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Polycrystalline samples of Ndi_,CazBas_;LazCuzOr_s (with 0.0 < z < 0.15) were
prepared by the standard solid state method. The co-doping effect was studied on the
resistivity as a function of temperature and doping concentration x. The fluctuation
conductivity was analyzed using the Aslamazov and Larkin model (AL). For all
samples, three fluctuation regions; i.e. one-dimensional (1D), two-dimensional (2D), and
three-dimensional (3D), were clearly observed with decreasing temperature. A critical
region was also observed for high doping concentration (z > 0.1). Superconductivity
parameters such as the effective coherence length &, the coherence length along the
c-axis & and ab plane &,,, the effective interlayer separation d, anisotropy parameter
7a, and the upper critical magnetic field Bco along the c-axis and ab plane were obtained.
It was also found that CuO, chains contribute to conducting.
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1. Introduction

Superconducting fluctuations have some measurable effects on the various
properties of high temperature superconductors (HTS), partly because of their high
anisotropy. The short coherence lengths, the high temperatures involved, and the
layered structure of these superconductors are believed to be responsible for the
large anisotropy of their normal and superconducting state properties.® The study
of fluctuations on the HTS can be useful in determining superconductivity ultimate
mechanism.

By decreasing the temperature from room temperature toward the critical
temperature T, the fluctuating Cooper pairs begin to be created spontaneously at
a temperature around T; ~ 27..%2 As the temperature approaches T, the number of
Cooper pairs increases while the normal electron density decreases. Therefore, the
resistivity decreases and the thermal fluctuations induce excess conductivity Ao.

The study of excess conductivity on RE-123 (RE = rare earth) superconductors
would provide a powerful tool to obtain information about the nature of
superconductivity. There have been many efforts to obtain Ao on different samples
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and some models have been suggested such as Aslamazo and Larkin (AL), Lawrence
and Doniach (LD), and Varlamov and Livanov (VL).3 11

In the present work, we study the effect of charge-neutral doping, Cala,
on the resistivity of Nd-123 compound. It emphasizes on fluctuation effects in
the conductivity of Nd;_,Ca,Bas_,La,Cu3O7;_s5. The excess conductivity Ao is
analyzed by a modified AL model for polycrystalline samples. The dimensionality
cross-over from 1D to 2D and 2D to 3D were observed for all samples. Also a
cross-over from 3D to critical region was observed for high doping samples. The
superconductivity parameters such as the effective characteristic coherence length,
the coherence length along the c-axis and ab plane, and the effective interlayer
separations were obtained. The anisotropy parameter 7y, = a1, /&, the upper critical
magnetic field along the c-axis and ab plane, the critical current, and cross-over
temperature were also estimated as a function of doping concentration, x.

2. Experimental Method

Polycrystalline samples of Nd;_,Ca,Bas_,La,CusO7_s (0.0 < 2 < 0.15) were
prepared by standard solid-state methods. Starting materials were high purity
Nd; 03, BaCOg3, CuO, CaCO3 and LasO3. The samples were pressed into pellets
and calcinated at 900°C, 920°C and 920°C in air with intermediate grindings. Then
they were annealed in flowing oxygen at 460°C for three days and the temperature
was finally decreased to room temperature at a rate of 12°C/h.

X-ray diffraction (XRD) analysis was used to characterize the samples. The
XRD results for these samples showed that all samples had a single-phase
orthorhombic 123 structure as shown in Fig. 1 for Ndg.9Cag.1Baj gLag.1CuzOr_s
sample.

The electrical resistivity was measured with a standard DC four-probe method.
Electrical leads were attached to the samples by silver paint and heat treated at
300°C in flowing oxygen for half an hour, which gave contact resistances of order
1-2 Q.

3. Results and Analyses

The resistivity results of Nd;_,Ca,Bas_,La,CusO7_s as a function of temperature
and doping concentration are shown in Fig. 2. By decreasing temperature, the
normal state resistivity declines linearly to temperatures near the fluctuation
temperature T¢, which shows the downward deviation of resistivity from the linearly
behavior. This decrease in the resistivity can be attributed to the superconducting
fluctuations.'? As can be seen from Fig. 2, the resistivity increases with increasing
doping concentration x. These observations suggest a weakening of the metallic state
with increasing Ca—La concentration. The temperature derivations of resistivity,
dp/dT, around T for all samples are shown in the inset of Fig. 2. A single peak is
observed for each sample. The peak temperature was considered as the mean field
critical temperature Ti,¢.
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Fig. 1. X-ray diffraction pattern of Ndg.9gCag.1Baj 9Lag.1CuzO7_s5 sample.
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Fig. 2. The electrical resistivity p versus temperature T for Nd;_,CazBas_,LazCuzOr_s (with
0.0 < 2 < 0.15). The solid lines are the linearly temperature dependence of the resistivity at high
temperature. The fluctuation temperature Ty was illustrated by an arrow. In the inset of the figure,
the derivative of resistivity are shown for all samples.

The critical temperature T, which is defined from the midpoint of the resistive
transition (50% pn), and the fluctuation temperature Tt are shown as a function of
doping concentration in Fig. 3. Tt increases with increasing Ca—La concentration,
which is associated with a decrease of T.. The suppression of T, is caused mainly
by charge localization.'?
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Fig. 3. The doping concentration dependence of the fluctuation temperature Tt (left-hand scale)
and the critical temperature T¢ (right-hand scale). The dash lines are guides to the eye.

The linear part of p(T') in the normal state is expressed by a linear relation of
the form:

pnormal _ p(0> + G,T7 (1)

where p(0) is the residual resistivity at 7= 0 and «a is the slope of the resistivity
versus temperature relation. The excess conductivity Ao, which is caused by
fluctuation, is defined as'?

Ao = O_rcal(T) o O_normal(T) , (2)

where ¢7¢2!(T) is the measured conductivity and o™ ™a(T) = 1/p"°rmal(T) is the
extrapolated conductivity fitted with Eq. (1) in the temperature range 7t < 7' <
Troom'

The excess conductivity is analyzed by the AL model'* which describes the
excess conductivity by the following expression:

A
27 g, (3)
0300

where € = (T'—Ty¢) /Tt is the reduced temperature. A is the dimensional exponent

which equals to —0.3, —0.5, —1.0, —1.5 and —3.0 for critical, 3D, 2D, 1D and

short-wave fluctuation, respectively.1%:16
The temperature independent amplitude, A, for each region is given by!'"18
2
m for (3D) fluctuation
2
4= 16hdoroom for (2D) fluctuation . (4)
2
0
% for (1D) fluctuation
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These equations are formulated for crystalline samples. For polycrystalline samples,
the modified equations for 2D and 3D fluctuations are expressed as'?

1 e _ 8e0) _\'?
AO’QD = Z {]EWE 1 1 =+ (1 + WE(()))E 1) s (5)
e~l2, (6)

€
Aosp = —
730 = 3ohE, (0)

Here &,(0) is the effective characteristic coherence length at 7= 0 and it is given
by

1 11 1 8 \?
fp(O)_Zlfc(0)+(€3(0)+ o), ] ®

The upper critical fields along the c-axis and ab plane, and the critical current
density J.(0) at T'= 0 are estimated using the following relations:

_ Y0
BCQ,C — 27753]3(0) ) (8>
_ 2
B027ab = 2W€C(O)§ab(0) ) (9>

Jc = 2@0 )
V6mA2(0)&,(0)
where ¢y = h/2e is the flux-quantum and A(0) is the penetration depth at T' = 0,
which is about 150 nm for Y-123 superconductors.?®

Figure 4 shows the In(Ac/o300) as a function of In(e) in the fluctuation region
(T, < T < T). It can be seen that there are different regions in Fig. 4. The
dimensional exponent A values were estimated by fitting the data to Eq. (3) at
each region. The obtained values of A and cross-over temperatures are listed in
Table 1. The inset of Fig. 4 shows the excess conductivity as a function of the
reduced temperature € at 2D-region. As it can be seen, experimental data are
highly correlated with Eq. (5).

The A results (Table 1) show that three types of fluctuation regions can be
identified: 3D, 2D and 1D for all samples. By increasing the doping concentration
a critical region is also revealed for > 0.1. The dimensional nature in RE-123
system such as Nd-123 is supposed to be the three-dimensional (3D) conduction
similar to Y-123 superconductor.?! In recent studies on Y-123, the presence of 2D
fluctuation conduction has been certified.?2:23 Despite of the primary reports about
RE-123 systems, behavior of 1D conduction for Nd-123 and Y-123 samples was also
observed at high temperature.?®24 Furthermore an intermediate region between 2D
and 3D has also been reported for Y-123 superconductor.?? The appearance of the
1D fluctuation in superconductivity of cuprates would have a significant effect on

(10)

our understanding of the superconducting process in these materials. It suggests
that CuO, chains were also contributed in conducting.
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Fig. 4. The In(Ao/o300) versus In(e) for Ndj_,Ca,Bas_5La,CuzO7_s with 0.0 < z < 0.15.
The inset shows the excess conductivity versus the reduced temperature in 2D region that the
solid curves are fits to the modified AL equation for 2D region.

Table 1. The results of the dimensional exponent
A and cross-over temperatures.

z 0.00 0.05 0.10 0.15
Aer — — -0.35  —0.35
AsD —0.46  —0.41 —0.48  —0.48
AaD -1.10 -1.07 -1.07 —1.06
D ~162 —143  —153  —1.45

Torosp 94.5 89.1 87.6 84.8

Typ-op  104.6 95.4 94.9 93.4

Topaip 1115 104.2 108.1 106.3

By fitting Eqgs. (5) and (6) to the experimental data of 2D and 3D regions,
respectively, the effective characteristic coherence length, the coherence length
along the c-axis and ab plane, the effective interlayer separations, and anisotropy
parameter, v, = &b/, were obtained. Results are shown in Figs. 5 and 6. It is clear
that &, & and d decrease as the doping concentration increases. Since £(0) and d are
considered to be effective superconducting correlation length, the decreasing of these
parameters are attributed to the enhanced scattering in the direction perpendicular
to the current.?3 As the inset of Fig. 5(b) shows, the anisotropy parameter has an
upward trend while the doping concentration increases.
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Fig. 5. (a) The variation of &, with the doping concentration z. (b) The variation of & and &,
with z. The inset shows the variation of va = &,1, /€ap with .

The upper critical magnetic fields along the c-axis and ab plane were obtained
by Egs. (8) and (9). Figure 7 shows the dependence of Bes ¢ and Bca ap to the doping
concentration. The order of obtained values is in agreement with the reported
values. The obtained results for J. are illustrated in the Fig. 8. The J. increases
by the increasing of doping concentration x. The J. is mainly controlled by flux
pinning. Therefore, the increasing of the J. is due to the enhancement of flux
pinning, which may be ascribed by increasing pinning centers.



1922 S. R. Ghorbani & M. Homaei

4l \ﬁ .

d(nm)

ﬁ\ﬁ

000 005 010  0.15
Doping, x

Fig. 6. The variation of the effective interlayer separation d with the doping concentration x.
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Fig. 7. The variation of the upper critical magnetic field along the c-axis and ab plane with
doping concentration z.

4. Conclusion

We have studied the excess conductivity for Nd;_,Ca,Bas_,La,Cu3O7_s
compounds using modified AL model. The fluctuation conductivity analysis
revealed the occurrence of three fluctuation regions corresponding to 3D, 2D and 1D
for all samples. The appearance of 1D conductivity could be interpreted as a new
evidence for the existence of conducting charge stripes in this cuprate. The effective
coherence length &, which is obtained from the analysis using modified AL model,
decreases with the additional amount of doping concentration. The upper critical
magnetic field along the c-axis and ab plane (Bca,c, Be2,ab) and the critical current
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Fig. 8. The variation of critical current density J. with doping x.

density J. were estimated. These parameters enhance as the x increases. This is
attributed to the decrease of the grain boundaries resistance and the increase of
the flux pinning.
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