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Time-dependent Meissner fraction as a function of aging in an oxygen-deficient
YBa2Cu307 z single crystal
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Meissner- and shielding-effect measurements were made on an oxygen-deficient single crystal of
YBa2Cu307 q as a function of aging time at room temperature following a quench from 225'C. It is
seen that the Meissner fraction systematically increases from 11.1% to 13.2% as T, changes from
11.2 to 25.0 K. All aging was done within the helium exchange gas environment of the sample
chamber. The results point to oxygen vacancy ordering rather than oxygen absorption as the mech-
anism for both the T, and Meissner-fraction increase.

Since the discovery of the high-temperature supercon-
ductor YBa2Cu307 & it has been found that varying the
oxygen stoichiometry between 6=0 and 1 changes the
transition temperature from 0 to 93 K.' In addition to
this, it has recently been discovered that, after initial
quenching, the transition temperature in oxygen-deficient
crystals increases with aging time at room temperature,
as much as 25 K. The fact that T, is a reversible function
of the annealing temperature was used as an argument to
rule out oxygen compositional changes as the mechanism
behind the aging process. It was, instead, suggested that
the aging was due to ordering of the oxygen vacancies in
the chains.

In this paper we report measurements of T„ the Meiss-
ner effect, and the shielding effect on a crystal aged at
room temperature in a helium environment. We confirm
the aging effect in T, seen earlier for crystals aged in an
air environment, and show that the Meissner fraction
(defined as the ratio of field-cooled to zero-field-cooled
magnetization) systematically increases with time. This
implies that pinning decreases with aging, as would be ex-
pected if the oxygen vacancy ordering is the mechanism
behind the aging effect. Oxygen compositional changes
could not have occurred in our experiment and are ruled
out as the aging mechanism.

The sample used was a YBa2Cu307 & single crystal,
grown by a self-flux method, of dimensions
1. 1 X 1. 1 X0.4 mm with the c axis along the short di-

mension. The original T, was 91.2 K with a magnetic
transition width of (0.5 K in a field of 1 G. Preparation
of the low-T, oxygen-deficient phase consisted of a 2-h
vacuum anneal ( (20 mTorr) in a quartz tube at 650'C to
remove any surface impurities followed by a 7-day anneal
at 530'C in a 1.5-Torr oxygen environment. The sample
was then quenched to room temperature by pouring wa-
ter over the evacuated tube containing the sample. After
aging at room temperature for several weeks, the crystal
had a T, of 27.0 K and a transition width of (2 K.

Magnetization versus temperature data were taken on
a low-field noncommercial SQUID magnetometer
equipped with a p-metal shield and a "He cryostat. Flux
exclusion (shielding) was measured by cooling in zero
field to well below T„applying a field at low tempera-
tures, and recording the magnetic moment as the sample
warmed. Flux expulsion (Meissner) was measured by
cooling and warming in a field, to below and above T„
recording data in both directions. All measurements
were in a field of 1 G with the field aligned along the c
crystallographic axis.

To introduce the oxygen vacancy disorder, the sample
was heated in flowing oxygen to 225 'C for 3 h in a quartz
tube furnace. The crystal was then quenched in acetone
and transferred within 2 min to the sample chamber of
the helium cryostat where it was subsequently cooled in
zero field to 4 K. Shielding and Meissner curves were
recorded, after which the sample was warmed to 300 K
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FIG. 1. Diamagnetic shielding (zero-field-cooled) data with
corresponding Meissner (field-cooled} warming curves for vari-
ous room-temperature annealing times. The Meissner expulsion
is approximately 10% of the shielding exclusion for each curve.

and held there for 0.5 h followed by another measure-
ment at low temperature. This procedure, room-
temperature annealing followed by Meissner and shield-
ing measurements, was repeated five times. During the
entire experiment the sample remained in the same posi-
tion and orientation (which was necessary since Meissner
fraction depends on sample orientation ) in the helium-
gas atmosphere of the cryostat.

Figure 1 shows shielding and Meissner warming curves
as a function of the room-temperature annealing time.
The Meissner cooling data (not shown) had more noise
due to thermal emf's caused by temperature gradients in
the sample chamber. The Meissner signai for each transi-
tion is on the order of 10% of the shielding signal. It
should also be noticed that each transition remains sharp,-2 K in width, showing that the T, enhancement with
aging is a bulk effect as seen previously. On closer in-
spection (Fig. 2), the data show a definite trend of an in-
creasing Meissner signal with T, and annealing time.
The Meissner cooling curves also exhibited this same be-
havior. In contrast, the shielding curves remained con-
stant to within 1%. The Meissner fraction (ratio of
Meissner to shielding signals) steadily increased from
0.111 to 0.132, corresponding to a 20% change.

Figure 3 shows both Meissner fraction and T, as a
function of room-temperature aging. Both curves follow
a similar trend of large changes for short annealing times
followed by a saturation as the equilibrium T, of 27.0 K
is approached. The Meissner fraction saturates more
quickly than T, .

As a check on the above results, the same Meissner
fraction versus aging experiment was performed on a
second YBa2Cu307 & oxygen-deficient crystal grown by a
different sample grower. The Meissner fraction was mea-
sured immediately after the initial quench from 225'C
and later after 45 h of room-temperature aging. The
transition temperature and Meissner fraction increased
from 8.0 K and 6.5% to 26. 1 K and 12.7%, respectively.
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FIG. 2. A magnified view of Fig. 1 showing only the Meiss-
ner effect and its systematic increase with aging.
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FIG. 3. The Meissner fraction (squares} and T, (triangles}
plotted as a function of room-temperature aging.

Several other crystals from this same batch have shown
similar dramatic increases in the Meissner fraction with
aging.

The fact that room-temperature aging is observed on a
crystal kept in a helium-gas atmosphere rules out oxygen
stoichiometry changes as the cause of the aging effect.
This conclusion is consistent with recent neutron-
diffraction results on polycrystalline samples which
showed no change in oxygen site occupancy during the
aging process.

The fact that the Meissner fraction and T, follow ap-
proximately the same time dependence suggests that they
have a common origin. The reduction of the oxygen va-
cancy disorder with aging proposed to explain the change
in T, can also explain the increase in the Meissner effect,
assuming that the increased Meissner effect reAects a de-
crease in pinning. For the unaged crystal, the quenched-
in disorder has a tendency to trap many Aux lines which
leads to a relatively small Meissner fraction. As the oxy-
gen vacancy order increases during aging, the ability to
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pin Aux is reduced and the Meissner fraction increases.
As monitored through the Meissner fraction data, the
majority of the ordering occurs quickly after initial
quenching followed by a progressively slower ordering as
the final equilibrium T, is reached. The pattern in the
time dependence of the pinning and T, can be naturally
explained by an increasing oxygen vacancy order.

In summary, the Meissner and shielding eAects have
been measured on an oxygen-deficient YBa2Cu307 &

sin-

gle crystal as a function of room-temperature aging. The
measurements reveal a noticeable increase in both T, and
the Meissner fraction during aging. We rule out oxygen
compositional changes and instead attribute these in-
creases to an increased oxygen vacancy order. This con-

elusion is consistent with the similarity of time depen-
dence of the Meissner fraction and T, in the aging pro-
cess.
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