PHYSICAL REVIEW B 69, 212505(2004)

Effects of pressure on the fluctuation conductivity of YBaCu3z0O-
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The effects of hydrostatic pressure up to 1.11 GPa on the in-plane fluctuation conductivity E%Ba 4
are investigated. The experiments are focused on the asymptotic region closely Tabahere a three-
dimensional Gaussian and genuine critical regimes are identified. From the analysis of the Gaussian critical
amplitude one deduces that the off-plane coherence leihdoes not change significantly with pressure in
the studied range. At low applied pressures the asymptotic critical exponent indicates the occurrence of a
scaling beyond three-dimension€Y. However, at the highest studied pressure, this exponent assumes a value
consistent with the predictions of the full-dynamic three-dimensid®éalniversality class. The width of the
critical regime, as measured by the Ginzburg criterium, increases significantly with pressure. This result is
related to a pressure-induced reduction of the in-plane coherence gp@ih

DOI: 10.1103/PhysRevB.69.212505 PACS nuni®er74.25.Fy, 74.62.Fj, 74.72.Bk

Historically, high pressure studies have been extremelysing a low-current and low frequency ac technique where a
important to achieve a better understanding of the physicalecade transformer is employed to generate a compensation
properties in every class of superconducfoRarticularly in  signal, and a lock-in amplifier operates as a null detector.
the case of the high critical temperature cuprate supercorSilver epoxy contacts were glued to the extremities of the
ductors(HTSC), a considerable effort has been devoted tocrystal in order to produce a uniform current distribution in
high pressure investigatioAsdowever, in spite of the fact the central region where voltage probes in the form of par-
that pressure allows a fine tuning of the critical temperaturellel stripes were placed. Contact resistances beléwiere
and produces sizable modifications of the electrical transporbtained. Temperatures were measured with a Pt sensor hav-
in the normal phase, only few reports studying the effects ofng an accuracy about 1 mK. The hydrostatic pressure was
pressure on the fluctuation electrical conductivity of thegenerated inside a Teflon cup housed in a copper—berillyum
HTSC are available. Experimental studies were performegiston-cylinder cell, as described by Thomp$ahmanganin
on ceramic RBgCu;0,_4 (R=Y,Gd,Er,Yb,? polycrystal- gauge made of a 28 wire was used to determine the ap-
line textured BjSL,CaCyOg.,* and polycrystalline plied pressures. Transformer oil was used as the transmitting
HgBa,Ca,Cu;05.5 These investigations are basically con- medium and pressures were changed at room temperature in
cerned with the pressure influence on the Gaussian fluctudhe order of increasing magnitude. For each applied pressure,
tion regimes in temperatures not too closerto experimental runs were carried at least twice, by cooling and

In the present work we report on in-plane resistivity mea-heating the sample at rates never exceeding 3 K/h. A large
surements under hydrostatic pressures up+d.11 GPa on number of closely spaced points were registered so that the
a YBa,Cu;0,_g (YBCO) single crystal. We studied the ther- temperature derivative of resistivity could be accurately cal-
mal fluctuations’ contribution to the conductivity and fo- culated in the temperature range né&ar
cused on the asymptotic regimes very close to the pairing Measurements of the temperature dependence of the re-
transition. We were thus able to discern pressure effects osistivity p,, at constan® are shown in Fig. 1. In spite of the
the regimes governed by genuine critical fluctuatidhs. relatively large absolute values, probably due to scattering by
When the temperature was increased enough afigveve  gold impuritiest® the resistivity in our crystal shows the ex-
could also observe a regime dominated by three-dimensionglected behavior of well oxygenated samples. In temperatures
Gaussian(3D-G) fluctuations, which is robust against the above 140 K,p,, varies linearly withT at ratesdp,,/dT
variation of P in the studied range. The observation of criti- =2.80, 2.71, 2.51, and 2.45( cm K™ for the pressure®
cal and mean-field fluctuation regimes allowed us to deter=0, 0.45, 0.76, and 1.11 GPa, respectively. The relative
mine the behavior of the Ginzburg number upon the pressurehange ofp,, as a function of pressure is practically tem-
variation. perature independent above 140K and amounts to

Our YBCO single crystal is strongly twinned and was d In p,,/dP=-13(+1)% GPa®. This value is in agreement
grown with the self-flux method in a gold crucible, as de-with previous determinatiorsFigure 2 magnifies the resis-
scribed elsewhergThe electrical resistivity was measured tive transition of our sample. Results are presentep,gss
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FIG. 1. In-plane resistivity of our YBCO crystal as a function of

T in the quoted hydrostatic pressures. FIG. 3. Inverse logarithmic derivative of the conductiv‘)’(tgzl as

a function ofT near the superconducting transition for the pressures
T in panel(a) anddp,,/dT vs T in panel(b). Assuming that P=0,0.45,0.76, and 1.11 GPa. Curves are displaced to the right in
the pronounced maximum idp,,/dT gives approximately the order of increasing pressures. The straight lines correspond to
the position of the critical temperature, we deduce fRat itS 10 EQ.(4) and are labeled by the exponents andi, listed in
increases with pressure at a raf@./dP=+1.3 K GPat Table I. The temperatur&; identifies the Ginzburg temperature.

Cc - . )

which is larger than the average but still within the range of

observed values in well oxygenated YBCH. analysis of the results, we adopt the simplest approach that
The fluctuation conductivity nedF, is obtained from the describes the pressure-dependent fluctuation conductivity as
experimental data as a power law of the type
1 1 = At
A= — - (1) Ao(T,P) = At™, (2
Pab PR

where t=[T-T.(P)]/T«P) is the pressure-dependent re-
where pg is the regular resistivity obtained by extrapolating duced temperaturey is the critical exponent and is the

the linear behavior observed at high temperatures. In theritical amplitude. An efficient technique to study the
asymptotic fluctuation regimes in the conductivity makes use

0.3 ———— of the numerically determined quantify

d
Xo=———=InAc. 3

02} dT

Thus, from Eq«(2), one obtains

P, (MQ.cm)

Xo =NHT-Ty), (4)

which allows the simultaneous determination )ofand T,
o from simple identification of linear temperature behavior in
76 GPa plots of Xj vs T. Having defined the temperature region
116 where Eq.(4) is obeyed, the amplituda may be calculated
from Eq. (2) by substituting in it the previously determined
? 4 values for\ andT.
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In Fig. 3 we show representative results fgr(T) under
the studied pressures. In a short temperature interval closely
above T.(P), two linear regions are clearly discerned and
fitted to straight lines. Wherl(P) is approached from
() above, we first notice a linear region corresponding to a
. . power law regime iM o whose exponent i&;=0.5. This
a3 o4 95 98 regime is observed for all of the applied pressures. When the
Temperature (K) temperature is further. decref_;\sed tongQéD), a marked
crossover to a fluctuation regime described by the small ex-
FIG. 2. Resistive transition of YBCO under the quoted pressureponent labeled ak,, is observed iny;". As listed in Table I,
plotted as(a) resistivity vsT and (b) temperature derivative of the this exponent has a value,=0.18+0.02 in pressures up to
resistivity vsT. 0.76 GPa, and changes Xg.=0.32+0.02 inP=1.11 GPa.
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TABLE |. Values obtained in the studied pressures for the 0.012 T T T T T y =
Gaussian\g) and critical(\¢;) exponents for the in-plane fluctua- J
tion conductivity in YBCO. Also listed are the off-plane coherence [ ‘
length £,(0) deduced from the Gaussian critical amplitudes and the .
Ginzburg numbers. 0010 7
. Gi
P(GPa A &(0)(nm) Aer Gi
0 0.50+0.08) 0.12 0.19:0.02  0.006 0008 g 1
0.45 0.56+0.05 0.14 0.16+0.02  0.007 I .
0.76 0.53+0.03 0.13 0.19+0.03  0.008
1.11 0.55%+0.03 0.15 0.37+0.02  0.011 0006 -@~ 7
N ) o 0.0 . 0.4 . 0.8 . 1.2
_I[he cgtlcal exponent for fluctuation conductivity may be Pressure (GPa)
written a
N=u2-d+z-7) (5) FIG. 4. Ginzburg number as a function of pressure as deduced

from results in Fig. 3.
wherev is the critical exponent for the coherence lengtlis

the dimensionality of the fluctuation spectrumis the dy-  observed in this system is beyond 307 However, above
namical exponent, ang is the small exponent of the order- g certain(low) value of the applied field, this scaling is sup-
parameter correlation function. The Ginzburg-Landau theoryressed and the 3B regime becomes visible. As observed
predicts thatv=0.5, z=2 and #=0. Thus, as predicted by in previous investigatiori$? the mean-field critical tempera-
Aslamazov and Larki for d=3 the conductivity exponent  tyre T™, extrapolated from 305 regime, as indicated in Fig.
is A=0.5, which reproduces the value experimentally found3 is located belowl,, which is extrapolated from the critical
in the \g regime. From the critical amplitude for this regime, regime. This suggests that, contrasting with magnetic transi-
given by tions, critical superconducting fluctuations tend to increase
A= €%/321£,(0), (6) T, with respect to the_ mean—field_ expectation. R(_esglts in Fig.
3 show thafl'[:nf andT,. increase with pressure at similar rates.
where the planar anisotropy of YBCO was taken into ac- The data in Fig. 3 also allow us to study the pressure
count, we may extract the coherence length perpendicular teffects on the extent of the critical fluctuation regime. This is
the layered structure(0). We list in Table | the values for generally accounted for by the Ginzburg criterium which is
£.(0) deduced from our data. Since this quantity does notelated to the breakdown of the mean-field Ginzburg—Landau
show a clear dependence with, we estimate that.(0) (GL) theory to describe the superconducting transiffon.
=0.1310.02 nm in the studied range. This value is in rea- Above T, this criterium is identified to the lowest tempera-
sonable agreement with the most accepted estimations fdure limit for the validity of the Gaussian fluctuation region.
this quantity!>” Thus, both the exponent and amplitude val-In Fig. 3 we denote a3 the crossover temperature delim-
ues found forAo in the region characterized by lead us to  iting the Gaussian and critical intervals, and assign this tem-
interpret this regime as resulting from 3B-fluctuations.  perature to the intersection between the straight lines fitted to
The fact thaté,(0) does not change witlP is not entirely  these regimes in thg;l plots. FromTs and from Tg‘f for
surprising in view of the weak sensitivity of, and other each applied pressure we calculate the Ginzburg number,
superconducting properties to pressure applied along:the given as Gi=(Tg-To")/T™". Figure 4 shows thaGi in-
axis in YBCO?%16.17 creases withP, implying that the genuine critical fluctuations
We interpret the narrow linear region just abolgP) in are enhanced when the pressure is augmented. According to
the x;! results of Fig. 3 as resulting from genuine critical the anisotropic GL theory, the Ginzburg number is given
fluctuations. In low applied pressures, the obtained exponer®s®%3
Ae=0.18 characterizes a regime “beyond 3D¥;" already
observed in YBCGE7 The origin of this fluctuation regime . ke 2
is still unclear. A possibility is that it may be a precursor to a Gi= a(m) ;
weakly first-order pairing transition. In the highest studied £(0)€(0)
pressure, however, the exponent characterizing the ) ) )
asymptotic fluctuation region is,=0.32. This is precisely Wherea is a constant of the order 19 Ac is the jump of the
the value expected from the 3BY universality clas¥ with  specific heat aff;, and &,(0) is the in-plane coherence
dynamics given by the model 2.These models predict that length. According to the microscopic thedf/Ac~TcN(0),
v=0.67,7=0.03 andz=1.5. The 3DXY full dynamic scaling Wwhere N(0) is the single-particle density of states at the
was identified in YBCO by several authd¥§122'The cross- Fermi level. We expect thafc is weakly P dependent in the
over produced by pressure in the critical fluctuation conducstudied range sinchi(0), as deduced from the Pauli suscep-
tivity of YBCO is similar to that induced by magnetic fields. tibility above T, is rather insensible to pressure in the
Indeed, under very low fields the asymptotic critical regimeHTSC? On the other hand, our analysis of the &D-

)
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fluctuation conductivity amplitude indicates th&{0) does variation of the atomic distances within the atomic layers
not change significantly witf. We are thus led to conclude than along the axis.

that the appreciable increase®f with pressure is primarily

due to a reduction ig,,(0). From Eq.(7) we estimate that a This work was partially financed by the Brazilian
14% decrease ig,,(0) produces the observed enhancementMinistry of Science and Technology under Grant No.
of Gi at P=1.11 GPa. This conclusion is in accordance withPRONEX/CNPq 66.2187/1992-2. L.M.F. acknowledges sup-
prior findingg+16:17showing that the superconducting proper- port from the Brazil-France agreement CAPES-COFECUB
ties in optimum doped YBCO depend much more on theNo. 196/96.
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