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Crossover between Aslamazov-Larkin and short-wavelength fluctuation regimes
in high-temperature-superconductor conductivity experiments
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We present paraconductivity measurements in three different high-temperature superconductors: a melt-
textured YBgCu;,O; sample, a BjSr,CaCyOg epitaxial thick film, and a highly textured Bsr,CaCu;O,q
tape. The crossovers between different temperature regimes in excess conductivity have been analyzed. The
Lawrence-DoniacliLD) crossover, which separates the two-dimensional and three-dimensional regimes, shifts
from lower to higher temperatures as the compound anisotropy decreases. Once the LD crossover is overcome,
the fluctuation conductivity of the three compounds shows the same universal behavesrIfdyT.>0.23 all
the curves bend down according to thellaw. This asymptotic behavior was theoretically predicted previ-
ously for the high-temperature region where the short-wavelength fluctuations become important.
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It is well known that, owing to strong anisotropy, high 0'2:72 1 1 1 1 1
critical tempe_rature, an_d low charg_e carrier conc_entratlonnz—— N ¢//(§+ m) —zp( E) - mw (5
thermodynamic fluctuations play an important role in the ex-
planation of the normal-state properties of high-temperaturare the coefficients of two-dimensional GL theory(x) is
superconductorgHTS). Just after the realization of high- the digamma function, and is the electron relaxation time.
quality epitaxial single-crystal samples, the in-plane fluctuait is essential to note that=In(T/T.)=(T—T.)/T. is supposed
tion conductivity was investigated in detail and theto be small €<1) in the expressiof2) and this hypothesis
Lawrence-Doniach (LD) crossover between three- provides the convergency of the summation over in-plane
dimensional and two-dimensional regim@s at least a ten- momenta in the region of smaij< VT/Dy.
dency to it was observed in the vicinity df in the majority The crossover temperature is defined by the analysis of
of HTS compound$.Analogous phenomena were found in the denominator in the expressia@). Evidently, in the
magnetic susceptibility, thermoconductivitgnd other prop-  strictly two-dimensional case, the hopping integta+0 and
erties of HTS. the integration oveq, is reduced to the redefinition of the

How the LD crossover appears can be shown explicitlydensity of states only. The Lawrence-Doniach crossover in
considering the model of an open electron Fermi surfacgnhe fluctuation behavior takes place when the integration
which, for instance, can be chosen in the form of a “corru-over the transverse variable becomes important and changes
gated cylinder.* In this case the energy spectrum has thethe temperature dependence of the appropriate fluctuation
form correction. It is easy to see that this happens when the trans-

_ _ versal part reaches the reduced temperatufer, in other
£(p)= eo(p) +Jcogp, s) —Eg, ) words, whené (¢, ;) ~S]:
where eo(p) =p?/(2m), p=(p,p.), P=(Px,Py) is a two- 47,07
dimensional, intralayer wave vector, addis an effective €= 7 4)
hopping energy. The Fermi surface is defined by the condi- F

tion £(pr) =0 andEg is the Fermi energy. This spectrum is  The observation of another crossover is the essence of this
the most appropriate for strongly anisotropic layered materipaper and it is related to the breakdown of the GL approach
als whereJ/Eg<1. . in the description of fluctuations relatively far from the tran-
In the framework of the Ginzburg-Land&GL) theory for  sition: in this casee is not a small parameter, so the short-
an isotropic spectrum, the fluctuation contribution to the fregyayelength and the high-frequency fluctuations have to be
energy of a superconductor slightly above the critical tem+taken into account. Formally speaking, the “fluctuation
perature can be presented as the sum over long-wavelengifopagator,” which in the GL approach is proportional to the
fluctuations: This result can be easily extended to the case o implified expressior e+ 7,G%+ €, psinA(q, §/2)] ! and is

the spectrum(l) and the expression of the free enel§y valid for the long-wavelength approximation only, has to be

()

takes the form substituted in Eq(2) by its more general forrf:
T 1 w 27]2
A [ 75 q2+—zsin2(qis/2)”
UF , 43 _aqs 1\1°1
X| @*+ —sif—-||—¢|5]| . ©)
wherea and VR 2 2
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and the summation over all bosonic Matsubara frequencies 600
has to be accomplished side by side with the integration over
all momental p=m/(2ms) is the single-spin quasiparticle

500

normal density of statgs ‘g 400
The appropriate gengralization Qf the AsIamazov—Lgrkin % 300
theory of paraconductivityfor the high-temperature region Z
was carried out in Ref. 8 where was found the formula for o 200
paraconductivity expressed in terms of the universal function 100
f(e): 0
g2 100 150 200 250 300
(Tﬂ:ﬁf(f)- (6) O TE
In the GL region of temperature, whe¢e<1, f(€)=1/e and 250
the result naturally coincides with the well-known 200
Aslamazov-Larkin one. In the opposite case 1, for clean o)
two-dimensional superconductors it was found that S 150
f(€)~1/e3=1/In%(T/T,). Let us stress that, even in its gener- % 100
alized form, the two-dimensional paraconductivity is univer- a
sal; it contains the only intrinsic parameteas prefactor and 50
this fact permits us to rescale the results and to compare 0 . . | |
them for dlfferen_t compoqnds. o 80 100 120 140 160
In the theoretical consideration it was natural to assume T (K)
formally the very rigid restrictiore>1 for the validity of the
high-temperature asymptotic behavior. Nevertheless, as will 600 — T .
be seen below, in experiments the crossover to this 500 |- i
asymptotic behavior takes plaaaiversallyfor all the inves- - ©
tigated samples at~0.23 and this can be attributed to some g 400 ]
particularly fast convergence of the integrals in the expres- G 800 - -
sion of f(e). < o0k |
The long tails in the in-plane fluctuation conductivity of
HTS materials have been observed frequently. One of the 100 |- 7
efforts to fit the high-temperature paraconductivity with the 0 RN R [ S —
extended Aslamazov-Larkin(AL) theory results was 80 100 120 140 160 180 200 220 240
undertaken in Ref. 9 where the deviation of the excess con- T K)

ductivity from AL behavior was analyzed for three
Bi,Sr,CaCu,O4 epitaxial films. A very good fit with the FIG. 1. p versus T for(a) Y123, (b) Bi2212, (c) Bi2223. In the
formula (6) was found in the region of temperatures figurespy (obtained best fitting the data in the ranges indicated in
0.02< €<0.14. We show here that the careful analysis of the€ tex} are also shown.
higher temperature regidjjust above the edge of the region
investigated in Ref. Pallows us to observe the surprisingly procedure, as described elsewhEr@he thickness of the
early approaching to the short-wavelength fluctuat®wpr oxide filament inside the tape was about3@; the filament
asymptotic regime [at the reduced temperature* turned out to be strongly texturécbcking angle~8°) with
~In(T*/T))~0.23. the ¢ axis oriented perpendicular to the tape plane. The re-
We have performed resistivity measurements of three difsistivity measurements were performed in the range from
ferent HTS compounds: a melt-textured Y®Eu;0, 100 to 250 K, after removing the silver sheathing chemically,
sample(Y123), a Bi,Sr,CaCu,0g (Bi2212) thick film, and  and are reported in Fig.(d). The critical temperature was
a highly textured BjSr,Ca,Cus;04, (Bi2223) tape. The estimated to be 108 K angly (100 K)=300 n) cm. We
Y123 was obtained by meltinf: the sample was cut in a ascribe this high value gby to different causes: first, the
nearly regular parallelepipedal shape with a cross section afrain boundaries may determine a resistance in series with
about 4 mnt and a length of 7 mm. The resistivity measure-the grain resistance; second, the chemical treatment may
ments were performed from 85 to 330 K and are shown irhave damaged the surface of the sample and the effective
Fig. 1(a). The critical temperature, defined as the point wherecross section of the superconductor can be decreased.
the temperature derivative is maximal, is 92 K; The excess conductivity was estimated by subtracting the
pn(100 K)=180 w ) cm, wherepy is the resistivity value background of the normal-state conductivity=1/py . The
extrapolated from the high-temperature region where thevaluation ofpy was made with particular accuracy; in fact,
normal statep is linear. The Bi2212 film was prepared by a starting the interpolation at a certain temperature corresponds
liquid phase epitaxy techniqié The film has a thickness of to forcing o to vanish artificially at such temperature.
about 1 um. The resistivity measurements were performedTherefore, we need to estimatg at a temperature as large
from 80 to 170 K[see Fig. 1b)]. The critical temperature as possible and to verify thaty does not depend on the
was estimated to be 84.2 K apg (100 K)=150 unQ) cm. temperature range where the interpolation is performed. In
The Bi2223 tape was obtained by means of the power in tubthe case of the Y123 sample the resistivity shows a linear
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We discuss now some features in detél): The interlayer
distance values we find are the following: for Y123 we ob-
tain s~13 A which must be compared with the YBCO in-
terlayer distance that is about 12 A; for Bi2212 we obtain
s~11 A to be compared with 15 A; and for Bi2223 we
obtains~ 25 A to be compared with 18 A. The differences in
the interlayer distance evaluation are all compatible with the
uncertainty on the geometrical factors. We point out that the
smallest error is for Y128about 10% that is a bulk sample
with a well-defined geometry. Larger errors are found for the
Bi2212 thick film (about 30%, for which the evaluation of
the thickness is rough, and for the Bi2223 tdpbout 40%,
for which an overestimation of the cross section of the tape is
possible, as we mentioned above. We conclude that the AL
behavior is well followed.(2) On the low ¢ value side
(€<0.2) the three compounds show different behaviors due

\ to the different extension of the AL region. The least aniso-
0-301 EE— "0'1 i '1 tropic compound, Y123, foe<0.1 bends going asymptoti-

' ' cally to the 3D behavior (£% showing the LD crossover

€ at e~0.09; the Bi2223 sample starts to bend f010.03

while the most anisotropic Bi2212 in the overallrange
considered shows the two-dimensional behavi@r.On the
high € value side, starting from the AL behavior, the curves
show a crossover at aboat0.23 and then bend downward
following the asymptotic ¥ behavior. At the value
€~0.45 all the curves drop indicating the end of the observ-
behavior from 160 to 330 K. In this range we have verifiedable fluctuation regime. This value is lower than the above
that py does not change by shifting the interpolation tem-reportede,, values, at which the fluctuation conductivity
perature region. They line obtained by a best fit in the comes out to be zero.
temperature range 160 to 330 K is also reported in Fig). 1 To conclude we have observed in three different HTS
Therefore, for the Y123 sample, the upper limiteait which ~ compounds the universal high-temperature behavior of the
the excess conductivity may be analyzed s, in-plane conductivity that manifests itself in the two-
~In(160/92)=0.55. In an analogous way we obtaif, dimensional regime, once the LD crossover is passed. Be-
~0.46 and 0.51 for Bi2212 and Bi2223, respectively. TheYOnd the AL regime all the curves soon reach the SWF
py, lines obtained by best fitting the high-temperature resis/€” regime. For all the compounds the crossover occurs at
tivity data are also reported for Bi2212 and Bi2223 in Figs.!n® Same poing~0.23, which corresponds b~ 1.3T. and,
1(b) and Xc), respectively. In Fig. 2, in a log-log scale, we j[herefore, is expenme:n_tally weII.ob.servabIe. The unlvgr_sal-
plot o, (16hs/2re?) as a function of for the three samples: ity of the p_aracondL_Jctlwty behavior is muc_:h more surprising
the solid line represents d/the dashed line 0.0567, and i we c_on5|der that it has bee_n observed in three <_:omp01_mds
the dotted line is 3.2/e. The interlayer distance s consid- with different crystallographic structures and anisotropies,

ered as a free parameter and it has been adjusted so that f?\%d moreover prepared by means of very different tech-

experimental data can follow theelthehavior in thee region niques.
where the AL behavior is expected. We gratefully acknowledge the fruitful discussions with
We can see that all the curves exhibit the same generaiuseppe Balestrino. One of u#.V.) acknowledges the
behavior. The region where the two-dimensiona i¢hav-  hospitality of Genova and Pavia Universities and the finan-
ior is followed has different extensions for each compoundcial support from the Cariplo Foundation for Scientific Re-
depending on its anisotropy, and eé+0.23 all the curves search, in the framework of the Landau Network for a stage
bend downward and follow the same asymptoti€> behav-  at the University of Pavia. F.F. acknowledges the support of
ior. INFM.

FIG. 2. o4 (16hsi2me?) vs e for Y123 (triangle, Bi2212
(square, and Bi223(circlet); the solid line is 1¢, the dashed line
0.055/e2, and the dotted line is 3.2%k.
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