Giant Magnetoresistance in
Transition Metal Oxides
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Magnetoresistance (MR)—the change in
the electrical resistance of a material in the
presence of a magnetic field—is of great im-
portance because of its technological impli-
cations in magnetic recording, actuators,
and sensors. It has been known for some
time that some layered and granular inter-
metallic materials (1), as well as doped
magnetic semiconductors (2), exhibit large
MR effects known as giant magnetoresis-
tance (GMR), but only recently has it been
observed in oxides. The GMR effect is par-
ticularly strong in perovskite manganates of
the type La;_,AMnO; (where A is a diva-
lent cation such as an alkaline earth or Pb).
The phenomenon was first observed in thin
films of these oxides (3), but it also occurs
in polycrystalline (4, 5) and single-crystal
(6) materials. There has been a surge of ac-
tivity in the last 3 years to explore GMR in
a variety of manganates, and the results of-
fer guidance in the search for new materials.
The discovery of GMR adds another di-
mension to the great technological possi-
bilities of oxide electronics, high-tempera-
ture superconductivity being the other well-
known aspect.

The compound LaMnQyj is an antiferro-
magnetic insulator. When doped with a suf-
ficient concentration of holes (Mn** ions)
by aliovalent substitution or other means
(7), the material becomes a ferromagnetic
conductor with a metal-like temperature
variation of resistivity. An Mn** concentra-
tion of around 33% is optimal for obtaining
good ferromagnetic characteristics. What one
observes in resistivity measurements of such
samples is a change from an insulating to a
metallic behavior, giving rise to a peak in
the resistivity at a temperature T}, close to
the ferromagnetic transition temperature T,
(Fig. 1). The double-exchange mechanism
of Zener and de Gennes (8) has been in-
voked to account for these properties. The
application of a magnetic field in the range
of 1 to 10 T causes a large decrease in the
resistivity of the manganates, particularly in
the region of T, (see Fig. 1, bottom). De-
crease in resistance of close to 100% (9) has
been observed in La;_,A,MnQO; and the re-
lated rare-earth derivatives Ln;_ A ,MnO;
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temperature variation of resistivity at T < T,
is unusual, with the value for residual re-
sistivities at low temperatures being high; in
some instances, (T < T.) > (T > T.) (5).
Furthermore, La;_ A, MnO; has a negligible
density of states at the Fermi level, and the
hole states appear to be essentially localized
(13). What, then, is this unusual metallic
state (at T < T.) in the manganates? In

order to describe the marginal

Fig. 1. Giant steps. (Top) Magnetization data of polycrys-
talline Lagg4sMngassO3. (Bottom) Temperature variation of
the resistivity of Lag g4sMng 04505 for different values of H (5).

[Modified from a figure in (5)]

(Ln = rare earth) (10). The variation of
MR with magnetic field generally follows
the magnetization behavior, with a sharp
increase in MR at low fields and low tem-
peratures (Fig. 2).

High values of GMR are generally found
when T, or T, is low and the peak resistiv-
ity at T}, is high. Hydrostatic pressure in-
creases T as a result of changes in the Mn-
Mn transfer integral or the Mn-O-Mn angle
(11). Increasing the radius of the A-site cat-
ions, {ra), has the same effect as increasing
the pressure. A plot of T, or T, against {rs)
affords a phase diagram (12) tixat separates
the paramagnetic insulator and ferromag-
netic metal regimes; at small {r,), we have
the ferromagnetic insulator regime. The
magnitude of GMR and the peak resistivity
decrease with an increase in (1)

Some of the unusual features of the
manganates are noteworthy, the most
striking one being the “metallic” state at T
< T,. The resistivity at the insulator-metal
transition is very high compared with
other oxide systems exhibiting such transi-
tions (such as La;_,Sr,CoQOj3), the resis-
tivity being considerably higher than
Mott’s maximum metallic resistivity. The
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Accordingly, LagggMngesO; (%
Mn#**~10), which is really an an-
tiferromagnetic insulator with a
few Mn8*-O-Mn**—type ferromag-
netic clusters, shows GMR.

Some of the Ln;_,A ,MnOj; compositions
show hysteresis effects, the resistance becom-
ing dependent on magnetic history (16). In
Lag g35191;MnQO;, the structure can be
changed by applying a magnetic field, con-
firming that the local spin moments and
the charge carriers are coupled to the structure
(17). More interestingly, Nd 5SrosMnOj; and
a few other manganates exhibit charge-or-
dering and a first-order insulator-metal tran-
sition induced by the magnetic field (18).

Although GMR studies of manganates
have been rewarding, it is not yet clear how
these materials can be used in technology.
What is required is a material with high
GMR at ambient temperatures and at mod-
est fields. Other materials must be explored.
Among transition metal oxides alone, sev-
eral other systems have already shown
promise. Thus, Ln;_,A,CoO;, which be-
comes ferromagnetic and metallic at x >
0.3, shows GMR (19), as does T1,Mn,0O;,
which is a pyrochlore rather than a
perovskite (20). The common features of
GMR in the manganates also provide cer-
tain guidelines for the discovery or design of
new GMR materials. For example, because
the magnitude of MR is highest around T,
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Fig. 2. Electronic phase diagram of
La,_,Sr,MnO,;. Pl, Paramagnetic insulator;
PM, paramagnetic metal; CNI, spin-canted
insulator; FI, ferromagnetic insulator; FM, Ferro-
magnetic metal [from (6)].

and increases with the resistivity at this
temperature, it seems desirable to examine
materials that are magnetic insulators (with

reasonable resistivities) at room temperature
in order to exploit the property for techno-
logical applications. Quaternary oxides, such
as LnMn;_,Cr,O3, would be good candidates
for this purpose. Oxide spinels, the A;Mn;Og
family of oxides, as well as oxides with the
scheelite structure (with appropriate modifi-
cations), would be other suitable candidates.
Among nonoxide materials, magnetic sulfides,
rendered marginally metallic by appropriate
substitution, could be examined. There is also
need for good measurements on well-char-
acterized samples of the manganates and other
oxides exhibiting GMR. For example, struc-
tural studies in the presence of a magnetic
field would be of considerable interest.
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Green Light for Steroid Hormones

David W. Russell

Since its founding in the 19th century,
endocrinology has been constantly inner-
vated by the contributions and method-
ologies of other fields. These innervations
came first from chemists who elucidated
the structures of steroid hormones, then
from biochemists who purified peptide
hormones and their receptors, and even-
tually from molecular biologists who iso-
lated the genes encoding these molecules.
These incursions have forced card-carrying
endocrinologists to constantly leamn new
techniques, new literature, and new ap-
proaches, which in turn has allowed them
to shed more light on the mechanisms by
which tissues and cells communicate across
vast distances.

Throughout this history, endocrinolo-
gists have assumed that at least one research
field could be safely ignored: the field of
botany. For although we may have learned
as undergraduates that plants have hor-
mones, so-called phytohormones—auxins,
abscisic acid, and gibberellin—it was
widely held in advanced training that the
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mechanisms green plants use to send inter-
cellular signals are radically different from
those of higher mammals, which have
complex circulatory systems and rights of
passage such as puberty.

The work described by Li and co-work-
ers in this issue renders these notions anti-
quated (1). They have isolated by positional
cloning an Arabidopsis gene (DET2) that
markedly affects light-regulated develop-
ment (2) (Fig. 1), and they determined the
molecular basis of seven defects in this gene.
Database searches reveal that the protein
encoded by DET?2 is almost certainly a plant
ortholog of the mammalian steroid 5a-reduc-
tases, a group of enzymes involved in male
hormone (androgen) biosynthesis (3). This
sequence identity in turn led the authors
to test the hypothesis that plants lacking
an active DET?2 protein might be defective
in the biosynthesis of a phytohormone,
specifically one that possessed or was de-
rived from a cyclopentanoperhydrophen-
anthrene skeleton. Proof of principle was
obtained when the plant steroid bras-
sinolide, a bizarre steroid with 28 carbon
atoms, successfully reversed the growth de-
fects associated with a genetic deficiency
(nwull allele) in the DET2 protein. Together,
the sequence identity and the rescue experi-
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Fig. 1. Wild-type and det2 Arabidopsis thaliana.
The wild-type plant is on the left. The det2
plant on the right exhibits dwarfism, infertility,
reduced apical dominance, and a darker
green color due to delayed leaf and chloro-
plast senescence. DET2 encodes a steroid
Sa-reductase and its mutation eliminates the
biosynthesis of brassinolide, a plant steroid
hormone required for development and light-
regulated gene expression. [Reprinted from (7)
with permission]

ments indicate that the product of the
DET?2 gene is involved in the biosynthetic
pathway leading to brassinolide (Fig. 2), a
member of a large class of ubiquitous plant





