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Giant magnetoresistance of a two-dimensional ferromagnet
La222xCa112xMn2O7
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Bulk samples of La222xCa112xMn2O7 with the layered Sr3Ti2O7-type perovskite structure have
been successfully synthesized and investigated with respect to their magnetic and electrica
properties. It is found that La222xCa112xMn2O7 ~x50.25! is a metallic ferromagnet with a magnetic
transition temperatureTc of 215 K. The large magnetoresistance~MR! effect withDr/r0 of ;60%
at 1.8 T was observed in a wide temperature range below a cusp temperature in resistivity of 96 K
which is well below the magneticTc . This behavior is quite different from that of the well-known
double-exchange ferromagnets such as La12xCaxMnO3, where large MR effects are restricted to a
narrow temperature range around the ferromagnetic transition. The present result could be
interpreted by using the double-exchange theory incorporating the anisotropy resulting from the
two-dimensional Mn-O-Mn networks in La222xCa112xMn2O7. © 1996 American Institute of
Physics.@S0003-6951~96!00825-X#
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Since the discovery of high-temperature superconduc
ity, there has been renewed interest in mixed-valence pe
skite 3d-transition-metal systems with strong electron cor
lations. Among a number of perovskite compounds, ho
doped manganese oxide systems have attracted
attention because of their particular magnetotransport p
nomena resulting from strong spin-charge coupling. T
ABO3-type compounds with three-dimensional Mn-O-M
networks, Ln12xMxMnO3 ~Ln being rare-earth ions and M
divalent cations!, such as La12xCaxMnO3 and
La12xSrxMnO3 , have long been known to be conductin
ferromagnets. The magnetic interaction is commonly
cepted as being the result of double-exchange mechan
based on the mixed Mn31/Mn41 valence state.1–4 With the
ABO3-type manganese oxides, a ferromagnetic metal t
paramagnetic insulator transition take place at a magn
transition temperatureTc at which large negative magnetor
sistance effects have been observed.5–11

Other variations of perovskite oxide compounds a
known to exist, and the general formula is An11BnO3n11.
Apart from ABO3-type ~n5`! manganese oxides
An11BnO3n11-type compounds have layered perovsk
structures with two- or quasi-two-dimensional Mn-O-M
networks. For such compounds, the magnetotransport
nomena arising from the mixed Mn31/Mn41 valence state are
expected to be interesting in terms of anisotropic transp
and exchange interactions. So far, the manganese oxide
n51, La12xSr11xMnO4 with a layered perovskite structure~
K2NiF4 type!, has been examined and found to be tw
dimensional antiferromagnets.12,13 Much more recently, a
study on single crystals has shown that the manganese o
with n52, La222xSr112xMn2O7 ~x50.4! is a conducting
ferromagnet.14

In this letter, we report the magnetic and electrical pro
erties of layered perovskite La222xCa112xMn2O7 with two-
dimensional Mn-O-Mn networks. Bulk samples
La222xCa112xMn 2O7 ~x50.25! exhibit large negative mag
netoresistance~Dr/r0564% atm0H51.8 T! at a temperature
~77 K! which is much lower than its magnetic transitio
3638 Appl. Phys. Lett. 68 (25), 17 June 1996 0003-6951/
Downloaded¬18¬Oct¬2006¬to¬133.6.32.11.¬Redistribution¬subject¬
tiv-
rov-
re-
le-
reat
he-
he
n

g
ac-
isms

o a
etic
-

re

,
ite
n
he-

ort
with

o-

xide

p-

f
-

n

temperature~Tc5215 K!. This behavior is quite different
from that of three-dimensional double-exchange ferromag
nets such as La12xCaxMnO3, where the magnetic transition
temperature is nearly the same as the metal-insulator tran
tion temperature. This behavior is considered to be close
connected to an anisotropic exchange interaction resultin
from the two-dimensional Mn-O-Mn networks in
La222xCa112xMn2O7.

Bulk ceramic samples were prepared by a standard c
ramic process. Stoichiometric amounts of La2O3, CaCO3,
and Mn2O3 were mixed, ground, and calcined at 900 °C for
20 h in an O2 atmosphere. The samples were sintered a
temperatures in the 1400–1450 °C range for 20 h in an O2

gas atmosphere. We characterized the samples using x-r
diffraction and energy dispersive x-ray microanalysis~EDX!.
The composition was found to be nearly identical to the
nominal one within the accuracy~;2%! of EDX. The elec-
trical resistance and magnetoresistance were measured a
function of temperature and magnetic field by a standar
four-point technique. The magnetization was measured on
vibrating sample magnetometer. The MR ratio is defined a
Dr/ r05(r02r)/r0 ~wherer andr0 are the resistivity at an
applied magnetic field and the zero field resistivity, respec
tively!.

Figure 1 shows the x-ray diffraction pattern for a bulk
sample of La222xCa112xMn2O7 ~x50.25!. All the diffraction
peaks are indexed with the Sr3Ti2O7-type perovskite. The
good agreement obtained between the calculated and o
served relative line intensities indicates that the sample
nearly single phase of the Sr3Ti2O7-type structure, and is not
a mixture with the ABO3- and K2NiF4-type structures. In
Fig. 2, we show the crystal structure of
La222xCa112xMn2O7, which is the tetragonal structure with
the Sr3Ti2O7-type perovskite.

15 The space group is I4/mmm.
The lattice parameters of the tetragonal unit cell for the
sample~x50.25! are a50.3872 nm andc51.9248 nm. In
this system, the double perovskite layers are interleaved wi
La~Ca!O layers, and Mn-O-Mn bonds in thec-axis direction
are separated from one another by the La~Ca!O layers. Thus,
96/68(25)/3638/3/$10.00 © 1996 American Institute of Physics
to¬AIP¬license¬or¬copyright,¬see¬http://apl.aip.org/apl/copyright.jsp
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the Mn-O-Mn exchange interaction can take place betw
the Mn ions in thea-b plane of the perovskite layers
whereas the exchange interaction between the double pe
skite layers~in the c-axis direction! must be through O22

ions. Therefore, it is likely that the physical properties
La222xCa112xMn2O7 are inherently two dimensional o
quasi-two dimensional.

Resistivityr, MR ratio Dr/r0, and magnetizationM of
La222xCa112xMn2O7 ~x50.25! are shown in Fig. 3 as a
function of temperature. As is evident in the upper panel,
r–T curve at various fields exhibits a sharp cusp at;96 K
with semiconductor behavior above and metallic behav
below this temperature. An applied magnetic field resulted
a large reduction in resistivity. In the applied magnetic fie
~up to 1.8 T! examined, no saturation of magnetoresistan
effect was observed. Here, it is worth noting that the ma
rials exhibited anomalous behavior of temperature-depen
MR effects. As shown in the middle panel, the MR ratioDr/
r0 reaches its maximum around or slightly below the cu
temperature, andDr/r0 at a magnetic field ofm0H51.8 T at

FIG. 1. X-ray diffraction pattern of a La222xCa112xMn2O7 sample ~x
50.25!.

FIG. 2. Crystal structure of La222xCa112xMn2O7 with the tetragonal
Sr3Ti2O7-type perovskite.
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77 K is 64%. Even in the lower-temperature range between
20 and 77 K, large MR effects withDr/r0 of ;60% are
observed. In the higher-temperature range above the cusp
temperature, the MR effects decrease with increasing tem-
perature, but still survive over a wide temperature range of
up to near room temperature. The sample has a magnetic
transition temperatureTc of 215 K, whose magnetic transi-
tion is shown in the bottom panel. The magneticTc is much
higher than the cusp temperature, and is close to the tempera
ture at which the small broad peak in MR is observed. This
MR behavior is quite different from that of the ABO3-type
materials such as La12xCaxMnO, where large MR
effects are restricted to a narrow temperature range
around the ferromagnetic transition. The behavior of
La222xCa112xMn2O7 cannot be explained by a simple
double-exchange theory.

It is well known that hole doping in ABO3-type perov-
skite manganese oxide produces metallic conductivity and
ferromagnetism where the magnetic interaction is mediated
by the transfer of the holes~the double-exchange interaction
in the mixed Mn31/Mn41 valence state!. With
La222xCa112xMn2O7, the fundamental mechanism leading
to the appearance of metallic ferromagnetism would be the
same. The parent material of La222xCa112xMn2O7 is a
charge transfer~CT! insulator of La2CaMn2O7. In hole-
undoped La2CaMn2O7, the Mn31 ion has the electron con-
figuration of t2g

3 eg
1. Among the four 3d electrons on the Mn

site, t2g
3 electrons can be viewed as localized spins~S

53/2), while theeg
1 electron is either itinerant or localized.

Substitution of La31 by Ca21 introduces holes into theeg
state~some Mn31 ions convert into the Mn41 state without
eg
1 electrons!. A sufficient amount of hole doping can lead to
both ferromagnetism and metallic conductivity. We have
found that hole doping withx,0.20 cannot produce metallic

FIG. 3. Resistivity r, MR ratio Dr/r0, and magnetizationM of
La222xCa112xMn2O7 ~x50.25! as a function of temperature. The resistivity
r is measured at 0 T and 1.8 T, and magnetizationM is measured at 1 T.
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ferromagnetism. The phase diagram as a function of t
perature and nominal hole concentrationx will be reported
elsewhere.16

Since La222xCa112xMn2O7 with the layered perovskite
structure contains two-dimensional Mn-O-Mn networks, it
reasonable to assume an anisotropic character for the m
netic and transport properties. Namely, the double-excha
interaction would be anisotropic in thea-b axis ~in-plane!
and c-axis ~out of plane! directions. The out-of-plane com
ponent for exchange interactions should be weaker than
in-plane component. It is likely that hole transfer~electron
conduction! in the out-of-plane direction is less mobile tha
in the a-b axis direction, which results in an increase in t
out-of-plane resistivity. Similar behavior has been repor
for single crystals of La12xSr11xMnO4 with two-
dimensional Mn-O-Mn networks, where the motion of t
doped holes appears to be highly anisotropic.13 Although our
sample is a polycrystalline bulk, the electrical properties
flect the carrier transports for both the in-plane and out-
plane components. In a low-temperature range around
cusp temperature the electrical properties of the materials
assumed to be dominated by less conductive transport a
the out-of-plane direction, which is due to a weaker doub
exchange interaction. By contrast, the magnetic transi
of the bulk materials would be governed by the stro
in-plane exchange interaction. Thus, the behavior
La222xCa112xMn2O7 ~x50.25! can be explained within the
framework of the double-exchange theory by taking acco
of the anisotropic hole transfer and exchange interaction
confirm this idea, further examination is necessary us
single-crystal or epitaxial film samples, and such a stud
currently under way.

Magnetoresistance measurements for the bulk sam
of La222xCa112xMn2O7 ~x50.25! show a large MR effect of
more than 60% ofDr/r0 at a relatively low magnetic field o
m0H51.8 T. This is significantly higher than that~Dr/
r0,40% atm0H52 T! reported for ABO3-type bulk mate-
rials such as La12xCaxMnO3. Below the cusp temperature o
96 K ~Fig. 3! there is possibly spin disorder along the ou
of-plane direction, although ferromagnetic spin orderi
along the in-plane direction is preserved. The application
an external magnetic field can easily increase the ferrom
netic ordering in the out-of-plane direction, leading to t
pronounced MR effects observed in the low-temperature
gion. Moreover, it must be stressed that a very narrow o
3640 Appl. Phys. Lett., Vol. 68, No. 25, 17 June 1996
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electron 3d bandwidth is expected for materials with two-
dimensional Mn-O-Mn networks. It is likely that the narrow
one-electron bandwidth is essential for metallic ferromagnets
exhibiting large MR effects, as several authors have sug
gested in combination with the magnetic polaron model5,6 or
the Kondo lattice model.8

In summary, we have presented results on the magneti
and electrical properties of bulk samples of layered perov-
skite La222xCa112xMn2O7 with two-dimensional Mn-O-Mn
networks. We found that La222xCa112xMn2O7 ~x50.25! is a
ferromagnet with Tc5215 K. Giant magnetoresistance
~GMR! effects are observed in a wide temperature range. A
striking feature of this material is that the resistivity cusp
temperature is 96 K, and this is considerably lower than the
magnetic transition temperature. In other words, in the ferro-
magnetic region both a metallic and semiconducting state
exist for the La222xCa112xMn2O7 system. These phenomena
could be understood by considering the effects of the aniso
tropic double-exchange interaction caused by the two-
dimensional Mn-O-Mn networks in this material.

The authors gratefully acknowledge valuable discussions
with M. Arita and K. Ariga.
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