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In the present study influence of longitudinal magnetic field on temperature depend-
ence of the excess conductivity in the temperature interval of transition to the supercon-
ducting state in untwinned YBa,Cu;0,_5 single crystals with optimal oxygen content are
investigated. Causes of low-temperature “tails” (paracoherent transitions) in resistive
transitions in the superconducting state are analyzed in the framework of implementation
of various regimes of the phase state of vortex matter.
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HccnenoBaHo BAMSAHKWE IPOJOJIBLHOIO MATHUTHOIO IIOJAS HA TeMIEPATyPHBIE 3aBUCUMOCTH
n30BITOUHOII IPOBOAMMOCTH B ODJIACTH IIEPEXOMO0B B CBEPXIIPOBOJAIIEE COCTOSHIE Pa3gBOM-
HIKOBAHHBIX MOHOKpucTanaos YBa,Cu;O,_5 ¢ onTHManpHBIM cofepiKaHHEM KHCIOPOJa.
IIpyuuHbl HOABJAEHUA HUBKOTEMIIEPATYPHBIX  XBOCTOB (IIAPAKOrePEHTHBIX II€PEXO0I0B) Ha
PESHCTUBHBIX IIE€PeXOLaX B CBEPXIIPOBOJAIIEE COCTOSHUE AHAJIMBUPYIOTCA B PAMKAX MOIEJ
peainusanyy PasiUYHBIX PEXUMOB (PA30BOr0 COCTOAHUA BUXPEBOI MaTepuu.

Brnane mo3T0BKHBOTO MAarHiTHOTO IOJS Ha HAMJUINIKOBY HPOBITHICTE OMHOTOMEHHUX
monokpucraxis  YBa,CuzO,_5. E.B.Twomepesa, H.H.3aszopodnasa, S.BJJoszononrosa,
OA.Uopnoson-Trawenko, P.B.Boex, A. Xponeoc.

HocaigykeHo BILUIMB IIOBJOBMKHBOI'O MATHITHOTO IIOJISA HA TEMIIEPATYDHI 3aJI€KHOCT1 HAJIMIII-
KOBOI IIpoBimHocTi B obOsacTi mepexomiB y HAAIPOBigHWII CTAH POSABIAHMKOBAHMX MOHOKPHC-
ranis YBa,Cus0,_5 8 onTumanbHuM BMmicToM KucHiO. IIpuunuHM TOABU HUSBKOTEMIIEPATyPHUX
"xBocTie" (IApaKOrepeHTHUX IIePEeXOAiB) HA PE3UCTUBHUX IIePexXofaxXx y HAAIPOBiLHUN cTad
AHATIRYIOTBCS Yy PAMKAX MOJAe i peanisaiil pisHux pesxuMis (asoBoro craHy BUXOPOEBOI maTepii.

1. Introduction

of vortex dynamics [4, 5]. The phase dia-

gram of cuprates, which characterizes the

It is well known that external magnetic
field influences on the shape of temperature
dependence of resistance for high-tempera-
ture cuprates in the superconducting transi-
tion [1-3]. The transition region is ex-
panded, and the dependence of magnetore-
sistance p(T) becomes nonmonotonic because
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temperature dependence of carrier concentra-
tion is parabolic dome and superconducting
transition line through the pseudogap above
it [6]. Between them is a region charac-
terized by the Nernst effect, which can be
interpreted as a result of the presence of
vortices at temperature much higher than
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T.. Nature of these vortices and origin of
the pseudogap are still the subject of in-
tense discussions [7—11]. At this stage in
the  high-temperature superconducting
structures it was sufficiently well studied
the behavior of the Abrikosov vortices [1].
In this case small coherence length & and
large penetration depth A [12] leads to the
fact that pinning of these vortices in HTSC
becomes effective on small-scale defects, in-
cluding oxygen vacancies [4] and on the in-
troducing impurities [13]. Twins, grain
boundaries, point defects clusters strongly
"fix" the vortices [14] too, which makes it
difficult to study influence of oxygen va-
cancies on the phase state of the vortex
system in high-T, cuprates. The layered
structure of these compounds also gives
rise to the so-called own pinning [14] in
longitudinal magnetic fields. An important
feature of high-temperature supercon-
ducting compounds YBa,Cuz07_g is that the
predetermined concentration of the point
defects is relatively easy to obtain by vary-
ing the oxygen content [15-17] or doping
substituted elements [18, 19]. As a result
of this it can be studied the correlation
between shape of the magnetoresistance
curve and the concentration of the point
defects.

In the present study we investigate the
magnetic conductivity in untwined
YBa,Cu30,_5 single crystals under different
values of magnetic field in ab-plane. Using as
samples untwined single crystals we eliminate
the influence of intergranural boundaries and
TB allowing the selected geometry of the ex-
periment to control the changes of contribu-
tion of the intrinsic pinning [20].

In this case, measurement of the resis-
tivity transitions to the superconducting
state, allows the investigation of the im-
pact of the point defects to the phase state
and to the vortex matter dynamics. This is
achieved by analyzing the fluctuation to
the conductivity that was observed in HTSC
compounds at temperatures near to the
critical temperature (T = T_) [4, 13, 21].

The aim of this work is to study the
effect of a the constant magnetic field on
the intrinsic pinning and the excess conduc-
tivity of single-domain single crystals of
YBaCuO with optimal oxygen content.

2. Experimental

The YBa,Cuz0;_5 single crystals were
grown in a gold crucible with solution-melt-
ing method, with the methodology described
previously [4]. The YBa,Cuz;0;_5 oxygen
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saturating regime leads to tetra-ortho struc-
tural transition that in its turn results to
the crystal twinning in order to minimize
its elastic energy. To obtain the untwined
samples, we used a special cell at 420°C and
pressure 30-40 GPa, in accordance to the
procedure described in [22]. To obtain ho-
mogeneous oxygen content, the crystal was
annealed again in an oxygen flow at tem-
perature of 420°C for seven days.

To form electric contacts the standard
four-contact scheme was used. In this, silver
paste was applied onto the crystal surface and
the following connection of silver conductors
(with diameter 0.05 mm). Thereafter, they
were annealed at temperature of 200°C in
oxygen atmosphere for three hours. This
methodology results in the contacts creation
with resistance less than 1 Ohm and it allows
measurements with current of 10 mA in ab-
plane. All the measurements were per-
formed in temperature drift mode using the
method for two opposite directions of the
transport current. This effectively elimi-
nates the parasitic signal impact. A plati-
num thermoresistor was used to monitor the
temperature, whereas the voltage was meas-
ured across the sample and the reference
resistor with B2-38 nano-voltmeters. Data
from the voltmeters interface is automat-
ically transferred to computer. The critical
temperature (T,) was defined as the tem-
perature corresponding to the main maxi-
mum in dpg(T)/dT dependence in the su-
perconductive (SC) transition.

Magnetic field at 15 kOe was created by
an electromagnet, which could vary orienta-
tion of the field relative to the crystal. Ac-
curacy of the field orientation relative to
the sample was better than 0.2°. The sample
was mounted in the measuring cell so that
the vector field H was always perpendicular
to the vector of the transport current j.

3. Results and Discussion

For investigations of resistive transitions
in the superconducting state we used the
Kouvel-Fischer method [23]. This is based on
the analysis of the quantity ¥ = —d(InAc)/dT,
where Ac =0 — 0y is the excess conductiv-
ity, which arises in the conducting subsys-
tem due to fluctuation pairing of the carri-
ers at T > T, [24] and determined by the
phase state of vortex matter at T < T, [13,
21]. Here 6 = p ! is an experimentally meas-
ured value of conductivity, and 65 = py! =
(A+ BT) ! is a term, determined by ex-
trapolating the high-temperature linear seg-
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Fig. 1. Temperature dependences of resistivity
Pap(T) for the YBa,CusO,_ single crystal for H
=0 (I) and for H =3,2; 6,1; 9,3; 12,4;
15,05 kOe (curves 2—6, respectively). The dot-
ted lines in the figure shows a linear extrapola-

tion of the plots in the low temperature region.

ment up to area of the SC transition. As-
suming that Ac diverges as Ac ~ (T - TL,)’B
at T=T, from the derivative yx=-
d(InAc/dT it follows that yx 1 =BT -T,),
where B is an indicator that depends on the
dimension and the phase state of the fluctua-
tion and vortex subsystems [13, 21, 24].
Thus, identification of the linear temperature
dependence x NT) at the same time allows
determination of important dimensional pa-
rameters and characteristic temperatures of
the dynamic phase transitions in the SC car-
rier’s subsystem.

Fig.1 shows the temperature dependences of
resistivity in the basal ab-plane p,,(T), meas-
ured under H = 0 (curve 1) and H = 3,2; 6,1;
9,3; 12,4; 15,05, respectively.

As can be seen from the figure, the tempera-
ture value is lowered from 300 K, p,(T) almost
linearly to a certain characteristic temperature
T" = 170 K. Below this temperature there is sys-
tematic deviation of the experimental points
down from the linear dependence, indicating
that appearance of the excess conductivity Ao,
as discussed above. According to the modern
concepts such a behavior of dependence p,(T) at
temperatures T > T, is conditioned by manifes-
tation of the so-called "pseudogap anomalies”
(PG), which is discussed in more detail in [25].
It should also be noted that application of mag-
netic field and change the magnetic field at tem-
peratures T > 1.15T,, within experimental
error, have not effect on the behavior of the
curves P (1), both leading to significant broaden-
ing of the superconducting transition itself, in
comparison with the sharp (AT, = 0.3 K) transi-
tion, observed at H = 0. In this case, it is clear
that on the tail of the superconducting transition
it is observed the sharp "kink", which also appears
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Fig. 2. Resistivity transitions to the super-
conducting state for the YBa,Cuz;O,_5 single
crystal in dp,,(T)/dT — T coordinates. Num-
bering of the curves is consistent to Fig. 1.
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Fig. 3. Resistivity transitions to the super-
conducting state for YBa,Cu;0,_g single crys-
tal in [-d(InAc)/dT] ! — T coordinates. Num-
bering of the curves is consistent to Fig. 1.

in the form of the sharp low-temperature
peak in the temperature dependence of the
derivative dp(T)/dT (Fig. 2).

As can be seen from Fig. 2, the peak is
present for all values of H, while its height
increases with increasing values of H. Ac-
cording to [4, 18], appearance of such fea-
tures in the temperature dependences p,;(T)
and dp,,(T)/dT shows implementation in the
first order the phase transition correspond-
ing to melting of the vortex lattice.

Fig. 3 shows resistivity transitions to the
SC state in coordinates [-d(InAc)/dTT! — T. In
all curves in the high-temperature area of
the SC transition we observe a linear area
with slope P = 0.5, which according to [24]
indicates the realization of three-dimensional
(8D) regime of fluctuation carriers’ existence in
the system. In this, the section corresponding to
the 3D regime is essentially unstable in magnetic
field, which is consistent with the results ob-
tained by [4, 13, 21]. When increasing the tem-
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perature from T, upwards, increase of the abso-

lute value of [ occurs, this suggests the realiza-
tion of 8D-2D crossover in the system [4, 13, 24].
The magnetic field application and H in-
crease lead to significant transformation of
the form of the SC-transition, which is ex-
pressed in appearance of an additional low-
temperature peak, so-called "para-coherent
transition”. At the same time, the shift of
the transition to the lower temperatures ac-
companies with significant increase in si-
multaneous amplitude and width of the
peak with the H increasing. Similar behav-
ior may be due to decrease (with increase in
the proportion H) the own intrinsic pin-
ning, and thus increasing the role of the
bulk pinning. This, in turn, it can contrib-
ute to transition from the ordered phase in
the phase grating of the vortex so-called
"vortex” or "Bragg" glass due to the accom-
modation of chaotic vortex pinning poten-
tial [1, 4]. This chaotic pinning potential vio-
lates the long-range order of the vortex lattice,
thereby suppressing the first-order phase tran-
sition and results to formation of glassy state
of the vortices. In the resistive transitions
"tails” appear, whose amplitude is less than
the resistance of viscous flow pge. These are
probably due to a partial pinning of the vortex
liquid. In our case, oxygen vacancies can play
the role of this potential [25]. In this case a
the presence in the system of specific quasipar-
ticle scattering mechanisms [26—30] and the
anisotropy of a number of physical charac-
teristics can have some influence [31].

4. Conclusions

In summary, the application of the con-
stant magnetic field to YBa,CuzO7_g5 single
crystals leads to additional para-coherent
transition in the excess conductivity tem-
perature dependences in the basic ab-plane
in the area of resistive transition to the
superconducting state. The magnetic field
increase leads to simultaneous increase of
amplitude and width of the peak, which cor-
responds to this transition and its displace-
ment to the lower temperatures. This may
be due to decrease with inecreasing H the
contribution of its own vortex pinning sub-
system and the role of the bulk pinning due
to presence of oxygen vacancies in the ex-
perimental sample structure. As a result, at
temperatures below the critical T < T,, the
phase transition manifests the dynamic vor-
tex liquid form — the vortex "Bragg” glass.
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