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Effect of twin boundaries on the normal and fluctuating conductivity of YBaCuO single
crystals has been studied. The temperature dependence of the excess conductivity has been
shown to be described satisfactorily by the Lawrence-Doniach theoretical model. The twin
boundaries are efficient scattering centers of normal and fluctuating carriers. The deter-
mined values of coherence length perpendicular to the ab plane £.(0) agree satisfactorily
with those obtained from magnetic measurements for stoichiometric YBaCuO crystals.

WccnemoBano BIUAHWE TpPaHUI] ABOMHUKOBAHUSA HA HOPMAJBHYI0 U (IYKTYAIIMOHHYIO
nposoguMoctTh MoHOKpucTtanwiaoB YBaCuO. Ilokasamo, uTto TemieparypHas 3aBUCHUMOCTH W3-
OBITOUHOII IIPOBOAUMOCTH YIOBJIETBOPUTEJILHO OIUCHIBAETCA TeopeTudyecKoit Momenbio Jloy-
peHnca-Jlounaxa. [IBOMHUKOBBIEe TPAaHUIBI ABJAIOTCA 9(M(MEKTUBHBIMU IIEHTPAMH DPacCeaIHUA
HOPMAaJILHBIX U (DIYKTYaIlMOHHEIX HocuTeseii. [lonyueHHbBIe 3BHAUEHUS AJIUHBI KOT€PEHTHOCTHU
mepneHAuKyaapHO ab-maockoctu &.(0), yZOBIETBOPUTENBHO COTJIACYIOTCA CO 3HAUEHUAMH,
MOJyUeHHBIMA W3 MATHUTHBIX HCCIefOBaHUM Ajid MoHOoKpucrajiaoB YBaCuO crexuomerpu-

YeCKOro cocrasa.

The realization of wvarious fluctuating
pairing modes of carriers is studied in-
tensely starting from the earliest investiga-
tion stages of high-temperature supercon-
ductors (HTSC) [1-3]. Of great importance
therein is the composition and topology of
the defect ensemble that defines the run-
ning conditions of the transport current and
the carrier scattering mechanisms. As most
experimental works was carried out on ce-
ramics, films and textured samples, differ-
ing in technologic pre-history, numerous as-
pects of the problem remain unclear up to
now. Taking into consideration the above,
this work is aimed at study of the evolution
of the fluctuating conductivity (FC) mecha-
nism is single crystals containing a control-
lable defect structure and differing in the
transport current geometry.

The HTSC single crystals of YBa,CuzO;_5
compounds were grown using the solution-
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melt technique in a gold crucible as has
been described in detail in [4]. For the resis-
tive studies, rectangular crystals of
3x0.5x0.03 mm3 size were selected. It is
known [4], that as YBaCuO compounds are
saturated with oxygen, the tertra-ortho struc-
ture transition takes place which, in its turn,
causes the crystal twinning, thus minimizing
its elastic energy. To obtain the samples con-
taining the singly-directed twin boundaries
(TB), a 0.2 mm wide bridge with the contact
spacing of 0.8 mm was cut out of the sample
as is shown in the inset (a) to Fig. 1.

The experimental geometry was selected
so that the transport current vector I was
either parallel or perpendicular to the twin
planes. The electric contacts were formed
according to the standard four-contact
scheme by applying silver paste onto the
crystal surface followed by connection of
silver conductors of 0.05 mm in dia. and
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Fig. 1. Temperature dependences of electric
resistivity p,,(T) for ILTB and I|TB orienta-
tions (curves 1 and 2, respectively). Inset (a):
scheme of bridge used in resistive studies.
Inset (b): resistive transitions to the super-
conductive state in dp,,/dT-T coordinates
for ILTB and I|TB orientations (dark and
light symbols, respectively).

3 h aneealing at 200°C in oxygen atmos-
phere. This procedure provided the contact
transition resistance less than 1 and made
it possible to carry out the resistive meas-
urements at the transport currents up to
10 mA in the ab plane. The measurements
were carried out in the temperature drift
mode. The temperature was measured with
a copper-constantan thermocouple, the volt-
age across the sample and across the refer-
ence resistor, with V2-88 nanovoltmeters.
The voltmeter signals were transferred to a
PC through an interface.

Fig. 1 presents the temperature depend-
ences of electric conductivity in the ab
plane p,,(T) for two bridge parts, the inset
(b) illustrating the resistive supercon-
ducting transitions thereof in dp/dT-T co-
ordinates. According to the procedure [3],
the maximum position corresponding to the
inflection point in those dependences is con-
sidered as the critical temperature of the
resistive superconducting transition. The
narrow superconducting transition width
(AT, < 0.8 K) evidences the high quality of
the samples. At the same time, a low addi-
tional peak in the curve corresponding to
ILTB experimental geometry is possibly due
to the effect of TBs where the ordering pa-
rameter may be somewhat suppressed [5].

It is seen in Fig. 1 that the p,,(T) are of
metallic character in both cases. At ILTB
orientation, the conductivity at room tem-
perature is about 5 % lower than that for
ILTB. As the vector I is oriented relatively
to crystallographic axes in the same manner
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in both bridge parts, the larger ab value at
ILTB can be explained by the current car-
rier scattering at TBs. The electron free
path in the single crystals has been esti-
mated as 0.1 um [6], being one order
smaller than the twin spacing. Therefore,
the maximum resistance increase due to
scattering at TBs may attain 10 %. Thus,
the obtained 5 % p,;, increase evidences the
efficient carrier scattering at TB.

It follows from Fig. 1 that above 150 K,
the temperature dependence of resistance is
approximately linear. Under that tempera-
ture, the resistivity is deviated downward
from linearity, that results in appearance of
a certain excess conductivity determined as
a rule from the equality

Ac =0 — Go» (1)

where o is the conductivity value deter-
mined by extrapolating the linear section of
6 =(A + BT)! relationship to zero tem-
perature and o is the experimental conduc-
tivity in the normal state. According to the
existing concepts, the electron subsystem
dimensionality in layered superconductors is
defined by relationship between &, (coher-
ence length along ¢ axis) and d (the 2D
layer thickness). When d <&, the interac-
tion between the fluctuation pairs is real-
ized within the whole superconductor vol-
ume (3D mode) while at d > £, the interac-
tion is possible only immediately in
superconductive layers (2D mode). The basic
theoretical models to describe the FC mode
in layered superconductors have been pro-
posed by Aslamazov and Larkin [7] as well
as by Lawrence and Doniach [8]. According
to [8], the temperature dependence of FC is
described by equation

2
e [mof e ©
_16dh811+{ a =

Near T,, at . > d (3D mode), this equa-

tion is transformed [7] into

e
Aoy =L 172, )
3D = 3amE(0)

while far from T, at £, < d (2D mode), into

¢ o1 @)
A%2D = Terg"
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Fig. 2. lgAo(lge) dependences for ILTB and
IITB orientations (curves I and 2, respec-
tively). The 2D-3D crossover points are
shown by arrows.

where € = (T — T,)/T,. The precise T, deter-
mination is of great importance when proc-
essing the experimental data.

Fig. 2 presents the temperature depend-
ences of excess conductivity in lgAc — lge
coordinates. The T, is there defined as the
critical temperature value chm in the ap-
proximation of mean field theory deter-
mined in the point

(a%j (%)
2
or T=T™=0

corresponding to the maximum in the
dp/dT dependence in the superconductive
transition area [3]. It is seen in Fig. 2 that
near T,., the Ac(T) dependence is approxi-
mated well by Eq.(8) at the power index —0.5,
thus evidencing the 3D character of fluctuat-
ing superconductivity within this tempera-
ture range. As the temperature rises further,
the slope of lgAc(lge) relationship increases
appreciably. This, in turn, can be considered
as an indication on the FC dimensionality
change. It follows from (3) and (4), in the
2D-3D crossover point, the equality

£E0e1/2=0d/2 (6)

should be met. Then, having determined the
gg value in the 2D-3D crossover point and
taking d = 11.7 A for YBa,Cuz0;_; [4], it is
possible to determine &.(0). The calculation
results obtained using the formula (6) as
well as characteristic slope values of the
lgAc(lge) function corresponding to power
indices in (3) and (4) for two bridge parts
are presented in the Table.
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Table

Bridge [T,™, K| ¢, | ogp | 0pp [50), A
0.058 |-0.515|-1.031| 1.41

0.076 |-0.501 |-0.977| 1.61

IITB | 91.31
LLTB | 91.30

It is to note, however, that the use of
that calculation procedure does not allow to
take into account the possible error of the
resistive measurements when determining
the fluctuating quantities is spatially inho-
mogeneous systems associated with the
small inclusions of another phase even in
the high-quality single crystals [56]. Thus,
when comparing with experimental data,
£.(0), d, and T, in Eqgs.(2)—(4) are consid-
ered usually to be fitting parameters. A
scaling factor, so-called C-factor, is also in-
troduced that makes it possible to take into
account the transport current distribution
inhomogeneity in each specific sample [1].

Using the procedure, the best coincidence
with experimental data has been obtained
for Eq.(2). In this case, the coherence
length &,(0) amounted 2+0.3 A and
2.240.8 A for ILTB and I|TB orientations,
respectively. In this aspect, of interest is to
compare the obtained results with the mag-
netic susceptibility data measured in [9]
where determined was the diamagnetic contri-
bution from the area with high T, being in
proportion to the volume content of that
phase. The &, value obtained from those ex-
periments is 2.810.5 A, being closer to the
values calculated using the second method.

Nevertheless, when using both the first
and second calculation methods, the differ-
ence between the £.(0) values for ILTB and
I|TB experimental geometries amounts 10 to
14 %, thus evidencing an effective influ-
ence of TB on the formation processes of
fluctuating Cooper pairs.

Thus, the resistance increase within the
linear section of p(T) dependences at the
transport current orientation ILTB as
compared to the case of I|TB evidences an
efficient scattering of normal carriers at
the TB. The excess conductivity functions
Ac(T) are described satisfactorily by the
Lawrence-Doniach theoretical model. The
presence of TBs in the crystals may favor
the intensification of de-pairing processes
of fluctuating carriers, thus extending the
linear p(T) area in the ab plane and shifting
the 2D-3D crossover point.
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BniuB ABifHMKOBUX ME)K HA IPOIECH PO3CiIOBaAHHSA
HOPMAJbHUX i QIYKTyalmiiHUX HOCIIB Yy MOHOKPHCTAJAX
YBa2Cu3O7_5

M.0.O60nencokuil, P.B.Boex, O.B.Bondapenko

HocaigskeHOo BIJIMB MeK IBiMHMKIB Ha HOpMaJbHY i (GuyKTyalniiHy nIpoBiZHiCTH MOHO-
kpucranis YBaCuO. ITokasano, 1o TeMmIlepaTypHa S3alleKHICTh HAAJIUIIKOBOI MIPOBigHOCTI
3aJOBIJILHO OIMCYETHCA TeopeTUUHO0 Mozennio Jloypenca-IHoniaxa. [IBifiHMKOBiI rpanuii e
e(eKTUBHUMU IIEHTPAMHU pPO3CiloBaHHA HOPMaJbHUX 1 QuaykTyamiiinux HociiB. Opep:kahi
3HAUYEHHA JOBXWHU KOTEPEHTHOCTi mepHeHAUKYJIAPHO ab-maomuri £ (0), sagoBinpHO yaron-

JKYIOTBCSA i3 B3HAUEHHSIMU,
YBaCuO crexiomerpuyHoro ckjiany.

OlepPKaHMMMU 3 MATHITHMX [OOCJHiJKeHb [IJd MOHOKPHCTAJIB
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