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Longitudinal and transverse magnetoresistances of YBa2Cu307 in very high field up to 430 kG
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Measurements of the resistivity, together with the longitudinal and transverse magnetoresis-
tances of YBa2Cu307 in extremely high fields up to 430 kG at different temperatures (4.2-300
K) are reported. It is shown that the application of a field as high as 430 kG does not destroy su-

perconductivity at 50 K. Moreover, the resistance at 77 K and 430 kG does not approach the sat-
uration limit and is only —50% of that of the normal phase. A large negative and anisotropic
magnetoresistance Ap is observed at high temperature (T) 100 K). It is suggested that this be-
havior could be either of magnetic origin or due to some influence of the electromagnetic field on
the short-range order of oxygen ions.

Since the recent discovery of a new class of high-T, su-
perconductors, ' tremendous eA'orts have been devoted to
these materials. In this paper, we want to focus our atten-
tion on some transport properties of both the supercon-
ducting and the high-temperature phases and we report
measurements of the resistivity [p(T,O)], the longitudinal
[p~~(T, H)], and the transverse [p~(T,H)] magnetoresis-
tances of YBa2Cus07 as a function of field (0» H» 430
kG) and temperature, (4.2» T» 300 K). As usual, by
longitudinal and transverse magnetoresistances we mean
that the field H is applied parallel or perpendicular to the
direction of the current flow in the sample.

For simplicity, these magnetoresistances will be de-
fined by Ap~[=pi(T, H) —p(T, O) and dpJ =pJ (T,H)
—p(T, O). It will be helpful for the analysis of the present
results to recall that it was shown recently by Oussena,
Senoussi, and Collin and by Senoussi, Oussena, Ribault,
and Collin that the magnetic and transport properties of
the new superconducting materials, including the sample
investigated here, are (in the present state of the methods
of preparation) those of a type-II granular superconductor
in which strongly superconducting grains are coupled via
weak superconducting links. In addition, there is evidence
that the critical current density and the lowest critical
field H, ~ of these materials were governed by the weak
links and do not represent the intrinsic parameters of the
bulk state. Here too we shall see that the destruction of
superconductivity by the high external field is, to a larger
extent, related to the imperfection of the material (weak
links). As a matter of fact, it seems that a large fraction
of the grains are still superconducting in 400 kG and at
liquid-nitrogen temperature.

Our experiments were performed in the "Service Na-
tional des Champs Intenses de Toulouse" at diAerent tem-

peratures in the slowly decreasing part of a pulsed field
cycle (field rise time: 200 ms, field decay time: 800 ms).
The measurement is a classical four-probe ac method us-
ing a current of 1 mA at a frequency of 100 kHz. The
sample was a small parallelepiped (length 10 mm, width
—3 mm, thickness —1.5 mm).

The material was prepared starting from Y203, BaCO3,
and CuO oxides reacted at 900-1000'C for 3 h. After
grinding, the powder was reannealed in an oxygen flow at
300, 500, and 700 C for 12 h at each temperature.
The powder was pressed into pellets and then sintered in
oxygen. Our samples were systematically characterized
by x-ray diA'raction with a Guinier-Laine Camera (Cu
ECa) and are single phase.

Figure 1 shows the temperature dependence of the
resistance of YBa2Cu307 at 0, 200, and 400 kG. We draw
attention, however, to the fact that, contrary to p(T, O),
p(T, 200 kG) and p(T, 400 kG) have not been traced point
by point on raising the temperature, but have been de-
duced indirectly from the isothermal magnetoresistance
curves displayed in Fig. 2. In agreement with other re-
sults, we find that p(T, O) exhibits a clear metallic con-
ducting behavior with a linear temperature dependence
over the temperature range (110» T» 300 K). As
shown in the inset in Fig. 1, negative deviation from the
linear laws sets in below about 110 K. From Fig. 1, the
transition temperature (at H =0) is estimated to be about
93 K (defined as the point where p is reduced to approxi-
mately half its high-temperature value). The width of the
transition (defined as the temperature interval over which
the resistance raises from —10% to 90% of its final value)
is —2 K. It is worth noting too that the transition temper-
ature and the associated width at 400 kG (defined as
above) are about 78 and 22 K, respectively.
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FIG. 4. Longitudinal (HI)i) and transverse magnetoresis-
tances (H J i) at 200 K. Note the strong and positive anisotro-
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FIG. 3. Field dependence of the reduced transverse rnagne-
toresistance Ap/p(T, O) at diff'erent temperatures.

T, as we see no detectable difference between Ap~(135 K,
H) and hp~(200 K,H). This is probably fortuitous and
would mean that Ap& passes through an extremum some-
where between 135 and 200 K. This is perhaps best illus-
trated in Fig. 3 showing hp&(T, H)/p(T, O) at various T.
We tentatively propose that the above behavior is due to
the contribution of at least three competing terms which
we write as follows:

~c =~a'+~a +~&" (3)

Here Ap' is a positive term arising from the suppression
of superconducting fluctuations by the applied field. hp
is a negative contribution whose origin is not clear to us:
It could be due to some unusual mechanisms, typical of
the new superconductors, such as localization efI'ects or,
more probably, to some coupling between the electromag-
netic field and oxygen, leading to a rearrangement of the
short-range order of oxygen ions. A more conventional
possibility is that it is a magnetic eAect. In this case, hp
would represent a spin-disorder resistivity of the sort ob-
served either in usual ferromagnetic metals' "above the
Curie temperature or in magnetic alloys such as spin
glasses. ' Interestingly enough, if the magnetoresistance
is of magnetic origin, then the fact that it is strongly an-

isotropic with Ap&((Apt (Fig. 4) would imply a large or-
bital contribution comparable to the isotropic spin contri-
bution. It is to be emphasized that the presence of orbital
eftects would have large inAuences on the behavior of

many other physical quantities such as Hall resistivity,
NMR, and EPR, etc.

Finally, the last term, dp" of the right-hand side of Eq.
(3) is the Lorentz or (normal) magnetoresistance, the
most characteristic feature of which is that it is always
positive with Ap& & Ap~~. From Figs. 2 and 4, it is clear
that as long as the transverse geometry is concerned, the
Lorentz magnetoresistance is completely masked by the
negative contribution, whereas it is predominant in the
longitudinal configuration (Fig. 4). It is worth noting that
very peculiar transport data showing magnetothermal ir-
reversibilities, time-dependent eff'ects, and other unusual
phenomena at high temperature between 80 and 300 K
have been reported recently. ' No eff'ects of that sort have
been detected by us. The reason might be that transport
properties are very sensitive to all kinds of inhomo-
geneities on a microscopic scale and could therefore differ
markedly from sample to sample depending on the
method of preparation employed.

Our high field data confirm that YBa2Cu307 behaves
like an inhomogeneous material, the superconducting
properties of which are at the present time primarily limit-
ed by the badly superconducting parts (weak links) of the
sample. It is likely that with the inevitable improvement
of the methods of preparation of these materials the criti-
cal field H, 2(77 K) will attain several hundreds of kG.

We wish to thank I. A. Campbell, P. Lederer, and
M. Ribault for a number of very useful discussions. The
Laboratoire de Physique des Solides is associe au Centre
National de la Recherche Scientifique.
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