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The effect of high hydrostatic pressures of up to 10 kbar on the basal ab-plane conductivity of YBa,Cu;0;_5 single crystals with
unidirectional twin boundaries is investigated. We show that application of a high pressure leads to a substantial decrease of the
pressure derivative of the coherence length d&./dP while increasing dT./dP and a temperature shift of the 2D-3D crossover point.
Possible mechanisms of the influence of 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 YBa,Cu;0,-5 has been revealed to obey an exponential dependence in the wide
temperature range T.<T <T". At this, the description of the excess conductivity by the expression Ac ~ (1 — T/T") exp(A*/T ) can be
interpreted in terms of the mean-field theory, where T" is the mean-field superconducting transition temperature and the pseudogap
temperature dependence is satisfactory described within the framework of the BCS-BEC crossover theory. An increase of the applied
pressure leads to a narrowing of the temperature range of the realization of the pseudogap regime, thereby expanding the linear
temperature dependence of the ab-plane resistivity p(T).

KEY WORDS: YBaCuO single crystals, hydrostatic pressure, excess conductivity, crossover, coherence length, fluctuation
conductivity, pseudogap state, high-temperature superconductivity, critical temperature

BIIJIMB BUCOKOI'O I'TJIPOCTATUYHOI'O TUCKY HA PI3HI TUIIN MPOBIJHOCTI MOHOKPUCTAJIIB YBaCuO

13 3AJAHOIO TONOJIOT'IEIO IVMIOCKUX JE®EKTIB

K.B. TmTepeBa', K.A. KOTBI/Illeal’Z, O.M. Coxonosl, M.P. BOBR', P.B. BoBk'”’
Xapriscoxuii nayionansnuii ynisepcumem imeni B.H. Kapasina
61022, nn. Ceoboou 4, Xapxis, Yrpaina
ZVKpai'HCbKa 0epPIAHCABHA aKAOeMisi 3aNI3HUYHO20 MPAHCHOPMY
61050, m. Xapxis, nn. Qeiicpbaxa 7, Vrpaina

VYV poboTi mOCTIKEHO BIUIMB BHCOKOTO TrifpocTaTHyHOro THcKy mo 10 kbap Ha mnpoBiaHicTe y ©OasucHii ab-rutonmHi
MOHOKpHUCTaMYHHX 3pa3kiB YBa,Cu;07_s 3 cHCTEMOI0 OJHOCTIPSMOBAHUX ABIMHUKOBUX MEX. BusABIIEHO, 1110, JOAaBaHHS BHCOKOTO
THUCKY TPU3BOIUTH 0 JAESKOTO 3MEHIICHHS BeNWYWHH OapuuHOi moximHoio d&./dP mpum omHowacHOMmy 30imemenni dT./dP Tta
3MIIIEHHS 3a TeMneparyporo Touku 2D-3D kpocoBepa. OOroBOpIOIOTECS MOXKIIMBI MEXaHI3MHU BILIMBY BUCOKOTO THCKY Ha KPHTHUHY
TeMIeparypy i JOBXKHHY KOTE€PEHTHOCTI B 00CS3i €KCHEpHMEHTAIBHOTO 3pa3ka B paMKax MOJENi, W0 Iepexdadac HasBHICTH
CHHTYJISIPHOCTEH B €JIEKTPOHHOMY CIIEKTpi HOCIIB 3apsiiy, SIKUi XapakTepHHU IS PEIIiTOK 3 CHIIBHHUM 3B'si3KOM. BcraHoBneHo, 1o
HaMIIKoBa nposignicts Ac(T) Monokpucranis YBa,CusO; 5 y mmpokomy intepsaii temmeparyp Te<T<T" mimmopsaKoByeTbCs
CKCTIOHCHIIIMHIA TeMmepaTypHiili 3anekHocTi. [Ipu IbOMY OIMKC HAIJIMIIKOBOI MPOBIAHOCTI 3a JOMOMOTOK CITiBBIAHOIICHHS
Ao~(1-T/T") exp(A"w/T) Moxe OyTH IHTEpIpETOBAaHO B TepMiHax Teopii cepenHboro moms, e T NpeACTABICHA, 5K
CepeIHBOIIOIb0BA TEMIIEPATYpa HAAIPOBIIHOTO MEPEXOy, a TEMIEPAaTypHa 3aJI€XKHICTh IICEBIOIIUINHN 3aI0BITBHO OIHCY€ETHCS B
pamkax Teopii kpocoBepa BKII-BEK. 30inbpieHas THCKY TPU3BOIUTE 10 €PeKTy 3BYKCHHS TEMIIEPATypHOTO iHTEpBay peajizamii
TICEBIOUIITMHHOTO PEXKUMY, THM CaMUM, PO3IIUPIOIOYH 00JIACTb JIiHiiTHOT 3anexHocTi p(T) B ab-ruromuHi.
KJIFOYOBI CJIOBA: wmonokpucramu YBaCuO, npomyBaHHS, TiIpOCTaTHYHHN THCK, HAQ/JIMIIKOBA IIPOBIIHICTH, KPOCOBED,
(urykTyaniliHa IpoBiIHICTb, IICEBIOIIUINHHNN CTaH, BUCOKOTEMIIEpaTypHa HaJIIPOBIIHICTh, KPUTUYHA TEMIIEpaTypa

BJIMSTHUE BBICOKOI'O THAPOCTATUYECKOI'O JABJIEHUS HA PA3JIMYHBIE TUIIBI TIPOBOANMMOCTH
MOHOKPHUCTAJLIOB YBaCuO C 3AJJAHHOM TONOJIOTMEM IMJIOCKUX JEPEKTOB
E.B. TmTepeBal, K.A. Koreunkan'?, A.H. Cokouos!, H.P. Bosk', P.B. Bopk'?
IXapbkogcmn? HayuoHanvhvild yHusepcumem umenu B.H. Kapasuna
61022, nn. Ceoboowi 4, Xapvros, Yxpauna
?Vipauncras 2ocydapcmeenias akademus JcenesnodoporCHo20 Mpancnopma,
61050, 2. Xapvros, ni. Qeepbaxa 7, Yxpauna
B pabote nccienoBaHo BIMsSHHE BBICOKOI'O T'HAPOCTATUYECKOro naBieHus 10 10 x6ap Ha IPOBOAMMOCTh B 0a3MCHON ab-IIIOCKOCTH
MOHOKpHCTaIMYeckux o0pa3uoB YBa,Cuz;O;_; ¢ cucreMoil OJHOHANPABICHHBIX JBOHHHMKOBBIX rpaHull. OOHapy»KEHO, 4YTO,
MPUIIOXKEHHE BBICOKOTO MABJICHMSI MPUBOIAMUT K HEKOTOPOMY YMEHBLICHHIO BEIMYMHBI Oapudeckoil mpowsBoguoir dé/dP  mpu
onHoBpemenHoM yBennuennu dT./dP u cmemenuro mo Temmeparype Toukd 2D-3D kpoccoBepa. OOCYKIArOTCSI BO3MOXKHBIE
MEXaHU3MBbI BIUSHUS BHICOKOTO JABICHUS] Ha KPUTHUECKYIO TEMIIEpaTypy U AJTMHY KOTEPEHTHOCTH B 00BEME 3KCHEPHMEHTATBHOTO
oOpasna B paMKax MOJETH, MpPEAIoJararomeil HaIMYue CHHTYISPHOCTEH B AIIEKTPOHHOM CIIEKTpEe HOCHUTENeH 3apsia, KOTOPBIH
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XapaKTepeH JUTs PEIeTOK C CHIIBHOM CBsI3bI0. Y CTaHOBIIEHO, 4TO U30bITOUHas npoBoauMocTb Ac(T) monokpucramioB YBa,Cu;07-5
B IIMPOKOM MHTEpBAJIE TEMIEPATYp T.<T<T" HOXYHHSAETCS IKCIOHSHLHAIBHOI TEMIIEPATYpHOH 3aBUCUMOCTH. [Ipu 3TOM onucanue
H3OBITOYHON MPOBOANMOCTH ¢ MOMOIIBK cooTHOmEHHsT Ac~(1—T/T") exp(A”/T) MOXeT ObITh HHTEPIPETHPOBAHO B TEPMHHAX
TEOPHH CpefHero mons, rae T  MpeicTaBIeHa, KAk CPEIHEIONeBas TeMIepaTypa CBEpXIIPOBOSINETO Nepexo/a, a TEeMIepaTypHas
3aBUCHMOCTb IICEBJIONIEIH yJOBICTBOPUTEIHHO OIICHIBAETCS B paMkax Teopun kpoccosepa BKII-BOK. VBennuenne mpuiaraeMoro
JaBIEeHUS TPHUBOAUT K 3(PdeKTy CcykKeHHe TeMIepaTypHOrO HHTEpBaja pPeaH3all{ IICEBJOIIENICBOTO pPEXHMa, TEM CaMbIM,
pacmmmpsist o6acts auHelHo# 3aBucuMoctH p(T) B ab-mmockocty.

KJIFOYEBBIE CJIOBA: moHokpuctawiel YBaCuO, nomupoBaHHe, THAPOCTATHYECKOE JAABJICHHE, M30BITOYHAS MPOBOIUMOCT,
KpoccoBep, (IyKTyalHOHHas HPOBOJUMOCTb, IICEBJOIIENIEBOE COCTOSHHE, BBBICOKOTEMIIEpAaTypHas CBEPXIPOBOINMOCTS,
KpHUTHYECKas TEMIepaTypa

In the absence of a full microscopic theory regarding the high-temperature superconductivity (HTSC) [1-3], the
use of high pressure [4-7] remains an important tool for examining the adequacy of numerous theoretical models and
constructing new empirical ways for improving the critical parameters [6,7]of high — T, materials. In this aspect,
compounds of the so-called 1-2-3 system (YBa,Cu30;-5) are most promising materials to study. This is caused by
several reasons. Compounds of the 1-2-3 system have a rather high critical temperature (T.) allowing for measurements
at temperatures above the nitrogen liquefaction temperature [8]. Relatively easy to obtain single crystal [9] alloy
[10]and samples large enough. Electrotransport characteristics of these compounds can be easily varied by changing the
oxygen content [11-14] and total [15-17]or partial [18-23] replacement of components. Characteristic feature is the
presence of compounds YBaCuO planar defects in them - twin boundaries (TB). TB result from tetra-ortho ferroelectric
transition at a saturation of the samples to the stoichiometric oxygen content [24-26]. The presence of TB often creates
additional difficulties in the study of power, heat and mass transfer due to the complexity highlight the contribution of
these planar defects.

Given the motivation above, the aim of this work investigate the effect of pressure on the resistive characteristics
of YBa2Cu307-6 single crystals, with the geometry of the transport current applied parallel to TBs, that allows us to
minimize the effects of scattering at TBs [27]. According to the present-day views it is this unusual phenomenon which
alongside with the actuation paraconductivity [2,3], metal-insulator transitions [31,32] and pseudogap anomalies [28-
30] is the key to understanding the nature of HTSC.

EXPERIMENTAL METHODS

The YBa,Cu;0;-5 single crystals were grown by the solution-melt technique in a gold crucible as detailed
elsewhere [33]. For resistive measurements, crystals of a rectangular shape with the dimensions 3x0.5x0.03 mm3 were
selected. The smallest crystal dimension corresponds to the c-axis. The electrical contacts to the samples were formed in
the standard 4-probe geometry by applying a silver paste on the crystal surface followed by the attachment of silver
leads of 0.05 mm diameter and a three-hour annealing in an oxygen atmosphere at 200°C. Such a procedure allowed us
to obtain a contact transient resistance of less than 1 € and to conduct resistive measurements at transport currents of up
to 10 mA in the ab-plane.

As is well known, when YBCO compounds are saturated with oxygen, a tetra-ortho structural transformation
occurs. This results in crystal twinning which minimizes its elastic energy. To obtain samples with unidirected twins, a
bridge of 0.2 mm in width and a distance between the voltage leads of 0.3 mm has been cut out. In doing so, the
experimental geometry was chosen such that the electrical current vector I was directed parallel to the twinning plane.
The hydrostatic pressure was created in a cylinder-piston pressure multiplier [34]. The pressure value was monitored
with a manganin pressure gauge, while the temperature was measured with a copper-constantan thermocouple mounted
on the outer surface of the chamber at the sample position level.

RESULTS AND DISCUSSION

Fig. 1 shows the temperature dependence of the basal-plane resistivity p,,(T) in the YBa,Cu;07-5 single crystal for
a series of pressures. As shown in Fig. 1, the values of T, and p,,(300) at atmospheric pressure are 91.08K and 98.7
uQcm, respectively. As it is seen in Fig. 1 and its insets, with increasing applied pressure the resistivity increases and
the critical temperature rises with a rate dT./dP=0,08 K/kbar, which is consistent with literature data for YBaCuO
samples of stoichiometric composition [4,6,7].

In general, the pressure derivative value dT./dP can be analyzed relying upon the traditional use of the McMillan
formula [35,36] for the T.(P) dependence, viz.,

1.04(1+ 4)
A— i (1+0.622) (M
where 0p is the Debye temperature, and " is the screened Coulomb pseudopotential describing the electron repulsion.

A is the electron—phonon interaction which, in turn, depends on the parameters of the electron and phonon spectra of the
superconductor

0
T =—Lexp[-
¢ =145 0L



44
EEJPVol.1 No.4 2014

K.V. Tiutierieva, K.A. Kotvitskaya et al

100

p, nOhm.cm

160 11‘30 200 250 300
TK

Fig.1. Temperature dependences of the
basal-plane electrical resistivity p,, (T) of
the YBa,Cu;0,-; single crystal for the
series of pressures

1-0,2-2.5;3-6.51; 4 —9.5 kbar. Upper
inset: Experimental geometry. Lower inset:
Pressure dependence of the critical
temperature (left axis) and the resistivity at
300 K (right axis).
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Fig.2. Resistive transitions to the
superconducting state (a) and (b) their
temperature derivatives.
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where N(er) is the 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.

The Fig. 2 shows the resistive transitions to the superconducting state
in dp/dT — T and p - T coordinates for a series of pressures. One can
distinguish several peaks (Fig. 2b) corresponding to the steps in Fig. 2a. As
it has been revealed in [37,38], such a form of the superconducting
transition attests to the presence of several phases with different critical
temperatures T.; and T, in the sample volume. These temperatures are
defined as those corresponding to the maxima of both peaks. At this,
according to the known parabolic law [39], each of these phases is
characterized by the respective concentration of the charge carriers.

As follows from Fig. 2a, the increase of the applied pressure leads to
some broadening of the superconducting transition and to the change of the
height and the shape of the steps, as well as to the temperature upshift of
the maxima points. This, in turn, can attest to a substantial modification of
the current passes due to the changes in the sizes and the composition of
the clusters with different T.. In the case of non-doped YBa,Cu;0;_s of
oxygen nonstoichiometric composition, phenomena of this kind can be
observed as a consequence of the ascending diffusion process [5,38].

As it is seen from Fig. 2a, the increase of the applied pressure leads to
an increase of the difference (T.—Tc), which is indicative of a phase
segregation in the sample. At the same time, the oxygen concentration in
the sample is close to the stoichiometric content, that should minimize the
effect of the labile oxygen redistribution on the aforementioned processes.
Indeed, as it was shown in [4-7,40], application of a high pressure in the
case of nonstoichiometric YBa,Cu3O;-s does not, as a rule, initiate
structural relaxation processes which usually takes place in consequence of
the diffusion of the labile oxygen in the sample volume.

The application of pressure also leads to expansion of the linear
portion 10 K depending p,,(T) at high temperatures. The latter appears to
reduce the magnitude of the temperature T  at which the systematic
deviation of the experimental points down from a linear function.
According to modern concepts, the T" corresponds to the pseudogap
opening temperature [2,28], as will be discussed in more detail below.

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

A

Ao-=o-—o-0’ 3)

where c,=p,"'=(A+BT)" is the conductivity determined by interpolating
the linear section of p(T) to zero temperature and o=p™ is the experimental
value of the conductivity in the normal state.

The experimental dependence Ac(T) thus obtained at atmospheric pressure is shown in the inset to Fig. 1 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 an exponential dependence of the form

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

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

At present, the most argued-for scenarios of the realization of the pseudogap state in HTSC cuprates refer to the
so-called conception of uncorrelated pairs [2,41], as well as various models of dielectric fluctuations [28]. Among the
theoretical works standing up for the former viewpoint one should mention the crossover theory from the BCS
mechanism to the Bose—Einstein condensation mechanism (BEC) [41]. Specifically, within this BCS—BEC crossover
theory obtained were the pseudogap temperature dependences for the cases of weak and strong coupling. In the general

form these dependences read
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— AO)— T T 2O xR+t
A(T) = A(0) A(O)\fz 0 exp[ T } {1+erf[ A0 H (5)

where x= W/A(0) with p 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 xo—o0 (weak coupling) expression (5) acquires the form
which is well known in the BCS theory. In the limiting case of strong coupling in the 3D regime (xo <—1) equation (5)

A(0)

A(T) = A(0) — A(0)\27A(0)T exp [-T} (6)

reduces to

A(T) = A(0) - %ﬁ (@] exp {_W‘*A(O) } ™

T

At this, as it was shown in [2, 29, 42], provided the measurement
accuracy is high enough, the pseudogap values in a wide temperature range
can be deduced from the basal-plane electrical resistivity pab(T) at
temperatures below some characteristic value T called the pseudogap
opening temperature.

The exponential dependence Ac(T) was previously observed in
YBaCuO samples [43]. As it was shown in [29,42,43], the approximation
of the experimental data can be substantially expanded by introducing the

factor (1-T/T"). In this case the excess conductivity turns out proportional
to the density of superconducting carriers ne~(1-T/T") and inversely
[t . . ‘ proportional to the number of pairs ~exp(-A"/kT), broken down by the
8,0x10° 9,0x10° 1,0x107 1,1x10” thermal motion
K Ac ~(1—1/T")exp(A., / T)- 8)
Fig.3. Inverse temperature dependence of the
excess conductivity Ac(1/T ) of the sample
at atmospheric pressure.
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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 determined by the rigidity of the order parameter
phase. The latter, in turn, depends on the oxygen deficit. In this way, using the methodology proposed in [29,43], from
the experimental curve InAc(1/T) one can deduce the temperature dependence A”(T) up to T'.

Fig. 4 presents the temperature dependences of the pseudogap in A(T)/ Apax — T/T" representation for the same
series of pressures as in Fig. 1. Here, Amax is the value of A"on the plateau away from T". The dashed lines in Fig. 2
show the dependences A"(T)/ A(0) versus T/T", calculated by Eqs. (6) and (7) in the mean-field approximation within
the framework of the BCS-BEC crossover theory [41] for the crossover parameter W/A(0)=10 (the BCS limit), -2, -5,
and -10 (the BEC limit). One sees that as the applied pressure increases, the behavior of the curves transits from Eq. (7)
to Eq. (6). This behavior is qualitatively similar to the effect of transformation of the temperature dependence of the
pseudogap in YBaCuO samples upon reducing the level of oxygen nonstochiometry [29]. 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., [4-7,40]), the application of a high pressure to HTSC samples from the 1-2-3 system, as well as an increase of the
oxygen content [29] leads to an improvement of the conducting characteristics, that becomes apparent through a rise of
the T, value and a significant reduction of the resistivity. In this way, given some conditionality of the determination of
the value of the pseudogap opening temperature T~ from downturns of the p,,(T) curves from the linear dependence, the
agreement between the experiment and the theory is satisfactory.

As seen from Fig. 3, in the case of approaching T, is a sharp increase in the absolute value of the excess
conductivity. The excess conductivity near T, is known to be caused by processes of the fluctuation pairing of the
charge carriers. It can be described by the power-law dependence derived in the Lawrence-Doniach model [44]. This
model assumes a gradual crossover from the two-dimensional (2D) to the three-dimensional (3D) regime of the
fluctuation conductivity upon decreasing the sample temperature

G:Lghd}l {1+J5" }_1/2 )

>

where (T-T™)/T™ is the reduced temperature with T™, being the critical temperature in the mean-field approximation
and J=(2&,(0)/d)* is the interlayer pairing constant with & being the coherence length along the c-axis and d the
thickness of the 2D layer. In the limiting cases, the 3D regime ensues near T., when £.<<d and the interaction is
possible in the planes of the conducting layers. In these limiting cases (9) reduces to the known expressions in the
Aslamazov-Larkin theory [45]
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Fig.4. Temperature dependences of the
pseudogap in the YBa,Cu;0;_; single crystal
in the reduced coordinates A*(T )/A*max -
T/T"(A"max is the value of A" on the plateau
away from T%*).

The curve numbering corresponds to that in
Fig. 1. The dashed lines 5-8 show the
dependences  A"(T)Y/A(0)  versus T/T"
calculated according to for the crossover
parameter p/A(0) =10 (the BCS limit), -2, -5,
and -10 (the BEC limit) [41], respectively.

2

€ -1
= —-2CE R 10
T2 = 6hd (10)
2
e
A — -1/2
% = THE (11)

In the case of fitting experimental data a crucial role is played by
accurate determination of the value of T™., which substantially affects the
slope angle in Ac(g). Usually, while comparing &.(0), with experimental
data, d and T, in (9), (10), and (11) are fitting parameters [46]. However,
when such a method is used, one comes up with considerable discrepancies
between theory and experiment. This in turn substantiates the necessity of
using a scaling factor, the so-called C-factor, as an additional fitting
parameter. This C-factor allows one to fit experimental data to calculated
ones and, thereby, to account for possible inhomogeneity of the transport
current distribution for each specific sample [46]. In our case for T™, we
took T. determined at the derivative maximum in the d p,/dT(T)
dependences in the superconducting transition region, as it was proposed in
[6] and is shown in the inset (b) to Fig.2.

Fig. 5 displays the temperature dependences Ac(T) in InAc(Ine)
representation. One sees that near T, these dependences are satisfactory
approximated by straight lines with a slope of @;=-0.5 corresponding to the
exponent —1/2 (11), that attests to the 3D character of the fluctuation
conductivity in this temperature range. With a further increase of the

temperature the decrease rate of Ac speeds up substantially (ay~-1). This fact can be viewed as a signature of the
dimensionality change in the fluctuation conductivity. As it follows from Egs. (10) and (11), in the 2D-3D crossover

point

&y =4 (0)/df (12)
20F In this case, having determined the value of g, and
b 'm'\-‘: using the literature data for the dependence of T, and the
g, < h . interlayer distance on & [47,48], one can calculate £,(0). As
W8l o a i a e it is seen in the inset to Fig. 2, the value of £.(0) calculated
: Bb“%‘j&‘k‘b - h by (12) decreases from 1.75 to 1.69 A with increasing T..
16 ‘“u,, 0 2 & 510 This is qualitatively different from the analogous pressure
s D%‘“E\_ r e dependences of E.(O)for substituent-free YBCO samples,
= sl og ¢ for both optimally doped [6,49] as well as underdoped
' @ 03; s 4 single crystals [7]. As it was revealed in [6,49], the value
% R of £.(0) for optimally doped crystals is affected by pressure

121 17 % only slightly.
L It should also be noted that there is a clear correlation
10 L 9 a between the behavior of the pressure dependency &.(P) and
3,0 -2,8 -2,6 2,4 2,2 2,0 T.(P): during the application depressurizing both quantities
Ing vary substantially symmetrically - the growth of T.(P)
Fig.5. Temperature dependences Ac(T) in InAc(lng)  Value E(P) is reduced and vice versa, which may indicate a

representation for a series of pressures.

The curve numbering corresponds to Fig. 1. Inset: Pressure

dependence of the coherence length &.(0).

change in the same nature of these characteristics. Certain
influence in this may have specific mechanisms of the
quasiparticle scattering [30,48,50-52], due to the presence
in the system of kinematic and structural anisotropy.

CONCLUSION

In summary, the increase of the applied pressure leads to some broadening of the superconducting transition and
increases the critical temperature. Such a form of the superconducting transition attests to the presence of several phases
with different critical temperatures T,; and T, in the sample volume. This, can attest to a substantial modification of the
current passes due to the changes in the sizes and the composition of the clusters with different T..

It is shown that the dependence of the excess conductivity Ac (T) is satisfactorily described by the theoretical

model Aslamazov-Larkin.

The value of £.(0) decreases from 1.75 to 1.69 A with increasing T.. It should also be noted that there is a clear
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correlation between the behavior of the pressure dependency &.(P) and T.(P): during the application depressurizing both
quantities vary substantially symmetrically — the growth of T (P) value £.(P) is reduced and vice versa, which may
indicate a change in the same nature of these characteristics.

The application of a high pressure to HTSC samples from the 1-2-3 system, leads to an improvement of the

conducting characteristics, which is reflected in an increase in the absolute value of T, and a significant decrease in
resistivity.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

REFERENCES
Ashkenazi J., Supercond J. A theory for the high-T,. cuprates: Anomalous normal- state and spectroscopic properties, phase
diagram, and pairing // Nov. Magn. —2011. — Vol.24. -P. 1281.
Solovjov A.L., Tkachenko M.A., Vovk R.V., Chroneos A. Fluctuation conductivity and pseudogap in single crystals under
pressure with transport current flowing under an angle 45° to the twin boundaries // Physica —2014. — Vol.501. —P. 24-31.
Vovk R.V., Khadzhai G.Ya., Goulatis I.L., Chroneos A. Fluctuation conductivity of oxygen underdoped YBa,Cu;0.; single
crystals / Physica B —2014. - Vol. 436. - P. 88-90.
Sadewasser S., Schilling J.S., Paulicas A.P., Veal B.M. Pressure dependence of T, to 17 GPa with and without relaxation effects
in superconducting YBa,Cu;0y // Phys. Rev. B - 2000. -Vol.61. - No.1. - P.741-749.
Vovk R. V., Khadzhai G.Ya., Nazyrov Z. F., Goulatis I. L., Chroneos A. Relaxation of the normal electrical resistivity induced
by high-pressure in strongly underdoped YBa,Cu;05_; single crystals// Physica B —2012. — Vol.407. - P.4470.
Mendonca Ferreira L., Pureur P., Borges H. A., Lejay P. Effects of pressure on the fluctuation conductivity of YBa,Cu;0; //
Phys. Rev. B —2004. - Vol.69. - 212505.
Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Bondarenko A.V., Goulatis I.L., Samoilov A.V., Chroneos A.I. Effect of high
pressure on the fluctuation conductivity and the charge transfer of YBa,Cu;075 // J. Alloys and Compounds -2008. — Vol.453. -
No. 1-2. - P. 69-74.
Wu M.K., Ashburn J.R., Torng C.J., Hor P.H., Meng R.L., Gao L., Huang Z.J., Wang Y.Q., Chu C.W. Superconductivity at 93 K
in a new mixed-phase Y-Ba-Cu-O compound system at ambient pressure // Phys. Rev. Lett. — 1987. - Vol.58. — P. 908-910.
Vovk R.V., Zavgorodniy A.A., Obolenskii M.A., Goulatis I.L., Chroneos A., Pinto Simoes V.M. Effect of high pressure on the
metal-dielectric transition and the pseudo-gap temperature range in oxygen deficient YBa,Cu;0;_s single crystals //Journal of
Materials Science: Materials in Electronics. — 2011. - Vol.22. — No.1. — P.20-24.
Lotnyk D.A., Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Kovac J., Kaituchova M., Sefcikova M., Antal V., Diko P., Feher
A., Chroneos A. Evolution of the Fishtail-effect in pure and Ag-doped MG-YBCO //Journal of Low Temperature Physics. -
2010. - Vol.161. - No.3-4. - P.387-394.
Schleger P., Hardy W., Yang B. Thermodynamics of oxygen in YBa,Cu;0, between 450°C and 650°C // Physica C. — 1991. -
Vol.176. - P.261-273.
Vovk R.V., Vovk N.R., Shekhovtsov O.V., Goulatis I.L., Chroneos A. ¢ -axis hopping conductivity in heavily Pr-doped YBCO
single crystals // Supercond. Sci. Technol. —2013. — Vol.26. - No. 8. — P.085017.
Presland M.R., Tallon J.L., Buckley R.G., Liu R.S., Flower N.D. General trends in oxygen stoichiometry effects on T, in Bi and
Tl superconductors // Physica C. — 1991. - Vol.176. — P.95-105.
Vovk R.V., Vovk N.R., Khadzhai G.Ya., Dobrovolskiy O.V., Nazyrov Z.F. Evolution of the electrical resistance of YBa,Cu;07_;
single crystals in the course of long-term aging // J. Mater. Sci: Mater. Electron. — 2014. — Vol.25. —P. 5226-5230.
Lutgemeier H., Schmenn S., Meuffels P., Storz O., Schollhorn R., Niedermayer C., Heinmaa 1., Baikov Y. A different type of
oxygen order in RE Ba,Cu;0 ;) HT, superconductors with different RE ionic radii // Physica C. - 1996. - Vol.267. - P.191-203.
Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Goulatis I.L., Beletskii V.I., Chroneos A. Structural relaxation, metal- to-
insulator transition and pseudo-gap in oxygen deficient HoBa,Cu30,_s // Physica C. —2009. — Vol.469. - P. 203-206.
Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Goulatis I.L., Chroneos A.L., Pinto Simoes V.M. Incoherent transport and
pseudo-gap in HoBa,Cu;0,_; single crystals with different oxygen content // J. Mater. Sci: Mater. in Electron. — 2009. - Vol.20. —
P.858-860.
Ginsberg D.M. Physical Properties of High-Temperature Superconductors I. - Word Scientific, 1989.
Chroneos A., Goulatis I.L., Vovk R.V. Atomic scale models for RBa,Cu;O¢ 5 and R;.(P,,Ba,Cu;045 compounds (R=Y and lan-
thanides) // Acta Chim. Slov. - 2007. - Vol.54. - P. 179-184.
Vovk R.V., Vovk N.R., Khadzhai G.Ya., Goulatis I.L., Chroneos A. Effect of praseodymium on the electrical resistance of
YBaCuo single crystals // Sol. State Commun. —2014. - Vol.190. - P. 18-22
Vovk R.V., Khadzhai G.Ya., Dobrovolskiy O.V. Transverse conductivity in Pr,Y . Ba,Cu;07.; single crystals in a wide range of
praseodymium concentrations // Appl. Phys. A —2014. - Vol.117. — P.997-1002.
Bondarenko A.V., Prodan A.A., Obolenskii M.A., Vovk R.V., Arouri T.R. Anisotropy of the flux creep in the motion of vortices
along twin-boundary planes in YBa,Cu;0 single crystals // Low Temperature Physics. - 2001. — Vol.27. — No.5. - P.339-344.
Vovk R.V., Vovk N.R., Khadzhai G.Ya., Dobrovolskiy O.V., Nazyrov Z.F. Effect of high pressure on the fluctuation
paraconductivity in Y 9sPrg0sBa,CuzO7_5 single crystals // Curr. Appl. Phys. — 2014. — Vol.14. — P.1779-1782.
Belyaeva A.L., Vojtsenya S.V., Yuriyev V.P., Obolenskii M., Bondarenko A. Twin boundaries role in superconducting properties
formation of single crystals YBa,Cu3;0-., // Solid State Commun. — 1993. — Vol.85. — No.5. — P.427-430.
Bondarenko A.V., Shklovskij V.A., Vovk R.V., Obolenskii M.A., Prodan A.A. Pinning and dynamics of magnetic flux in
YBaCuO single crystals for vortex motion along twin boundaries // Low Temp. Phys. - 1997. — Vol.23. - P.962-967.
Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Nazyrov Z.F., Goulatis I.L., Kruglyak V.V., Chroneos A. Influence of
longitudinal magnetic field on the fluctuation conductivity in slightly al-doped YBa,Cu;0-_; single crystals with a given topology
of plane defects /Modern Physics Letters B. - 2011. - Vol.25. - P. 2131-2136.
Vovk R.V., Vovk N.R., Dobrovolskiy O.V. Aging Effect on Electrical Conductivity of Pure and Al-Doped YBa,Cu;0,_; Single
Crystals with a Given Topology of Planar Defects // Hindawi Publishing Corporation Advances in Condensed Matter Physics.-



48
EEJPVol.1 No.4 2014 K.V. Tiutierieva, K.A. Kotvitskaya et al

2013. - Vol.2013, Article ID 931726.

28. Sadovskii M.V., Nekrasov I.A., Kuchinskii E.Z., Pruschke Th., Anisimov V.I. Pseudogaps in strongly correlated metals: a
generalized dynamical mean-field theory approach // Phys. Rev. B - 2005. - Vol.72. - Article ID 155105.

29. Vovk R.V., Obolenskii M.A., Zavgorodniy A.A., Goulatis I.L., Chroneos A., Biletskiy E.V. Resistive investigation of pseudogap
state in non-stoichiometric ReBa,Cu;07.5 (Re=Y, Ho) single crystals with due account for BCS - BEC crossover // J. Alloys
Compd. —2009. — Vol.485. - P.121-123.

30. Vovk R. V., Vovk N. R,, Samoilov A.V., Goulatis I. L., Chroneos A. Effect of long aging on the resistivity properties of
optimally doped YBa,Cu;07_5 single crystals // Solid State Commun. — 2013. — Vol.170. — P.6-9.

31. Widdera K., Bernera D., Geserich H.P., Widderb W., Braunb H.F. Optical investigation of the metal-insulator transition in
NdBa,Cu304: A comparison with YBa,Cu;0, // Physica C. - 1995. — Vol.251. — No.3-4. — P.274-278.

32. Vovk R.V., Nazyrov Z.F., Goulatis I.L., Chroneos A. Metal- to-insulator transition in Y Pr,Ba,Cu;0,; single crystals with
various praseodymium contents // Physica. —2013. — Vol.485. - P.89-91.

33. Obolenskii M.A., Bondarenko A.V., Beletskii V.I. Sintez i fizicheskie svoistva monokristallov YBa,Cu;O; // FNT. — 1990. —
T.16. —No0.9. — S.574.

34. Balla D.D., Bondarenko A.V., Vovk R.V., Obolenskii M.A., Prodan A.A., Effect of hydrostatic pressure on the resistance and
critical temperature of YBa,Cu;075 single crystals // Low Temp. Phys. — 1997. —Vol.23. — P.777.

35. McMillan W. L. Transition Temperature of Strong-Coupled Superconductors //Phys. Rev. - 1968. — Vol.167. — P. 331.

36. Obolenskiy M.A., Balla D.D., Zavgorodniy A.A., Vovk R.V., Nazyrov Z.F., Goulatis I.L., Januszczyk M., Latosinska J.N.
Compression Changes in Electrical Resistance and Critical Temperature of Nb,_,Se,Sn, Single Crystals / Acta Physica Polonica
A.-2012.-Vol.122. —No.l. - P.1111-1113

37. Obolenskii M. A., Bondarenko A.V., Vovk R. V., Prodan A.A. Resistive relaxation processes in oxygen-deficient single crystals
of YBa,Cu307—5 // Low Temp. Phys. — 1997. — Vol.23. — P.882.

38. Vovk R.V., Nazyrov Z.F., Obolenskii M.A., Goulatis I.L., Chroneos A., Simoes V.M. Phase separation in oxygen deficient
HoBa,Cu30.5 single crystals: effect of high pressure and twin boundaries // Philosophical Magazine. — 2011. — Vol.91. — No.17.
—P.2291.

39. Tallon J.L., Berbhard C., Shaked H., Hitterman R.L., Jorgensen J.D. Generic superconducting phase behavior in high-T,
cuprates: T, variation with hole concentration in YBa,Cu307_5 // Phys. Rev. B. — 1995. - Vol. 51. - 12911.

40. Griessen R. Pressure dependence of high-T,. superconductors / Phys.Rev.B. — 1987. - Vol.36. - P.5284-5290.

41. Babaev E., Kleinert H. Nonperturbative XY-model approach to strong coupling superconductivity in two and three dimensions //
Phys. Rev. B. - 1999. — Vol.59. - P.12083.

42. Vovk R.V., Obolenskiy M.A., Zavgorodniy A.A., Lotnyk D.A., Kotvitskaya K.A. Temperature dependence of the pseudogap in
aluminum and praseodymium-doped YBa,Cu;0;_; single crystals // Physica B. — 2009. - Vol.404. — P.3516.

43. Vovk R. V., Zavgorodniy A. A., Obolenskii M. A., Goulatis I. L., Chroneos A., Pinto Simoes V. M. Influence of high pressure
on the temperature-dependence of the pseudo-gap in oxygen deficient YBa,Cu;0;_; single crystals / Modern Physics Letters B.
-2010.-Vol.24. —No.22. - P. 2295-2301.

44. Lawrence W.E., Doniach S. Theory of layer structure superconductors // Proceedings of the 12th International Conference on
Low Temperature Physics. - Kyoto, Japan. Edited by E. Kanda (Keigaku, Tokyo). — 1970. - P.361.

45. Aslamazov L.G., Larkin A.l. Vliyanie fluktuatsii na svoistva sverkhprovodnikov pri temperaturakh vyshe kriticheskoi // FTT. —
1968. — T.10. — No.4. — S.1104.

46. Friedman T.A., Rice J.P., Giapintzakis J., Ginzberg D.M. In-plane paraconductivity in a single crystal of superconducting
YBa,Cu;0-, / Phys. Rev. B. — 1989. - Vol.39. — P.4258.

47. Chryssikos G. D., Kamitsos E. 1., Kapoutsis J. A., Patsis A. P., Psycharis V., Kafoudakis A., Mitros C., Kallias G., Gamari-
Seale E., Niarchos D. X- ray diffraction and infrared investigation of RBa,Cu;0; and R sPrysBa,Cu;0; compounds (RY and
lanthanides) // Physica C. — 1995. — Vol.254. — No.1-2. — P.44.

48. Vovk R.V., Obolenskii M.A., Nazyrov Z.F., Goulatis I.L., Chroneos A., Pinto Simoes V.M. Electro-transport and structure of 1-
2-3 HTSC single crystals with different plane defects topologies // J. Mater. Sci. —2012. — Vol.23. — P.1255.

49. Vovk R.V.,, Vovk N.R., Khadzhai G.Ya., Goulatis I.L., Chroneos A. Effect of high pressure on the electrical resistivity of
optimally doped YBa,Cu;0;_; single crystals with unidirectional planar defects / Physica B. —2013. - Vol.422. - P.33-35.

50. Smith D.H.S., Vovk R.V., Williams C.D.H., and Wyatt A.F.G. Pressure dependence of phonon interactions in liquid He* // Phys.
Rev. B. -2005. -Vol. 72. — No.5. - 054506 (1-7).

51. Vovk R.V., Williams C.D.H., Wyatt A.F.G. High-energy phonon pulses in liquid “He // Phys. Rev. B. — 2004. - Vol.69. —
P.144524.

52. Smith D.H.S., Vovk R.V., Williams C.D.H., Wyatt A.F.G. Interactions between phonon sheets in superfluid helium // New
Journal of Physics. -2006. -Vol.8. — No.8. - P. 128 (1-19).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


