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Memory effects
in YBa,Cu,0,_,
single crystal

by C. Rossel
Y. Maeno
F. H. Holtzberg

Measurements of the time dependence of zero-
field-cooled (ZFC) and field-cooled (FC)
magnetization M in YBa,Cu,0,_, single crystal
have been performed as a function of
temperature and magnetic field. The appearance
of an echo-like feature in the decay rate S =
dM/d In t at an observing time t equal to the
waiting time t, during which the specimen was
prepared at a given field H, and temperature T
reveals aging effects in the superconducting
state. Similar phenomena reported in spin
glasses seem to validate the picture of a
superconducting glass state in YBa,Cu,0,_..

1. Introduction

In the early stages of discovery of the high-T,
superconducting oxides, Miiller et al. [1] pointed out the
irreversible nature of the magnetization, and in particular
the difference between the magnetic responses of field-cooled
(FC) and zero-field-cooled (ZFC) samples. The existence of a
superconducting glass state was proposed; its origin was
suggested to arise from the extremely short coherence length
£ (3-30 A) found in these materials [2]. The superconducting
order parameter at the superconducting region boundaries is
depressed, and proximity-effect junctions are created at twin
boundaries in YBa,Cu,0,_; or at other planar defects. Such
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a network of weak links can produce the observed glassy
properties proposed by theory [3] and numerical simulations
[4]. Many experiments have been performed to check these
glass-like properties. Logarithmic time decay of the
magnetization M was reported by several groups and was
measured as a function of temperature and magnetic field in
ceramics [5, 6], single crystals [7-9], and thin films [10].
Although suggestive of a glass state, the time dependence of
M was also proposed to originate from giant flux creep [9]
specific to the oxides, because of the much lower activation
energy needed to depin the flux lines as compared to
conventional superconductors.

We have measured the time dependence of M as a
function of T and H in a single crystal of YBa,Cu,0,_,
either FC or ZFC below T. A surprising observation is that
the decay rate S = dM/d In ¢ is not uniquely determined, but
depends on the waiting time 7, during which the specimen
has been prepared in a certain (T, H,) state before applying a
field-change A H and starting the relaxation measurement.
The echo-like or memory feature appearing as an inflection
point in the decay of M vs. In ¢ shows that the system ages
through multiple relaxation processes over a hierarchy of
free-energy barriers. Similar effects have been discovered in
spin glasses and extensively studied both experimentally [11]
and theoretically [12]. We propose that our data in
YBa,Cu,0,_, support the picture of a glass state owing to the
presence of frustrated superconducting domains, in
particular close to 7.

2. Experiment

A thin single-crystal platelet with the c-axis perpendicular to
its plane was mounted in a SHE SQUID susceptometer with
the magnetic field applied paraliel to ¢. Great care was taken

IBM J. RES. DEVELOP. VOL. 33 NO. 3 MAY 1989







