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Large low-field magnetoresistance effect in Sr 2FeMoO6 homocomposites
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Homocomposites consisting of two single-phase Sr2FeMoO6 components with different grain sizes
were prepared by a sol-gel method. Large low-field magnetoresistancesLFMRd effect was achieved
for the composites. Experimental results show that the LFMR strongly depends on both the relative
amounts of the two components and their grain sizes. The magnetoresistance value is found to be
proportional to the square of the relative magnetizationsM /Msd. We suggest that the LFMR
enhancement in the homocomposites compared with parent Sr2FeMoO6 has its origin in the
enhanced intergranular effects. ©2005 American Institute of Physics. fDOI: 10.1063/1.1864241g
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Double-perovskite Sr2FeMoO6 has been extensive
studied due to the half-metallic property and remark
low-field magnetoresistancesLFMRd caused by spin
polarized tunneling.1 Two types of barriers are believed
serve for the tunneling magnetoresistance. The first is i
granular two-dimensional defects which are related to
intrinsic behavior, such as antiphase boundaries and
domain boundaries.2,3 The second is ascribed to grain bou
aries and even impurity-phase grain boundaries, which
to the intergranular tunneling effect.1,4–7 It should be note
that the influence of antisite disorder at Fe and Mo sites
point defects, on the MR effect was investigated,2,8,9 but no
obvious MR enhancement has been observed even whe
concentration of antisite atoms is varied. However, it
been found that grain boundary effect plays an important
in MR behavior. Yinet al.4 proposed that the LFMR is due
electron spin dependent transfer across grain bound
Yuan et al.5 observed an enhancement in LFMR when
creasing the grain size into nanometric scale. Thus,
likely that among all kinds of tunneling barriers, the gr
boundary effect is most significant to yield a high LFM
value. From both scientific and technological points of v
it is worthwhile to learn the ways to control the tunnel
effects and hence improve the MR property. Here the ch
of material synthesis process is believed to be crucially
portant for controlling the magnetic and magnetotrans
properties of double perovskites.10,11

In this letter, we report preparation and magnetotrans
characterization of Sr2FeMoO6 sSFMOd “homocomposites
consisting of larger grains of SFMO with a high degree
Fe/Mo order and smaller grains of less-ordered SFMO
significant enhancement in LFMR has been achieved fo
composites.

The initial precursor powder for the SFMO synthe
was prepared by a sol-gel route starting with SrC3,
FesNO3d3·9H2O, sNH4d6Mo7O24·4H2O and ethylened
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aminetetraacetic acidsEDTAd as a complexant, as describ
elsewhere in detail.12 The precursor was calcined in air
900 °C for 15 hscomponent Ad. A portion of component A
was pressed into pellets which were sintered at 1150 °
100 h in an evacuated and sealed fused-quartz ampule
presence of Fe grains as a getter of oxygen,13 and the sin
tered pellets were ground into a coarse powder to o
component B. Homocomposite samples were then pre
by mixing swith careful grindingd components A and B in
various weight ratios. Each mixture was pelletized and
capsulated again into an evacuated ampule together w
grains and fired for 8 h at a selected sintering temper
sTsd in the range of 900–1100 °C. Thus a series of ho
composite samples, each consisting of SFMO grains
two different sizes, was prepared. Component B was tak
the main component, andx is employed to denote the weig
fraction of component A in the composite.

c-

FIG. 1. SEM images for typical Sr2FeMoO6 homocomposites:sad x=0, sbd

x=0.2, Ts=950 °C,scd x=0.2, Ts=1100 °C,sdd x=0.5, Ts=950 °C.
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All the samples are phase-pure as confirmed by x
powder diffraction. Component B is highly ordered with
degree of order,S f;2sgFe−0.5dg, at 0.94 calculated from
the refinedsRIETAN200014d occupancy of Fe at its corre
sitesgFed. Micrographs were taken for the samples by a s
ning electron microscopesSEM; Hitachi: S4500d. Magneti-
zation measurements were performed with
superconducting-quantum-interference-device sSQUIDd
magnetometersQuantum Design: MPMS-XL5d. Electrical
resistivity was measured using a standard four-probe
nique with a commercial apparatussPPMS; Quantum De
sign: System-Model 6000d.

Figure 1 shows SEM micrographs for several typ
SFMO homocomposites. The large grainsscomponent Bd are
clearly surrounded by the smaller onesscomponent Ad. For
the parentsx=0d sample, the average grain sizesDB of com-
ponent Bd is ,3.8 mm. For the composite samples the av
age grain sizessDAd of component A are,1.0 mm when
Ts=950 °C, and,2.3 mm whenTs=1100 °C.

We define the magnetoresistance ratiosMRd by sr0

−rHd /rH, whererH andr0 are resistivities at a finite applie
field sHd and atH=0, respectively. In Fig. 2, plots of MR v
H are shown for homocomposites with variousx andTs. All
the samples exhibit two distinguishable regions in the
dependence of MR. That is, with increasingH, MR increase
rapidly for Hø0.5 T, but rather moderately forH.0.5 T. In
Fig. 2sad the data for thex=0.2 composites sintered at va
ousTs are compared. It is seen that the MR value at 30
depends weakly onTs, but that at 5 K obviously depends
Ts, reaching a maximum atTs=950–1000 °C. Therefore, w
decided to sinter homocomposites at 950 °C regardles
value of x. In Fig. 2sbd, the composites withx=0.05–0.3
have achieved a clear enhancement in MR at both 5
300 K, compared with thex=0 sample. In order to see t
enhancement more clearly, we depict thex dependence o
MR ratios at 0.5 and 7 T and at 5 and 300 K in Fig. 3. In
same figure, also plotted is “LFMR” obtained by extrapo
ing the high-field MR to zero field. Thex=0.2 sample exhib
its the largest LFMR and MR at 7 T and 5 K, whereas
x=0.05 sample exhibits the largest MR at 0.5 T and 30
Overall, thex=0.2 sample is concluded to have gained
largest MR enhancement. It should be noted that the m
mum LFMR value of 36% measured for thex=0.2 compos
ite is a little higher than the predicted value based on a m
of second-order tunneling through interfacial spin site

15

FIG. 2. Magnetoresistance ratiosMRd as a function of applied field for th
homocomposites:sad x=0.2 sintered at different temperatures for 8 h;sbd
different x from 0 to 0.5 sintered at 950 °C for 8 h.
grain boundariessfor manganese oxidesd.
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To further investigate the origin of MR enhancement,
plot Dr /r0;sr0−rHd /r0 as a function ofm2 sm;M /Ms,
where Ms is the saturation magnetizationd instead ofH in
Fig. 4. Them2 values were taken from the magnetiza
measurements at the same temperature of the MR vsH mea-
surements. It is seen thatDr /r0 for all the five samples e
hibits a similar proportionality tom2 in the low field region
Dr /r0~m2, or Dr /r0=am2. The constanta depends onx,
which reaches the maximum atx<0.2. AsM approachesMs,
i.e., m2→1, the relation deviates from linearity such t
Dr /r0=am2+bm4. The linearity in terms ofm2 was attrib-
uted to the spin-polarized tunneling between magnetic
main boundaries.16–18 As evidenced with the SEM micr
graphs of the homocomposites, every large grain
component B with a high value ofS is surrounded by sever
smaller grains of component Aswith a low value ofSd. An
m2 dependence arises in principle whenever the MR
depends only on relative orientation of any two adjacen
terfacial spin sites. The deviation from the linear depend
on m2 may reflect some higher-order correlations betw
next-neighbor or next-next-neighbor grains of various
polarization.

From Fig. 4, it is observed that MR is most sensitiv
m2 for x=0.2 at 5 K, whereas at 300 K, it shows sim

FIG. 3. Dependence of MR onx for homocompositesssintered at 950 °C
for 8 hd: sad 5 K, 7 T; sbd 5 K, LFMR; scd 5 K, 0.5 T; sdd 300 K, 7 T; sed
300 K, 0.5 T.

FIG. 4. Dr /r0 as a function ofm2 for the homocomposites withx=0–0.5
sintered at 950 °C for 8 h. The solid circles represent the data of p

Sr2FeMoO6 scomponent Bd.
P license or copyright, see http://apl.aip.org/apl/copyright.jsp
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sensitivities to the change inm2 for the samples withx
=0.05, 0.1, and 0.2. The fact that the MR vsm2 slope is
largest forx=0.2 suggests that the component A grains
likely to reduce higher-order correlations between the c
ponent B grains, leaving the MR value dependent mainl
m2. It is noteworthy that the MR sensitivities of the par
SFMO sample to the change inm2 at both 5 and 300 K ar
much lower than those of the composites, demonstrating
the tunneling effects in the homocomposites become m
more enhanced by homocompositing. After all, the enha
ment in LFMR for the present homocomposites could
ascribed to the enhanced spin-polarized tunneling due t
greater intergranular grain boundary effects.
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