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Fluctuation-induced excess conductivity in the compounds 
CaREBaCu3OT_y (RE = La and Sin) 
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Abstract. The compounds CaREBaCu307_r (RE = La and Sm) are tetragonal at room 
temperature with T~ between 60 and 70 K. The single-phase compounds were prepared by 
solid-state reaction. The resistivity was measured by a four-probe technique in a continuous 
flow cryostat with the temperature being controlled to an accuracy of 10 mK. The resistivity vs 
temperature showed a break in slope around 180 K in CaLaBaCu30 7 _ r and around 220 K in 
CaSmBaCu3OT_r The results were analysed for fluctuation conductivity from 180K 
downwards. A plot ofdp/dT vs T showed a sharp peak at T,, = 69.69 K for La compound and 
66.00 K for the Sm compound. Detailed analysis of the resistivity in the region To. to 180 K was 
carried out using the procedure due to Veira and Vidal. The results are discussed in this paper. 
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1. Introduction 

The short coherence length of high Tc materials compared to the conventional 
superconductors gives rise to a larger excess conductivity in these materials. The high 
resistivity of these materials in principle makes it easier to detect the fluctuation 
conductivity. However, there are the following two major problems in analysing 
fluctuation conductivity: (a) The determination of the mean field transition tempera- 
ture (T,,) and (b) the estimation of background resistivity. These problems are discussed 
by Srinivasan (1990), The mean-field transition temperature is taken as close to the 
temperature at which the peak in d p / d T  occurs in the low temperature region. The 
background contribution is usually estimated by extrapolating the resistivity vs 
temperature plot from room temperature to 2T~. High Tc compounds have a shorter 
coherence length along the c-axis compared to the ab-plane. So it is believed that the 
excess conductivity varies as for a layered compound (Lawrence and Doniach 1971), 

A O ' f l  u = (eZ/16hd) [e(e + A)] -  1/2, (1) 

where 

and 

= In(T/T.) ,  (2) 

A = (2~c(0)/d) ~. (3) 

Here d is the distance between adjacent superconducting layers, Some workers have 
taken d as the value of c-lattice parameter  (Veira and Vidal 1989) and others as half of 
the c value (Hagen et al 1988). The contribution to resistivity from fluctuation 
conductivity at high temperature will vary as ~-1 and cannot be separated from the 
background conductivity. While the single crystal and oriented thin films are the best 
samples for study of fluctuation effects, Veira and Vidal (1989) have shown that 
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meaningful results can also be obtained from a proper analysis of data from 
polycrystalline single phase pellets in which the samples show a single peak in dp/d T vs 
temperature plot. 

Many studies have been carried out in YBa2Cu3Ov_y and T12CaBa2Cu20 8 
compounds (see references in Srinivasan 1990). We have studied the fluctuation 
conductivity in a sample each of CaLaBaCu3OT_r and CaSmBaCuaOT_r. These 
samples were tetragonal at room temperature. The results of these studies are presented 
in this paper. 

2. Experimental results 

The CaREBaCu30 7_r compounds were prepared by high temperature solid-state 
reaction using high purity RE20 3 (RE = La and Sm), C a C O 3 ,  B a C O  3 and CuO 
(Varadaraju et al 1990). The characterization by XRD shows that the compounds 
were single-phase. The lattice parameters obtained by least squares method were 
a = 3"86,~ and c = 11 "57,~ for CaLaBaCu3OT_r and a = 3"85 ,~ and c = 11.48 ~ for 
CaSmBaCu3OT_ r These values agree with the reported values in the literature (de 
Leeuw 1988). The oxygen content of the samples was found to be in the range 6" 82 and 
6.86. 

The resistivity was measured by the four-probe technique due to Montgomery 
(1971). A continuous flow cryostat was used to get the temperature variation. The 
temperature was controlled to better than 10 mK using an electrodynamic valve and 
Leybold Variotemp temperature controller. A Keithley constant current source and a 
Keithley nanovoltmeter were used, to measure resistivity. At each temperature the 
current was reversed to eliminate thermo emf effects. 

Figure 1 shows the plot of p vs T for both the samples. In the case of 
CaLaBaCuaOT_y a break in the slope of the resistivity curve is seen clearly around 
180 K and in the case of CaSmBaCu3OT_y the break in the slope is around 220 K. A 
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Figure 1. Variation of electrical resistivity with temperature for CaLaBaCuaO7_ r 
CaSmBaCuaO 7_y. 
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Figure 2. Variation of dp/dT with temperature for samples of CaLaBaCU3OT_r and 
CaSmBaCu30 7_y. 

similar change of slope is observed in CaLaBaCuO7 _y around 220 K (Peng et al t989). 
Because of the break in the slope, the analysis of the resistivity data is limited to 
temperatures below 180 K. Figure 2 shows the plot o f d p / d T  vs T. It is seen that there is 
a single sharp peak in dp/d T indicating that the samples are single phase. A rough 
analysis of the data was made by estimating the background resistivity by extrapolat- 
ing the resistivity from 180K to 120K. Such an analysis is not rigorous because it 
ignores the fluctuation contribution to the resistivity above 120 K. A more precise 
analysis was made using the procedure due to Veira and Vidal (1989). In this procedure 
the resistivity of the pellet at any temperature T can be written as 

p(T) = Po + Po(T)/P • (4) 

Here, Po is the contribution from grain boundaries and is assumed to be temperature- 
independent, p is a factor which represents the reduction in the effective area of cross- 
section for conduction arising from the mismatch of ab-planes of neighbouring grains. 
po(T) is the resistivity due to the grains and is given by 

l/po(T ) = AO-fl u -~- 1/(pl + C2oT), ( 5 )  

where Pl is the residual resistivity of the grains and C2g is the linear temperature 
coefficient. The fluctuation conductivity Aaft . is given by equation (1). 

The experimental data were fitted to equation (4) in the range T,, + 1 to 180 K taking 
into account equations (1) and (5). The parameters obtained in this analysis are 
collected in table 1. Figure 3 shows the fit to the resistivity data obtained both for La 
and Sm compounds. The rms deviations of the fit obtained for CaLaBaCu307 _ r and 
CaSmBaCu30 7 _y are 0.79% and 1"65% respectively. In figure 4 is shown the variation 
of the fluctuation conductivity as a function of temperature for CaLaBaCu30 7 _ r. The 
continuous curve shows the fit to equation (1). 

The parameters obtained are compared with the parameters for YBa2Cu3Ov_y 
(Veira and Vida11989), T12122 (Krishnan 1990) and oriented thin film ofT12122 (Kim 
et al 1989). It is seen that the intragrain parameters C2g are comparable to the values 
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Figure 3. Electrical resistivity data for C a L a B a C u 3 0  7_r  and  C a S m B a C u 3 O T _ y  fitted to 
the model due to Veira and Vidal (equation (4)). 
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Figure 4. Variation of excess fluctuation conductivity with temperature for 
C a L a B a C u 3 0  7 _,., 

obtained in single crystal and oriented films. The ~c(0) value in CaLaBaCu3OT_y is of 
the order of 1 A which is similar to the value obtained for other materials. The value 
obtained for the parameter p is 1-73. This is obtained on the assumption that the 
parameter d in the LD equation (3) is the c-axis lattice parameter. If it is taken as the 
distance between neighbouring Cu-O planes (,-~ 5"8 .~), then the value of p will come 
out to be half the value given in table 1. It is noteworthy that in the case of 
CaSmBaCu307 _y the value of P l is not zero unlike in the case of other materials. This 
high residual resistivity in the grains of CaSmBaCu307 _r needs further investigation. 
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4. Conclusion 

The resistivity of a pellet each of CaLaBaCu307 -y and CaSmBaCuaOv _y has been 
measured from room temperature to Tzero. The resistivity showed a break in slope 
around 180 K in La compound and 220 K in Sm compound. The resistivity data for 
fluctuation effects were analysed from 180 K downwards using the procedure suggested 
by Veira and Vidal (1989). The intragrain parameters obtained by this analysis are 
comparable in values to the intragrain parameters of YBaCu3OT_ r and T1 2122 
compound. However in CaSmBaCu30 7 -r the grain appears to have a high residual 
resistivity and the reason for this needs to be studied further. 

Acknowledgement 

The authors acknowledge gratefully the Programme Management Board on Super- 
conductivity, Department of Science and Technology, Government of India for 
financial support. 

References 

de Leeuw D M, Mutsaers C A H A, Van Hal H A M, Verweij H, Carim A H and Smoorenberg H C A 1988 
Physica C156 126 

Hagen S J, Wang Z Z and Ong N P 1988 Phys. Rev. B38 7137 
Kim D H, Goldman A M, Kang J H, Gray K E and Kampwirth R T 1989 Phys. Rev. 39 12275 
Krishnan H 1990 (unpublished) 
Lawrence W E and Doniach S 1971 Proc. XII Int. Conf. Low Temp. Phys. Kyoto (ed.) K Eizo (Tokyo: 

Keigaku) p. 361 
Montgomery H C 1971 J. Appl. Phys. 42 2971 
Peng J L, Klavins P, Shelton R N, Radousky H B, Hahn P A and Bernardez L Constantino 1989 Phys. Rev. 

B39 9074 
Srinivasan R 1990 Proc. Int. Conf. High Temp. Superconductivity, Bangalore, India, (and references therein) 
Varadaraju U V, Venkateswara Rao C R, Subba Rao G V, Krishnan H, Srinivasan R, Tomy C V and Malik 

S K 1990 Proc. Int. Conf. High Temp. Superconductivity, Bangalore, India 
Veira J A and Vidal F 1989 Physica C159 468 


