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Large Low-Field Magnetoresistance in Perovskite-typdCaCuzMn401;
without Double Exchange
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We report the observation of large low-field magnetoresistance (MR) behavior in;MagQ;,,
with a perovskite-relatedAA’;B,0y,) structure. C& Cu**;Mn**,0,, is semiconducting and orders
ferromagnetically at 355 K. However, it has neither mixed valency of Mn for double-exchange
magnetic interactions, nor Jahn-Teller Mnions, nor a metal-insulator transition. The MR smoothly
increases with decreasing temperature and-49% at 20 K. The low-field MR response does not
show the strong temperature-dependent decay characteristic of the Lnplm@vskite-based systems
and appears consistent with an intergrain-interdomain tunneling origin. [S0031-9007(99)08905-X]

PACS numbers: 75.50.Dd

A common property of the alkaline earth) substituted row temperature range of stable high MR. For practical
rare earth manganates, LR A, MnO; is a semiconductor- application, significant temperature stability is required.
to-metal transition near a paramagnetic-to-ferromagnetic The recent report of the pyrochlore *ThMn**,0;
transition, the Curie temperatu(&:) [1-3]. In general, compound represented a novel extension of the CMR ma-
the highest magnetoresistance [MR(py — po)/po,  terials both by virtue of the absence of MRO-Mn** DE
wherepy and p, are the resistivities at applied magnetic and of its departure from the perovskite structure [6,7].
fields of H and 0, respectively] is observed close toHere we report the observation of a large MR for the first
the semiconductor-to-metal transition temperatifg,). time in a perovskitelike manganate, Ca®in,O;, with
It is considered that in the rare earth perovskites thenly Mn**-O-Mn** interactions at thé site, hence with-
CMR originates from an applied magnetic field enhancedut the possibility of DE operating. Moreover, both the
spin-charge-coupled magnetotransport phenomena. Imagnitude and thermal stability of this MR are shown to
Ln;-A,MnOs, A ion substitution for Ln produces Mh be of potential technological utility.
ions with itinerante, holes which overlap with Qp CaCuyMn,0;, was investigated by Chenavesal. and
orbitals. The double-exchange (DE) [4] interactionBochuet al.[8,9]. Single crystal X-ray structural analy-
between MAT-O-Mn** mediates charge transfer and fer- sis showed that CusMn40;5 crystallizes in a perovskite-
romagnetic interaction, and below the Curie temperaturdike phasgAA’;B40;,) with cubic symmetry (space group
Tc, the sample is metallic (i.eT1m = Tc). NearTc  Im3) with a doubling of the ideal perovskite cell. The
the applied magnetic field tends to align the local spinsgdoubling of the unit cell is due to the ordering of the’Ca
which enhances electron transfer and leads to a dramatind Cd* ions and the distortion of the oxygen sublattice
decrease in the observed resistivity. which leads to a tilted three-dimensional network of MnO

Because the MR of the colossal magnetoresistancectahedra sharing corners (Fig. 1). The Mn-O-Mn bond
(CMR) materials can be very large;100%, these mate- angle is~142° instead of 180, as in the ideal perovskite
rials have potential applications for magnetic memory andtructure. This distortion creates two different polyhedra
actuator devices. However, before practical applicationsit the A site: a slightly distorted 12 oxygen-coordinated
can be realized critical properties of the CMR materialscubooctahedral Cé4) site and a grossly distorted icosa-
must be improved. For example, the MR values are higthedron at the CuA’) site. There are three sets of Cu-O
at theT¢ /Ty transition and at higf (several tesla), but distances at-1.9, 2.8, and 3.2 A, each forming an approxi-
the response at low field and at room temperature is negnately square-planar coordination. The unusual feature of
ligible. Although much effort has been made to improvethis structure is that it requires a Jahn-Teller ion, such as
the MR response of the manganates, the MR at room tenGuw** (or Mn®™), at theA’ site [9].
perature and low fields is significantly lower than that of CaCuyMn,O;, was prepared from a stoichiometric
the conventional giant magnetoresistance (GMR) materimixture of high purity C&OH),, CuO, and MnG mixed
als [2,5]. Further, the MR effect of the manganates iswith 15% KCIO;. The mixture was sintered at 1000
sharply peaked nedt = T /Ty, thereby yielding a nar- and 58 kbar for 30 min. The product was ground to a
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exhibits features that are split up and down in energy,
the edge centrum, near the absorption coefficiert 0.8
coincides very well with the steeply rising portion of the
Mn**-CaMnGQ; spectrum. The shift of CaGMn40,
edge strongly supports the Nin assignment for this
compound in agreement with that (3.99) obtained by
chemical titration.

The pre-edgea feature in Fig. 2 is associated with
transitions intod/d-p-hybridized final states; and has
been shown to increase in strength with increasing Mn
valence (ord-hole population) [10]. In the inset of Fig. 2
an expanded view of thia feature clearly manifests
a spectral intensity comparable to the Mnstandards
and far greater than the Mh standard. Theal-a2
subfeature splitting and intensity ratio, typical of the
Mn** state spectra (see inset), are also replicated in the
O Ca @ Cu CaCuMn,0y, a-feature. Suchzl-a2 feature splittings

o have been attributed in the past to the 7,,-¢, splitting
FIG. 1. Structure of CaGMn,O;, indicating the Mn : : , s 8
polyhedral structure. Thce% choléctahedral g@a@md tge [11]. The particularly high resolution of these spectra

highly distorted 12-coordinated polyhedra around thé Giill also allows the identification of a third3 subfeature
alternate cavities created by the three-dimensional network afommon to both the CaMnCand CaCyMn4O;, spectra.

corner-sharing Mn@octahedra. Thus the strength and structure of the Mn preedge further
reinforce the MA™ assignment in this material. The
finite powder and washed several times with deionizedCu K edge XAS (not shown) indicated unambiguously
water under ultrasonic conditions to dissolve KCIl. Thethat the formal valence of Cu i+ in this and a
powder x-ray diffraction (SCINTAG PAD V, Cuk) related class of materials with Mn substituted at the Cu
indicated formation of single phase Ca@®in O, with  sites [12].
cubic symmetry (space groupm3) and a unit cell The dc electrical resistivityp) and MR measurements
with @ = 7.21348(4) A in good agreement with previous were carried out using a conventional four-probe tech-
results [8,9]. Chemical analysis [inductively couplednique. The resistivity samples were pressed under 15 kbar
plasma emission spectrometer (ICP); Baird Atomic Modelof pressure. Gold leads were attached to the sample with
2070] shows that Ca:Cu:Mn is 1:2.97:4.02 in excellentbaked silver paste. The magnetoresistance and magnetic
agreement, within the experimental error (2%), with themeasurements were carried out from 20 to 400 K in a
expected values for CagMn,O,. The oxidation state SQUID magnetometer (MPMS, Quantum Design).
of Mn is 3.99, as determined by dissolving a sample of The temperature dependence of the low-field magne-
CaCuyMn40Oy; in dilute sulfuric and phosphoric acid with tization of CaCyMn4O;, in Fig. 3A shows a ferromag-
an excess of F&IH,),(SQy), and titrating with a standard netic transition near 355 K. The coercivit¥.) is only
solution of KMnQ,.

Since the MA* character of this material is central 16
to its novelty, the oxidation states of Mn and Cu in
CaCuyMn40O;, were also investigated by x-ray absorption
near-edge spectroscopy (XAS) to establish this point. The
Mn and CuK-edge XAS measurements were performed
on beam lines X-19A and X-18B at the Brookhaven
National Synchrotron Light Source using a double crys-
tal Si(311) and channel-cut Si(111) monochromator, re-
spectively. A standard was run simultaneously with all
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measurements for precise calibration. All spectra were CaCu,Mn, O~ /7

normalized to unity step in the absorption coefficient. 04 1 '.-/ 1
The Mn-K main edge of CaGiin,O,, is compared . a A

to those of standard M and Mrt* standards in Fig. 2. oz

Although the detalle_zd shape of such Mn-K ed_ge spectra o=

can vary between different compounds, the shift to higher Energy (eV)

energies of the higher valent spectra (typical to aI]FIG_ 2. The Mn K edges of CaCiMn,Op, along with

core level spectroscopes) can be still discerned. Thi§ jce of the MA"-LaMnO;: and the MA*-CaMnO, and
shift is clearest between the L&n**) and Ca(Mn**)  Mn**_MnO, standards. The inset is an expanded view of the
perovskite spectra. Although the MhMnO, spectrum  pre-edges features of these spectra.
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4 A log,, p Vs 1/T (see Fig. 4) indicates a temperature depen-
- - H=0.01T dence more complex than simple activation. Although
2 31 3 4 P there is a change in the effective activation energies from
s £ of I . above to belowl'c the limited temperature region above
g E o 20K . Tc makes definitive conclusions difficult. There is no
©° 1} o -2 . clear critical anomaly in the vicinity of ¢ either in the
= ] S R . resistivity or its derivative.

0 6 -4 0_ 2 6

The magnetoresistance of Ca®in,O;, is —40.3%
at 20 K and 5 T (Fig. 3B). It is evident in Fig. 3C that
the temperature stability of the MR of Caglin,O,,
is superior to that of Lg;sCa,»sMnOs, a typical CMR
manganate.

As indicated above, the large MR in
CaCuMn,O; is not likely due to DE mecha-
nism. Moreover, we also prepared CaGMn,sO;,
[CACU ", 5sMN** g 5) (Mn3* o sMn**55)0)5] and
C&CLQMFBO]Z [Ca‘(Cu2+2Mn3+)(Mn3+Mn4+3)012]

Log,, p (Qcm)
H
MR (%)

2r C CaCuMn,0
N

12

dMR/AT (%/K)

ol - with mixed valent MA*™/4* on the B site and the possi-
La, ;5Ca, ,MnO, bility of Mn3*-O-Mn** DE mechanism operating [12].

-4r However, the MR of these compounds is significantly
0 50 100 150 200 250 300 350 400 450 smaller than that of CaGWn,O;,. Thus it is concluded

T (K) that in the CaCy-,Mny4, 04, system the MR is not due

FG. 3. M tizati functi (1 . ‘ to the DE mechanism.

.o agnetization as a ftuncton O emperature Tor H H

CaCuMn.O;. (A). Resistivity and MR% { =0 and 5T) FkgureTﬁA ,\S/Irswsh th? MR as a funlcnonf_o:g at g
as a function of temperature (B)}(MR)/dT as a function of 20 K. e sharply Increases at low fields, an
temperature at 5 T (C). almost saturates at1 T. The MR is—12% at 0.05 T.

LageY007Ca33sMnO; was reported to have a CMR,
70 G at 20K, and 10 G at 300 K (see Fig. 3A-inset)~100% at high fields, but the MR is only 6.5% at
indicating that CaCiMn,O,, is a soft ferromagnetic 0.05 T [3]. In other systems, such as(B#CoO; [14],
material. Recall that the Mfi-pyrochlore, TiMn,O;  Cr-based chalcogenide [15], and,¥Mn,0O; [6,7] the
manifests a coupled insulator-to-metal and paramagnetidew-field MR is also very low. Figure 4B compares
to-ferromagnetic transitions [6,7]. Cag@nyO;, pro- MRy/MRsr (where MR, and MRy are the MR atf and
vides an example of a perovskite-type structure with Mn5 T, respectively) as a function df in several systems
only in the 4+ oxidation state with ferromagnetic or- [3,6,14,15]. At low fields, CaCiMn,O;, exhibits a
dering. It is well established that the Mn-O-Mn bond much sharper response than any of the other systems.
angle is a critical factor in determining the nature of theThe MR as a function of field at 300 K is shown in
magnetic interactions in manganates. “WWO-Mn** (43)  Fig. 4A, inset. In contrast to the MR at 20 K, the
180° superexchange interactions generally lead to antifelMR at room temperature is almost saturated at only
romagnetic ordering while 90superexchange will result
in ferromagnetic ordering [13]. It was suggested that the
ferromagnetism of TMn,0; is due to superexchange in-
teractions, as the Mn-O-Mn bond angle of 134 inter-
mediate between 9Gand 180 [7]. The Mn-O-Mn bond
angle in CaCeMn,Oy, is 142, therefore, the observed
ferromagnetic transition similarly may be related to su-
perexchange interactions. However, the magnetic inter-
actions in CaCyMn,40,, are more complex than those in
TI,Mn,0O; involving the heteromagnetic ions, ¥h and
Cu* arranged in alternate sites of the perovskite lattice.
Thus the competing coupling between the magnatic
site C4*/Cu?* and B-site Mrt*/Mn** ions may influ-
ence its properties also.

Qualitative Seebeck measurement of Cd@oyO;, . !

indicates n-type behavior. The logp as a function 0.0026 0.0027 0.0028 0.0029
of temperature in Fig. 3B shows that Ca®In,O;, is 1T (1/K)
semiconducting between 20—300 K with a room temperag|G. 4. The variation of log p as a function of1/7 for
ture resistivity(prt) of ~1.8 X 10> O cm. The plot of CaCuMn,O;,.
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: : : ter [5]. Additional enhancement of the MR at low tem-
or A * 0 . 1 peratures would be anticipated from the freezing out of
:2 * phonon and domain-wall-impurity assisted tunneling as
_ -1of =1} . 4 well as from localization effects. Future work on these
g . Sl issues and on the role of the Cu sublattice magnetic mo-
€ Ll 24°° 300K iy ments on both the magnetism and transport are clearly
20K *° called for.
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