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Abstract 
Y1Ba2Cu3O7- superconducting system doped in percentage ratio with Fe have been studied. 

X-ray diffraction patterns indicated a slight shift in intensity peaks in the doped samples 
proportional to iron content while the critical temperature was slightly suppressed. I-V 
characteristic curves were obtained for the samples at various temperatures below Tc and with 
different applied magnetic fields. Critical currents were evaluated and their behavior versus 
temperature and applied field was studied for different iron content. The critical currents were 
found to increase with increasing iron content at temperature below Tc .

Keywords: Doping, Y-Superconductor, I-V Characteristics, Critical current enhan-
cement, Magnetic field. 

Introduction
Y-based superconductors are the most widely studied systems and are classified as 

type II superconductors. Superconductors can carry high currents in the presence of 
external magnetic fields. However, there is an upper limit for currents and magnetic 
fields before superconductivity is completely removed. The enhancement of critical 
currents is important to some applications in electrical devices. There are many reported 
results [1-6] on techniques to improve the critical current density, Jc. The magnitude of 
the critical current is greatly affected by the existence of impurities, grain boundaries, 
voids, and structural defects. All these can act as pinning centers which prevent vortex 
movement. 

In the superconducting state, the vortices do not move easily because they are 
pinned at some pinning centers and a very small force is needed to remove a vortex from 
its pinning center. The critical current, Ic , can be used as a measure of the pinning force 
[7]. It is well known that single crystals can carry much higher critical currents than 
polycrystalline samples. It is well known that grinding, compressing, and annealing have 
major effects on Ic . These can help in improving contacts and in optimizing O2 content 
leading superconductors to have high critical current density. There are different ways to 
find Jc. The current density can be determined from measurements of transport current or 
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can be calculated from magnetization currents deduced from hysteretic loops. However, 
Jc has smaller values when calculated from transport currents [ 8,9,10].   

The effect of iron addition on Y-based systems was previously studied and an 
increase in vortex pinning that results in high Jc was reported [4,6]. In this work, we have 
prepared Y-based samples and Fe was added in different weight percentages. The effect 
of iron addition on I-V characteristics will be reported and discussed. The critical 
currents are evaluated from the I-V curves for various temperatures, applied fields, and 
for different iron contents. In addition, the flow resistance will be calculated and 
discussed under different temperatures and applied fields.  

Experimental Procedure
The samples were prepared by the solid-state reaction method using Y2O3, BaCO3,

CuO, and Fe3O4 high purity powder oxides as starting materials. First, we prepared 
YBa2Cu3O7-  superconducting system (Y123) from Y2O3, BaCO3, CuO high purity 
oxides. We divided the material into four samples. Iron in the form of Fe3O4 was added 
to three samples of Y123 as a weight ratio of 1%, 2%, and 4%. Each sample was ground 
separately and mixed thoroughly for two hours and then pressed into a pellet under 
pressure of 10 tons. Each pellet has a diameter of about ~10mm and ~1mm thickness. 
The pellets with iron were then heat treated at 840oC for 20 hours and allowed to cool to 
450oC and held at that temperature for 6 hours under flow of O2 and then cooled to room 
temperature.  

A small amount of each sample was ground into powder for X-ray diffraction and a 
diffraction pattern was obtained using Cu K  x-ray radiation. For I-V measurements a 
small slap from each sample of a rectangular shape with dimensions 5x3x1 mm3 was 
used. The I-V characteristics were measured using the standard dc four-probe method 
with the magnetic field applied parallel to the surface of the sample. Every sample was 
first cooled in zero field to 50K. We obtained I-V curves for all samples at various 
temperatures below Tc for different applied fields. Scanning electron microscope (SEM) 
micrographs were taken for the samples containing iron (1%, 2%, 4%) and are shown in 
figure 1. 

Figure 1a: SEM scan for powdered part  from the sample with 1% Fe. 
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Figure 1b: SEM scan for powdered part  from the sample with 2% Fe. 

Figure 1c: SEM scan for powdered part  from the sample with 4% Fe.

Results
X-ray diffraction measurements revealed the existence of the Y123 

superconducting phase with a very slight shift in the peak positions for samples 
containing iron and the amount of shift was increasing with increasing iron content. The 
values for Tc are listed in Table 1. 

Table 1: List of critical temperatures for the samples 
% of Fe in 

sample 
0% 1% 2% 4% 

Tc 92K 91.2K 89.5K 91.8K 
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After analyzing the SEM micrographs it was clear that the 4% Fe sample 
micrograph contains agglomerates of iron that did not substitute for copper. However, 
from the analysis of the 1% Fe and 2% Fe samples micrographs the iron atoms seem to 
substitute for copper, with larger grains in the case of the 2% Fe sample. The values of 
Tc indicate that it decreases with iron content up to 2%, but for 4% iron content the iron 
aggregates in islands leaving Y123 phase and this was confirmed by scanning electron 
microscope EDAXS analysis of different spots on the surface of each sample.  

Figure 2 shows the I-V characteristics for the sample with 1% Fe for various 
temperatures. Similar graphs have been obtained for various samples at different 
temperatures and different applied fields. These curves have been used to calculate Ic  
and flow resistance. 

Figure 2: I-V characteristics for the sample with 1% Fe . 

The critical currents calculated for various samples with zero applied field were 
evaluated and are shown in Figure 3. It is clear from Figure 3 that the sample with 1% Fe 
has nearly the optimum iron content to have maximum critical current. The figure shows 
also that iron content enhances the critical current as temperature is increased  compared 
to reduction in Ic for the sample with no Iron added. Figure 4 represents the critical 
currents versus temperature for the sample with 4% Fe with different applied fields, it 
shows slow decrease in Ic up to 85K , and a fast increase when approaching the critical 
temperature. 
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Figure 3: Critical currents versus temperature for various samples with B=0 

Figure 4: Critical currents versus temperature with different applied fields for 4% Fe. 

Figure 5 shows the critical currents versus the applied field for various temperatures 
for the sample with 4% Fe. It is clear from that graph that Ic behaves independent of the 
field for all temperatures, with higher values near the critical temperature. Figure 6 
shows the flow resistance R in units of ohms calculated for the samples against 
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temperature for applied fields having the values B=0 and B=3.3kG. It shows very clearly 
that the resistance drops with increasing temperature for the sample with 4% Fe.  

Figure 5: Critical currents versus applied field at various temperatures for 4% sample. 

Figure 5: Critical currents versus applied field at various temperatures for 4% sample. 
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Figure 6: Flow resistance R in ohms versus different temperature at B=0 
 and B=3.3   kG. 

Discussion  
The iron addition to the Y-based compounds enhances the critical currents if the 

optimum iron content is added as can be seen from Figure 2. The sample with 1% Fe has 
the highest Ic for all temperatures while for samples with 2% and 4% Fe, the addition of 
iron suppresses Ic . In the sample with 1% Fe, the pinning force was the strongest and 
this results in a high critical current. However, for the sample with 4% Fe, the iron 
aggregates together and do not substitute for Cu and this was verified by the SEM 
measurements. The large grains seen in the sample with 2% Fe where behind the 
decrease observed in both Tc and Ic since these can reduce pinning forces.  

The critical current was observed to increase in sample with 4% Fe with the applied 
field, and a drastic increase was observed for temperatures just below Tc (85K – 92K). 
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While the value of Ic is independent of the applied field, it seems that the pinning 
forces build up and strengthen for that temperature range when applying an external 
field. When plotting Ic versus applied field as shown in Figure 5 , a similar behavior was 
observed. The critical currents are independent of applied fields, with a noticeable 
increase above 85K. Figure 6 shows almost a constant flow resistance for the samples 
except the sample with 4%. A very slight increase in R with B for the pure sample with 
no significant change in R with temperature and field for the samples with 1% and 2% 
Fe. For the sample with 4% Fe, its flow resistance decreases slightly with temperature 
with no applied field but it decreases more with temperature when a field is applied 
(B=3.3kG) and this should result in a higher critical current. 

Conclusion
The critical currents for Y-based superconductors doped with Fe were studied. The 

iron enhanced the critical currents. It was found that the 1% Fe substitution gave the 
higher critical currents. Higher amounts of iron results in a separate aggregates of Fe 
from the Y123 phase and that can suppress the critical currents. A further study is 
needed to find the optimum amount of iron to be added that can enhance greatly the 
critical current without any further suppression of Tc .
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