curve 
dI/dV versus electrical current (I).

It can be seen that the sample presents the same critical 
temperature (Tc = 81K) for different values of the applied 
magnetic field, which means that the currents induced by 
the field are not sufficient to destroy the superconductivity 
of the junction. It  is worth to mention that the Tc was 
obtained by the mid-point method, as shown at Figure 5(b). 
A null resistance was not observed, which can be due to the 
electrical contacts and also an indication the entire sample 
is not superconducting yet.

Measurements of voltage as a function of the applied 
electrical current at different temperatures are shown in 
Figure 6(a). The change of the slope of the curve at zero 
voltage confirms the occurrence of the DC Josephson 
effect even with the sizes of the junction being bigger than 
coherence length of the material, around 300 nm 15. In fact, 
the Josephson effect observed in this case can be attributed 
to a sum of such effect which occurs between the grains, 
i.e., the junction region is small enough to evidence the 
Josephson effect due to the current that is tunneling between 
the grains placed there 15,16,17. Figure 6 (b) shows the derivative 
curve (dI/dV x I) to demonstrate the electrical current gap. 
As can be seen in Figure 6 (b) the Vcc = 0 Volts indicates 
the maximum conductance 18,19. It is very important to note 

that as smaller the temperature higher is the current gap (dI/
dV) according to Argaman 20.

4. Conclusions
A Josephson junction was successfully obtained in a 

superconducting film, which was heat treated by using a 
domestic microwave oven. The electrical characterization of 
the sample showed a superconductor transition temperature 
around Tc=81 K. The IxV curves show a change of slope at 
zero-voltage, which is characteristic of the Josephson effect. 
Finally, a residual resistance showed to increases with the 
magnetic field.
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Figure 5: Electrical characterization of the sample to different 
values of electrical current applied: (a) Electrical resistance versus 
Temperature, and (b) Derivative curve dR/dT versus T.
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