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Magnetotransport properties of Y1xPrxBa2Cu3O7d
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Abstract
Magnetotransport measurements of Y1x Prx Ba2 Cu3 O7d (x ¼ 0, 0.13, 0.2, 0.32, and 0.42) single crystals reveal two
regimes in the pseudogap region for the x P 0:20 samples, with a crossover at a temperature Tcr ðxÞ. For Tc < T < Tcr ,
there is a vortex-like response in magnetoresistivity. For T > Tcr , the results are consistent with the picture in which the
origin of the pseudogap is the nearly antiferromagnetic Fermi liquid renormalized by strong superconducting ﬂuctuations.
Ó 2004 Elsevier B.V. All rights reserved.
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The charge carrier density can be modiﬁed in high
temperature superconductors (HTS) either by varying
the oxygen amount or by partial substitution of the rare
earth ions. The partial substitution of Y with Pr in
Y1x Prx Ba2 Cu3 O7d system has special advantages: (i)
Y1x Prx Ba2 Cu3 O7d is isomorphous to YBa2 Cu3 O7d
for 0 6 x 6 1; (ii) with increasing Pr content, the O2p-R4f
Fahrenbacher–Rice band crosses the Fermi level, hence,
the CuO2 pdr band is gradually depleted of holes [1];
(iii) the integrity of the CuO chains is preserved even in
strongly Pr-doped HTS. Thus, by varying the Pr content, one can cover the whole range of behaviors characteristic to bilayer cuprates, from the optimally doped
to the strongly underdoped regime.
It is known that a k-dependent pseudogap (PG) in the
quasiparticle density of states (DOS) opens in under-
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doped HTS, below a temperature T  ðxÞ [2]. The microscopic mechanisms responsible for PG are still under
debate, but the d-wave symmetry of both the superconducting gap and pseudogap suggests their common
origin. We performed in-plane resistivity and angular
magnetoresistivity (MR) measurements on Y1x Prx Ba2 Cu3 O7d (x ¼ 0, 0.13, 0.2, 0.32, and 0.42) to shed more
light on the physics underlying the PG.
Electrical resistivity measurements were performed
using a six-lead conﬁguration [3]. The angular magnetoresistivity was measured in constant applied magnetic ﬁeld H ¼ 14 T while rotating H from H kc-axis
(h ¼ 0°) to H kðabÞkI (h ¼ 90°). The single crystal growth
is described elsewhere [4].
As expected, the critical temperature Tc decreases
from 92 to 39 K with increasing Pr content from x ¼ 0 to
0.42, while the normal-state resistivity strongly increases. The T dependence of qab is linear for x ¼ 0:13
and is a combination of linear and quadratic contributions for the x ¼ 0 sample. For x P 0:2, the lower limit
T  of the linearity range shifts to higher T , moving
outside of the measured T range for the strongly underdoped samples. For this concentration range and for
Tc < T < T  , qab ðT Þ exhibits a power-law dependence;
i.e., qab ðT Þ / T a . The exponent a changes over this
T interval, indicating the existence of a crossover
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temperature Tcr in qab ðT Þ, hence two subregimes located
in the PG region. Speciﬁcally, 0 6 a < 1 for
Tcr < T < T  , indicating an underlinear qab ðT Þ, while
a > 1 for Tc < T < Tcr , indicating an overlinear qab ðT Þ.
The value of Tcr increases from 99 to 145 K with
increasing Pr content from x ¼ 0:2–0.42.
The presence of the two subregimes in the PG region
can be understood within the framework of the nearly
antiferromagnetic Fermi liquid (NAFL) renormalized
by strong superconducting ﬂuctuations [5]. Speciﬁcally,
the rate of change of qab with T is the result of a ﬁne
interplay between two eﬀects. On one hand, as T decreases, the k-dependent PG opens around the hot spots,
the Fermi surface approaches the magnetic Brillouin
zone, and the area of hot spots widens on the expense of
the cold spots, which tends to increase the resistivity. On
the other hand, the low frequency spin ﬂuctuations,
which are the main scatterers in NAFL, gradually freeze
as T decreases and PG opens, an eﬀect which decreases
the resistivity. For Tcr < T < T  , the suppression of the
spin ﬂuctuations on decreasing T is the dominant eﬀect,
thus overall qab ðT Þ decreases. At even lower temperatures, T < Tcr , the hot spots spread and PG increases,
which decelerates the decrease in resistivity.
Magnetotransport measurements reveal further aspects of the processes involved in the two subregimes.
We extracted the orbital magnetoresistivity as Dqorb
ab =
qab  ½qab ð90°Þ  qab ð0°Þ =qab ð0°Þ, assuming that the
spin contribution to MR is independent of ﬁeld orienorb
tation. The magnetoconductivity Drorb
ab  Dqab =
2
b
qab / T for the x ¼ 0 and 0.13 samples at all T , and for
the x P 0:2 samples at T > Tcr ðxÞ (see Fig. 1). The
exponent b decreases from 4.6 to 3.35 as x increases from
0 to 0.42 (see inset to Fig. 1). The value b ¼ 4:6 for the
optimally-doped sample and its decrease in the PG region are in good agreement with the predictions of
NAFL [6].
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Fig. 2. Plot of ﬂux-ﬂow-like magnetoresistivity Dqab;FF =qab vs
angle h of Y0:68 Pr0:32 Ba2 Cu3 O7d measured at 60, 65, and 70 K.
For comparison, ðDqab;FF =qab ÞðhÞ in the superconducting state
(40 and 52 K) are also shown with ﬁlled symbols.

The anisotropic magnetoresistivity Dqanis
ab =qab 
½qab ðhÞ  qab ð0Þ =qab ð0Þ exhibits the expected sin2 h
dependence only for T > Tcr . After subtracting the sin2 h
term, the h dependence of the magnetoresistivity is
similar to the one below Tc due to ﬂux-ﬂow (see Fig. 2).
This ﬂux-ﬂow-like magnetoresistivity Dqab;FF =qab indicates the presence of vortex-like excitations at
Tc < T < Tcr . Vortex-like excitations were also invoked
in the explanation of data from other types of measurements performed at T > Tc [7,8].
In summary, we carried out a detailed study of the
charge transport in Y1x Prx Ba2 Cu3 O7d within the
pseudogap PG state and of its evolution with the Pr
amount. We identiﬁed two subregimes in the PG region:
a high temperature subregime, consistent with the model
of nearly antiferromagnetic Fermi liquid, renormalized
by strong superconducting ﬂuctuations, and a low
temperature subregime in which the eﬀect of the PG is
enhanced and ﬁngerprints of vortex-like excitations
could be singled out.

4.6
4.4

100
β

∆σaborb(Ω-1 cm-1)

Acknowledgements

4.2
4.0
3.8
3.6
3.4
0

0.1

0.2

0.3

0.4

0.5

x

10

This research was supported by the NSF grant no.
DMR-0102415 at KSU and the US Department of
Energy grant no. DE-FG03-86ER-45230 at UCSD.

Y 1-xPrxBa 2Cu 3O 7-δ
H=14T

1

60

x=0

x
0.0
0.13
0.20
0.32
0.42

References
x=0.42

70 80 90 100

200
T

Fig. 1. Log–log plot of orbital magnetoconductivity Drorb
ab vs
temperature T . Inset: exponent b vs Pr content x.
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