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The conductivity in the basis plane of YBazCu3_yA|yO7_6 single crystals with a pre-speci-
fied topology of plane defects has been investigated. The results indicate that the doping
with Al results in increased number of the effective scattering centers of the normal
carriers. The excess conductivity for the analyzed single crystals within a wide tempera-
ture interval corresponds to an exponential temperature dependence. Near T, it is de-
scribed well by the Aslamazov-Larkin theoretical model. A partial substitution of Cu with
Al results in a considerable expansion of the temperature interval of pseudo-gap anomaly
existence in the ab-plane.

HccnemoBana npoBOgMMOCTh B 0A3MCHON IIJIOCKOCTH MOHOKPMCTAJJIOB YBazCu3_yAIyO7_5 c
3aJJaHHON Tomojiornel miaockux nederxrtos. IlokazaHo, uto BHeceHue mpumecu Al mpusogut K
BO3pacTauuio uncjga 3(P(PeKTUBHBIX IEHTPOB paccesHUs HOPMAaJbHBIX Hocurejeii. M30bITOU-
Hasl IPOBOJAUMOCTDL KCCJENOBAHHLIX 00pasl[oB B IIMPOKOM HHTEPBaJie TeMIIEPATYDP MOMUMHS-
eTca 9SKCIIOHEHIAJIbHON TeMIlepaTypHO#l saBumcHMOCTH, a BOausu T, yIOBJIETBOPUTEILHO
OIMCBLIBAETCS TEOPETHUUECKON Momeabio AcinamasoBa-Jlapkuna. IIpy sToM uacTUuHas 3aMeHa
Cu ma Al IpUBOIUT K 3HAYUTENHHOMY PACIHIMPEHHUIO TEMIIEPATYPHOI'O MHTEPBAIA CYIIEeCTBOBA-
HHUS IICeBIOIEJeBOll aHOMAaJIuU B ab-IIJIOCKOCTH.

© 2007 — Institute for Single Crystals

The transport properties in high-tem-
perature superconductors (HTSC) are de-
pendent on the type and concentration of
defects and the oxygen stoichiometry [1-3].
Doping of YBaCuO compounds with alumi-
num is known to result in substitution of
copper atoms in the CuO planes [1, 2]. The
influence extent of such changes on the
transport properties (i.e. electric conductiv-
ity) is still unclear. For example, in [1], an
insignificant increase of the electric resis-
tance in the basic plane (p,;) was reported
for YBa,Cujz_ Al O7_5 single crystals with
y <10 %. On the contrary, concentration a
two-fold increase of p,; for the same alumi-
num concentration was observed in [2].
Such disagreement seems to be due to non-
homogeneous distribution of aluminum in
the crystal bulk, because an uncontrolled
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aluminum doping in the course of the crys-
tal growth in alundum crucible. In particu-
lar, the non-homogeneous distribution of
aluminum is evidences by the wide transi-
tions to superconducting state (AT, > 2 K)
and their stepwise shape [1, 2]. There is
also a significant scatter in the supercon-
ducting parameters. Moreover, twin
boundaries (TB) always exist in YBCO sin-
gle crystals [3]. The contribution of these
defects is difficult to determine in experi-
ment. The aim of this work is to study the
effect of low aluminum doping (up to 5 %)
in wvarious conductivity regimes in the
YBCO single crystals with high T, and uni-
directional TB system at the transport cur-
rent vector I|TB, when the influence of
twin planes on carrier scattering processes
is minimal.
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Fig. 1. Surface photo of a K2 single crystal,
where its characteristic twin grid is visible
(polarized light, x440).

The YBa,Cuz Al O; 5 single crystals
were grown using the technique described in
a previous study [3]. The Y,05, BaCO5, CuO
powders of special purity grade were used
as initial materials. To obtain aluminum
doped single crystals, Al,O3 (0.2 wt. %) was
added to the raw blend. The growth and
oxygen saturating regimes for YBa,Cus ,Al,O;_5
crystals are identical to those described for
undoped single crystals [3]. For the resistiv-
ity measurements, thin 0.5x0.5 mm?2 crys-
tals with unidirectional TB were selected
(Fig. 1). This geometry was selected so that
it was possible to cut out 0.2 mm wide
bridges with parallel TB and 0.3 mm distance
between the pair of contacts (see Fig. 2). The
electric resistance in the ab-plane was meas-
ured using the standard four-contact
method using de current up to 10 mA. The
temperature was measured by a platinum
thermo-resistor.

Fig. 1 is a photograph of the aluminum
doped crystal with its characteristic twin
grid. As is known, the trivalent impurity
ions are the defect-originating centers [4]
and when their density increase, the period
of the domain twin boundary structure di-
minishes. As a result, the neighboring
micro twins become overlapped and a
"tweed” type structure is formed [4]. It is
seen from the Figure that in studied
YBayCusz Al O7_5 crystals, the "tweed”
structure was not observed, perhaps due to
low Al concentration, and the distance be-
tween TB was two or three times smaller
than in pure crystals.

Table. Parameters of experimental samples.
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Fig. 2. Temperature dependences of electric
resistivity p,,(T) for K1 and K2 single crys-
tals (curves I and 2, respectively). The T —
PG transitions temperatures are indicated by
arrows. Inset: superconducting transition for
the same samples in p,, — T and dp,,/dT — T
coordinates. The curves in the inset and in
the figure are numbered identically.

The temperature dependences of electric
resistivity in the ab-plane, p,(T), for the
YBCO (K1) and YBazCu3_yA|yO7_5 (K2) crys-
tals are shown in Fig. 2. The inset repre-
sents the resistivity transitions into the su-
perconducting state for the same samples in
R — T and dR/dT —T coordinates. It is seen
that in both cases, the dependences are me-
tallic, but the p,(300 K)/p,,(0 K) ratio
varies and its value is 40 and 12 for K1 and
K2 crystals, respectively. The p, (0 K)
value was determined by extrapolating the
linear p,(T) conductivity section to zero

Sample T., K | p,(300), | T K |A*  meV £ %sp %y £.0), A
uQ) -cm
K1 91.74 155 143 88.4 0.064 -0.499 -1.012 1.48
K2 92.05 421 199 58.1 0.157 -0.506 -0.990 2.82
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temperature, as shown in Fig. 2. The resis-
tivity value in ab-plane for the K1 and K2
crystals at room temperature was 155 and
421 pQ - cm and their critical temperatures
are 91.7 and 92.1 K, respectively. The data
obtained for the samples are presented in
Table. According to literature data on the
dependence of T, on aluminum concentra-
tions [1, 2], we can conclude that Al concen-
trations in the K2 crystal is less that 5 %),
when the oxygen concentration is 6 < 0.1 [3].
At the same time, the narrow supercon-
ducting transition width AT,.<0.5 K for
both samples evidences the homogeneous
distribution of oxygen and Al over the crys-
tal volume. As the transport current vector,
I, was parallel to the TB for all the sam-
ples, the increase of electric resistivity in
the Al-doped crystal having a smaller inter-
plane spacing cannot be explained by the
increase of TB density. Thus, the observed
two-fold increase of p,; value could be prob-
ably caused either by the current carrier
density reduction or by the appearance of
efficient carrier scattering centers. Taking
under consideration the increase of Hall sig-
nal at comparable Al concentrations [1], we
that the observed p,; increase can be con-
cluded to be defined mainly by increasing
number of scattering centers. The change in
P800 K)/p, (0 K) ratio is also indicative
to this conclusion. The role of such centers
can be played by the trivalent Al impurity
[4] as well as by the increasing number of
vacancies. The last supposition is supported
by the increase of twin density in the Al-
doped crystal which, in its turn, could be
due to increasing non stoichiometry degree
resulting from the rising vacancy concen-
tration.

It is seen from Fig. 2 that when the tem-
perature is reduced below a characteristic
value T, a deviation of Pup(T) from the
linear dependence occurs, thus indicating
the appearance of excess conductivity. Ac-
cording to recent studies, the excess con-
ductivity is caused by the transition into
the pseudo-gap regime (PG) [6—7]. There are
two main scenarios for the onset of the
pseudo-gap anomaly in HTSC systems. Ac-
cording to the first, the appearance of the
PG is due to "dielectric” type, short-range
order fluctuations, which occur in under-
doped compounds (see, e.g., [5]). The second
scenario is the formation of Cooper pairs
already at temperatures substantially
higher than the critical T% >> T., with a
subsequent establishment of their phase co-
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Fig. 3. Temperature dependences of excess
conductivity in ab-plane for K1 and K2 crys-
tals in In(Ac) — 1/T and In(Ac) — lng coordi-
nates (inset). The curves are numbered as in
Fig. 2. The dashed lines in Fig. 3 show ap-
proximation of the experimental curves by
Eq.(2) and in the inset, by the straight lines
with tgo = -0.5 (3D-regime) and tgo ~ -1.0
(2D-regime). The 2D-3D crossover points are
shown by arrows.

herence at T < T, [6, 7]. As is shown in
Table and in Fig. 2, for the aluminum
doped crystal, the linear section of the
Pup(T) dependence is significantly narrower
as compared with the dopant-free crystal,
and the temperature T” is shifted towards
higher temperatures for more than 55 K.
This indicates the respectively expanded
temperature range of excess conductivity
existence. The value of Ac is usually deter-
mined from the equation:

Ac = 6 - o, (1)

where 6y = py~1 = (4 + BT)™! is the conduc-
tivity value determined by extrapolating the
linear section to zero temperature and ¢ = p~1
is the experimental conductivity in the nor-
mal state. The measured Ac(T) dependences
are presented in Fig. 3 in InAc — 1/T coordi-
nates. It is seen that in a rather wide tem-
perature range these dependences are well ap-
proximated by the exponential relationship:

Ac ~ exp(A*aw/T), (2)

where A*w is a quantity defining a certain
thermal activation process through an en-
ergy gap, pseudo-gap”. The Ac(T) exponen-
tial dependence was observed before in
YBaCuO films [7]. As it was shown in [7],
the experimental data approximation could
be significantly extended by introducing the
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(1 - T/T¥) factor. In this case, the excess
conductivity is proportional to density of
superconducting carriers ng~ (1 — T/T")
and in inverse proportion to the number of
pairs ~exp(—A*/kT), destroyed by the ther-
mal motion. Therewith, T™ is considered as
the mean-field temperature of the supercon-
ducting transition, while the temperature
range TC<T<T*, where the pseudo-gap
state exists is defined by rigidity of the
order parameter phase, which in its turn
depends on the oxygen deficit or the dopant
concentration. The quantity A* obtained
from (2) for our experimental samples is
presented in Table. It is seen that the alu-
minum alloying results to a significant de-
crease of the absolute PG value
(A"g1/A"gq # 1.52). It follows from Fig.3
that Ac increases sharply near T.. Accord-
ing to the Aslamazov-Larkin theoretical
model [8], the excess conductivity near T, is
due to fluctuation pairing of the carriers.
This contribution of pairs to the conductiv-
ity at T > T, for the two-dimensional (2D)
and three-dimensional (3D) cases is de-
scribed by the following relations:

e? 3)
A% = Tera®

AGam — € -1/2 1)
8D = 3ome0)°

where ¢ =(T - T,)/T,.; e, electron charge,
£.(0), the coherence length along the ¢ axis
at T — 0 and d is a characteristic size of
the two-dimensional layer. In our case, T, is
defined as the critical temperature value
corresponding to the maximum in the
dpyp(T)/dT dependences, in the of the super-
conducting transition interval (Fig. 2(b)).

In the inset to Fig. 3, the Ac(T') depend-
ences in (IlnAc — lng) coordinates are pre-
sented. It is seen that near T, these depend-
ences are approximated well by a straight
line with a slope tga, ~ —0.5, in accordance
to the power index —1/2 in Eq.(4), thus evi-
dencing the 8D character of fluctuating su-
perconductivity within this temperature
range. As the temperature further rises, the
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Ac decline rate increases appreciably
(tgay ~ —1). This points to the FC dimen-
sionality change. As it follows from Eqgs.(3)
and (4), at the 2D-3D crossover point we
have:

E(0Ef1/2 =d/2. (5)

In this case, having determined the g3 value
and using literature data on the interplane
spacing dependence on o [9] (d ~ 11.7 A), we
can calculate the coherence length values £,(0).
The calculations have shown that at doping
with Al, the coherence length £.(0) changes
from £40) =1.48 A for YBaCuO to £.0) =
2.32 A for the YBa,Cuz Al,O; 5 crystal, and
the 2D-3D crossover point temperature be-
comes shifted significantly (see Table and
Fig. 3 (b)).

Thus, the increasing electroresistance in
the linear section of p,;(T) dependences and
changing ratio p,(300 K)/p,;(0 K) in cases
of partial Cu substitution by Al evidence the
increasing number of effective current car-
rier scattering centers. The excess conduc-
tivity Ac(T) of YBCO and YBazCu3_yA|yO7_5
single crystals answers within a wide tem-
perature range T;<T < T* to exponential
temperature dependence and near T, it can
be approximated by the Aslamazov-Larkin
theoretical model. The low doping with alu-
minum (up to y = 0.05) results in the ex-
panded temperature interval of PG regime
existence, thereby narrowing the linear sec-
tion of the p(T) dependence in ab-plane.
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HagauimmkoBa mMPOBiAHICTS 1 IMCEeBOAONIIIMHHE CTAHOBUIIE
y MOHOKPHCTAaJAX YBa2Cu3._XAIyO7_6 3 CHCTEMOIO
OJTHOCIPAMOBAHUX JABIHHMKOBHUX MEJK

P.B.Bosx, M.0.060nencoruil, O.B.Bondapenko

IMocaimeno npoBigHicTs y 6GasuCHIN HAOMMHI MOHOKPHCTAJIIB YBaZCu3_yAIyO7_5 i3 saga-
HOI0 TOIIOJIOTicro ImmomuHHuX aedertis. Iloxasano, mio BHeceHHsa moMimiok Al BuUKIMKaE
3pOoCTaHHS KiJIbKOCTI epeKTUBHUX IEHTPiB posciloBaHHS HoOpMaiabHHX HociiB. Hammmmkosa
HpPOBifHICTE HOCHimKeHMX 3pas3KiB y IIMPOKOMY iHTEpBaJi TemiiepaTyp BiAIOBigae eKCIIOHEH-
UianpHiM TeMIepaTypHidl sanexHocTi, a mobausy T, 3af0BiIBHO ONUCYETHCA TEOPETHYHOINO
mozeio Acnamasosa-Jlapkina. Ilpu npomy uwactrosa samina Cu ma Al mpuBoguTs 1o 3HAU-
HOTO POSBIIMPEHHS TeMIIepaTypPHOIr'o iHTepBaJy iCHyYBaHHS IICEBAOINIJIMHHOI amomaJsil B
ab-unomuHi.
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