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ABSTRACT 
High-temperature superconductors (HTS) are widely used in modern technological applications 
because of their unique properties, like the expulsion of magnetic fields and zero electrical resistance. A 
series of YBa2Cu3O7-y + xSb2O3 superconducting samples were prepared using the solid-state reaction 
method. Fluctuation induced electrical conductivity of YBCO has been analysed around the 
superconducting transition Tc by adding Sb2O3. Dimensionality of fluctuation and the excess 
conductivity has been calculated by using Aslamazov-Larkin model fitting. The excess conductivity 
study reveals the transition of two dominant regions (2D and 3D) above the critical temperature Tc. 2D 
to 3D crossover temperature demarcates dimensional nature of fluctuation inside the grains is 
influenced by Sb2O3 incorporation in YBCO matrix. Increase in the value of coherence length and inter-
layer coupling signifies that Sb2O3 increase the CuO2 interlayer coupling. The structural disorder has 
been studied using XRD and Raman techniques. 
 

 
1.  Introduction 

 

Even after several decades of research on high Tc 

superconductors (HTSC), these materials are still interesting 
for many researchers. In recent years there have been intense 

theoretical and experimental activities in the investigation of 

the copper oxide based high Tc superconductors [1-3]. Bulk 

HTSC samples are granular in nature, characterized by the 

presence of grains and twin boundaries, secondary phases and 

other defects. Granular superconductors can be considered as 

disordered systems formed by anisotropic grains weakly 

coupled and randomly distributed, where we can distinguish 

two main contribution to their properties. The first one, called 

intragrain contribution, is associated with high critical current 

density values and grains completely shielded at sufficiently 

low magnetic fields. The second one, called intergrain 
contribution, is characterized by lower critical current density 

values associated to Josephson couplings. Hence the 

granularity arising from this structure, is responsible for the 

typical low Jc values of HTSC and for their strong dependence 

with temperature and applied magnetic field. Therefore, the 

intergrain material has an important role in the technological 

applications of HTSC, in particular in the presence of magnetic 

fields [4-6]. The planes containing copper and oxygen atoms 

that are chemically bonded to each other have a crucial 

importance in YBCO. The existence of the Cu-O chains and 

the CuO2 planes in cuprate superconductors indicates the 
important role of Cu atoms. Thus, the ionic radius as well as 

the valence number of the dopant element has a crucial role in 

determining the characteristics of new superconductors. 

Doping of YBCO with various elements is conducted for two 

basic purposes. The first one is the modification of the 

microstructure in order to obtain fundamental information 

related to the possible mechanisms, and the second one is to 

improve its physical characteristics. It has been seen that 

substitutions at the Y and Ba sites does not generate any 

discernible effect, while substitution at the Cu and O sites has 

significant effects on the superconducting properties of 

cuprates [7]. Due to the low melting point and the possible 

surfactant action of semi-metallic Sb2O3 doping, it is expected 

that doping with Sb could improve the grain boundary 

characteristics and enhance the intergranular coupling in Y123. 

Paulose et al. [8] reported that Sb2O3 doping significantly 

increases the rate of oxygen absorption in the Y123 system. Jin 

et al. [9] determined that Sb2O3 doping of Y123 improves the 
value of the critical current density Jc along with a decrease in 

Tc and a reduction in grain size with increasing porosity. In this 

paper, an attempt has been made to analyze the 

Superconducting Order Parameter Fluctuation (SCOPF) 

behavior with temperature dependent electrical resistivity ρ (T) 

around the superconducting transition Tc in (1 – x) YBCO + x 

Sb2O3 (x = 0.0, 0.01, 0.03, 0.05, 0.08, 0.2 wt. %) composites. 

The superconducting transition can be described in the 

framework of Ginzburg-Landau (GL) theory, in terms of the 

complex superconducting order parameter ψ (r). The mean 

value <ψ (r) > is zero in the normal state and is different from 
zero in the superconducting state, below the transition 

temperature Tc, where ׀ψ (r) 2׀ is related to the density of 

Cooper pairs. The dimensional fluctuations of SCOPF for the 

composite samples has been analyzed by using Aslamazov-

Larkin (AL) theory. Because of layer separation and the 

temperature dependent out-of-plane coherence length ξ (T), the 

SCOPFs in the HTSC can exhibit either a two dimensional 

(2D) or a three dimensional (3D) or a crossover behavior. The 
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order parameter dimensionality (OPD) or a crossover depends 

on the temperature range [10]. 

 

2.  Experimental procedure 
 

YBCO powder is prepared by the solid-state reaction route 

by mixing stoichiometries amount of Y2O3, BaCO3, CuO 

followed by grinding, calcination, sintering and annealing 

respectively. A series of polycrystalline composite samples of 

(1 – x) YBCO + x Sb2O3 (x = 0.0, 0.01, 0.03, 0.05, 0.08, 0.2 wt. 

%) were ground and pressed into pellets. The composite pellets 
were sintered at 920o C for 12 hours and then cooled to 500o C 

where they were kept for 5 hours in an oxygen atmosphere for 

oxygen intake. Temperature dependent resistivity ρ(T) was 

measured using the standard four-probe techniques.  

 

3.  Results and discussion 
 

3.1  Temperature dependence of resistivity 
 

Measurements of the resistivity dependence of 

temperature for different samples with various amounts of 

Sb2O3 are shown in figure1. The resistive transition exhibits 

two different regimes. The first is characterized by the normal 

state that shows a metallic behaviour above 2Tc. The normal 

state resistivity follows Anderson and Zou relation ρn (T ) = A 

+ BT. Where ρn(T) is calculated by using the values of A and B 
parameters, which are obtained from the linear fitting of 

resistivity in the temperature range 2Tc to 300 K and 

extrapolated to 0 K gives resistivity slope (dρ/dT) and residual 

resistivity ρ0 respectively (Fig.1). Second is the region 

characterized by the contribution of Cooper pairs fluctuation to 

the conductivity below Tc, where ρ(T) is deviating from 

linearity. This is mainly due to the increasing rate of cooper 

pair formation on decreasing the temperature. Therefore, the 

fluctuation induced conductivity in this region follows the AL 

model to yield the dimensional exponent appropriately to 
fluctuation-induced conductivity. The normal state resistivity 

of the low and the high % doped sample is higher than that of 

pure sample which is tabulated in Table 1. At the temperature 

value Tc0 the electrical resistivity vanishes and the phase of the 

order parameter acquired long range order between the grains 

of the system. This critical temperature signifies the coherence 

transition. A finite tailing is observed in the superconducting 

transition for all the Sb2O3 added samples before the resistance 

attains zero value. It indicates that the superconducting grains 

get progressively coupled to each other by Josephson tunneling 

across the grain boundary weak links. The zero-resistance at 

the temperature Tc0, characterizes the onset of global 
superconductivity (where all the grains become 

superconducting i.e intragrain as well as grain boundaries 

becomes superconducting) in the samples where the long-range 

superconducting order is achieved. At 0.2 % addition of Sb2O3 

a purely semiconductor type behavior was observed. 
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Figure 1: Resistivity dependences on the temperature for YBCO+ x Sb2O3 (x= 0.0, 0.01, 0.03, 0.05, 0.08, 0.2 wt. %) composites. 
 

Table 1: Variation of normal state and superconducting parameters in the composites with different Sb2O3 wt.%. 

Sb2O3 

(wt.%) 

Tc0 (K) Tc2 (K) Tc1 (K) Tconset 

(K) 

∆Tc (K) αn ρn(0) 

(µὨ.cm) 

ρwl 

(µὨ.cm) 

ρP 

(µὨ.cm) 

αstru. 

0.00 90.32 92.13 … 98.00 0.04 1.80 0.01 3100 49.6 1033 

0.01 67.17 69.90 76.37 86.17 0.20 2.73 0.08 4340 320 1446 

0.03 76.76 78.88 80.10 87.40 0.10 1.24 0.07 2860 140 953.33 

0.05 87.68 89.79 … 96.00 0.09 2.11 0.05 1590 50 530 

0.08 77.46 79.28 82.81 85.82 0.18 2.14 0.07 5810 350 1936 

 

From the temperature derivative of resistivity plots (shown 

in the inset graph of Fig. 1) firstly, we observe a sharp peak at 

Tc, which is related to intragranular fluctuation. These 

characteristic fluctuations define the so-called pairing 

transition [11]. The temperature value corresponding to this 

maximum peak is close to the bulk critical temperature Tc 

followed by hump or secondary peak which broadens for 

composite samples. In all the composite samples a broading 

and step like structure was found in the resistivity plot below 

the superconducting transition (inset graph Fig. 1). One more 

point is noticed that the superconducting transition temperature 

splits into two (revealed as double peaks in the dρ/dT plot) Tc1 

and Tc2 along with a broadening of overall transition 

temperature. This was also reported by Azhan et al in Sb2O3 

doped BSCCO superconductor [12]. Such behavior is 

accounted to the weak-link nature of granular superconductors 

as the latter is composed of superconducting grains embedded 
in a non-superconducting host. Out of the two superconducting 

transition temperatures, the higher one (Tc1) marks the 

superconductivity in grains whereas the grain boundary still 

remains normal and the lower one (Tc2) when the grain 

boundary also becomes superconducting. Transition at Tc1 

manifests significant amount of strongly coupled grains and the 

zero-resistance state is achieved when the Josephson tunneling 

between the grains, forms a connected superconducting path 

across the entire sample at Tc2 as the temperature is lowered. 

The appearance of additional transition temperature Tc2 and its 

broadening clearly reflects that the Sb2O3 added, goes to the 

grain boundary region, and becomes superconducting only due 
to proximity effect at lower temperatures. The transition width 

(ΔTc) defined as full width half maxima increases with doping 

concentration. This may be due to the gradual occurrence of 

non-superconducting additional phases and the effect of 

microscopic inhomogeneity. The percolation factor ‘αn’ arising 

due to current frustration caused by misalignment of 

anisotropic grains and sample defects such as voids and cracks 

are estimated from the temperature coefficient of resistivity 

dρ/dT. This factor contributes to percolate conduction in 

granular copper oxides. Generally, in the normal-state 

electrical conduction of granular samples, current path 

frustration and meandering of current may occur due to two 
mechanisms. One is associated with the orientational disorder 

of anisotropic grains [13]. It depends on the degree of 

texturization, and has its origin in the extreme anisotropy of the 

copper oxides, the in-plane resistivity ρab being orders of 

magnitude less than the out of plane resistivity ρc [14]. As we 

assume that due to the extreme conduction anisotropy, current 

blocks along the pathways with misaligned grains and current 

percolates through the sample along unobstructed paths, which 

results in a cross section reduction and path lengthening [15] 

that increases resistivity by a multiplicative factor, denote as 

1/f  (0 < f ≤ 1). Another source of resistivity enhancement 
comes from structural defects of the grains (i.e pores, isolating 

boundaries, microcracks etc.) denoted as 1/ αstr (0 < αstr ≤ 1). 

Besides the percolative processes, a contribution to resistivity 

coming from the intergrain barriers ρwl is to be added. So, the 

observed resistivity can be written as: 
 

ρn =(1/ αn) (ρab+ρwl)                                    (1) 
 

where αn is a shorthand for 
 

αn = f . αstr                                          (2) 
 

and it may be referred to as the normal-state percolative 

factor. The normal-state resistivity of polycrystalline HTS is 

linear with temperature. This linearity of ρn enables 

determination of the two sample parameters αn and ρwl. Taking 

temperature derivatives of the equation (1) and assuming ρwl 

constant we can get [16, 17] 
 

αn = ρ׀
ab/ ρ׀

n                                          (3) 
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where the primes stand for temperature derivatives. 

Similarly, from Eqs. (1) and (3) 
 

ρwl = ρ׀
ab/ ρ׀n ρn(0) = αn ρn(0)                           (4) 

 

where ρn (0) is the extrapolation of the normal state 

resistivity to zero temperature. Based on single crystal 

measurements ρab is assumed [18] to vary linearly with 

temperature (ρ׀
ab= 0.5 µὨ.cm.K-1) with a negligible zero-

temperature intercept. For typical polycrystalline Y-based 

HTSC αn is in the range 0.2-0.05. The main difference between 

percolation in the normal state and in paracoherent state is that 

in the latter the orientational disorder is irrelevant as the grain 

resistivity becomes vanishingly small both in the ab plane and 

the c direction, resulting in the loss of anisotropy. Once bulk 
grains go superconducting (but the intergrain junctions remain 

normal) nothing hinders conduction along that path. Only the 

structural quality factor αstr and the intergrain resistivity ρwl 

enter the paracoherent resistivity ρp , 
 

ρp = (1/ αstr ) ρwl                    (5) 
 

From eq (2) and (4) 
 

ρp = f ρn(0)                             (6) 
 

The relation should be ρn(0) > ρp > ρwl. For YBCO ρp 

should be equal to approximately one-third of the normal-state 

resistivity extrapolated to zero temperature [19]. The decrease 

in the value of ρwl and the increase in the value of Tc0 will 

indicate the better connectivity of grains. In our samples for 

0.01wt.% added sample the value of weak-link resistivity 

increases to a greater extent and then starts decreasing for 0.03, 

0.05 wt.% added sample. The reverse thing is happening in the 

value of Tc0. This confirms the better connectivity between 

grains in 0.03 and 0.05 % composite samples. The increase in 

the value of αn will indicate better grain alignment and 

elimination of voids and cracks in the composites. The grain 
size might increase. The value of αn is higher in the composite 

samples as compared to the pristine sample. The cracks and 

voids are less in 0.01, 0.02 and 0.05wt.% added samples and 

the grain size slightly increase in the higher wt.% Sb2O3 added 

samples. 

 

3.2  Excess conductivity 
 

3.2.1  Theoretical background 
 

In the absence of an external magnetic field, the total 

conductivity above Tc0, can be expressed in a combination of 

three terms as follows, 
 

σ  = σn + σAL+ σMT                                         (7) 
 

The above eqn states that, above Tc0, the conductivity is 

enhanced above the normal state conductivity (σn) by the 

fluctuation conductivity of both the Aslamzov-Larkin (LD) 

term (σAL) and the Maki-Thompson term (σMT). The MT term 

has been usually ignored in the analysis of various zero-field 
fluctuation conductivity measurements, because of the general 

belief that the intrinsic large inelastic scattering rates in these 

materials would reduce significantly the contribution of the 

MT term to the fluctuation conductivity. Also, as the ceramic 

HTSC are in the dirty superconductor limit, the MT 

contribution is probably negligible in zero-applied magnetic 

field [20-22]. Since it has been well known that YBCO has a 

quasi-two-dimensional nature as well as the characteristics of 

dimensional crossover as a function of temperature, we adopt 

Aslamazov-Larkin (AL) model to analyze the excess 

conductivity. The density of states (DOS) at the Fermi energy 

contribution introduced by Tewordt and coworkers by using a 

quasi-two-dimensional tight binding model is better adapted to 

copper-oxide HTSC. But this may introduce variations in the 
excess conductivity amplitude ‘A’. But all these effects are 

being taken directly into account in our approximation for 

normal state resistivity (ρn). 

According to AL theory the excess-conductivity (Δσ) 

above Tc generated by the thermodynamic fluctuations [23] 

diverges as a power-law given by 
 

Δσ = Aε-λ                     (8) 
 

∆σ is defined by  
 

∆σ= (1/ρ−1/ρR) = σ(T)−σR(T)                           (9) 
 

where ρ and ρR are the measured and normal resistivity, σ 

(T) is the measured conductivity and σR (T) is the extrapolated 

conductivity under the assumption of a linear behavior of 

temperature dependent resistivity. The reduced temperature ε = 

(T-Tc) /Tc, defined with respect to the mean field critical 

temperature (Tc) of the normal to superconducting transition. λ 

is the Gaussian critical exponent depending on the 

dimensionality of the HTSC system. The dimensionality D of 

the fluctuation system is related through the expression 
 

λ = 2- D/2.             (10) 
 

The effective value of the critical exponent for 3D and 2D 

are λ = 0.5 and λ= 1 respectively [24]. The values of A for 3D 

and 2D are A = e2/32ћξ (0) and e2/16ћd respectively. ‘ξ(0)’ is 

the zero-temperature coherence length or GL correlation length 
and ‘d’ is the effective separation of CuO2 layers. These 

relations are based on GL theory and are valid only for the 

mean field temperature region (1.01Tc to 1.1Tc). Lawrence and 

Doniach (LD) [25] extended the AL model for layer 

superconductors, where conduction occurs mainly in 2D CuO2 

planes and these planes are coupled by Josephson tunneling. 

The excess conductivity parallel to the layers in the LD Model 

is given by 
 

Δσ (T) LD = e2/16ћdε{1+(2ξ(0)/d)2 ε-1}-1/2              (11) 
 

From equation (11) at Temperature close to Tc, 2ξ(0)/d 

>>1 and Δσ(T) diverges as ε-1/2 which corresponds to 3D 

behavior. Whereas at T >>Tc, 2ξ(0)/d <<1 and Δσ(T) diverges 

as ε-1 which corresponds to 2D behavior. 

Figure 2 displays the logarithmic Plot of excess 

conductivity as a function of reduced temperature (ε). In order 
to explain the experimental data with theoretical predicted 

ones, the different regions of the plot were linearly fitted and 

the exponent values (λ) were determined from the slopes. Four 

different fluctuation regions are clearly distinguishable, which 

can be identified as the critical, 3D, 2D and 1D regions. λ is the 

conductivity exponent, which equals - 0.5 for the 3D region,-1 

for the 2D region, and -1.5 for the 1D region fluctuations. 
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Figure 2: log–log plot of excess conductivity 1/ρ − 1/ρR as a function of reduced temperature ϵ = (T-Tc) /Tc in YBCO+ x Sb2O3 composites. 

 
Table 2: Sb2O3 content dependence of different cross over temperatures. 

Sb2O3 
(wt.%) 

λ (3D) λ (2D) λ (1D) λ (SW) Tcr-3D
 

(K) 

T3D-2D
 

(K) 
T3D-2D

 

(K) 
T1D-SW

 

(K) 
ξc(0) 
(A0) 

J 

0.00 -0.52 -1.20 -1.48 -3.2 92.11 96.21 101.9 108.51 1.22 0.043 

0.01 -0.55 -0.94 -1.80 … 71.24 76.99 83.66 … 1.85 0.100 

0.03 -0.44 -1.09 -1.26 … 80.11 83.12 84.56 … 1.34 0.052 

0.05 -0.55 -0.86 -1.80 … 90.93 111.11 130.30 … 2.83 0.234 

0.08 -0.48 -1.28 -1.53 … 89.30 89.97 92.62 … 2.13 0.133 
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From the above data it can be seen that the 3D region is 

lies in the lower temperature region, for all the composite 

samples as compared to the pristine sample. The coherence 

length ξc(0) is higher in the composite samples as compared to 

the pristine sample which is highest for the 0.05 wt.% added 

sample. Accordingly the inter-layer coupling J = [2 ξc(0)]2/d2 is 

higher in the composite samples as compared to the pristine 

and highest for the 0.05wt.% added composite. This means that 
the added Sb2O3 increase the CuO2 interlayer coupling. 

 

4.  Conclusion 
 

The effect of semiconductor Sb2O3 on the fluctuation 

conductivity is studied. The different regions observed are the 

critical region at T < Tc, the mean field region at T close to Tc 

and the short-wave fluctuations at T > Tc. The experimental 

data fit with theoretical predicted ones. It is found that Tc0 

decreases and the transition width ∆Tc increases with the 

increasing Sb2O3 content which signifies the degradation of 

inter-grain weak links. TLD lies in the lower temperature region, 

for all the composite samples as compared to the pristine 

sample. This signifies that fluctuation of copper pairs in 3D is 
dominated in the samples. The coherence length and inter-layer 

coupling is higher in the composite samples as compared to the 

pristine. This means that the added Sb2O3 increase the CuO2 

interlayer coupling. 
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