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A colossal magnetoresistance (CMR) has been found near room temperature in mangan-
ite La;;3Nd;3Sr;3MnO; and in chromium chalkogenide spinels xCuCr,S,—(1-x)Cug sAly 5Cry,S,
at 0.05<x<0.20. It attains 27 % and 9 % for the manganite in 8.4 and 2.2 kOe magnetic
fields, respectively, and 12.5 to 1.5 for thiochromites in 84.4 kOe field. The CMR in these
materials is supposed to be of the same nature and is associated with an inhomogeneous
magnetic state caused by an intense s—d exchange.

Obnapy:xeno koJsoccanbHoe marauroconporusaenue (KMC) B pailoHe KOMHATHOM TeMmIIe-
parypsl B wMaHrasuTe La,;Nd,sSr;sMnO; m XpoMoBBIX XaTbKOTeHHAHBIX IIIHHEIAX
xCuCr,S,—(1-x)Cuq 5Aly 5Cry,S, ¢ 0.05<x<0.20. B manranuTe oHO gocTuTraer 27 % m 9 % B
MArHATHBIX II0AaX 8.4 m 2.2 KO COOTBETCTBEHHO, a B Tmoxpomurax 12.5-1.5 % B moue

8.4 k9. Ilpeanonaraercsi, uro KMC B aTux Marepuajax MMeEET OAUHAKOBYIO IIPUPOLY M CBSI3aHO
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C HEOJJTHOPOAHBIM MAarHUTHBIM COCTOAHHEM, 06yCJIOBJIeHHBIM CUJIBbHBIM S—d OOMEHOM.

The interest in magnetic semiconductors
is caused by the unique physical properties
thereof, first of all, by the colossal magne-
toresistance (CMR) that was found both in
europium monoxide and monochalkogenides
and in chromium chalkospinels as well as in
manganites. Those materials show a wide
variety of chemical, structure and electron
properties. That is why the theoretical and
experimental studies thereof and compari-
son of the results so obtained provides an
unique chance to understand the CMR na-
ture in more detail.

For practical applications of CMR mate-
rials, the Curie point thereof is required to
excess the room temperature and the CMR
effect should be attainable in low magnetic
fields. In manganites, however, the CMR is
obtainable as a rule in high fields of 60 to
130 kOe. A record CMR amounting 96 % in
a low (7.6 kOe) field has been found in
La 3Nd4/3Ca3sMnO5 ceramics at 90 K [1].
In this work, Sr was substituted for Ca in the
above composition to increase the T, value
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and the La1/3Nd1/38r1/3MnO3 Single crystal SO
obtained was studied. Furthermore, studied
was the solid solution system of copper thio-
chromite: XxCuCryS§,—(1-x)Cuq gAly 5CrS,,
since the copper thiochromites are known to
show the highest magnetic ordering tempera-
tures among the chromium chalkogenide
spinels [2, 8]. Before, the CMR near T, was
revealed in XCuCr284—(1—X)Cu0_5Meo_5Cr284
compositions of related structure but hav-
ing T, values much lower than the room
temperature [4, 5]. Note that a high nega-
tive magnetoresistance was found recently
for ferromagnetic semiconductors
Fe,_,Cu,Cry,S, (x = 0 and 0.5) [6, 7]; for x =
0.5, it amounted 7 % in 60 kOe field near
T.= 340 K.

In this work, studied have been the tem-
perature and field dependences of electric
conductivity and longitudinal magnetoresis-
tance (MR) for Laq;3Nd;;3S8r;3sMnO; mangan-
ite and XCuCr284—(1—X)Cuo_5A|O_5Cr284 chro-
mium chalkospinels at 0<x<0.20. The meas-
urements were carried out using the
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Fig. 1. Temperature dependences of magne-
toresistance for La,;Nd,;;3Sr;3MnO; in vari-
ous magnetic fields.

four-probe technique, the single crystal re-
sistance being measured along the c¢ axis.
The T, values for the compounds were de-
termined as the minimum temperatures in
the 0y /0T(T) curves where y is the initial
magnetic susceptibility measured in alter-
nating magnetic field at 8 kHz using a
F5063 ferrometer. For La1/3Nd1/3Sr1/3MnO3,
T, has been found to be of 315 K (for that
compound, y was measured along the ¢
axis). Near to that temperature, the electric
resistivity p has been found to increase
sharply from 1074 Q-cm at 80 K to 3.5-1073 Q-cm
at 350 K. Application of an external mag-
netic field results in decreasing p, i.e.,
causes a negative MR. Temperature depend-
ences of MR for that compound in various
magnetic fields are presented in Fig. 1. At
T., a sharp maximum of the MR absolute
value is observed that is typical of single
crystals. The negative MR (pg — pg)/po at-
tains 27 %, 18 %, and 9 % in 8.4, 4.5, and
2.2 kOe fields, respectively.

The magnetic properties of the
xCuCry,8,—(1-x)Cugq 5Aly 5CryS, solid solution
system (0<x<0.20) have been studied in [8].
The 0.05<x<0.20 compositions of that sys-
tem have been found to be semiconductors
having T, above room temperature (within
320 to 362 K range). In this work, tempera-
ture and field dependences of MR for all
the samples of that system have been stud-
ied. A negative CMR has been revealed
therein with absolute value having a maxi-
mum near T, (Fig. 2). As x increases, that
maximum becomes smoothened and lowered.
At x = 0.01, the MR value attains 48 % in
40 kOe magnetic field near T, = 33 K while
for compositions with 0.05<x<0.20, it at-

638

-Aplp
03r
—A— 224 kE
o 448
02F —e— 8.40
01}
0.0} e ee s uee o=

100 150 200 250 300 T,K
Fig. 2. Temperature dependences of magne-

toresistance for xCuCr,S,—(1-x)Cu, sAl, 5Cr,S,
system samples in 8.4 kOe magnetic field.

tains 12.5-1.5 % in 8.4 kOe field near
room temperature.

Thus, in the studied manganite and chro-
mium chalkospinels, a maximum absolute
value of negative magnetoresistance is ob-
served near T,.. The temperature and field
dependences of MR are of the same shape.
The MR in the studied manganite and chro-
mium chalkospinels can be supposed to be
of the same nature and to be associated
with the existence of a magnetically biphase
state (MBPS) caused by an intense s—d ex-
change [9]. In [8], the s—d exchange inte-
gral in XCuCI’284—(1—X)Cu0_5A|0_5Cr284 was
estimated basing on the paramagnetic Curie
point change due to introduction of a
dopant. It has been found to be of the order
of 0.6 eV, thus, in fact, an intense s—d ex-
change takes place in the system. In it
known that in magnetic semiconductors, the
charge carrier energy is minimum at the
complete ferromagnetic (FM) ordering in
the crystal and increases at its deterioration
or substitution by another kind of magnetic
ordering. That is why the charge carriers
are localized in FM droplets situated within
an antiferromagnetic (AFM) semiconductor
(insulating MBPS). As the impurity concen-
tration rises, the FM droplets increase in
size and at a sufficiently high doping level,
the percolation thereof takes place and the
conductive MBPS is formed, where the in-
sulating AFM droplets are situated within
the FM matrix.

The compounds studied in this work are
obtained by doping the AFM semiconductors
ReMnO3 (Re = La—Nd) or CUO5A|O5CI’284
and the MBPS are realized therein, namely,
the insulating one in thiochromites and con-
ductive in manganite. Application of a mag-
netic field to the sample being in the insu-
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lating MBPS results in an increase of the
FM droplet volume and the orientation of
their magnetic moments along the field,
thus favoring the tunneling of charge carri-
ers between the droplets. Moreover, the
magnetic field increases the kinetic energy
of electrons inside the FM droplets and thus
favors the tunneling thereof and the droplet
destruction. It is just the factors that cause
the CMR. As to the conductive MBPS, there
are two mechanisms causing the influence
of the impurity-magnet interaction on the
resistance. Those are the charge carrier
scatter that reduces their mobility and
causes the formation of a tail in the band
thereof consisting of localized states. Near
T., the charge carrier mobility drops
sharply and those become localized in part
within the band tail. In a magnetic field,
the impurity-magnetic scattering of the
charge carriers becomes reduced (the carrier
mobility increases) and those are delocalized
from the band tail (the charge carrier num-
ber increases), thus resulting in a CMR [9].

Authors are thankful to A.M.Balbashov
and Ya.A.Kesler who have synthesized and
analyzed the samples.
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KonocansHuil MarmiToomip nmpu KiMHaATHiN TeMmeparypi
Yy MaHTaHITaAX Ta XpPOMOBHX XaJbKONIIIIHEJIAX

A.I.Abpamosun, JI.I. Koponvoea, A.B.Miuypin

Busasneno kosocanpHuit maraitoomip (KMO) nmo6ausy KiMHATHOI TeMIlepaTypu y MaHTaHIiTL
La,;3Nd;38r;sMnO; ra xpomosux xampkoremizumx mmimenax XCuCr,S,—(1-x)Cuj sAl) 5CrySy
npu 0,056<x<0,20. ¥V manraumiri Bim mocsiraec 27 % Tta 9 % y MarmiTHMX IoJAX BiAIMOBigHO
8,4 ta 2,2 KE, a y rioxpomitax — 12,5-1,5 % y moxi 8,4 kE. IIpunyckaerbcs, mo KMO y
IUX Marepiajax Mae OJHAKOBY IPUPOAY Ta IOB’SI3aHUU HEOJHOPIJHUM MATHITHUM CTaHOM,

00yMOBJIEHUM CHUJBHUM S—d OOMiHOM.
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