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In this work we study an influence of the disorientation angle between direction of
constant magnetic field up to 15 kOe and ab-plane o = Z(H,ab) on the temperature depend-
ences of the excess conductivity in the temperature interval of transition to supercon-
ducting state in untwinned YBa,CuzO;_s5 single crystals with a small oxygen hypos-
toichiometry. At temperature T > T, the temperature dependence of the excess para-con-
ductivity is interpreted within the Aslamazov-Larkin theoretical model of the fluctuation
conductivity for layered superconductors. The cause of appearances of low temperature
“tails” (para-coherent transitions) on the resistive transitions, corresponding to different
phase regimes of the vortex-matter state is discussed.

HUccnenoBano BAUAHNE YIJIa PABOPUEHTAITNM MeKJIy HATPaBJI€HUEM MOCTOAHHOTO MarHUT-
Horo mosig H = 15 k9D u HampaBjieHUeM 0asucHoil ab-miaockoctn o = Z(H,ab) Ha temneparyp-
Hble B3aBUCUMOCTU W30BITOUHON NPOBOAUMOCTH B 00JACTU II€PEeXOJ0B B CBEPXIIPOBOAMAIIEE
COCTOHME DAa3[BONHUKOBAHHBIX MOHOKpucTannos YBa,Cu;O;_ g ¢ MansiM oTiomeHuem oT
KHCJIOPOTHON CTeXHOMETPHUHU. ¥YCTAHOBJIEHO, 4TO mpu Temueparypax T > T, TemmepaTypHBIe
3aBUCUMOCTH M30LITOUYHON IIapalpPOBOIMMOCTH HHTEPIIPETHUPYIOTCA B PaMKax TEOPEeTHYeCKOM
mMogean (QIYKTYallMOHHON IIpoBoxuMocTa AciaamasoBa-JIapKuHA IJI CIAOHCTBIX CBEPXIIPOBO-
pamux cucreMm. OOGCYKIAIOTCA IPUYNHLL [IOABJIEHNSA HH3KOTEMIIEPATYPHBIX XBOCTOB (Iapako-
TePeHTHBIX [ePeXOM0B) HA PEe3NCTHUBHBIX MEPEeXO0LaX, COOTBETCTBYIOIIUX PA3IHUUHBIM PEXU-
MaM (PasoBOro COCTOSHUA BUXPEBOH MaTepuu.
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1. Introduction

Creation of new functional materials with
high current-carrying capacity remains one of
the actual applied and fundamental problems
of high-temperature superconductivity
(HTSC) physics. An optimization of defective
ensemble plays the main role in this [1]. A
small coherence length & and a large penetra-
tion depth A result in effective pinning in
HTSC on small-scale defects, including oxy-
gen vacancies and the introduction of impuri-
ties [2—4]. The impact of such defects on the
phase state of the vortex matter is often dif-
ficult to explain due to the presence in the
HTSC intergranural boundaries, twin bounda-
ries (TB), clusters of inclusions and other de-
fects which are powerful pinning centers. The
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presence intrinsic” pinning due to the lay-
ered structure of HTSC compounds is also
significantly affected [3].

In the present study we investigated mag-
netic conductivity in untwined YBa,CuszO;_g
single crystals under a fixed magnetic field and
different values of angle oo — between the mag-
netic field H and the ab-plane (H,ab). Using as
samples untwined single crystals we eliminated
an influence of intergranural boundaries and
TB allowing the selected geometry of the ex-
periment to control the changes of the contri-
bution of intrinsic pinning.

2. Experimental

In YBa,Cuz0;_5 compounds it is rela-
tively easy to obtain a given concentration
of point defects by varying oxygen
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stoichiometry [5]. Therefore, measurement
of resistive transitions to the supercon-
ducting state, which are sensitive to such
concentration changes, allows to investigate
an impact of the point defects on the phase
state and on the dynamics of vortex matter.
This is achieved by analyzing the fluctua-
tion to the conductivity that was observed
in HTSC compounds at temperatures near
the critical temperature (T = T_) [6].

YBa,Cu;0,_5 single crystals were grown
in a gold crucible using solution-melting
method, with the methodology described
previously [5]. The characteristic dimen-
sions of the samples were
2.4x1.5%0.03 mm3. YBa,Cuz0;_5 oxygen
saturating regime leads to the tetra-ortho
structural transition that in its turn results
in the crystal twinning in order to minimize
its elastic energy. To obtain untwined sam-
ples we used a special cell at 420°C and
pressure 30—-40 GPa, in accordance with the
procedure of Giapintzakis et al.[7]. To ob-
tain homogeneous oxygen content the crys-
tal was annealed again in oxygen flow at
the temperature of 420°C for seven days.

Thereafter, they were annealed at the
temperature of 200°C in oxygen atmosphere
for three hours. This methodology results in
contacts with resistance than 1 Ohm and al-
lows measurements with a current value of
10 mA in the ab-plane. To form electric
contacts the standard four-contact scheme
was used. In this, silver paste was applied
onto the crystal surface and the connection
of silver conductors (with diameter
0.05 mm). 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 impact of the parasitic signal. A
platinum thermo-resistor was used to moni-
tor the temperature, whereas the voltage
was measured across the sample and the ref-
erence resistor with V2-38 nano-voltmeters.
Data from the voltmeters interface is auto-
matically transferred to computer.

The critical temperature (T,) was defined
as the temperature corresponding to the
main maximum in the dp,,(T)/dT depend-
ence in the superconductive transition simi-
larly to previous studies [8]. To produce
oxygen hypostoichiometric samples, the
crystal was annealed in oxygen flow, at the
temperature of 620°C for 48 h. The meas-
urements were performed 7 days after an-
nealing to avoid the influence of the relaxa-
tion effects. The magnetic field at 15 kOe
was created by an electromagnet, which
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Fig. 1. Temperature dependences of resistiv-
ity in basal ab-plane p,(T) for YBa,Cuz0,_g
single crystal before (a) and after (b) lower-
ing oxygen content, measured under mag-
netic field H=0 (curve 1) and for H =
15 KOe for different angles o = £(H,ab): 0;
5; 10; 20; 30; 45; 60 and 90° (curves 2-9
respectively). The dotted lines in the figure
shows a linear extrapolation of the plots in
the low temperature region.

could vary the field orientation relative to
the crystal. An accuracy of the field orien-
tation relative to the sample was better
than 0.2°. A sample was mounted in the
measuring cell so that the vector field H
was always perpendicular to the vector of
the transport current j.

For investigations of the resistive transi-
tions in superconducting (SC) state we used
the Kouvel-Fischer method [9]. This is
based on  the value analysis of
% = —d(lnAc)/dT, where Ac =0-o0y is the
excess conductivity, which arises in the con-
ducting subsystem due to the fluctuation
pairing of carriers at T > T, [10] and deter-
mined by the phase state of vortex matter
at T <T, [6]. Here 6 =p1 is the experi-
mentally measured value of conductivity,
and og = po’l = (A + BT) ! is a term, deter-
mined by extrapolating the high-temperature lin-
ear segment up to the area of the SC transition.

Functional materials, 19, 2, 2012



RV.Vouk et al. / Anisotropy of magnetoresistance in ...

Assuming that Ac diverges as Ac (T'-T,)
B at T= T., from the derivative
x = —d(InAc)/dT it follows that x 1 =B 1T
— T,), where P is an indicator that depends
on the dimension and the phase state of the
fluctuation and vortex subsystems [6, 10].
Thus, the identification of linear tempera-
ture dependence y 1(T) at the same time
allows the determination of important di-
mensional parameters and characteristic tem-
peratures of dynamic phase transitions in the
SC carriers subsystem.

3. Results and discussion

Fig. 1 shows the temperature depend-
ences of resistivity in the basal ab-plane
Pap(T) measured under H =0 (curve 1) and
for a fixed magnetic field of H = 15 KOe for
different angles o = Z(H,ab) (curves 2-9) be-
fore (a) and after (b) lowering the oxygen
content.

As can be seen from the Fig. 1 with the
temperature lowering from 300 K, as in the
case of optimally doped as oxygen under-
doped samples p,;,(T) decreases almost line-
arly up to a certain characteristic tempera-
ture T* = 134 K. Below this temperature it
begins the systematic deviation of experi-
mental points down from the linear depend-
ence indicating the appearance of excess
conductivity Ac, as discussed above. Accord-
ing to the modern concepts such behavior of
dependence p,,(T) at temperatures T > T, is
conditioned by the so-called "pseudogap
anomalies™ (PG), which is discussed in more
detail in [11]. It should be also noted that an
application of a magnetic field and change
the angle o at temperatures T > 1.15T,
within experimental error have not effect
on the behavior of the curves p,,(T), both
leading to a significant broadening of the
superconducting transition itself in com-
parison with the sharp (AT, = 0.8 K) transi-
tion observed at H = 0. In this case it is
clear that there is a significant difference
in the forms of themselves resistive transi-
tions in superconducting state between ones
measured in a magnetic field for the
stoichiometric (a) and nonstoichiometric (b)
composition of the sample. While in the
first case on the tail of the superconducting
transition there is a sharp “kink™ in the
second case — a monotone smoothing of
low-temperature resistive transition takes
place. The latter is reflected in the actual
disappearance of the low-temperature peak
in the temperature dependences of the de-
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Fig. 2. Resistivity transitions to SC state for
YBa,Cu;0,_g single crystal in dp,,/dT — T co-
ordinates. The numbering of the curves is
consistent to Fig. 1.

rivative dp,,(T)/dT (Fig. 2b) in the under-
doped sample. As can be seen from Fig. 2a,
in the case of the original, stoichiometric
composition of the sample such a peak is
present for all values of o and its height
increases with increasing o values. Accord-
ing to [3] an appearance of such features in
the temperature dependences p,,(T) and

dpp(T)/dT shows the implementation in the
first order phase transition corresponding
to melting of the vortex lattice. A disap-
pearance of these features in the case of
underdoped experimental sample may indi-
cate suppression of the transition. At the
same time one should pay attention to the
fact that in the second case the resistive
transitions lie in some single universal de-
pendence passing down the slope to the left
of the main high-temperature peak depends
dp,p(T)/dT. According to [6], the tempera-
ture corresponding to this peak corresponds
to the critical temperature in the mean-field
approximation Tcmf. This, in turn, may in-
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dicate that the implementation of the sys-
tem of a new state of the conducting sub-
system.

Fig. 8 shows the resistivity transitions to su-
perconducting (SC) state in [-d(InAc)ar]! - T
coordinates. In the inset of Fig. 3b the
curve obtained for o = 60° is presented.
This shows the characteristic temperatures
T.0» Tpr and T, corresponding to the end of
the resistive transition in SC state, the
melting point of the vortex lattice and the
critical temperature in the mean-field ap-
proximation respectively [3, 6, 8]. 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 [10] indi-
cates realization of a three-dimensional (3D)
regime of fluctuation carriers’ existence in
the system. At the same time the section
corresponding to 3D regime is essentially
unstable in the magnetic field, which is con-
sistent with the results obtained in [6].
When increasing the temperature from T,
upwards an increase of the absolute value of
B occurs, that suggests the realization of a
3D—-2D crossover in the system [5, 11].

Application of magnetic field and in-
crease of the angle o lead to a significant
transformation of the form of the SC-tran-
sition, which expressed in the appearance of
an additional low-temperature peak, so-
called "para-coherent transition”. It should
be noted that there is a noticeable differ-
ence in the behavior of this maximum in the
case of underdoped and stoichiometric com-
positions. While for the optimally doped
sample with oxygen this transition is
shifted toward lower temperatures without
changing its shape. In the second case this
shift is accompanied by a significant simul-
taneous increase of amplitude and width of
the peak with increasing angle o. This peak
rapidly shifts downwards to lower tempera-
tures as the angle o increases with a simul-
taneous increase of width and amplitude of
the peak. Similar behavior may be due to a
decrease with an increase in the proportion
o own intrinsic pinning, and thus increas-
ing the role of bulk pinning due to forma-
tion in the volume of the sample of strong
pinning centers.

It was established [2, 3] that the pres-
ence of strong pinning centers in the system
leads to a spreading of the kink and the
transition from an ordered vortex-lattice
phase to a phase, so-called "vortex” or
"Bragg" glass in which the vortex system is
accommodated in the chaotic pinning’s po-
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Fig. 3. Resistivity transitions to SC state for
YBa,Cu,0,_s single crystal in [-d(InAc)/dTT! - T
coordinates. The numbering of the curves is
consistent to Fig. 1. In the inset of Fig. 3 the
curve obtained for o = 60°. The dash lines
correspond to the extrapolation of the areas
corresponding to various FC regimes. Arrows
show the characteristic temperatures T,.j, T,
and T, corresponding to the end of the resis-
tive transition in SC state, the melting point
of the vortex lattice and the critical tempera-
ture in the mean-field approximation, respec-
tively.

tential. This chaotic pinning potential vio-
lates the long-range order of vortex lattice
thereby suppressing the first-order phase
transition and results to formation of glassy
state of vortices. In the resistive transitions
appear "tails” whose amplitude is less than
the resistance of viscous flow p.. These are
probably due to a partial pinning of the
vortex liquid.

Clusters of oxygen vacancies could have
a significant role. In previous works, the
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influence of annealing at room temperature
on excess conductivity for the same samples
has investigated [11]. Immediately after an-
nealing in oxygen atmosphere at tempera-
ture of 500°C the crystal had a critical tem-
perature T,=91.75 K with a transition
width AT, = 0.8 K. Then, the crystal was
retained at room temperature for a week.
As it was shown previously, this resulted in
decrease of electrical resistance in the nor-
mal state p(300 K) of =3 % and an increase
of T.=0.25 K. These changes are consis-
tent with the concept of formation of clus-
ters of oxygen vacancies in the process of
ordering the vacancy subsystem [11]. This
implies an increase of oxygen concentration
in the volume of the crystal and a decrease
of oxygen content in the volume of the clus-
ters. In turn, a decrease of the concentra-
tion of carriers scattering centers in the
volume of the crystal reduces the resistance
p(300 K).

Taking into consideration the dome-
shaped dependence T, from carrier concen-
tration with a maximum value of T, =93 K

at 6 = 0.93 [12] we can assume that the re-
distribution of the labile oxygen leads to
phase separation in the crystal and to for-
mation of phase clusters with different
value of T,.. Considering the presence of
percolation paths of current flow on the
main volume of the crystal this process
should lead to an increase of the measured
value of T.. We presuming that in the sin-
gle crystal of the present work there coex-
ists a point pinning potential created by the
isolated oxygen vacancies and a volume pin-
ning potential with a suppressed supercon-
ducting order parameter formed by the clus-
ters of oxygen vacancies.

As was determined in [6] that in the case
of "Bragg glass” state the dependence ¥(T)
should be observed scaling in (T, — T,p) —
(T - T,p)/(T, — T,p) coordinates. In this, T,
is the critical temperature of the transition
in para-coherent area determined at the
point of intersection with the linear interval
approximating the so-called para-coherent
area with the axis of temperature. T, is the
temperature corresponding to the mean-
field critical temperature determined as the
maximum in the curves dp,(T)/dT [8].

Fig. 4 shows these curves scaled as
UTe = Tog)/eq = (T = Tog)/(To = Top). We
took into consideration changing the self
pinning’s contribution with an increase of
the disorientation angle o = Z(H,ab) by in-
troducing the reduced value (T, — T,,) ac-
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Fig. 4. Resistivity transitions to SC state for
YBa,Cuz0,_g crystal in (reducing)

T, - T )/e, — (T —-T,)/(T,—T,) coordi-
nates. The numbering of the curves is consis-
tent to Fig. 1.

counting the anisotropy parameter [2] ¢, =
(sin2a + cosZa)l/2, where € = 6 + 9. In Fig.
4, the best scaling in the experimental
curves is observed in the para-coherent area
at T < Tp,;. At higher temperature spread of
the curves becomes significant and this is
due to influence of the pinning of supercon-
ducting fluctuations on the cluster inclu-
sions as well as possible to strengthen the
role of some specific mechanisms of the
quasiparticle interaction [13, 14].

4. Conclusions

To conclude, the FC near T, is described
by 3-dimensional Aslamazov-Larkin model
for layered superconducting systems. Appli-
cation of constant magnetic field to
YBa,Cusz0,_5 single crystals with a small
oxygen hypostoichiometry, in distinction to
similar stoichiometric samples, leads to deg-
radation of the additional para-coherent
transition in the excess conductivity tem-
perature dependences in basic ab-plane in
the area of resistive transition to SC state.
Increasing the angle o = Z(H,ab) in case of
underdoped by oxygen sample leads to syn-
chronous increasing of amplitude and width
of the peak corresponding to this transition,
and its shift to the area of lower tempera-
tures. This can be due to a decrease of the
self intrinsic pinning of the vortex subsys-
tem contribution with an increase of o and
strengthening the role of volume pinning
due to presence of the clusters of oxygen
vacancies in the experimental sample. Con-
sequently, at temperatures below the criti-
cal T <T,, there is a suppression of the
dynamic phase transition type liquid vortex-
vortex lattice and the formation of transi-
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AHizoTpomia MarHiTompoBigfHOCTI y po3ABiHHMUKOBAHUX
MoHOKpuctranax YBa,Cus;0,_g

P.B.Boé6x, 3.9.Ha3upoé, B.B.Kpyzaax, ®.A1.0zpin

B poboTi mocaimxeno BoiuB KyTa pasopieHTallil MiK HANPAMKOM IIOCTIAHOIO MardiTHOrO
noasi H = 15 kE 1 manpamikom 6asucuoi ab-mnominuu o = Z(H,ab) Ha TemIlepaTypHi 3aiex-
HOCTi HAIJIMINKOBOI IpoBigzHocTi B o6siacTi mepexoniB B HAAIIPOBIAHUII CTaH PO3NBiHMKOBA-
HUX MOHOKPHCTAJIB YBazCu3O7_5 3 MaJMM Bigxumiaenuam Bixg xKucHeBol crexiomerpii. Bera-
HOBJIEHO, 110 Npu TemmepaTypax T > T, TeMIepaTypHi 3aJeKHOCTI HAJJIUIIKOBOI Tapamnpo-
BifHOCTI iHTepHpeTyiOTbCS B paMKax TeopeTuyHol Momeni duykryanifinol nposigzocTi
AcmnamasoBa-Jlapkina qia mrapyBaTux HaAOPoBigHMX cucteM. OBroBOPOIOTHCA TPUUUHU
TMOSABU HUBLKOTEMIIEPATYPHUX  XBOCTIB" (MApaKOTepeHTHUX MepeXo/iB) Ha DPEe3UCTUBHUX
nepexoiax, IO BiAMTOBiLal0OTHL pi3HUM pesxuMaM (PasoBOTO CTaHy BUXOPOBOI MaTepil.

162

Functional materials, 19, 2, 2012



