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The manganite NgECa, sMNnO; has a CE-type antiferromagnetic-insulati®gf1) ground state at

low temperatures. This compound undergoes a charge-ordé@i®y transition atT,o~250 K
followed by a paramagnetic to ARlorbital-orderedl OO phase transition afy~170 K. The
ferromagnetidFM) double-exchange interaction between Mn ions is quenched by such a CO effect.
Upon Cr doping, as in single crystals of NeCa, sMng 9eCro 0403, suppression of the quenched
CO-00 state occurs at-~140 K and is accompanied by a FM-metal-insulator transition. These
Cr-doped materials have a low temperature ground state comprised of a mixture of 2030 nm
domains of the FM phase embedded in the CO-OO matrix, as inferred from Lorentz microscopy.
Our results show that these Cr-doped materials undergo a field-dependent magnetic transition in a
large range of temperatuie<50 K, signed by a pronounced magnetization stepifH) virgin
curves. Moreover, from several isothermal hyster&&{$1) curves, we have observed that the FM
state remains @l —0 and does not collapse back to the AFI stat®li(H) cycles performed up to

18 T and T<50K. These results are different from those found inyd4Ga sMnO; and

Ndy 5515 sMNO3; compounds, where the induced FM statetbyollapses back to AFI at lowd. At

1.4 K, theM(H) virgin curves exhibit a shardfH~0.1 T magnetization step &;~4.3 T, which

is followed by saturation o (H)~ 110 emu/g in magnetic fields up kb=18 T. The temperature
dependence of; was found to obey an exponential decay upTte 50 K. Such a temperature
dependence oH; indicates that the magnetization steps may not be related to a classical
metamagnetic transition, as has been proposed for these manganite compou2@34 @merican
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The charge-ordered state in manganites with the perovtural phase separation induced by disorder, with the coexist-
skite structure and the half-doped general formulaence of several short-range OO/CO AFI phases and small
LngsApsMnO; (Ln=La, Pr, Sm, and NdA=Sr and C&a FMM regions with slightly different crystallographic
exhibit a rich variety of intriguing physical phenomena suchstructure<:” In fact, transmission electron and Lorentz mi-
as charge, orbital, and spin orderings, and magnetic field ancroscopy studies revealed that 20—30 nm nanodomains of the
current driven transitions.* Moreover, substitutions on the FMM phase exist embedded in the CO/OO matrix even at
Mn site are found to be an effective way to gradually modify T=20 K in Cr-doped Ng:Ca sMnO; compounds, in com-
the charge-orbital-orderdd€O/O0) insulating antiferromag- plete agreement with the coexistence of AFl and FMM in-
netic (AFI) state, along with changes in both temperatife ( ferred by means of transport and magnetic propetties.
and magnetic fieldHl).>® It has been reported that a small The understanding of the reported physical properties
amount=<0.07 of Cr substituted on Mn sites of the CO/OO has been associated with the idea of the competition of dif-
Ndp sCa sMNO; manganites has a major influence on bothferent structural, electronic, and magnetic phases; the so-
magnetic and transport propert®es. The compound called phase separatid?S scenario. Within this context,
NdyCasMNO; has a CO/OO ground state witico  theoretical and experimental works on maganites revealed an
~250 K followed by an AFI phase belofy~170 K. Afew  electronic PS between clusters of FMM and CO/OO AFI
percent of Cr substitution induces a ferromagnetic-metalliphase$:® The PS scenario has been also invoked in order to
(FMM) phase at lower temperaturd$,; <140 K and sup- explain the abrupt magnetization steddS) observed in
presses the CO/OO statéLately, it has been proposed that manganite$:’° Particularly in Mn substituted manganites,
upon cooling the impurity-doped manganites exhibit a strucsuch a magnetic field induced first-order transition suggests

0021-8979/2004/95(11)/7085/3/$22.00 7085 © 2004 American Institute of Physics

Downloaded 23 Dec 2005 to 200.136.52.120. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.1687226

7086 J. Appl. Phys., Vol. 95, No. 11, Part 2, 1 June 2004 Fonseca et al.

that the two phases coexist at both IdwandH. It has been 1.0 k\ . T b ' : ™J120
raised that the observed MS in these manganites are associ- ® e gEopgoonoo o o o @
ated with a metamagnetic transitidéh® In these disordered g an: 4100
manganites the slightly different unit cells of the FMM and & B —
CO/O0O AFI phase generate strains at the interface regions, i . ° 1% =
similarly to the strain accommodation observed in martensi- e b T=75K D
tic phase transition$™* Moreover, it has been observed that 2%°f= o "1 1° 2
such MS exhibit features of a martensitic phase transition as ¢ |oo® ~ ® R (H)/R(H=0) &
) i 12 o M(H) L K
the important cycling effects!? Temperature cycles also re- o N
veal that the magnetic field at the step field;) increases " °e 120
appreciably and that the saturation moment decreases with ﬁ";‘_ ® ¢ o o°P P ° °
increasing thermal cycles, suggesting that a training effect 0.0f——t—t et o
stabilizes the CO/OO AFI phase in detriment of the FMM

) : ) . . H
phasé"!? This observation allowed for a consistent associa- Hi~25 M

t!on Wlﬂ;] the ﬁyC“ngl eﬁel.CtS Observer? n ma_rFensl,ltlﬁ trar]SI-FIG. 1. Magnetic field dependence of the normalized electrical resisfivity
Flons_, where therma C)/C 'Tg across the transition Is known tc{Iel‘t, full circles) and magnetizatiofright, open squaresat T=7.5 K, mea-
inhibit the transformatiof: sured in ZFC mode with increasiridotted arrowsand decreasing magnetic

In the present work we have investigated the magnetidield (dashed arrowsfor a N, <C gMn; _,Cr,O; (x=0.04) single crystal.
and transport properties of single crystals of

Ndp sCa sMn; _,Cr,O3 (0.00=x=<0.07). A single field- . Lo o
dependent magnetization stepHyt has been observed only This low resistivity sta_te was found. to be nearly f|eld inde-
pendent foH>H; and is preserved in the decreasing branch

for single crystals with Cr concentratiot=0.04 and forT £ th imil | biained g
<50 K. In addition, the steps were found to have their coun ! the curves. Similar results were obtained #T,H)

terpart in transport measurements where an appreciable dgurves taken in temperatures UD.M5 K and |qd|cate, dug
crease of the electrical resistance occursl atH; . By com- to thg occurrence of an apprec.lable' magnetic hysteresis, a
puting the values oH;(T) at different temperatures, we coeXﬁter}_celdofddlfferznt phasizs r:n this com_pou_nd.

were able to build &;(T) phase diagram. The experimental _T e e ependence o .t M magnetlzat!M(_H) at
data support the existence of an inhomogeneous ground st arious measun_ng' _for three_smgle crystals W|tlx—0.02_,
comprised of at least two different phag&®M and CQO in .04, and 0.07 is displayed in Fig. 2. A pronounced single

which a martensitelike phase transition of the CO phase asftep of the magnetization is observed at a well defined mag-

L e e o W
metamagnetic transition. P 9

The single crystals studied in this work were grown bytemperature 14T=<50 K. The magnetic moment exhibits

: o _“nearly a twofold increase aH;, jumping from M
the floating zone metho‘?jMagnetlzatlonM(T,H') measure- 60 emulg H:~4.36 T) to~110 emulg H~4.46 T) atT
ments were performed using a superconducting quantum in- !

) ~ =1.4K, a magnitude practically preserved for temperature
tgfergnce dgwcé_SQUID) magnetometer from guantum de as high asT =50 K. Moreover, the transition widthH, de-
sign in applied fields—7<H<7T and a homemade force

magnetometer £ 18<H=18T). The magnetic field has fined as the magnetic field interval in which the magnetiza-

been applied parallel to theb plane of the single crystals.
The M(H) curves were measured following the sequence: P T " .
(1) the samples were first zero-field cooled from the room s

temperature down to the desird (2) the H sweep was
performed. This procedure was repeated for sevérale-
tween 100 and 1.4 K. The temperature dependence of
M(T,H) was inferred by zero-field-coole@FC) and field-

cooled (FC) curves obtained from 5 to 300 K in applied

O T=15K -x=0.04
B T=5K -x=002
® T=5K -x=007

8 o s A T=10K -x=004
=]
o

Hj

emu/g)
8
]
>

magnetic fields to 1 kOe. Four-wire dc electrical resistivity £ ° £P e o 120 P 1
p(T,H) measurements were performed in the temperature= A ﬂ@ﬁfﬁx 60 o
range 5 T<300 K and G<H=<TT using the SQUID mag- o & 0
netometer and Keithley current source and voltmeter. The %ooo 50
p(H) curves were obtained following the same procedure o v "
described above fov (H) measurements. et 20
The p(H) and M(H) data for the single crystal witk o) . L L é'"' g L 1 2:"0
=0.04 atT=7.5K are shown in Fig. 1. The features of the H(T)

p(T,H) curves have their counterpart in thé&(H,T) data.
At low H, the p(T) data show a smooth decrease of theF!G- 2. Field dependence of the magnetization fog Mk, sMn, _,Cr, O3

electrical resistivity up tdd: ~2.5 T. where a colossal nega- (0.00=x=0.07) single-crystal samples measuredratl.4, 10, and 15 K
y up J ’ ’ 9 for x=0.04 (open symbolsandT=5 K for bothx=0.02 and 0.07 samples

tive magnetoreSiStan?e effect 0%) develo'ps abruptly, in (ful symbols. The inset shows th#1(H) data taken af =1.4 K and for
close resemblance with the step observed inMi{#1) data. —18<H<18T.
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tion step occurs, was found to increase with increasing tem- 45 - - - - -
perature: it is considerably sharpA~0.1T) at T

=1.4K, whereH;~4.4T, and assumes values as high as
AH~1.4T at 10 K withH;~2.1 T. Further increasing iHl 351 §
results in saturation of the magnetic momemg

3.0 i
~108.5 emu/g, a value preserved férto 18 T, as observed
in the virgin curve measured at 1.4(Kee the inset of Fig.)1 e 251 1
In fact, allM(H,T<50 K) exhibit similar values of the satu- £ ,,[ ]

ration magnetization. For decreasing magnetic fields, the
M(H) curves do not collapse back to the increasing ones 151 §
(AFI state even forH—O0. In the negativéd branch of the

M(H) curves no magnetization steps are observed in the b

wholeT range investigatedH down to— 18 T), as shown in 05 §
the inset of Fig. 1. We have also investigated the cycling o 10 2 s @
effects onM(H) measurements. The data collected at 10 K T(K)

(not ShOWI) indicate that cycllng effects ?re pronounced for FIG. 3. Temperature dependence of the step magnetic Feldor the

the two initial cycles and that further cyclingp to 4 results  \g_ ca Mn,_,Cr,0, (x=0.04) single crystal.

in no appreciable changes. The experimental data revealed

that the main effect of increasing the number of cycles is a ) _

progressive decrease of the magnetizaib(H;) while both one usuall_y_observ_ed in systems which undergo a metamag-
M andH; were found to be cycling independent. netic transition. As in FeGlcompounds, folf <20 K (below

The occurrence of such MS requires information aboutN® critical poini a nearly field-independent behavior is
the effect of Cr doping upon thi(T) data. Within this observed* This behavior indicates that the magnetization
context, it has been reported that the partial Cr substitutiorft€PS observed in these manganites may not be related to a
for Mn in Ndy <Ca <Mn, Cr,O5 induces a FMM state be- Classical metamagnetic transition.
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