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Large low-field magnetoresistance effect in Sr  ,FeMoOg homocomposites
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Homocomposites consisting of two single-phasg=-8MoQ; components with different grain sizes

were prepared by a sol-gel method. Large low-field magnetoresistaRMR) 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 magnetizatith/Mg). We suggest that the LFMR
enhancement in the homocomposites compared with parefe@oQ; has its origin in the
enhanced intergranular effects. 2005 American Institute of PhysidDOI: 10.1063/1.1864241

Double-perovskite SFeMoQ; has been extensively aminetetraacetic acitEDTA) as a complexant, as described
studied due to the half-metallic property and remarkableslsewhere in detaif The precursor was calcined in air at
low-field magnetoresistanc§LFMR) caused by spin- 900 °C for 15 h(component A A portion of component A
polarized tunnelind.Two types of barriers are believed to was pressed into pellets which were sintered at 1150 °C for
serve for the tunneling magnetoresistance. The first is intrat00 h in an evacuated and sealed fused-quartz ampule in the
granular two-dimensional defects which are related to thgresence of Fe grains as a getter of oxyteand the sin-
intrinsic behavior, such as antiphase boundaries and somered pellets were ground into a coarse powder to obtain
domain boundarie$® The second is ascribed to grain bound- component B. Homocomposite samples were then prepared
aries and even impurity-phase grain boundaries, which leaty mixing (with careful grinding components A and B into
to the intergranular tunneling effetf™ It should be noted various weight ratios. Each mixture was pelletized and en-
that the influence of antisite disorder at Fe and Mo sites, i.ecapsulated again into an evacuated ampule together with Fe
point defects, on the MR effect was investigaféd,but no grains and fired for 8 h at a selected sintering temperature
obvious MR enhancement has been observed even when t{Tg,) in the range of 900—1100 °C. Thus a series of homo-
concentration of antisite atoms is varied. However, it hasomposite samples, each consisting of SFMO grains with
been found that grain boundary effect plays an important roléwo different sizes, was prepared. Component B was taken as

in MR behavior. Yinet al.4 proposed that the LFMR is due to the main component, andis emp|oyed to denote the Weight
electron sgin dependent transfer across grain boundariefaction of component A in the composite.

Yuan et al” observed an enhancement in LFMR when de-
creasing the grain size into nanometric scale. Thus, it is
likely that among all kinds of tunneling barriers, the grain & 7\ "
boundary effect is most significant to yield a high LFMR \

value. From both scientific and technological points of view :
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-

effects and hence improve the MR property. Here the choice
of material synthesis process is believed to be crucially im-
portant for controlling the magnetic and magnetotransport
properties of double perovskité%.11

In this letter, we report preparation and magnetotransport |
characterization of $FeMoQ; (SFMO) “homocomposites”
consisting of larger grains of SFMO with a high degree of
Fe/Mo order and smaller grains of less-ordered SFMO. A |
significant enhancement in LFMR has been achieved for the
composites.

The initial precursor powder for the SFMO synthesis
was prepared by a sol-gel route starting with SgCO
Fe(NO3)3-9H,0O, (NH,)M0,0,4-4H,O0 and ethylenedi-

¥Author to whom correspondence should be addressed; Materials and Struc- ‘
tures Laboratory, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-

ku, Yokohama 226-8503, Japan; electronic mail: FIG. 1. SEM images for typical FeMoQ; homocompositesia) x=0, (b)
karppinen@msl.titech.ac.jp x=0.2,Ts=950 °C,(c) x=0.2,T¢=1100 °C,(d) x=0.5,Ts=950 °C.
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FIG. 2. Magnetoresistance rafihdR) as a function of applied field for the X
hpmocomposites(a) x=0.2 sintered at different temperatures for 8(by, FIG. 3. Dependence of MR ox for homocompositegsintered at 950 °C
differentx from 0 to 0.5 sintered at 950 °C for 8 h. for 8 h): (a) 5 K, 7 T: (b) 5 K, LFMR: (c) 5 K, 0.5 T; (d) 300 K, 7 T: ()

300K, 05T.

All the samples are phase-pure as confirmed by x-ray
powder diffraction. Component B is highly ordered with the  To further investigate the origin of MR enhancement, we
degree of orderS[=2(gg.—0.5], at 0.94 calculated from PIOt Ap/po=(po=pu)/po as a function ofm? (m=M/Ms,
the refined(RIETAN2000%) occupancy of Fe at its correct WhereMs is tr21e saturation magnetizatipmstead ofH in
site (geo). Micrographs were taken for the samples byascanF'g- 4. Them* values were taken from the magnetization

ning electron microscopéSEM; Hitachi: S4500 Magneti- measurements at the same temperature of the MR weea-
surements. It is seen thaip/pg for all the five samples ex-

zation megsurements _were performed with ahibits a similar proportionality tan? in the low field region:
superconducting-quantume-interference-device (SQUID) Ap/ po T2, OF Apl po=arr?. The constantr depends orx

feaiivity was measured using a Standard four-probe. tecifIoN [63CES the maxmuret-0.2. ASM approachetds
Y 9 P l.e., mM—1, the relation deviates from linearity such that

nigue with a commercial apparatyBPMS; Quantum De- Ap! po=ar+ B, The linearity in terms of was attrib-

sign: _System-ModeI 6000 . ._uted to the spin-polarized tunneling between magnetic do-
Figure 1 shows SEM micrographs for several typicalyain poundaried® 28 As evidenced with the SEM micro-

SFMO homocomposites. The large grafpsmponent Bare graphs of the homocomposites, every large grain of
clearly surrounded by the smaller on@®mponent A For  ;omnonent B with a high value &is surrounded by several
the parentx=0) sample, the average grain sii2s of com-  gmajier grains of component Avith a low value ofS). An
ponent B is ~3.8 um. For the composite samples the aver-p2 gependence arises in principle whenever the MR ratio
age grain sizesD,) of component A are~1.0 um when  depends only on relative orientation of any two adjacent in-
Ts=950 °C, and~2.3 um whenTs=1100 °C. terfacial spin sites. The deviation from the linear dependence
We define the magnetoresistance rafMdR) by (po  on m? may reflect some higher-order correlations between
-pn)! pn, Wherepy andpg are resistivities at a finite applied next-neighbor or next-next-neighbor grains of various spin
field (H) and atH=0, respectively. In Fig. 2, plots of MR vs polarization.
H are shown for homocomposites with variouand T. All From Fig. 4, it is observed that MR is most sensitive to
the samples exhibit two distinguishable regions in the fielam* for x=0.2 at 5 K, whereas at 300 K, it shows similar
dependence of MR. That is, with increasiAigMR increases
rapidly forH=<0.5 T, but rather moderately fét>0.5 T. In
Fig. 2(a) the data for thex=0.2 composites sintered at vari- 0.06
ous Ty are compared. It is seen that the MR value at 300 K
depends weakly offi, but that at 5 K obviously depends on
T, reaching a maximum &t;=950-1000 °C. Therefore, we
decided to sinter homocomposites at 950 °C regardless the
value of x. In Fig. 2b), the composites withx=0.05—-0.3
have achieved a clear enhancement in MR at both 5 and
300 K, compared with thg=0 sample. In order to see the
enhancement more clearly, we depict thelependence of
MR ratios at 0.5 and 7 T and at 5 and 300 K in Fig. 3. In the
same figure, also plotted is “LFMR” obtained by extrapolat-
ing the high-field MR to zero field. The=0.2 sample exhib-
its the largest LFMR and MR at 7 T and 5 K, whereas the
x=0.05 sample exhibits the largest MR at 0.5 T and 300 K.
Overall, thex=0.2 sample is concluded to have gained the
largest MR enhancement. It should be noted that the maxi- ’ 2
mum LFMR value of 36% measured for tke 0.2 compos- m
ite is a little higher than the predicted value based on a mod%lG. 4. Apl py as a function oft? for the homocomposites witk=0—-0.5

of second-order tunneling through interfacial spin sites akjntered at 950 °C for 8 h. The solid circles represent the data of parent

grain boundarie¢for manganese oxide¥® StFeMoQ, (component B
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