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The work investigated the effect of high hydrostatic pressure up to 12 kbar on the fluctuation conductivity of

medium-doped praseodymium (x = 0.23) single-crystal Y,_,Pr,Ba,Cu;0,_s samples. It was found that in contrast

to the pure YBa,Cu;0,_5 samples and the Y 95Prg05Ba,Cu;O5_s samples lightly doped with praseodymium, the

application of high pressure leads to a significant decrease in the transverse coherence length &, and an increase

in the baric derivative d7./dP. Possible mechanisms of the effect of high pressure on the critical temperature and

coherence length in the bulk of the experimental sample are discussed.
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The study of the dimension of the superconducting fluc-
tuation subsystem continues to be one of the urgent prob-
lems that allow shedding light on the microscopic mech-
anism of the onset of high-temperature superconducti-
vity (HTSC) [1-3]. Indeed, the fluctuation paraconduc-
tivity, along with the pseudogap anomaly (PG) [4, 5],
metal-insulator transitions [6, 7], and incoherent electric
transport [8, 9], is one of the unusual phenomena observed
in HTSC compounds in a normal state, which according to
modern concepts are vital for understanding the nature of
HTSC (see, for example, [1-3]).

In a reasonably numerous series of HTSC cuprates, a
special place for research, in this aspect, is occupied by the
compound of the 1-2-3 system with partial replacement of
yttrium with praseodymium [10, 11], which is due to seve-
ral reasons at once. First, the compounds of the 1-2-3 sys-
tem have a sufficiently high critical temperature (7.), which
allows measurements at temperatures exceeding the tem-
perature of liquid nitrogen [12]. Second, partial replacement
of yttrium with praseodymium, in contrast to replacement
with other rare earth elements, allows smoothly varying the
electrical resistance and critical characteristics of this com-
pound by gradually suppressing their conducting parame-
ters [10, 13, 14] (the so-called prascodymium anomaly).
Thirdly, in the Y;_Pr,Ba,Cu;0;_5 compounds with the opti-
mal oxygen content [10, 14], the so-called nonequilibrium
state does not arise, which in pure oxygen-deficient
YBa,Cu30; 5 samples can be easily induced by a jump in
temperature [15, 16] or application of high pressure [17, 18].
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The latter circumstance is significant since the most
convenient tool that allows one to directly influence the
dimension of the fluctuation subsystem is precisely the
application of high pressure [19, 20]. In this condition, in
the case of pure samples, specific methods are used to sepa-
rate the so-called true pressure effect [21, 22] (caused by the
parameters of the crystal lattice of interlayer interaction,
phonon interaction, etc.) and the relaxation effect [17, 18]
(due to the redistribution of the labile component). Despite
a fairly large number of works, in the literature on the
study of the effect of pressure on the conductivity of the
HTSC the main attantion was paid to the study of the pres-
sure dependences of the resistive characteristics of the
Y _Pr,Ba,Cu;0;_5 compounds (see [10] and references
therein). At the same time, we did not find works devoted
to studies of fluctuation conductivity under high pressure
in these compounds.

Considering the above, in this work, we studied the effect
of high hydrostatic pressure up to 12 kbar on the fluctua-
tion paraconductivity of medium-doped with praseody-
mium (x = 0.23) single-crystal Y;_Pr,Ba,Cu;0;_s samples.

HTSC single crystals of the Y, Pr,Ba,Cu;0;; com-
pounds were grown by solution-melt technology in a gold
crucible, according to the method described in our work
[20], which presented the results of studies of the effect
of hydrostatic pressure on the critical temperature of the-
se samples. For resistive studies, rectangular crystals with
a size of 3x0.5x0.03 mm were selected. The smallest crystal
size corresponded to the ¢ axis direction. Electrical contacts
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were created according to a standard 4-contact scheme by
applying a silver paste to the crystal surface, followed by
connecting silver conductors 0.05 mm in diameter and an-
nealing for three hours at a temperature of 200 °C in an
oxygen atmosphere. This procedure made it possible to
obtain a contact resistance of less than one Ohm and to
carry out resistive measurements at transport currents up to
10 mA in the ab plane. Hydrostatic pressure was created in
a piston-cylinder multiplier [18]. The pressure value was
determined using a manganin manometer, and the tempera-
ture was determined with a copper-constantan thermocouple
mounted in the outer surface of the chamber at the level of the
sample position.

Figure 1 shows the temperature dependences of the
electrical resistivity in the ab plane, measured at different
pressures. Insets (a) and (b) show resistive transitions to
the superconducting state in the coordinates p,, vs T
and dp,, (T)/dT vs T, respectively. As can be seen from
Fig. 1 and the inserts to it, the critical temperature in-
creases with an increase in the applied pressure at a rate
of dT, /dP = 0.3 K/kbar, which is somewhat less than for
compounds with x > 0.1 [10], but more than for pure single
crystals YBa,Cu;075 [21, 22]. It is also seen from Fig. 1
that the qualitative behavior of the temperature dependence
of the conductivity in all cases is quasi-metallic. With an
increase in pressure, the absolute value of the electrical re-
sistance decreases, and the region of existence of the linear
dependence p,,(7) at high temperatures slightly expand,
which may indicate a corresponding narrowing of the tem-
perature region of the realization of the PG anomaly [4, 5].

As can be seen from Fig. 1, below a certain characteristic
temperature 7 the dependences ab(T) “round off’, which
may be due to the appearance of excess conductivity, the tem-
perature dependence of which can be obtained by the formula:
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Fig. 1. The temperature dependences of the electrical resistivity
in the basal plane p,(7) of the Y ,Pr,Ba,Cu;0;_s single crystal
measured at pressures, kbar: 0 (1); 4.1 (2); 6.4 (3); 8.7 (4); 11 (9).
Inserts (a) and (b): resistive transitions to the superconducting
state in the coordinates p,, vs T and dp,(T)/dT vs T.

where 6, =p,' =(A+BT)! is the conductivity determined
by interpolation of the linear section observed in the high-
temperature measurement region to the zero-temperature
value (4 and B — numerical coefficients), and c=p~" is the
experimentally measured conductivity value at 7< T It is
known that near T, the excess conductivity is probably due
to the processes of fluctuation pairing of current carriers
and can be described by the power dependence obtained in
the theoretical Lawrence—Doniach model [23], which as-
sumes the presence of a very smooth crossover from two-
dimensional to three-dimensional fluctuation conductivity
with decreasing sample temperature:

e? | N2
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where e=(T-T")/T" is reduced temperature; 7" is
the critical temperature in the mean-field approximation;
J=(2¢,(0)/d)? is interplanar pairing constant; &_ is the
coherence length along the ¢ axis and d is the thickness of
the two-dimensional layer. In limited situations (near T, at
&, >> d, where the interaction between fluctuating Cooper
pairs is realized in the entire volume of the superconductor,
i.e., the 3D mode or far from T, at §, << d, where the in-
teraction is possible only in the planes of the conducting
layers, i.e., 2D mode), expression (2) is transformed into
the known relations for three- and two-dimensional cases
from the Aslamazov—Larkin theory [24]:
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In the case of comparison with experimental data, it is
essential to accurately determine the value of 7"/, which
significantly affects the slope of the dependences Ac(e).
Usually, when compared with the experimental data, &_.(0), d,
and T, in Egs. (2)-(4) are adjustable parameters [25].
However, when using this technique, as a rule, there are
significant quantitative discrepancies between theory and
experiment. This, in turn, necessitates the use of a scaling
factor, the so-called C factor, as an additional adjustable
parameter, which makes it possible to combine experi-
mental data with calculated ones and, thus, take into ac-
count the possible inhomogeneity of the spreading of the
transport current for each specific sample. In our case,
T C’"f was taken to be 7T, determined, as noted above, at the
maximum point in the dp,, /dT(T) dependences in the
superconducting transition region, as was proposed in [19]
and shown in the inset (b) to Fig. 1.

Figure 2 shows the temperature dependences of Ac(T)
in the coordinates In Ac(In¢€). It can be seen that near 7, the-
se dependencies are satisfactorily approximated by straight
lines with an inclination angle o, =-0.5, corresponding
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Fig. 2. (Color online) Temperature dependences Ac(7) in coordi-
nates In Ao (In €) at different pressures. The numbering corre-
sponds to Fig. 1. The vertical arrows show the position of the
3D-2D crossover points. Inset shows the pressure dependences
TAP) and E(P).

to the exponent —1/2 in Eq. (4), which indicates the three-
dimensional nature of fluctuating superconductivity in this
temperature range. With a further increase in temperature,
the rate of decrease in Ac significantly increases (o, = —1),
which, in turn, can be considered as an indication of a
change in the FP dimension. As follows from (3) and (4),
at the 2D-3D crossover point:

g0 =4[E.(0)/d]". (5)

In this case, having determined the value of ¢, and us-
ing the literature data on the dependence of 7. and the
interplanar distance on & [26, 27], we can calculate the
values of £_(0). As can be seen from the inset to Fig. 2, the
value of &_,(0), calculated according to (5), decreases from
2.88 A to 2.69 A as T, increases, which qualitatively dif-
fers from the analogous pressure dependences &,(0) ob-
tained as for pure YBaCuO samples of optimum composi-
tion [19, 28], and single crystals lightly doped with prase-
odymium [11]. As was established in [19, 28], the value of
&.(0) obtained for crystals optimally doped with oxygen
changes insignificantly with pressure. At the same time,
for single crystals lightly doped with praseodymium [11],
the value of £_,(0) increases with an increase in the applied
pressure from 0 to 17 kbar by approximately 15 %. It
should also be noted that in our case there is a clear corre-
lation in the behavior of the pressure dependences & (P)
and T.(P) obtained during the application of high pressure
(see the inset to Fig. 2). Both values change almost sym-
metrically, as T.(P) increases, the & (P) value decreases
and vice versa, which may indicate the same nature of the
change in these characteristics. The change in 7. under the
influence of pressure can be caused by a change in the con-
stant of the electron-phonon interaction and the con-
centration of current carriers. The latter, in turn, implies a
change in the density of states at the Fermi level M(Ep): an

increase in pressure leads to an increase in N(Er), while a
decrease leads to a decrease in N(Er).

Table 1 shows the numerical values of the experimental
parameters of the test sample [resistivity p;go at 300 K,
critical temperature 7., PG opening temperature T, re-
duced temperature of the 2D-3D crossover g, crossover
temperature 7., coherence length £.(0)] depending on
pressure.

Table 1. Experimental parameters of the sample

P, kbar 0 4.1 6.4 8.7 11
P300, HQcm | 3333 298.5 277.4 260.4 250.1
T.K 67.67 69.42 69.98 70.38 70.73
T*, K 167.77 | 165.7 | 161.15 | 155.72 | 1514
€ 0.2424 | 0.2178 | 0.2130 | 0.2122 | 0.2114
Te, K 84.07 84.54 84.87 8532 | 85.685
£40), A 2.88 2.73 2.7 2.695 2.69

As we have already noted in [20], the relatively weak
effect of pressure on the value of 7, and &, of optimally
doped samples can be explained within the framework of
the model assuming the presence of a Van Hove singularity
in the spectrum of charge carriers [29, 30], which is charac-
teristic of lattices with strong coupling. As is known, for
crystals with 7. = 90 K the Fermi level lies in the valley be-
tween two peaks of the density of states, while the density of
states at the Fermi level N(Er) depends significantly on the
difference (a — b)/a [29, 30]. An increase in the (a — b)/a
ratio leads to an increase in the distance between the peaks
of the density of states and, accordingly, to a decrease in
MEp) and T,. A decrease in the ratio (a — b)/a leads to the
convergence of the peaks of the density of states, which
leads to an increase in M(Er) and 7. Such regularity of the
change in 7, was observed when studying the effect of uniaxi-
al compression along a and b axes on the critical temperature
of single crystals with 7. = 90 K [31]: when a load was ap-
plied along the a axis, the critical temperature increased,
and when a load was applied along the b axis, it decreased.
Under the influence of hydrostatic pressure, the value of
the ratio (@ — b)/a changes only slightly, since it is deter-
mined only by the difference in the compression moduli
along the a and b axes. Therefore, the change in the critical
temperature under the influence of hydrostatic pressure is
relatively small.

For crystals with a reduced 7. < 70 K, the Fermi level
can be shifted from the middle of the band (also due to
doping with substitutional elements [32]) and is located
away from the peak of the density of states. Therefore, if
the value of the critical temperature is principally determined
by the density of electronic states, then the shift of the Fermi
level towards the peak of the density of states under the action
of hydrostatic pressure can, thereby, lead to a significant in-
crease in the absolute value of dT. /dP and &_(0). However,
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checking the validity of this assumption requires additional
studies of the effect of uniform compression on the critical
temperature of Y Pr,Ba,Cu;0; 5 compounds, including a
broader range of praseodymium concentrations. In this
case, one should take into account the fact that specific
mechanisms of quasiparticle scattering [33—35], due to the
presence of kinematic and structural anisotropy in the sys-
tem, can play a specific role here.
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Brnnue BceBivyHOro cTuckaHHA Ha pnykTyauiiHy
napanpoBigHiCTb MOHOKpUCTaniB
Yo.77Pr0.23Ba;Cu307_5

G. Ya. Khadzhai, N. R. Vovk, R. V. Vovk

JIOCTI/UKEHO BIUIMB BHCOKOTO TiPOCTATHMYHOTO THCKY [0
12 x6ap Ha QuyKTyaliiiHy OPOBIAHICTH CEPEAHBOAONOBAHUX Ipa3e-
omuMmoM (x ~ 0.23) moHOKpucTamiuauX 3paskiB Y Pr.Ba,Cuz;0;;.
BusiBnero, 1110, Ha BiaMiHy Bif 6e3noMinikoBux 3paskiB YBa,CuzOy_;
Ta 3paskiB Y osPrgosBa,Cuz0;_5, cimabkoyieroBaHux mpa3eoin-
MOM, HPHKIaIaHHS BHCOKOTO THCKY MPH3BOIUTH 0 CYTTEBOTO
3MEHILCHHS BEIMYMHH IONEPEYHOI JOBXKHHH KOT€PEHTHOCTI &,
ta 30utbiieHHs Oapuynoi moxinHoi d7./dP. OGroBOpIOIOTHCS
MOXIIMBI MEXaHi3MH BILUIMBY BUCOKOTO THCKY HA KPUTHUYHY TEM-
neparypy i IOBXKHHY KOI€pPEHTHOCTI B 00’€Mi eKCIIepHMEHTAIb-
HOTO 3pas3Ka.

KiroyoBi cnoBa: moHokpuctamn YBaCuO, nomyBanHs, Tifpo-
CTaTHYHMI THUCK, (IIyKTyariiiHa IpOBIAHICTS,
JIOBKMHA KOTEPEHTHOCTI.
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