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In the present study influence of praseodymium doping on conductivity across (trans-
verse) the basal plane of high-temperature superconducting Y,_ Pr,Ba,CusO,_s single crys-
tals is investigated. It is determined that increase of praseodymium doping leads to
increased localization effects and implementation of the metal — insulator transition
Y,_,Pr,Ba,Cus0;_s, which always precedes the superconducting transition. The praseodym-
ium concentration increase also leads to significant displacement of the point of the metal
— insulator transition to the low temperature region.

WcenemoBano BANSHNE JOMMPOBAHUS MPA3€OAUMOM Ha MPOBOAUMOCTL IOIEpeK 6a3MCcHOM
IJIOCKOCTA JonupoBaHHEIX mnpaseogummoMm BTCII-morokpucramnos YBaCuO. Vceramosaeno,
YTO yBeJHYeHME CTEIeHH AOIMPOBAHUA mpaseogumom B obpasmax Y, Pr,Ba,CusO,_s mpuso-
IUT K YCUWJIEHUIO >(P(MEeKTOB JOKATUIAINNA U PeaU3alui B CHCTeMe IepexXofa BUAA MeTaJLl
— [UBJEeKTPUK, KOTOPLIM BCerga IpPeAlleCcTBYeT CBEPXIIPOBOLAIEMY IIePeXony. ¥BeInudeHne
KOHIEHTPAIINHN IPa3eoAMa IPUBOIUT K CYI[€eCTBEHHOMY CMEIeHNIO TOUKM IIepexXoLa MeTaJLl
— AWDJEKTPUK B 00JacTh HUBKUX TeMIIepaTyp.

Bnaue donyeanna npaszeodumom Ha ereKkmpoonip 63006 c-6ici y MOHOKpUCMANAX
Y,_Pr,Ba,Cuz0,_s P.B.Boskx, M.P.Boex, O.B.Camounos.

Hocrif:KeHo BIJIVMB AOTMYBAHHA TIPA3e0MMOM Ha TPOBIAHICTH ymomepek 6a3mcHOI moniu-
mu BTHII-morokpucranis YBaCuO. BeranoBaeHo, 10 30iIbIIeHHA CTYIICHS AONYBAHHSA IIpa-
seopmmom y spaskax Y,_ Pr,Ba,CusO,_s mpusomute A0 nocuneHHa edexriB Joramisanii Ta
peasisaliii B cucTeMi Tepexoy BUAY MeTal — AieJeKTPUK, AKWIH 3aBKAU Tepeaye HaIIPO-
BigHOMY mepexony. S3O6iMbNIEHHA KOHIEHTPAIlii MpaseoAnMy TPUBOAUTHL O iCTOTHOTO
3MITIeHHA TOYKU TEPeXOony MeTaal — AieJeKTPUK B 00JIaCTh HUBBLKUX TEMIIEPATYD.

© 20183 — STC "Institute for Single Crystals”

1. Introduction

Y1_xPryBasCuz0;_g compounds there is a
fundamental difference in the behavior of
the temperature dependences of resistivity
measured in parallel direction with the
basal plane p,,(T) and along the axis ¢ p.(T)
[1-8]. While even a small deviation from
oxygen stoichiometry leads to transition
from the quasimetallic to semiconductor be-
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havior of the p.(T) curves in the p, (T) de-
pendencies even under considerable oxygen
deficiency (i.e. & > 0.5) at relatively high
temperatures a sufficient linear plot re-
mains, indicating stability of the intensity
of normal carriers scattering [4]. Qualita-
tively, the similar behavior is observed in
Y,_xPr,Ba,Cuz0;,_5 [2, 7, 8].

Characteristic feature of high-tempera-
ture superconductors (HTSC) is proximity
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Fig. 1. Plots of p.(T) dependences for Y,  Pr,Ba,CuzO,_ g5 single crystals for z = 0.0, 0.05, 0.19,
0.23, 0.34, 0.43, 0.48, 0.5 — curves 1-8, respectively.

of the dielectric and superconducting states
[2, 3]. This raises questions regarding inter-
ference of these states and in particular re-
garding the role of the localization effects
in the superconductivity event in HTSC ?
The conductive properties of YBa,Cuz0_;
compounds could be relatively easily varied
by changing oxygen stoichiometry, and by
the full or partial substitution of yttrium
by isovalent elements. It is established that
the substitution of yttrium by rare-earth
elements has almost no effect on the con-
ducting properties of the compound in the
normal and superconducting state [9]. The
only exception is the substitution of yt-
trium by praseodymium, the so-called "pra-
seodymium anomaly™ [2, 3, 10-12]. Adding
even a small (x = 0.05) amount of praseo-
dymium in the samples of Y, ,Pr,Ba,Cuz0;_g
leads to significant deterioration in their
conductive properties [2, 8, 12, 13], which
is reflected in the critical temperature (T,)
decrease, the increase of resistivity and the
enhancement of the localization effects.
When Pr concentration reaches x = 0.6, the
superconductivity in the compound disap-
pears completely [2, 3], and it shifts to in-
sulating state. This transition does not have
a significant effect upon the crystal struc-
ture and oxygen stoichimetry. This allows
us to make smooth changes in the ratio be-
tween different types of conductivity and to
investigate in detail the electrotransport
processes in the experimental samples. In
this work, we studied the evolution of con-
ductivity across the basal ab-plane in
Y1 _xPrBas,Cuz0;_g single crystals with vary-
ing concentrations of praseodymium doping
in wide concentration range 0 < x < 0.5.
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2. Experimental

The single crystals Y,_,Pr,Ba,Cuz0;_ 5
were grown by use of the solution-melt
technology [6, 14]. To obtain crystals with
partial substitution of yttrium by praseo-
dymium, in the initial lot of
Yl_XPI’XBaQCU3O7_5 PI’5011 was added in the
corresponding percentage. Cultivation and
oxygenation modes for the crystal growth of
Y1 _«xPryBa,Cuz0;_5 single crystals, were the
same as for the undoped crystals [6, 14]. As
primary components for growing crystals
we used Y,03, BaCO5, CuO and PrgO¢4 com-
pounds. The characteristic dimensions of
the crystals were 2.5 x 1.5 x 0.4 mm3 (the
smallest size corresponds with the direction
along c-axis). Resistivity was measured by
the octal-contacted method described in [2].
Temperature was measured using a plati-
num resistance thermometer.

Fig. 1(a) and (b) show the resistivity
temperature dependence across the basal ab-
plane, measured for Y,_,Pr,Ba,Cuz0;_g sin-
gle crystals with different degrees of pra-
seodymium concentration. As the concentra-
tion of praseodymium increases, the critical
temperature decreases and the resistivity
increases, which is consistent with previous
studies [10, 11].

Notably when the concentration of pra-
seodymium is in the range of 0.0 < x <0.34
(Fig. 1(a)), the experimental curves regard-
ing p(T) dependences remain in a suffi-
ciently wide temperature interval with qua-
simetallic character. Under subsequent in-
crease of the praseodymium concentration
(Fig. 1(b)) these curves are characterized by
thermally activated behavior, which indi-
cates increase of the role played by the lo-
calization effects.
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Fig. 2. Plots of resistivity dependences in InS(T) — 1/T coordinates for different praseodymium
content x: a — curves: I — 0.0, 2 — 0.05, 3 — 0.19, 4 — 0.28; b — curves: 56 — 0.34, 6 — 0.43,

7 — 0.48, 8 — 0.5.
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(T). The curves numbers are the same as in

Fig. 1. Arrows show the metal — insulator transition temperature T'y.

Fig. 2(a) and (b) show the same depend-
ences in lnp,, versus 1/T coordinates. It is
shown that these experimental curves are
straightened in a wide temperature range,
which corresponds to the description given
by analytic relation:

o(T) ~ exv(%}

where A is the activation energy (over
Boltzmann’s constant).

When the temperature drops below a
characteristic value there commences a sys-
tematic deviation of the experimental points
from linearity. According to Mott [15] this
is indicative of the metal — insulator (MI)
"Anderson” type transition in the system.
The "Anderson” transition can also occur in
materials that are not amorphous, but have
a certain degree of disorder [15]. In the
compounds of 1-2—38 system the role of this
factor can play as disorder of the labile

(1)
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components [9, 16] as praseodymium-doped
induced partial clustering of the experimen-
tal sample [17].

In a previous study [18], the following
equation was proposed for analysis of the
experimental curves p.(T):

B po + oT ~ BT, (2)
" 1-n[l-exp(-AE/2ET)] T-T.

p

were the first term describes the metal or
the semiconductor temperature dependence
of resistivity in the normal state and the
second term, describes the fluctuation su-
perconductivity that occurs at temperature
above the resistive transition to the super-
conducting state [19, 20]; n and 1-n are
contributions of the metallic and semicon-
ducting conductivity, respectively. Fluctua-
tion paraconductivity for these experimen-
tal curves is analyzed in more detail in the
previous study [19].
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Fig. 4. Plot of Ty dependence on praseodym-
ium content.

Approximation of the experimental data
by means of the first term in Eq.(2) is
shown in Fig. 1 by the solid curves. Notably
all the adjustable parameters used in this
analysis are linear formulas of the same
kind, which coincides with the praseodym-
ium concentration in our samples. Thus, it
can be concluded that in this case Eq.(2) as
in [18] is essentially one-parameter.

Using values of the parameters obtained
from the analysis of our curves by means of
Eq.(2), we have divided according to the
previous studies [18] the contributions cor-
responding to the metal and semiconductor
components of conductivity for all the sam-
ples. Fig.3(a) and (b) show the temperature
dependences 6,,,,(T) and ©,,,;(T), calculated
by Eq.(3) [18] using the above parameters:

- 3
0y = _l-n and )
phog + oT
n

27 (o, + aT)expAE/ 2kT)

Fig. 8 shows, that despite the fact that
with increase of praseodymium concentra-
tion the semiconductor component fraction
increases, the superconducting transition al-
ways occurs after beginning of the inequal-
ity OG0t > Ogemi- We can therefore conclude
that in Y, ,Pr,Ba,Cuz0O;_5 single crystals,
the MI transition always precedes the super-
conducting transition. Implementation of
specific quasiparticle scattering mechanisms
in the sample, caused by the presence of
structural and kinematic anisotropy in the
system [21-25] might play a certain role in
the phenomenon. If the temperature at
which 6,,,; = Ogomi(Tvp) is considered as the
point of the metal-insulator transition, it
can be seen that increasing the praseodym-
ium concentration leads to significant shift
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of Ty to the low temperatures region (see
Fig. 4).

Increasing the degree of praseodymium
doping in Y;_,Pr,Ba,CuzO;_g single crystals
leads to increased localization effects and
implementation in the system of the metal
— insulator type transition which always
precedes the superconducting transition.
The praseodymium concentration increase
leads to significant shift of the transition
point Ty to the lower temperatures, which
seems to be associated with increase of the
semiconducting segment contribution to
conductivity in the experimental samples.
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