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Abstract

The pressure and magnetic field effects on the transport critical current density (Jct) in a ceramic sample of

Hg0:82Re0:18Ba2Ca2Cu3O8þd with optimum oxygen content are studied. The rate of increase for Jct with the pressure is
oP Jct=Jct ¼ 7:1� 10�2 kbar�1. The dJct=dP rate decreases with the applied magnetic field and it equals to zero for fields
above 50 G. Our experimental results indicate the possible existence of two subsystems involved in the critical current

transport along the sample. One subsystem is related to the weak-links (WL) or high-angle boundaries and the other is

associated to the strong-links (SL). For low applied fields the transport properties of the sample are mainly influenced

by the WLs and, upon increase the applied field, the Jct is mainly determined by the SLs.
� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Potential technological applications of high-Tc
materials demand large-dimension samples (polycrys-

talline materials) having high values of Jct (�105 A/cm2).

The principal limit for Jct in these samples is the grain-
boundaries (GB) between grains. These GB’s have many

dislocations inside which have a normal core that dis-

rupts the superconductivity around them. This structure

limits the effective area for transport of superelectrons

through the GB. If the dislocations are very close to one

another the disorder inside the GB is very high, and in

this case the GB is identified as a weak-link [1]. On the

other hand, experimental studies have demonstrated

that if the angle of the boundary is low, the dislocations
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can act as pinning centers and the structure can support

a high supercurrent. This type of GB is identified as

strong-link (SL) [2].

Some studies have focussed the effects of an external

pressure on the physical properties of high-Tc materials
and in particular on Jct (see [3,4]). Nevertheless there are
not any report on the synchronized effects of the pres-

sure and the magnetic field in Jct. In this work we study
this item in a ceramic Hg-1223 compound. Our study

shows that the pressure increases the transport critical

current without applied magnetic field at a fixed tem-

perature. Upon increasing the magnetic field this effect

decreases and it disappears for fields above 50 Oe.
2. Experimental

The high-quality Hg-1223 polycrystalline sample was

obtained from a solid-state reaction method. Details on

the sample preparation, its physical properties and the
ed.

mail to: jl@cbpf.br


1.5

J.L. Gonzalez et al. / Physica C 408–410 (2004) 756–758 757
experimental set-up used in the experiment can be found

in references [4,5] and references therein.
0.0001 0.0003 0.0009 0.0025 0.0067 0.0183
0.0

0.5

1.0

without field

0 3
0.6

0.8

1.0

1.2

1.4

1.6
 

 

T = 101 K

 P  ~  0  kbar
 P  =  2.2 kbar
 P  =  4.2 kbar
 P  =  6.2 kbar

J ct
 (A

/c
m

2 )

1 2 4 5 6 7
P (kbar)

J c
t (

A/
cm

2 )

B (T)

Fig. 2. JctðBÞ for different applied pressures.
3. Results and discussion

Fig. 1 shows the I–V measurements for different

hydrostatic pressures taken at a fixed temperature

T ¼ 101 K, and without applied field. The inset of Fig. 1

shows the zero-field resistivity transition for the sample.

The critical temperature ðTcÞ was defined at the maxi-
mum of the first derivative of the RðT Þ curve and it gave
a Tc value of about 131.9 K. From the I–V curve the

critical current was taken at the different pressures using

a criterion Vc ¼ 2 lV (Ec ¼ 8 lV/cm). As it can be

clearly noted the pressure increases the critical current.

The JctðP Þ dependence is linear and the rate @P Jct ¼
0:07� 0:02 A/(cm2 kbar).

At zero field the external pressure contributes to Jct
with two effects. First, it improves the bulk properties

(superconducting gap and Tc) inside the grains, and

second, the granular structure of the sample is also

modified. These two effects will modify the conduction

through the intergranular regions (WLs) leading to an

increase of Jct along the sample [4]. A previous analysis

indicated that due to the lower value of the relative

compressibility coefficient in high-Tc ceramics, the main
factor associated to the increase of Jct is the intrinsic
term inside the grains. Also a theory was developed,

which interconnected the relative increases of Jct and Tc
with the pressure [4].

The main result of our work is shown in Fig. 2. It can

be noted that the increase of Jct with the pressure de-
pends on the applied field. This effect decreases when the

applied field is increased and for fields about 50 G it

disappears. Note that the x-axis is in logarithmic scale.
To understand this we have to realize that the

supercurrent flows in the sample along two subsystems.
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Fig. 1. I–V curves for different pressures.
The first subsystem is the current transport through the

WL (JCWL) while the other occurs at the SLs (JCSL). It
means: Jct ¼ JCWL þ JCSL. Initial results [4], and also our
experimental data for B ¼ 0 G, indicate that JCWL is

increased by the pressure. Upon increasing the magnetic

field, the number of WLs that participate in the super-

current transport, and also their own contribution

(JCWL), strongly decrease. Thus, at relatively higher fields
the contribution to Jct would be the one that originates
from the SLs, namely JCSL.
In the SLs, the vortex-lattice (VL) is pinned at the

normal core of the dislocations. For low fields, the dis-

tance between vortices is greater than the one between

dislocations, thus every vortex is pinned by at least one

dislocation. An enhanced vortex pinning regime is ob-

tained when these two distances match each to other,

which produces a matching field BP ¼ /0=D
2 	 70 T by

taking a spacing between dislocations D 	 5:6 nm [2].

For B 
 BP an almost constant critical current is ex-

pected [2]. In our experimental conditions the linear

compressibility coefficient of high-Tc ceramics is very low
[1,4]. Thus D should remain the same or a slight decrease

is expected. In this sense, the net pressure effect on BP is

neglected and the JCLS through the SLs, and conse-

quently Jct 	 JCSL is not modified by the pressure as it
was experimentally detected.
4. Conclusion

The increase of Jct with pressure in a Hg-1223

optimally doped compound was studied. It was verify

that in our experimental conditions (low pressure and

low fields) dJct=dP is zero for fields above a certain

field. We interpreted this result as an evidence of the

existence of two subsystems involved in the flow of

Jct.
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