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Effect of high hydrostatic pressure up to 17 kbar on conductivity of lightly Pr-doped
Y, Pr,Ba,Cus0,_s (x = 0.05) single crystals is investigated. We show that in contrast to
non-doped YBa,CuzO;_s samples, application of the high pressure leads to a substantial
increase of the pressure derivative of the coherence length df./dP and temperature shift
of 2D-3D crossover point. Possible mechanisms of the influence of the high pressure on
the critical temperature and the coherence length are discussed within the frames of a
model assuming the presence of singularities in the charge carriers electron spectrum
typical for lattices with strong coupling. The excess conductivity Ac(T) in
Y0.95P0 05Ba,Cu30,_s has been revealed to obey an exponential dependence in the wide
temperature range Tf< T <T*. At this, description of the excess conductivity by the
express1on Ac ~ (1 — T/T)exp(A” ab/T) can be interpreted in terms of the mean-field theory,
where T" is the mean-field superconducting transition temperature and pseudogap tem-
perature dependence is satisfactory described within the framework of the BCS-BEC cross-
over theory. An increase of the applied pressure leads to narrowing of the temperature
range of realization of the pseudogap regime, thereby expanding the linear temperature
dependence of the basal-plane resistivity p,(T).

Keywords: YBCO single crystals, doping, hydrostatic pressure, fluctuation conductiv-
ity, crossover, fluctuation conductivity, pseudogap state.

HccnemoBano BAUSHVE BBICOKOTO IMMAPOCTATHYECKOTO AaBjieHusd a0 17 kbGap Ha mpoBomu-
MOCTh B 0asmcHOii ab-TocKocTH c1abo AOTHMPOBAHHBIX mpaseoxmmoM (x = 0.05) momoxrpuc-
rajgaueckux obpasmnos Y,  PrBa,CusO; s ¢ cucremoli ogHOHaNpaBIeHHBIX ABOHHUKOBBIX
rpauut. O0HapyKeHo, qTo B ornuune oT GecnpuMecHBIX ob6pasnos YBa,Cu,0,_s, mpunose-
HUE€ BBICOKOI'O JaBJIEHUA NPUBOLUT K CYI[ECTBEHHOMY BO3DACTAHUIO BEJIUYVHBLI 0apUUECKUX
npousBoguelx dT,./dP u d&c/dP ¥ CMellleHUIo 110 TeMmieparype mouku 2D-3D kpoccosepa.
O6cysaaioTesT BO3BMOKHBIE MEXAHU3MBl BJIUAHUSA BBICOKOTO JABJIEHUS HA KPUTUUECKYIO TEM-
neparypy u AJUHY KOTePEeHTHOCTH B 00beMe 9KCIIepUMEHTAJbHOTO o0pasia B paMKax Moje-
JIW, TIPEAIoaaraioleil Hainyre CUHTYJISIPHOCTEN B 9JIEKTPOHHOM CIIEKTpPe HOCHUTeJel sapsja,
KOTOPBIN XapaKkTepeH JJisl PeIlleToK ¢ CUJILHON CBA3bIO. YCTAHOBJIEHO, UTO M3OLITOUHAS ITPOBO-
JUMOCTE Ao(T) monoKpHCTAMIOB Y| o5Pr 5Ba,CUsO;_g B MMpoKoM WHTEpBaNe TeMTepaTyp T, <T
<T" mogunMHsAeTcs 9KCIOHEHITUAILHON TeMIIepaTypHOH 3aBHCUMOCTH. 1Ipy 5TOM onucaHue N36LIToU-
HOI TTPOBOAMMOCTH C TIOMOIIIBIO COOTHOIIeHUA AG ~ (1 — T/T Yexp(A” ab/T) MOKeT OBITb WHTepIIpe-
TUPOBAHO B TEPMHMHAX TEOPHMM CPEJHEero IoJs, raie T MpecTaBleHa KaK CpPeIHENoJeBas
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TeMIepaTypa CBEePXIPOBOAAIIETO Ilepexoja, a TeMIepaTypHas 3aBUCHUMOCTBL IICEBIOUIETU
YIOBJETBOPUTENLHO ONMCHIBAETCSA B paMKax Teopum KpoccoBepa BKIII-BOK. VYseawuenme
OPUJIATaeMOT0 IaBJIEeHUA TPUBOAUT K d(MMEKTy CYyKeHUs TeMIepaTypHOro MHTepBaJa peasu-
sanuu [II]-pesxuMa, TeM caMbIM pacmupsasa obsacTs auHelHoi sasucumoctu P(T) B ab-mroc-
KOCTH.

BnauB BHCOKOrO THCKY HA IpPOBigHicTh y 0a3ucHIl IIOMHHI CIA0KO JIeroBaHMX
npaseogumom MoHokpucraxis Y; Pr Ba,CusO. . I'Ad. Xadwaii, M.P. Bosx, P.B. Bost,
C.B. Casuu, M. Rucauuysa, KA. Komeuuvka, B.C. Moposos, A.I'. Jlenis, C.C. Tumopees

HocaimKeHO BIJIMB BUCOKOTO TiIPOCTATUYHOTO THCKY X0 17 kbap Ha mpoigHicTh y 06a-
sucHii ab-naomunui cmabo gomoBanmx mpaseoamMoM (x = 0.05) momokpucramiuyHmMxX 3pasKis
Y, Pr,Ba,Cu;0;_5 5 cucreMor0 ogHOCIPAMOBAHUX IBIMHMKOBUX Mex. Buasieno, mo, Ha
Bigminmy Big OesmomilikoBuUX 3paskis YBaZCu3O7_5, HNPUKJIAJAHHA BHUCOKOT'O THUCKY IIPUBO-
AUTH 0 iCTOTHOTO 3POCTAHHA BeAMUMHM Gapuunux moxigwmux dT,/dP i df./dP i swmimenns
3a Temnepatypoio Toukm 2D-3D KpocoBepa. OOTOBOPIOIOTHCS MOKJIMBI MeXaHIBMU BILIUBY
BUCOKOTO THUCKY HAa KPUTHUHY TEMIIEPATYPY 1 MOBKUHY KOTE€PEeHTHOCTI B 06’eMi eKcnepuMeH-
TAJLHOTO 3pasKa y paMKax MoJesi, 1o mepeadauae HaASBHICTb CUHTYJAAPHOCTEN B €JI€KTPOH-
HOMY CHeKTpi HociiB 3apany, AKUP XapakTepHWUIl ANA PelriToK 3 CUJIbHUM 3B’sf3KoM. Bera-
HOBJIEHO, 10 HAAINMIKOBA MpoBinicts A(T) MonokpueTanis Y o5Pry 0sBa,Cu;0,_5 v mupoxo-
My iHTepBasi Temieparyp Tf < T <T" mifIopsAIKOBYeTHCA eKCIIOHeHIHHi#I TeMIeparypHii
sajemxuocTi. IIpy mpoMy oOIMC HAAJUIIKOBOI IIPOBIAHOCTL 3a IOIIOMOIOI0 CIIiBBiZHOIIIEHHS
Ao ~ (1 - T/T")exp(A*,,/T) Moxe GyTu iHTepIPETOBAHO y TepMiHAaX Teopii cepeiHLOro L0,
ne T” mpeicTaBleHA AK CPEIHBOIOJLOBA TEMIIEPATYPA HAAIPOBIIHOrO IE€pPexXopy, a TeMIlepa-
TYPHA 3aJI€KHICTh ICEBIOIIIJINHN 3aJ0BlIbHO ONKNCYEThCA ¥ paMKax Teopil kpocosepa BRIII-
BEK. 36inbmieHHs THUCKY, [0 IIPUKJIAIAETHCH, HPUIBOIUTh A0 e(DeKTy 3BYIKEHHS TeMIepa-
TypHoro iurepBasny peadaisanii IIII-pe:xumy, TuM caMuM PpOIIIMPROIOYU obgacTb JiHiliHOI

samexnocti p(T) B ab-mwnomuwHi.

1. Introduction

Study of unusual features of the normal
state is one of the actual problems allowing
one to shed light on the microscopic mecha-
nism of occurrence of the high-temperature
superconductivity (HTSC) [1-3]. For exam-
ple, fluctuation paraconductivity [2, 3]
alongside with the pseudogap anomaly [3-—
5], metal-insulator transition [6, 7] and in-
coherent transport [8, 9] relate to the un-
usual phenomena inherent to HTSC com-
pounds in the normal state. According to
present-day views these phenomena can be
the key to understanding the nature of the
HTSC, see e.g. [1].

In relatively voluminous series of HTSC
cuprates the special place for investiga-
tions, in the aspect, is occupied by com-
pounds of 1-2-3 system with partial substi-
tution of yttrium for praseodymium [10,
11]. This is caused by several reasons.
Firstly, compounds of the 1-2-3 system have
a rather high critical temperature (T,) al-
lowing for measurements at temperatures
above the nitrogen liquefaction temperature
[12]. Secondly, a partial substitution of yt-
trium for praseodymium, in contrast to sub-
stitutions by other rare earths, allows for
fine tuning the electrical resistance and the
critical characteristics of these compounds
gradually suppressing their conducting pa-
rameters (so-called praseodymium anomaly)
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[10, 13, 14]. And thirdly, in optimally oxy-
gen-doped Y,_ Pr,Ba,Cu;0;_5 compounds
[10, 14] the non-equilibrium state does not
occur. By contrast, the non-equilibrium
state can easily be induced in substituent-
free YBa,Cu30;_s samples with oxygen defi-
cit by abrupt temperature change [15, 16]
or by applying the high pressure [17, 18].
The latter circumstance is particularly
important because in the absence of com-
plete microscopic theory of the high-tem-
perature superconductivity the application
of the high pressure continues to be one of
the most important tools not only to deter-
mine the adequacy of the many theoretical
models and for empirical search for ways to
improve the critical parameters of the
HTSC materials [19, 20]. Thus, in the case
of substituent-free samples YBa,Cu;0,_5 it
is often necessary to employ specific tech-
niques to distinguish between the "true
pressure effect” [21, 22], that is caused by
changes in the crystal lattice, interlayer in-
teraction, electron-phonon interaction and
so forth, and relaxation effect [17, 18] due
to re-distribution of the labile component.
Despite rather numerous reports on investi-
gation of the effect of pressure on conduc-
tivity in the HTSC cuprates, only a minor
portion of these has been devoted to study
of pressure dependences of the resistive
characteristics of Y,_,Pr,Ba,CuzO;_5 com-
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pounds, see [10] and references therein. It
should be noted that the data presented in
these works are often quite contradictory.
For example, in [10] reported on registra-
tion of both, the positive and negative pres-
sure derivatives, dT./dP, and, in some
cases, on the sign change of dT./dP value,
as will be regarded in more detail below.
The vast majority of the experimental data
was obtained on ceramic, film and textured
samples with a very different technological
prehistory [10, 23]. In the case of single-
crystal samples, the presence of a rather
disordered structure of twin boundaries
(TBs) [24—26] complicates the situation even
more. TBs being two-dimensional extended
defects as well as the place of convergence
of defects of the lower dimensionality are
themselves scattering sites for the normal
and fluctuation carriers [27], thereby sub-
stantially affecting the charge transfer
processes in the experimental sample. It
should also be noted that in the bibliog-
raphy there are few works related to the
influence of pressure in compounds with
praseodymium concentration x < 0.1. It is
these lightly praseodymium doped samples
in which there are observed interesting phe-
nomena of the pseudogap state suppression
and abnormal expansion of the temperature
dependence of the linear behavior [28, 29].
It should also be noted that studies on the
pseudogap anomalies and fluctuation con-
ductivity at the high pressure in
Y ,_xPr,Ba,Cus0;_5 compounds we could not
found.

Given the motivation above, here we re-
port the effect of pressure up to 17 kbar on
resistive characteristics of lightly praseo-
dymium doped (x = 0.05) Y,_,Pr,Ba,Cu307_5
single crystals, with geometry of the trans-
port current applied parallel to TBs, that
allows us to minimize the effects of scatter-
ing at TBs [26].

2. Experimental

Y ;_PryBasCusO;_5 single crystals were
grown by solution-melt technology in a gold
crucible [28, 29]. For electrical resistance
measurements we selected rectangular crys-
tals with dimensions of 8x0.5x0.03 mm3. The
smallest dimension corresponds to c-axis.
Electrical contacts were arranged in the
standard four-probe geometry. The contacts
were created by applying a silver paste on
the crystal surface. This was followed by
connecting of silver conductors 0.05 mm in
diameter and annealing of samples at 200°
for three hours in oxygen atmosphere. This
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Fig. 1. Temperature dependences of the basal-
plane electrical resistivity p, ,(T) of
Y, Pr,Ba,Cu;0,_s single crystal for the fol-
lowing series of pressures: 0; 4.52; 9.17;
12.74; 17.05 kbar, curves 1-5, respectively.
Upper inset: Experimental geometry. Lower
inset: Pressure dependence of the critical
temperature (left axis) and resistivity at
300 K (right axis).

procedure allowed us to obtain transitional
contact resistance of less than 1 Q and to
conduct resistive measurements at transport
currents of up to 10 mA in the ab-plane.
As it is known, when the oxygen saturation
occurs in the YBaCuO compounds, there is
the tetra-ortho structural transition which,
in turn, leads to crystal twinning that mini-
mizes its elastic energy. For the samples
with unidirectional twin boundaries, from
the crystal it was cut out a bridge with
width of 0.2 mm and distance between the
voltage contacts of 0.3 mm. Geometry of
the experiment was chosen so that the
transport current vector I was parallel to
TBs [26]. Hydrostatic pressure was created
in an cylinder-piston pressure multiplier
[18, 22]. Temperature was measured with a
copper-constantan thermocouple mounted on
the outer surface of the chamber at the
sample position level.

3. Results and discussion

Figure 1 shows the temperature depend-
ence of basal-plane resistivity pg,(T) in
Y ;_«PrBa,Cu;0,_s single crystal for a series
of pressures. Upper inset shows the experi-
mental geometry. Lower inset shows pres-
sure dependence of the critical temperature
and resistivity at 300 K. As shown in
Fig. 1, the values of T, and p,,(300) K at
atmospheric pressure are 86 K and
190 uQcm, respectively. Therefore, in com-
parison with the non-doped YBa,Cuz0;_g
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single-crystal samples the critical tempera-
ture is lower by 5—7 K while p300 K values
are larger by 30-40 puQem, that is generally
consistent with the literature data [10, 19-22].
In addition to this, step-like peculiarities are
observed in the resistive transition to the su-
perconducting state, refer to Fig. 2. These
steps may indicate the appearance of phase
separation in the sample volume [16, 20].

Currently, there are a number of theo-
retical models devoted to an explanation of
the causes of degradation of the supercon-
ducting and the normal-state characteristics
of YBa,Cuz07_5 compounds under the influ-
ence of praseodymium impurity. The most
known among them are so-called "hole fill-
ing model™ [30], "pair breaking phenomena”
[31], as well as models suggesting the hole
carriers localization and various adjustment
mechanisms of the band states due to inter-
action of praseodymium ions (see e.g. [10]).
Given the limited volume of our report,
these issues will be addressed in more detail
in the future study. As follows from the
derivative peak shifts in Fig. 1, for our
sample there is dT./dP = 0.18 K/kbar.

This value is slightly smaller than those
for the compounds with x> 0.1 [10], but
more than that for the non-doped
YBa,CuszO;_s5 single crystals [18-22]. In
general, the pressure derivative value
dT./dP can be analyzed relying upon the
traditional use of the McMillan formula for
T (P) dependence [32, 33]:

p o9 1.040+2 1)
¢ 1.45 A —pi(1+0.621)

where 0p is the Debye temperature, and u”
is the screened Coulomb pseudopotential de-
scribing the electron repulsion, A is elec-
tron-phonon interaction which, in turn, de-
pends on the parameters of electron and
phonon spectra of the superconductor

- N(ep)<I?k — (K)> (2)
- M63 ’

where N(gp) is density of states at the
Fermi level, I is the matrix element of the
electron-phonon interaction averaged over
the Fermi surface, and M is the ion mass.
Assuming that under the sample compres-
sion, along with an increase of the Debye
temperature, the matrix element of the elec-
tron-phonon interaction increases [34], values
of dT./dP < 0.2 K/kbar seem to be quite rea-
sonable. At the same time, however, it should
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Fig. 2. Resistive transitions to the supercon-
ducting state (a) and (b) their temperature
derivatives. The curves numbering corre-
sponds to Fig. 1.

be noted that in the samples with praseo-
dymium concentrations of x > 0.3 the abso-
lute value of the pressure derivative dT_./dP
could reach more than 0.6 K/kbar [10]. In
addition to this, as noted above, some stud-
ies reported the sign change in dT_./P [35].
All the above doesn’t allow us to unequivo-
cally interpret the data obtained in the
framework of the BCS theory.

The relatively weak effect of pressure on
T, of lightly praseodymium doped samples
can be explained by using model implying
the presence of the Van Hove singularity in
the charge carriers spectrum [36, 37], which
is typical for lattices with strong coupling.
As it is known, for crystals with high
T.=90 K, the Fermi level lies in a valley
between two peaks in the states density.
Herewith, the states density at the Fermi
level N(Ep) essentially depends on so-called
orthorhombic distortion (a — b)/a [38]. Spe-
cifically, increase of (a — b)/a ratio leads to
increase of the distance between the peaks
in the states density and, thus, to reduction
of N(Ep) and T. Reduction of (a — b)/a
ratio leads to convergence of the density of
the state peaks, which results in increase of
N(Ep) and T,. This pattern of T, changes
was observed when studying the effect of
uniaxial compression along a and b axes on
the critical temperature T, of the single
crystals with T, = 90 K [39]. When the load
was applied along a axis, the critical tem-
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perature decreased, whereas T, increased
when the load was applied along b axis.
When subjected to hydrostatic pressure, the
(a — b)/a ratio was changed slightly, since it
was determined only by the difference in
the bulk moduli along a and b axes. There-
fore, the change of the critical temperature
T, in our samples due to the high hydro-
static pressure is grelatively small. For the
crystals with reduced T, = 60 K, the Fermi
level can be shifted from the middle zone
(for instance, in consequence of doping by
substitutional elements [40]) and it is situ-
ated away from the peak of the states den-
sity. Therefore, if the value of the critical
temperature is primarily determined by the
density of the electronic states, when apply-
ing the hydrostatic pressure, the shift of
the Fermi level towards the peak of the
states density can lead to a significant in-
crease of the absolute value of dT_./P.

Fig. 2 shows depicting the resistive tran-
sitions to the superconducting state in p —
T and dp/dT — T coordinates for a series of
pressures. One can distinguish several peaks
corresponding to the steps in Fig. 1. As it
has been revealed in [41], such a form of
the superconducting transition attests to
presence of several phases with different
critical temperatures T,; and T,.; in the
sample volume. These temperatures are de-
fined as those corresponding to the maxima
of the both peaks. At this, according to the
known parabolic law [42], each of these
phases is characterized by respective con-
centration of the charge carriers.

As follows from Fig. 2, the increase of
the applied pressure leads to some broaden-
ing of the superconducting transition and to
change of the height and shape of the steps,
as well as to the temperature upshift of the
maxima points. This, in turn, can attest to
substantial modification of the current
passes due to changes in sizes and composi-
tion of the clusters with different T,.. In the
case of the non-doped YBa,Cu30;_5, of oxy-
gen non-stoichiometric composition, phe-
nomena of this kind can be observed as a
consequence of the ascending diffusion
process [18, 41].

As it is seen from Fig. 2, increase of the
applied pressure leads to increase of the dif-
ference (T,; — T.s), which is indicative of
the phase segregation in the sample. At the
same time, oxygen concentration in the
sample is close to the stoichiometric con-
tent, that should minimize the effect of
labile oxygen re-distribution on the afore-
mentioned processes. Indeed, as it was
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shown in [17-21], application of the high
pressure in the case of stoichiometric
YBa,CuzO;_5 does not, as a rule, initiate
structural relaxation processes which usu-
ally take place in a consequence of diffusion
of the labile oxygen in the sample volume.
Apparently that the phase segregation
under pressure observed in our case is
stipulated by the size change and composi-
tion of the clusters characterized by differ-
ent content of praseodymium [43, 44]. At
the same time, it should be noted that in-
crease of praseodymium in the local volume
element of the sample leads to an effect
which is quite opposite to the effect caused
by the increasing oxygen content. Namely,
whereas increase of oxygen concentration
leads to rise of T, and an improvement of
the conducting characteristics of the single
particular phase [2, 3, 16, 41], increase of
the praseodymium content results in sup-
pression of the conductivity and decrease of
T. [9, 27]. In this way, by contrast to the
case of the non-doped Y,_Pr,Ba,Cus;O;_s,
samples, the phase segregation observed in
the compound YBa,Cuz0;_5, under high
pressures appears to be a more complex and
mixed process. Accordingly, identification
of the more subtle processes requires fur-
ther investigations of the effect of uniform
compression on the critical temperature of
Y ;_xPr,Ba,Cuz07_g compound. These investi-
gations should include studies in the
broader range of praseocdymium concentra-
tions and should be accompanied by struc-
tural characterization of the samples with
the higher degree of praseodymium doping.
Application of pressure also leads to expan-
sion of the linear portion 47 K depending
Pup(T) at the high temperatures. The latter
appears to reduce the magnitude of the tem-
perature T* at which systematic deviation
of the experimental points down from a lin-
ear function. According to the modern con-
cepts, T* corresponds to the pseudogap
opening temperature [2, 4], as will be dis-
cussed in more detail below.

The sublinear decrease of p,;(T) observed
at T < T" attests to appearance of so-called
excess conductivity (Ao) in the crystal. The
temperature dependence of the excess con-
ductivity is usually determined as

Ac =0 - 0,

(3)

where 6, = py~1 = (4 + BT)™! is the conduc-
tivity determined by interpolating the lin-
ear section of p(T) to zero temperature and

9



G.Ya.Khadzhai et al. / Effect of high pressure on ...

-1
© O N OB N = O =N
"EE-mp mg

4
Ac, uOhm™ *cm
000000000000

I
L |
™

o
F/
.

9.0x10°

1.1x10% 1.2x102

1T, K'

1.0x102

Fig. 3. Inverse temperature dependence of
the excess conductivity  Ac(1/T) of
Yo 05PTg 05Ba,Cuz0,_s sample at atmospheric
pressure in coordinates InAc — 1/T.

o = p 1 is the experimental value of conduc-
tivity in the normal state.

The experimental dependence Ac(T) thus
obtained at the atmospheric pressure is
shown in the inset of Fig. 3 in InAc - 1/T,
representation. One sees that in a rather
wide temperature range the curve can be
fitted to a straight line, that corresponds to
its description by exponential dependence of
the form

Ac ~ exp(A*w/T), (4)

where A®,, is the value determining some
thermoactivated process over energy gap —
the "pseudogap”.

At present, the most argued-for scenarios
of the realization of the pseudogap state in
the HTSC cuprates refer to so-called concep-
tion of uncorrelated pairs [2, 45], as well as

various models of dielectric fluctuations [4].
Among the theoretical works standing up

for the former viewpoint one should men-
tion the crossover theory from the BCS
mechanism to the Bose-Einstein condensa-
tion mechanism (BEC) [11]. Specifically,
within this BCS-BEC crossover theory there
were obtained the pseudogap temperature
dependences for the cases of weak and
strong coupling. In the general form these
dependences described as

_ n[1 A©), . (5)
A(T) = A0) - A(O)\/Z_ 20) expl- =71

N {1 . er{\/_o_?/x r1-1 H
T/A0) )F
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where x5 = U/A(0) with u being the chemical
potential of the system of carriers and A(0)
the energy gap at T = 0, while erf(x) is the
error function.

In the limiting case x; — o (weak cou-
pling) expression [11] acquires the form

A(T) = A(0) — A(0) ZTLA(O)Tex;{— %0)} (6)

which is well known in the BCS theory. In
the limiting case of strong coupling in 3D
regime (xy < —1) equation [11] reduces to

A(T) = (7)

3/2 gy
= A0) - %W{%} exg{— e AAY) +TA () }

At this, as it was shown in [2, 5, 46],
provided measurement accuracy is high
enough, the pseudogap values in a wide
temperature range can be deduced from the
basal-plane electrical resistivity p,,(T) at
temperatures below some characteristic
value T% called the pseudogap opening tem-
perature. The exponential dependence Ac(T)
was previously observed in YBaCuO samples
[47]. As it was shown in [5, 46, 47], ap-
proximation of the experimental data can be
substantially expanded by introducing the
factor (1 — T/T™). In this case excess conduc-
tivity turns out proportional to the density of
superconducting carriers n,~ (1 - T/ T*) and
inversely proportional to the number of
pairs ~exp(—A*/ET), broken down by the
thermal motion

AG ~ (1 = T/T"exp(A*a/T). (8)

At this, T* is regarded as the mean-field
superconducting transition temperature,
while the temperature interval T, <T<T", in
which the pseudogap state exists, is deter-
mined by rigidity of the order parameter
phase. The latter, in turn, depends on the
oxygen deficit. In this way, using methodol-
ogy proposed in [5, 47], from the experi-
mental curve InAc(1/T) one can deduce the
temperature dependence A*ab(T) up to T.

Figure 4 presents the temperature de-
pendences of pseudogap in A*(T)/Amax -
T/T" (Apqy is the value of A" on the plateau
away from T7) representation for the same
series of pressures. The dashed lines in Fig. 2
show the dependences A*(T)/A(0) versus
T/T*, calculated by Eqgs. (6) and (7) in the
mean-field approximation within the frame-
work of the BCS-BEC crossover theory [45]
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Fig. 4. Temperature dependences of the
pseudogap in Y g5Pryo5Ba,Cu;0, 5 single
crystal in the reduced coordinates

A(T)/A" gy = T/TH (A" 4 is the value of A”
on the plateau away from T7). The curves
numbering corresponds to that in Fig. 1. The
dashed lines 5—8 show dependences A*(T)/A(0)
versus T/T" calculated according to the cross-
over parameter u/A(0) = 10 (the BCS limit),
-2, -5, and —10 (the BEC limit) [11], respec-
tively.

for the crossover parameter u/A(0) = 10 (the
BCS limit), —2, -5, and —10 (the BEC limit).
One sees that as the applied pressure in-
creases, behavior of the curves transits
from Eq. (7) to Eq. (6). This behavior is
qualitatively similar to the effect of trans-
formation of temperature dependence of the
pseudogap in YBaCuQO samples upon reduc-
ing the level of oxygen nonstoichiometry
[6]. Evidently, the mentioned correlations in
the behavior of the curves A*(T) are not
occasional. Indeed, as is well known from
the literature (see, e.g., [17-21]), applica-
tion of the high pressure to the HTSC sam-
ples from 1-2-3 system, as well as increase
of the oxygen content [5] leads to improve-
ment of the conducting characteristics, that
becomes apparent through rise of the T,
value and significant reduction of the resis-
tivity. In this way, given some conditional-
ity of determination of the value of the
pseudogap opening temperature T* from
downturns of p,(T) curves from the linear
dependence, agreement between the experi-
ment and the theory is satisfactory.

As seen from Fig. 3, in the case of ap-
proaching T, the sharp increase in the abso-
lute value of excess conductivity appears.
The excess conductivity near T, is known to
be caused by processes of fluctuation pair-
ing of the charge carriers. It can be de-
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Fig. 5. Temperature dependences Ac(T) in co-
ordinates InAc(ln€) representation for a series
of pressures. The curves numbering corre-
sponds to Fig. 1. Inset: Pressure dependence
of the coherence length & (0).

scribed by power-law dependence derived in
the Lawrence-Doniach model [48]. This
model assumes a gradual crossover from
two-dimensional (2D) to three-dimensional
(3D) regime of the fluctuation conductivity
upon decreasing the sample temperature

_ e? -1 -1
AG_LGﬁd}E {1+J8

where ¢ = (T — T™,)/T™, is the reduced
temperature with Tmfc being the critical
temperature in the mean-field approxima-
tion and J=(2§c(0)/d)2 is the interlayer
pairing constant with &, being the coherence
length along c-axis and d the thickness of
2D layer. In the limiting cases, 3D regime
ensues near T,, when £, << d and interac-
tion is possible in the planes of the conduct-
ing layers. In these limiting cases Eq. (9)
reduces to the known expressions in the
Aslamazov-Larkin theory [49]

’

}—1/2 (9)

e 10
8020 = Tgrgt )
e2 (11)
AGan = -1/2,

98D = 3omE (0)°

In the case of fitting the experimental
data a crucial role is played by accurate
determination of the value of 7™/, which
substantially affects the slope angle in
Ao(e). Usually, while comparing £.(0), with
the experimental data, d and T, in Egs.
(9—-11) are fitting parameters [50]. How-
ever, when such a method is used, one

11
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comes up with considerable discrepancies
between the theory and experiment. This in
turn substantiates the necessity of using a
scaling factor, so-called C-factor, as an ad-
ditional fitting parameter. This C-factor al-
lows one to fit experimental data to calcu-
lated ones and, thereby, to account for pos-
sible inhomogeneity of the transport
current distribution for each specific sample
[50]. In our case for T™/, we took T, deter-
mined at the derivative maximum in
dp,p/dT(T) dependences in the supercon-
ducting transition region, as it was pro-
posed in [19] and is shown in the inset (b)
of Fig. 2.

Figure 5 displays the temperature de-
pendences Ac(T) in InAc(ln€) representation.
One sees that near T, these dependences are
satisfactory approximated by straight lines
with a slope of o4 = —0.5 corresponding to
the exponent —1/2 in Eq. (11), that attests
to 3D character of the fluctuation conduc-
tivity in this temperature range. With the
further temperature increase the decrease
rate of Ac speeds up substantially (o5 = —1).
This fact can be viewed as signature of the
dimensionality change in the fluctuation
conductivity. As it follows from Egs. (10)
and (11), in the 2D-8D crossover point

€0 = 4[&0(0)/df. (12)

In this case, having determined the value
of ¢, and using the literature data for the
dependence of T, and interlayer distance on
O [43, 51], one can calculate £.(0). As it is
seen in the inset of Fig. 5, the value of £,(0)
calculated by Eq. (12) increases from 1.46
to 1.65 « with increasing T,.. This is quali-
tatively different from the analogous pres-
sure dependences of £.(0) for substituent-
free YBCO samples, for the both optimally
doped [19, 22] as well as underdoped single
crystals [20]. As it was revealed in [19, 22],
the value of £ (0) for optimally doped crys-
tals is affected by pressure only slightly. At
the same time, in contrast to the samples of
stoichiometric composition, for the under-
doped crystals the value of £.(0) increases
by about 20 % with applied pressure in-
crease from 0 to 10 kbar. It should be also
noted that there is a clear correlation be-
tween behavior of the pressure dependency
EAP) and T, (P): during the application de-
pressurizing both quantities vary substan-
tially symmetrically — the growth of T.(P)
value E.(P) is reduced and vice versa, which
may indicate change in the same nature of

12

these characteristics. Certain influence in
this may have specific mechanisms of the
quasiparticle scattering [51,52], due to
presence of kinematic and structural anisot-
ropy in the system.

4. Conclusions

In summary, the main results of this
work can be summarized as follows. Appli-
cation of high pressure to Y,_,Pr,Ba,Cuz;O;_;
(x £0.05) single crystals leads to significant
expansion of the linear section in depend-
ence p,(T) and to narrowing of the tem-
perature range of the pseudogap state exist-
ence. At this, the excess conductivity obeys
exponential temperature dependence in a wide
temperature range, while the pseudogap tem-
perature dependence is satisfactory described
within the framework of the BCS-BEC cross-
over theory. The evolution upon pressure
of the fluctuation conductivity in the
lightly Pr-doped Y,_,Pr,Ba,Cu;0,_5 single
crystals is likely to be determined by two
processes: firstly, by general "three-dimen-
sionalizing” of the system in consequence of
change of the relation between & and d and;
secondly, by shift of the Fermi level with
respect to the features of the density of
states due to the praseodymium doping.
Meanwhile, in contrast to the substituent-
free YBa,CuzO;_s samples, application of
the high pressure leads to substantial in-
crease of the pressure derivative dT,./dP
and d&./dP.
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