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Abstract

In this work the structural and magneto-transport properties of #iee$toQ, double perovskite prepared using two elaboration processes
are presented. The first process is the most used solid-state reaction technique starting from three ma@yj&sClg and metallic MoQ
with the appropriate amounts. For this process, treatment conditions have been optimized in order to reduce tharSoMiai® in the final
compound. The best results have been obtained after annealing the mixture during 1 tGati@@er reducing 5% ##95% N, atmosphere
followed by calcinations at 120@ under Ar atmosphere during 10 h. X-ray diffraction measurements have shown that the phase can be
indexed within thel4/mmm space group indicating a tetragonal distortion. The magneto-transport measurements have shown the highest
saturation magnetization value reaching 26.7 emu/g at 300 K and a magnetoresistance (MR) of 2.5%. For the second process, the phase ha
been elaborated using several steps and reacting at each step only two materials. In this case X-ray diffraction shows that the final compound
is a single phase with the same space group as for the previous one. In contrast, the saturation magnetization is slightly smaller with 21 emu/g,
while, at the opposite, the magnetoresistance is higher reaching 3.6%. These results will be discussed in correlation with the structural results.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction this suggests the high spin polarization of conduction
electrons.

There is currently a lot of interest in the science and  In spite of the intense research on these magnetic oxides,
potential technological applications of spin-transport elec- particularly on SgFeMoQs, there are still a number of is-
tronics (or spintronics), in which the spin of charge carriers sues that have not been appropriately addressed so far. One
is exploited to provide new functionality for microelectronic  of the most striking observations is the systematic presence
devices[1-4]. Spin valves systems and magnetic tunnel of parasites phases in the final compound, like Sriyld®-
junctions have been largely exploited for read/write heads, deed, it seems that authors did not focus on this point, which
magnetic sensors and magnetic random access memoriegs very important, because it indicates that the reaction is
In these systems, the magnetic electrodes are mainly com-incomplete and can partly explain why the saturation mag-
posed of metallic magnetic elements like Co, Fe or CoFe. netization is systematically lower than the predicted value
In order to improve the performance of these electronic of Ms = 4ug. Indeed, the magnetic structure was early de-
devices, it is important to develop new magnetic materials scribed as ferrimagnetic due to antiferromagnetic coupling
presenting new functionalities at room temperature. of B and B in the A:BB'Og [7]. In SnFeMoGs, Fe*t spins

The recent report of colossal magnetoresistance (CMR) at(d®; S = 2) are parallely aligned in the B sublattice, and an-
room temperature in gFeMoQ; [5] has renewed the inter- tiferromagnetically coupled to Mg (d%; § = %) spins, thus
estin magnetic oxides. This effect is attracting considerable |eading toMs = 4IJ~B Another source of the observed lower
interest from both fundamental and practical points of view satyration magnetization can be attributed to the existence
[6] due to their half-metallic ferromagnetism. Indeed, their of antisite defects in the B/Bsublattices, i.e. occupation of
Curie temperaturéc can be as high as 415K inFeMoGs Fe(Mo) ions in the Mo(Fe) sitg8,9]. In the perfect ordered
[5]. In addition to the low field magnetoresistance (MR), material Fig. 1), each Fe ion in the B position is surrounded

by six Mo ions at the Bsite. However, when disorder is
mspondmg author. Tel£33-3-88-10-70-67: present, the antiferromagnetic superexchange interaction be-
fax: +33-3-88-10-72-49. tween nearest neighbor Fe ions reduces the magnetization
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Room temperature X-ray diffraction patterns were col-
lected using a Siemens D 500 diffractometer equipped
with a primary beam quartz monochromator (CoiK=
0.178897 nm).

Magnetizations measurements were performed using a vi-
brating sample magnetometer in fields up to 1.5T at 4.2K
and at room temperature.

Magnetoresistance measurements were done at room tem-
perature using the classical four points technique and a
Keithly2400 Sourcemeter, and in a magnetic field parallel
to the current direction and reaching 1.2T.

O
®
®

Fig. 1. Schematic view of A2B®6 double perovskite, where A is the
Sr, B is Fe and Bis Mo.

3. Results
The aim of the present work is to develop an elabora-
tion procedure allowing to avoid any parasite phases and3.1. X-ray diffraction
leading to a complete reaction. Two processes are reported.
The first one is close to what has been widely used, i.e. us- The quality of the samples and their crystallographic
ing the ceramic procedure and starting with stoichiometric structure have been investigated by means of room tem-
compositions of three materials (23, SrCQ; and metallic perature X-ray diffraction techniqueBig. 2 shows X-ray
MoOs). Effort has been focused on the reduction procedure diffraction pattern for the optimized sample, labeled A, ob-
in order to optimize the compound. The second one consiststained by the first sintering process. It is clearly observed
of splitting the process in several steps and using for eachthat in addition to the Bragg peaks of theBeMoQ; phase,
step only two starting materials. For the first process, X-ray additional Bragg peaks occur corresponding to the SrMoO
diffraction shows that the amount of SrMg@hase can be  phase. A quantitative analysis of all observed Bragg peaks
sensitively reduced but, unfortunately, not eliminated giving shows that the amount of the SrMg@npurity phase is of
for the optimized phase and at room temperature a magneti-about 5%. This will have a sensitive consequence on the
zation at 1.5 T of 26.7 emu/g and a magnetoresistance valuemagneto-transport properties as will be confirmed later. The
of 2.5%. However, the second process allows to eliminate Rietveld profile analysis has allowed to fit the X-ray spec-
the SrMoQ phase giving rise to a pure compound but with trum in the [4/mmm space group with the cell parameters
lower magnetization value at 1.5T than the previous one. values ofa = b = 0.557617) nm andc = 0.7876718) nm
in close agreements with those reported5ri10,11] Such
results indicate that there is a slight tetragonal distortion
2. Experimental with respect to the cubic perovskite.
Fig. 3 shows the X-ray diffraction pattern recorded at
The SpFeMoQ; samples were prepared by solid-state re- room temperature for the sample, labeled B, obtained by the
action. Two elaboration processes have been used in order tsecond sintering process. In contrast with the last spectrum,
improve the purity of the samples. For the first one, which is this one seems to show only Bragg peaks corresponding to
close to the protocol used by most of groups, stoichiometric the SpFeMoQ; compound. However, there is a very small
amounts of SrCg Fe O3 and MoQ; were mixed, ground peak that is hardly distinguishable on the figure@at252°
and calcined at 90TC for 2 h in an Ar atmosphere. The cal- and represents a quantity which is smaller than 1% of im-
cined mixtures were reground, pressed and reduced for 1 hpurity phase. Unfortunately, we do not success to identify
under current flow of 5% b95% Ar at 700°C. Afterwards the nature of this phase. The Rietveld profile analysis in-
the mixtures were sintered at 1280 under argon flow dur-  dicates that the pattern can be successfully fitted using the
ing 10 h. Unfortunately, the last protocol does not allow to [4/mmm space group with a similar tetragonal distortion as
obtain a pure SIFeMoQs compound. Indeed, SrMaoQis for the sample A. The cell parameters deduced from this fit
thermodynamically favored. Therefore, a segregation occursarea = b = 0.558835) nm andc = 0.788947) nm.
which avoid to obtain a pure phase. To get rid of this diffi-
culty, we have developed a sintering process in which only 3.2. Magnetization
one reaction is performed at each step in order to avoid the
formation of SrMoQ. Therefore, in the first step, stoichio- In order to complete the last analysis and to have more in-
metric amounts of SrC¢) Fe O3 were mixed, ground and  sight into the last samples, the magnetization measurements
calcined at 1000C during 5h under an Ar flow giving rise  are reportedFig. 4 shows the hysteresis loop recorded at
to SpFeOG;5 compound. Then stoichiometric amounts of room temperature for the sample A. This is a typical ferro-
SnFe®;5, MoO, and MoG were mixed, ground, pressed magnet characterized by small remanence and coercivity. We
and sintered at 120@ during 2 h under BYH> flow. can also note that the magnetization is far from the saturation
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Fig. 2. X-ray diffraction pattern for FeMoQ; sample labeled A recorded at room temperature with Gor&diation.

at 1.5T with a value of 26.7 emu/g (2408). This is lower tion value corresponds to the highest value obtained within
than the expected value ofid for the ferromagnetic state  this synthesis process. Indeed Kig. 5, various magneti-
with the nominal ionic configuration Bé& (S = %)/Mo5+ zation curves corresponding to different samples prepared
(s = %)_ Indeed, the Curie temperature of this samfite £ at different sintering temperatures are reported. It is clearly
410K) is only 100K above room temperature. Therefore, seen that the magnetization is very sensitive to the sintering
thermal fluctuations are expected to be very important at temperature since it varies strongly with increasing the sin-
room temperature, which gives rise to a sensitive reduction tering temperature to reach its high value at 120Qvithin

of the magnetization with respect to its saturation value at this process. In order to have an idea on the quality of this
low temperature. However, this value is of the same order Optimized sample we have to look to its magnetization value
than of the Fe (22g) but higher than that of Co and Ni (1.7  at low temperature. This is of about 41.6 emu/g (3.dpat

and 0.6.g, respectively). In addition, taking into accountthe 5K and 1.5T and it is still lower than the expectgdgifor

half metallic character of this magnetic oxide, this magneti- & perfect sample. This difference, in addition to the large
zation value could lead to a high spin polarization, which is high field susceptibility is a strong indication that there is
very interesting for spintronic devicg8]. Such magnetiza-  still disorder in this sample giving rise to antisite defects
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Fig. 3. X-ray diffraction pattern for FeMoQs sample labeled B recorded at room temperature with Gor&diation.
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Fig. 4. Magnetization hysteresis loops performed at room temperature (squares) and 5K (circleslrédtc®k sample labeled A.

(randomly misplaced Fe ions at Mo sites and vice versa) within the second sintering process. The same ferromagnetic
or/and antiphase boundaries defects (Fe(Mo)—-O planes areébehavior is observed as for the sample A. However, the
substituted by Mo(Fe)-O planes). Both types of defects are magnetization at 1.5T is smaller than the value obtained
expected to induce a significant magnetic frustration as ex- for the sample A. Indeed we obtaif; s = 21 emu/g &
pressed by reduced magnetization value and a large highl.61ug) and M1 57 = 40.3emu/g (& 3.05ug). In addition,
field susceptibilities. If a M&" (S = %) is at the B site sur- the high field susceptibility is larger than the value observed
rounded by the M®" neighbors, its magnetic moment tends for the sample A. Such results are surprising with respect
to be parallel to those of Md ions, which decreases the to the X-ray diffraction spectra, which have shown that the
net magnetization. Inversely, if a e (S = g) is at a Byo sample B presents less impurity phases than the sample A.
site, its magnetic moment tends to be antiparallel to those This indicates that the factor which has more influence on the
Fe*t ions, causing to a decrease in the net magnetization. magnetic properties is not the impurity phases present in the
Fig. 6 shows the magnetization hysteresis loops recordedsample but the density of antisite defects and/or antiphase
at low and room temperatures for the perovskite B prepared boundaries in the structure.
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Fig. 5. Magnetization hysteresis loops performed at room temperature for differdreMiwQ; sample labeled A sintered at various temperatures’800
(triangles), 900C (circles), 1000C (squares) and 120€ (diamonds).
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Fig. 6. Magnetization hysteresis loops performed at room temperature (squares) and 5K (circleslréddo€k sample labeled B.

3.3. Magnetoresistance is in good agreement with all reports on this type of struc-
ture [12—-14] Such behavior can be compared with what is
In order to support the last results, we report the mag- usually observed in granular systefa§—17] The low field
netoresistance measuremerfgdy. 7 shows the MR loop MR is correlated to the grain size and consequently to the
recorded for the sample A at room temperature. The total sintering temperature. Therefore, the sample with the small-
MR reaches 2.5% at the highest field value of 1.2 T allowed est grain size presents the largest surface/volume ratio and
by our equipments. This value is not high and is smaller should give a larger MR contribution at low field. However,
than the values observed for samples prepared by the samé¢he high field MR contribution is correlated to the disorder
sintering process but with less well-defined crystalline qual- and the difficulty to saturate the magnetization. Thus for the
ity and with more impurities. This indicates that better the sample with the largest disorder, the MR should be higher.
quality of the perovskite is, lower is the value of the MR. Following these analyses, it is then interesting to look at the
Therefore, for a single crystal with large grain sizes, no MR MR loop recorded for the sample B at room temperature
is then expected. The figure also shows that the MR has twoand reported irFig. 8 First the MR value of this sample
contributions: low field and high field contributions. This is higher and of about 3.9%. Moreover, if we look to the
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Fig. 7. Magnetoresistance loops performed at room temperature f6e@oQ; sample labeled A.
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Fig. 8. Magnetoresistance loops performed at room temperature fBeMoQ; sample labeled B.

resistance slopes at low and high fields, we find that both for these samples to be used as magnetic electrodes for
slopes are higher than those for the previous sample A. Thismagnetic tunnel junctions.

indicates that the sample presents more disorder which is in

good agreement with the magnetization results. In addition
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