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Magnetotransport properties of electron doped polycrystalline system Sry4Ba; ¢_La,FeMoOg are
presented in this paper. We have observed increased low field magnetoresistance values with
significant Curie temperature increase in the electron doped system Sry4Ba; ¢_,La,FeMoOg. The
low field magnetoresistance value (at 1000 Oe) in 20% La* doped sample is observed to be 2.17%
at 300 K. At 0.64 T and 80 K, the magnetoresistance change measured in this sample is 21.4%. This
sample also showed 50 K increase in Curie temperature over the pristine sample. The increased low
field magnetoresistance values are associated with modified grain boundary barriers of the system.
The results confirm the fact that the modification of grain boundary barriers has enough potential to
possess high low field magnetoresistance values even in the systems with lower spin polarization
values. The role of grain to grain connectivity is observed to be dominantly determining the low
field magnetoresistance values in grain to grain tunnel type magnetoresistance. © 2010 American

Institute of Physics. [doi:10.1063/1.3481085]

I. INTRODUCTION

Half metallic materials with high Curie temperature and
high low field magnetoresistive values are very important for
room temperature spintronics applications as well as other
high temperature sensor devices. Some polycrystalline
double perovskites A,FeMoOgy systems has been proved to
be materials exhibiting high Curie temperature and high low
field magnetoresistance (LFMR) values, where the magne-
toresistive response originates from spin polarized carrier
tunneling through insulating grain boundary barriers.'” High
spin polarization and insulating grain boundary barriers in
these systems enables them to exhibit high LFMR values
while their high Curie temperature allows the application
well above room temperature also. Electron doping through
trivalent substitution at divalent “A” site has been proved to
be one of the best way to increase the Curie temperature in
these compounds.3_7 Trivalent doping adds one electron to
these double perovskite systems which preferably occupy
Mo 4d]| site. Further the calculations predicted that the
down spin band (hybridized Fe 3d, O 2p, and Mo 4d) in
these systems crosses the Fermi level."” Therefore, the elec-
tron added has itinerant character and enhances antiferro-
magnetic interaction between itinerant electrons and local-
ized electrons at Mo and Fe sites. This increased
antiferromagnetic interaction increases the Curie temperature
of these compounds. However, the results also predict the
unusual filling of both up and down bands with electron
dopings’9 which reduces spin polarization in the system. Also
a decrease in Mo valence state with electron doping further
reduces charge difference between Fe and Mo site, and leads
to increase in disorder defects in the system ultimately re-
ducing the spin polarization of the system.6’9’10 Although, the
antisite disorder defect values can be controlled thermody-
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namically in electron doped systems,5 however, the loss of
spin polarization cannot be prevented. In summary, the most
commonly observed results with electron doping in these
systems are the increase in Curie temperature, decrease in
saturation magnetization, reduced spin polarization, and fi-
nally reduced magnetoresistive response of the system.3_10
The decreased spin polarization and poor LFMR are the
main drawbacks of electron doping for such compounds.
Due to these drawbacks, the applicability of electron doping
is often questioned.“’11 In this paper, we have reported an
increased low field magnetoresistive response in electron
doped double perovskite system Sty 4Ba; ¢_La,FeMoOg and
the results are correlated with the observed modification of
grain boundary barriers.

Il. EXPERIMENTAL

The polycrystalline samples of Sr4Ba; ¢_La,FeMoOg
were prepared by standard solid-state reaction method. Pow-
ders of high purity BaCO;, SrCO;3, La,03, Fe,03, and MoO3
were mixed, ground, and calcined at 900 °C in Ar atmo-
sphere for 10 h. After grinding the calcined powder mixture
was pressed into pellets. The pellets were then sintered at
1150 °C for 10 h in a gas flow of 5% H, and 95% Ar.
Structural characterization were carried out using x-ray pow-
der diffractometer at room temperature. The saturation mag-
netic moment value and magnetization versus temperature
plots were determined by vibrating sample magnetometer.
The Curie temperature of the samples was calculated by ex-
trapolating the maximum slope to minimum of magnetiza-
tion level. The electrical and magnetotransport properties
were determined using four probe technique.
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TABLE I. Different properties of the sample Sry4Ba; ¢ La,FeMoOg.
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Ms
up/fu. MR% (0.64 T)
e — Tc Hc (Oe) MR% (1000 Oe) a' ASD"®
X 300 K 80 K (K) 300 K 300 K 80 K 300 K Chi? A) (%)
0.0 1.48 3.17 340 27 3.72 8.96 0.88 1.96 8.0425 6
0.1 1.81 3.12 354 25 4.17 9.27 0.89 2.01 8.0367 7
0.2 1.93 3.06 367 35 3.64 14.6 0.95 1.85 8.0245 4
0.3 2.06 3.05 378 39 5.12 17.23 1.83 2.12 8.015 5
0.4 1.91 2.67 390 47 3.32 21.43 2.15 2.07 8.0043 7

‘a= 2d(Fe707Mo>-
®Antisite disorder defect.

Ill. RESULTS AND DISCUSSION

The x-ray diffraction patterns of all the samples prepared
confirms that the samples are single phase except a small
amount of impurity phase SrO, 4 is present in all the samples.
The structural analyses were done using Rietveld analysis
also and the results are shown in Table I. Figure 1 shows the
Rietveld fitting for x=0.0 and 0.4 compounds. The substitu-
tion of smaller size La** in place of Ba®* ion leads to de-
crease in lattice parameters. The analysis also shows that the
antisite disorder defect values in the compounds are not
varying much, even in highest electron doped system these
are below 7% (Table I). The calculated disorder defects val-
ues of the samples are in well agreement with saturation
magnetization values of the samples.

The magnetizations versus magnetic field plots of all the
samples are shown in Fig. 2. Inset in Fig. 2 shows the mag-
netization versus temperature plots for different samples. All
the samples exhibit soft ferromagnetic nature with small co-
ercivity and remanance values. The saturation magnetic mo-
ment value is observed decreasing with increasing doping
concentration. The electron doped to system couples antifer-
romagnetically to Fe core spins and this increased antiferro-
magnetic interaction between localized and doped itinerant
electron decreases the magnetic moment value of the
compound.%’l2 A significant increase in Curie temperature
has been observed due to La** substitution. The Curie tem-
perature increase associated with La** substitution is 2.5
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FIG. 1. Rietveld fitting for compound x=0.0 and 0.4. The symbol “*”
shows the impurity phase SrO .

K/% of La doping. The Curie temperature in these systems
depends on the strength of antiferromagnetic coupling be-
tween Fe and Mo sublattices” which in turn depend on Fe-
O-Mo hybridization and carrier concentration at Fermi level.
The Curie temperature increase observed in case of La’*
doping is contributed by both of these effects. First, the
structural effects through increase in steric pressure which
increases Fe—Mo hybridization through decreased Fe—-O-Mo
distance. Second, the electron doping effects due to trivalent
ion substitution at divalent “A” site increases the carrier elec-
tron concentration through electron filling of the bands.
These effects are observed and investigated by many
groups. 461113

The MR behavior of the samples at 80 and 300 K are
shown in Figs. 3(a) and 3(b). At low temperature, the MR
values (at 0.64 T) are higher in electron doped system. Sur-
prisingly, a continuous increase in low temperature MR val-
ues is observed in whole doping range. Although the MR
values at room temperature (and 0.64 T) are not increasing in
whole doping range (Table I, maximum MR for x=0.30),
however, similar as at low temperature the MR values below
1000 Oe are higher in electron doped systems [Fig. 3(b) and
Table I]. The observed increase in MR values with electron
doping is surprising and also inconsistent with earlier pub-
lished literature.*”® These reports claim a decrease in MR
values with increase in electron doping. In general for elec-
tron doped double perovskite systems, the decrease in MR
arises mainly due to the decrease in spin polarization result-
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FIG. 2. (Color online) Magnetization vs applied magnetic field plots for all
the Srg4Ba; ¢ La FeMoOg4 samples. Inset shows the magnetization vs tem-
perature plots for the samples.
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FIG. 3. (Color online) (a) MR values of the samples Sr, 4Ba, ¢_.La,FeMoOg
at 80 K. (b) MR values of the samples Sr,4Ba; ¢_,La,FeMoOg at 300 K.

ing from unusual filling of bands and increase in disorder
defects.*® In view of these reports the increase in MR with
electron doped systems is unusual. The more important fac-
tor in present study is the increase in low field component of
MR (MR below 1000 Oe) at room temperature. An increase
in MR with electron doping is also reported by Rao et al’
and a random disorder of spin orientation was expected to be
the origin of MR increase.

The basic explanation about large LFMR in these poly-
crystalline double perovskite systems is the tunneling con-
ductance of spin polarized charge carriers between grains.
The tunnel process takes place across grains separated by a
barrier (grain boundaries of few nanometer thicknesses). The
tunneling probability contains a magnetic term related to
relative orientations of the magnetizations at each side of the
barriers. The tunneling probability of spin polarized charge
carriers is high for parallel oriented magnetizations of grains.
An applied magnetic field aligns the magnetizations at two
sides of the barriers which ultimately results in increased
tunneling of the carriers giving a drop in resistance value
(tunneling MR). In such type of tunneling conduction the
important factors affecting the tunneling MR are the nature
of barriers and spin polarization of the system. In the present
study with the increased La®* doping the spin polarization
should be decreasing due to unusual filling of bands as it is
the common features of electron doping. Due to the lower
spin polarization in electron doped system the MR values
should be reduced with doping. However, the observed re-
sults are opposite and clearly state that the barriers properties
(properties of grain boundaries) are playing dominant role
for the observed enhancement in magnetoresistive properties.
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FIG. 4. [(a)—(f)] SEM images for the samples Sr,4Ba, ¢_La,FeMoOg (0.0
=x=0.4). The SEM image of sample x=0.4 at two different places is
shown.

Thus, the study of grains and grain boundaries is important at
this stage. The scanning electron microscope (SEM) images
for different samples are shown in Figs. 4(a)—4(f). The im-
ages revealed a heterogeneous grain growth in pristine
sample with larger grains having average size more than
2.0 wm and smaller grains having average grain size larger
than 1 wm. The grain size decreases with doping thus in-
creasing the number of grain boundary barriers. Besides the
increased number of grain boundary barriers the connectivity
of grains has also increased in higher doped system. Spe-
cially, the end member of series (x=0.3 and 0.4) have more
diffused grains compared to other samples. The enhancement
of MR in electron doped system may be expected due to
increased number of grain boundary barriers but this increase
cannot solely be attributed to increased number of grain
boundary barriers. The SEM images showed that the x=0.2
and 0.3 samples has lowest average grain size of all the
samples while the low temperature MR is increasing
throughout the doping range. Thus the grain size alone can-
not explain the observed magneto transport behavior. Fur-
ther, in the SEM images it is important to note that the grain
boundary connectivity is increasing with La** doping follow-
ing the trend of increasing MR. These observations show that
the connectivity of grains and the tunneling MR are well
correlated with each other.

It is well known that the grain surface is a place where
the off stoichiometry, vacancies, and disorders are more
probable to occur. These defects acts as pinning centers for
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FIG. 5. (Color online) MR (H)/MR (0.64 T) vs applied field and (M/Ms)?
vs applied field plots for samples. Both MR (H)/MR (0.64 T) and (M/Ms)?
are shown at same Y axis.

spins giving a spin glass like behavior of grain boundaries
in magnetic materials.'* The alignment of such grain bound-
ary spins is more difficult compared to spins within the
grains. Further, these defect states produces significant in-
elastic tunneling conductance mediated by multistep tunnel-
ing or scattering via localized defect states within barriers."
These factors reduce the LFMR in such magnetoresistive
polycrystalline systems. The probability of presence of de-
fects states will be less in well connected grains compared to
weakly connected grains. Also in the case of better con-
nected grains the spins near grains boundaries are loosely
pinned due to interactions with field of neighboring grains.
The alignment of such spins is easy compared to spins in
weakly connected grains. To exhibit high MR values at low
fields, the spins in grain and more importantly spins at grain
boundary should align easily with lower applied fields. Ac-
cording to conduction channel model in manganites,16 the
pinned spin at grain boundaries although do not contribute
for magnetization of system but blocks the conduction chan-
nel and finally reduces the LFMR of the polycrystalline sys-
tem. The MR (|Ap/pl|) in such grain boundary pinned spin
systems fits well with |Ap/ p| o< ([Mg,/Mg|)?, where My, is the
magnetization of grain boundaries and M, is magnetization
of grains. In our study the room temperature MR (H)/MR
(0.64 T) versus field plots and the ([M/Ms]|)? versus field
plots runs very close in x=0.3 and 0.4 samples, while this is
not the case for other samples (Fig. 5). This led us to con-
clude that the grain boundary magnetization and grain mag-
netization approaches to each other in the samples having
strongly connected grains and that such samples exhibits
higher MR values at lower magnetic fields. Thus the role of
grain boundary connectivity is very important for a better
LFMR. The samples x=0.3 and 0.4 with well connected
grains have shown enhanced MR values at room temperature
and below 1000 Oe. The weakly pinned spins align easily
with lower magnetic fields and produces higher MR at lower
fields in these samples. The most of MR occurs at lower field
in such samples with strongly connected grains. From prac-
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tical point of view the main challenge lies in enhancing the
low field component of MR. Our results showed that such
enhancement can be achieved by manipulating the nature of
grain boundaries. The most important is to note that such
strategies have enough potential to enhance the LFMR value
in the systems with relatively low spin polarization also. The
grain boundary connectivity is one of the most important
factors for such enhancement. Such strategies are more im-
portant for the double perovskite systems as the introduction
of extra barriers at grain boundaries does not seem to be
producing any significant improvement at room temperature
although low temperature MR is observed to be
enhanced.'”!® Thus, the modification of barriers through
grain connectivity seems to be helpful for enhancing room
temperature LFMR values.

In brief, we have observed an improved low field MR
values in association with a significant Curie temperature
increase in an electron doped double perovskite system. The
improvement in LFMR values is attributed to modification of
grain boundary barriers. The results confirm the fact that the
grain boundary barriers modification has enough potential to
exhibit high LFMR values even in systems with relatively
lower spin polarization. The grain boundary connectivity is
observed to be a dominant factor for barrier modification.
Finally, our results present hope toward the applicability of
electron doping in these double perovskite systems and that
electron doping can be utilized for increasing Curie tempera-
ture of the system and simultaneously having higher LFMR
values. This may make the material beneficial to be used for
various high temperature spintronics applications.
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