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fieldsup to 7 T

A.J.J. van Dalen?, R. Griessen?, S. Libbrecht® E. Osquiguil® and Y. Bruynseraede®

@ Faculty of Physics and Astronomy, Free University, 1081 HV Amsterdam, The Netherlands

bLaboratorium voor Vaste-Stoffysika en Magnetisme, K.U. Leuven, 3001 Leuven, Belgium

¢Centro Atédmico, 8400 San Carlos de Bariloche, R. N. Argentina

Superconducting current densities j. and dynamic relaxation rates @ = dlnj,/dIn(dB./dt) in an oxygen
deficient YBa>CusO7_s epitaxial film were measured as a function of temperature (1.5K < T < T;,;) in magnetic
fields up to 7 T by means of high sensitivity capacitance torquemeters. Below 5 K, the relaxation rate remains
high and does not extrapolate to @ = 0 at 7' = 0K. This is associated to the quantum tunneling of vortices through
the energy barrier separating two adjacent vortex configurations. In the case of ohmic dissipation the quantum
creep rate is proportional to the normal state resistivity pn(0) at T = 0 K. In order to check this theoretical
prediction we measured @ as a function of the oxygen content of the sample. The quantum creep rate increases
systematically with increasing p,(0). However, ) remains finite even when p, = 0.

High-T, superconductors are characterized by
a large relaxation of the induced current density
js as a result of the low energy barriers sepa-
rating adjacent vortex configurations. These low
energy barriers strongly favour the occurence of
quantum creep of vortices which becomes the
dominant relaxation mechanism at low temper-
atures. The quantum creep rate is influenced
by the interaction between the tunneling parti-
cle and its environment. In high-T, superconduc-
tors this interaction is due to the viscosity aris-
ing from the dissipation in the core of the vor-
tex. As shown by Griessen et al. [1] for the case
of ohmic dissipation, the quantum creep relax-
ation rate Qo at T' = 0 K is simply evaluated
from Larkin and Ovchinnikov’s (2] expression for
the tunneling rate in presence of dissipation and
the Bardeen-Stephen (3] expression for the vis-
cosity n = ®oBcaL:/pa(0) for a vortex segment
of length LS. One obtains then

dln j, - e*pn(0)

- amy = 1
Qo dIn(dB./dt)|p_,  2hLE (1)

in the case where the effective range of the pin-
ning potential is equal to & and p,(0) is the nor-
mal state resistivity at 7= 0 K. A more detailed

derivation of eq. 1 is given in the quantum collec-
tive creep theory of Blatter et al. [4]. The c-axis
correlation length of the vortex is given by

N @)
TV Je

where £ is the coherence length in the ab-plane,

¥ = Ae/Aap = Eap/E. 1s the anisotropy and jp =~

H./) and j, are the depairing and critical current

densities, respectively.

In this paper we present torque measurements
on an epitaxial YBa;Cu3O7_; film of dimensions
11 mm x 6 mm x 450 nm. The nominal oxygen
deficiency 6 of this film is adjusted by post anneal-
ing in an oxygen atmosphere, following the con-
stant oxygen content lines in the partial oxygen
pressure-temperature (Pop, — T') phase diagram.
The reversibility and reproducibility of this proce-
dure has been controlled by performing resitivity
measurements. on the fully oxydized film before
and after the experiments. More details about
the preparation and oxygen loading process have
been published elsewhere [5]. The relaxation rate
is obtained from measurements of j, as a function
of the sweeprate dB./dt of the external field B..
This is done by making minor hysteresis loops
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Figure 1. Dynamic relazation rate @ as a function of
temperature at Be = 2.0T. The values of the oxygen
deficiency 6 are 0.02, 0.15, 0.80, 0.4 and 0.45.

around B,=0.6 T, 2.0 T and 6.9 T, respectively.
The magnetic field sweep rate ranges from 0.3
to 40 mT/s. The angle © between the magnetic
field direction and the c-axis of the film is 5°. In
this case the currents are confined to the ab-plane
and the magnetic moment is perpendicular to the
plane of the film.

The measured dynamic relaxation rate is dis-
played in fig. 1 as a function of temperature for
4 ranging from 6 = 0.02 to & = 0.45. The re-
laxation rate clearly increases with &, indicat-
ing a decrease of the pinning energy. Further-
more we observe a non-zero extrapolation @y of
the relaxation rate to T = 0 K which is also in-
creasing with increasing §. Since eq. 1 suggests
that Qo increases with p,(0) we have plotted Qg
as a function of the normal state resistivity in
fig. 2. As an estimate for p,(0) we have taken
0.8pn(T:). Qo increases linearly with p,(0) but
there is an intercept for p,(0) = 0 which implies
that a finite relaxation remains even in a high
normal conductivity material. This is not due to
the oxygen concentration dependence of L¢ since
from published data for v, A and £ [6,7] and the
measured j. we find from eq. 2 that LS remains
virtually constant. This implies that the normal
state resistivity pn(0) in eq. 1 is not equal to the
macroscopically measured pe;. This is not sur-
prising since the chains in YBasCu3zO7_;s are also
contributing to the electric conductivity. With
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Figure 2. Quantum creep rate Qo of YBaaCua O7_s
as a function of the normal state resistivity p,(0) at
B.=0.6T, 2.0T and 6.97T.

L% ~ 4nm determined from creep measurements
in a series of YBa;CuzO7/PrBasCuzO7 multilay-
ers we estimate that p,(0) = 66 puQcm for the
nearly stoichiometric YBaaCusQOg 9g. It is inter-
esting to note that this value is close to p,(7.) =
76 pQcm measured in BiaSraCaCuz0gys, a com-
pound without chains but insulating BiO layers.
Finally we note that the data in fig. 2 show that
Qo is weakly dependent on B, in agreement with
the single vortex quantum creep theory.
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