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The electrical resistivity in the range of T,-~800 K in the layer planes of YBa,CugzO,_,
single crystals with a range of oxygen deficiency, which is characterized by the T, in the
range 78 + 92 K was studied. The experimental data on the resistance in normal state are
approximated by an expression that takes into account the scattering of electrons on
phonons, as well as on defects and the fluctuation conductivity in 8D-model of the
Aslamazov-Larkin theory. According to this approximation, depending upon the oxygen
deficiency, the Debye temperature changes from 245 to 400 K, coherence length
£,(0) = 0.5 A.

B unmTepBane T,~300 K mccienoBaHO 2I1€KTPOCONPOTHBIIEHNE B ILJIOCKOCTH CJIO€B MOHO-
kpucranios YBa,CusO,_, BEICOKOH cTemeHH COBEPIICHCTBA ¢ PASIMYHBIM Ae(PUIMTOM KHCIO-
poxa, obecneunBapmum usMeneHue T, or 78 mo 92 K. OxcmepuMeHTajbHEIE JaHHBIE AII-
POKCHMUPOBAHBI BBIPAKEHNEM, YUUTBHLIBAIOIINM PacCesHNe 9JeKTPOHOB Ha (OHOHAX, medex-
Tax, a Tak:Ke QIYKTYAIMOHHYIO HpoBogumocTs B 3D-momenu Acnamasopa-Jlapkuna. Ilo
JaHHBIM aIIPOKCHUMAIUM, B 3aBHCHMOCTH OT HeduiuTa KHCIOpoxa Temieparypa lebas
usMeHsAerca B upenenax 245 + 400 K, £.(0) = 0.5 A

Po3ciloBaHHA €JEKTPOHIE B HeJOMOMOBAHMX KHCHeM MoHOKpuctaxax YBa,CusO,
I'A.Xadxaii, P.B.Bosx, M.P.Bosk.

B imTepsani T,-300 K gocrmimsxeHo eseKTpPOOMip y IJIONIMHI NMIapiB MOHOKPHCTANiB
YBaZCu3O7_>< BHCOKOI'0 CTYIIEHS MOCKOHAJOCTI 3 pisHum medinuTomM KMUCHIO, 10 3abeameuye
aminy T, Big 78 mo 92 K. ExcrnepumeHTanpH] TaHi aIpOKCHMOBAaHI BHPasoM, IO BPaxoBye
poaciloBaHHA eseKTpPoHiB Ha (oHOHAX, medeKTax, a TakoK (GIYKTyallifiHmy IpoBigHicTs y
3D-mogeni Acnamasosa-Jlaprina. 3a gaHumMu anpoxcumarii, sanesxHo Bix gedinmuTy KUCHIO
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Temneparypa Jeban sminoersca v mexax 245 + 400 K, £.(0) = 0.5 A.

1. Introduction

The explanation of the conduction
mechanisms and the charge carriers’ scat-
tering in high-temperature superconductors
(HTSC ), near the critical temperature as
well as in the normal state, is useful to
understand the nature of high-temperature
superconductivity. The issues regarding the
realization of different modes of the fluc-
tuation pairing of carriers is actively stud-
ied since the early stages of the research of
the HTSC [1-5]. With a decrease in the
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oxygen concentration, the electrical resis-
tance of YBa,CuzO;_, compounds increases
and the critical temperature (T,) decreases
[6-11]. In that respect the structure and
the topology of the defect assembly [12-15]
and the extent and the nature of the labile
oxygen ordering of the subsystem is impor-
tant [16-19]. Notably, despite the rather
extensive experimental data, the question of
the influence of small oxygen deficiency on
the different conduction regimes and, in
particular, on the fluctuation conductivity
(FC) of these compounds, is still not com-
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pletely understood. This is probably, due to
the fact that most of the available experi-
mental data was obtained on ceramic sam-
ples with a high content of intergranular
bonds, as well as on films deposited on sub-
strates of different types, through different
processes [1-3, 20]. Therefore, the study of
the evolution of different modes of fluctua-
tion conductivity in YBa,Cuz0O;_, single
crystals is very important. In these highly
pure compounds, it is possible to carry out
measurements in a controlled manner, so
that by varying the concentration of oxygen
we could vary the scattering and conductiv-
ity parameters [4, 7, 11, 17].

In HTSC of the high degree of perfection
and with the optimal oxygen content at
high temperatures (T > 6 , 0 the Debye tem-
perature) is often observed an almost linear
temperature dependence of the resistivity,
which is naturally associated with the scat-
tering of electrons by phonons (see, for ex-
ample, [21]). With decreasing temperature
the phonon resistance deflected downward
from the high-T, extrapolation (p - T) even
at T <0/3 [18], where it can be also shown
and fluctuation conductivity. Therefore it is
difficult to divide experimentally the region
where the metallic conductivity, limited by
scattering on phonons, exists and the region
of fluctuation conductivity existing.

2. Experimental

The YBa,Cuz0;_, single crystals were
grown by solution-melt method in a gold
crucible at a temperature range between
850-970°C, as described in detail in [4, 14].
The typical sample size is 2x0.8x0.02 mm3.
The smallest size corresponded to the ¢ axis.
To take samples with near optimal oxygen
concentration, 8 < 0.1, the selected crystals
were annealed in oxygen flow at 400°C for
five days. To reduce the oxygen content,
the samples were annealed for three to five
days in oxygen flow at higher temperatures.
The electrical contacts were made from sil-
ver conductors, which were connected to the
crystal surface with a silver paste. Measure-
ments of electrical resistance were per-
formed in the layers’ plane by the standard
four-contact method at a constant current
of 1 mA in the two opposite directions of
the current at a zero magnetic field. The
geometry of the sample was such that the
transport current vector was oriented at an
angle 45° relative to the twin boundaries
(TB) planes. The temperature was measured
by a copper-constantan thermocouple, the
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Fig. 1. The temperature dependences of the
resistivity of YBa,CusO,_, single-crystal. The
points are the experimental data, the curves
shows the approximation by (I)-(2). I — Tc =
91.732 K, 2 — Tc = 78.591 K. The results
for intermediate values of T, are not shown
for simplicity (see Table).

voltage in the sample, by the nanovoltme-
ters B2-38. Measurements were carried out
in the mode of temperature drift, which was
about 0.1 K/min for measurements near T,
and about 5 K/min at T > T.. Thus, all the
measurements were performed three days
later, after the annealing, which provided
the equilibrium distribution of oxygen
within the volume of the sample at room
temperature [8, 9].

3. Results and discussion

The temperature dependences of the re-
sistivity for different oxygen concentrations
are shown in Fig. 1.

We approximate the temperature depend-
ence of the resistivity in the samples in the
range T,—300 with an expression that takes
into account the scattering of electrons by
phonons (s—d processes) [22], defects, and
the fluctuation conductivity, with the
smallest error is the use of the latest 3D-
model Aslamazov-Larkin [23]. Therefore,
the general expression for the conductivity
is expressed by the form:

G = p5d + Aoy (1)
Pse = (Pg + P3) - (1 — by - T?);
T 3e/T nax
xX'e
p3 = Cg(ﬁj ‘(l).i(ex _ l)zdx

Here pq is the residual resistance that

characterizes the scattering to the defects; p3
is the contribution to the resistance due to
inter-band (s—d processes) scattering to the
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Fig. 2. a) The dependences of the approximation parameters from T, for the phonon scattering:
1 — C,, 107* Ohmem; 2 — 9, 102 K; 3 — bo» 1078 K~2; (b) The dependences of the approximation
parameters from T, for the fluctuation conductivity.

phonons; 6 is the Debye temperature; b, de-
pends on the shape of the electron density
of states, effective mass of the carriers and
the Fermi energy [24,25].

Ao, 1 = €2/ (16RE.(0)2¢sink(e/€p).  (2)

Such an expression for the fluctuation
conductivity is chosen to limit the area of its
influence [26], € = In[(T — T,)/T.] is the re-
duced temperature, T, is the critical tempera-
ture in the mean-field approximation, T > T,
€.(0) is the coherence length, €, determines
the temperature range of superconducting
fluctuations g, = ln(T*/Tc), T is the char-
acteristic temperature, which describes —
together with the £.(0) — the collapse of
the superconducting fluctuations.

The best parameter set of the approxima-
tions that provides an average error of
about 1 % over the interval of T,—300 K is
shown in Table together with data on oxy-
gen deficiency, 8, taken from the T,.(d)

[27—-29]. Approximating curves shown in
Fig. 1 with solid lines.

Figure 2 shows the dependence of the
approximation parameters from 7T,.. In Fig.
2a, the parameters of the phonon scattering
and in Fig. 2b, the parameters of the fluc-
tuation conductivity are shown. The Table
shows that the residual resistance, pg, is
practically independent from the T,.. This is
due to a high error in the determination of
the residual resistance by extrapolation:
Po = Pse(T — 0). Furthermore, it may also
affect the spatial heterogeneity associated
with the presence of small inclusions of a
different phase, even in high-quality single
crystals [24]. The values of the Debye tem-
perature, 0, correspond to the literature
(for example [30]).

Fig. 2a shows, that with the increase of
T., the parameters Cg and b, are reduced.
In the same time, the Debye temperature, 0,
passes through a minimum in the interval
of T.=84-86 K. This change in the Debye

Table. Experimental and approximation parameters of the temperature dependence of the resis-
tivity, using the Eq.(1)

T, K 91.732 90.748 88.656 87.942 78.591
§ [9-11] 0.1510 0.160 0.177 0.181 0.237
Pg, Ohm-cm 2.10°° 11073 3.10°° 6107 1.410°5
C;, Ohm-cm 3.315.10™* 4.285-107% 2.725.1074 4.715107* 8.1.107*
0, K 349.5 316.5 245.5 268 398.5
B, K2 0 1.10°6 -1.1077 1.8.1076 2.1.10°6
£(0), A 0.87 0.51 0.23 0.61 0.54
£y 0.08 0.07 0.195 0.14 0.19
AT = T*-Tyg
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Fig. 3. The ratio between C3 and b,

temperature is probably associated with the
Ortho-I-Ortho-II transition and, accord-
ingly, with the changes in the type of the
oxygen superstructure in the concentration
interval 6 =0.17-0.18 [27, 29]. Note that
near the maximum T, (88-92 K), the Debye
temperature, 0, increases by the T,, in-
crease, i.e by decreasing the §. This means
that the closer to the stoichiometric compo-
sition leads to a decrease in the crystal lat-
tice parameters of YBa,CuzO;_,. Parameters
C3 and b, are determined by the electronic
structure of the sample, in particular, by the
Fermi energy and the density of states. So the
correlation between them is natural (Fig. 3).

Fig. 2b shows the dependence of the av-
erage coherence length £.(0) from T, and
the temperature range of superconducting
fluctuations, AT = T* — T,. It can be seen
that when the T, increases these parameters
show a slight tendency to decrease. The fact
that the coherence length was less than the
interlayer distance, corresponds to the lit-
erature data [1, 31] and indicates the neces-
sity to consider at least three factors. First,
the spatial heterogeneity associated with
the presence of another phase [24] and caus-
ing uneven distribution of the current
through the sample, which theoretically
cannot take into account. Second, it is the
2D — 3D crossover, which takes place near
the T.. Finally, it is the possible impact of
specific mechanisms of quasiparticle scat-
tering [32-86], which can be due to the
presence of structural and kinematic anisot-
ropy in the system.

4. Conclusions

The experimental data of high-quality
YBa,Cuz07_, single crystals regarding the
electrical resistance in the temperature in-
terval T,—300 K can be approximated by
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taking into account the electron scattering
on phonons and defects and the fluctuation
conductivity in the form of a 3D-model of
the Aslamazov-Larkin theory. The approxi-
mation parameters are quite reasonable, but a
more adequate description requires considera-
tion the 2D — 3D crossover and, if necessary,
the multiphase structure of the sample.
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