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ARTICLE INFO ABSTRACT

Keywords: We investigated the effect of deposition distance on a set of otherwise identically grown Sr,FeMoO, (SFMO)
Spintronics thin films grown by pulsed laser deposition. Based on the detailed magnetic and transport measurements, we
Spin valve found that the optimal properties can be realized at longer deposition distances than earlier expected. The
:fM?l . achieved onset Curie temperature of the order of 400K with the middle transition value of 372K, which are
leilégrcnerzy erties clearly the highest presented in the literature for the SFMO thin films. In addition, the increased metallicity
Tr ai spo nr; . OI; erties and magnetoresistive response is observed in films deposited at longer distances. The improvements are widely

discussed in the light of discovered stoichiometric imbalance between the cations Fe and Mo, which modify the
magnetic interactions and thus magnetic and electric properties. Therefore, this study shows a new approach
in the deposition process to provide the SFMO thin films and multilayers of high quality for future spin valve

devices working at room temperature.

1. Introduction

The double perovskite Sro,FeMoOg (SFMO) has attracted extensive
consideration attributable to a portion of its exceptional features such
as high Curie temperature 7 and high degree of spin polarization [1].
The T of the polycrystalline bulk SFMO is around 410 — 450 K,
astonishingly high for a half metal, which enables the material being
suitable for room temperature spintronics [1-3]. However, for innova-
tive spintronic applications, a full understanding of the stoichiometry
and lattice ordering of SFMO epitaxial thin films is required, especially
since the thin film preparation has proven to be extremely challenging
and the electric and magnetic properties of the films have been greatly
deteriorated. For example, the Ti’s of the SFMO films have mostly
remained in the level of 350 K [4-6].

To understand the mechanisms behind the improved T and the
magnetoresistive (MR) response together with charge carriers of 100%
spin polarization, the formation of nanoscale defects in SFMO needs
to be managed. As comprehensively discussed earlier, experimentally
and theoretically, the roles of strain induced by the substrate, oxygen
vacancies in the SFMO lattice as well as the formation of anti-site
disorder (ASD) have been observed to have a great impact on the
properties of the final film structures [4,7]. For example, 7 has been
observed to decrease with the increased number of ASD and oxygen
vacancies [7] and the substrate-induced strain has clearly a decreas-
ing impact on 7. and saturation magnetization M, [4,8-10]. It is

well established that in SFMO ceramics the major contribution to MR
arises from spin-dependent electron tunnelling across insulating grain
boundaries [11]. MR is supported in thin films subjected to large
biaxial compressive strain at the substrate-film interface. The origin of
this phenomenon is proposed to be the presence of antiphase domain
boundaries since the super-structure direction is adjusted here to the
growth direction [12]. In summary, all the earlier studies have sug-
gested that a notable changes in transport properties of SFMO films are
caused by the disordering in the lattice. Thus, the ASD and especially
stoichiometry between the cations Fe and Mo have an immense effect
on the spin polarization, and the mobility and the density of the carriers
in SFMO [13].

Pulsed laser deposition is in a key role when trying to affect on
the formation of the above-mentioned defects during the film growth
process [14-16]. Especially, the ejected plasma plume and its propaga-
tion through the background gas are critically dependent on the laser
power density, ambient pressure of the background gas, the distance
between the target and the substrate and the substrate temperature
during the growth process [17]. However, laser fluence is more re-
lated to the explosive removal of the material from the target and
the optimal growth temperature to synthesize the SFMO is already
known [18], but the combination of background pressure and target-
substrate distance remains unsettled. The optimization of SFMO thin
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Fig. 1. Schematic illustration of the visible laser plume propagating from the target surface, including the decreasing material density with increasing deposition distance. The
samples S1, S2, S3, S4 and S5 refer to the different deposition distances of 2.2, 2.7, 3.2, 3.7 and 4.2 cm where the SFMO unit cells start to epitaxially grow.

films depends on several parameters and target to substrate distance is
one of the important parameter. For example, the deposition distance
has been demonstrated to influence the stoichiometric balance of the
material. This provides a clear variable for further deposition optimiza-
tion and understanding about the effects of off-stoichiometry in SFMO
thin films [19]. In our system, we have used the deposition distance
(3.2 cm) for the fabrication of smoother thin films and achieved high
crystallinity [18,20]. Therefore, the main objective of this work is to
find the optimal deposition distance for obtaining as high as possible
T and magnetoresistive response in the SFMO thin films, by fixing the
optimized deposition temperature and atmosphere. We have addressed
the effect of deposition distance and structural characteristics of the
films on magnetic and magneto-transport properties. Based on the
experimental results, the orientations for achieving optimal SFMO films
for future applications are proposed.

2. Experimental details

Pulsed laser deposition (PLD) was used to prepare five SFMO thin
films on SrTiO; (100) single crystal substrates, varying the deposition
distances from the target as 2.2 cm (S1), 2.7 cm (S2), 3.2 cm (S3),
3.7 cm (S4) and 4.2 cm (S5), as schematically illustrated in Fig. 1. The
deposition was carried out at 900 °C in Ar atmosphere of 9 Pa, which
has earlier been shown to produce smooth and crystallographically
good SFMO thin films [6]. SFMO target used in the deposition process
was fabricated by a solid-state reaction method and the whole target
preparation, from powder to pellet, is described in detail [18]. All
the films were prepared with 2000 laser pulses and the deposition
temperature was kept the same for all the films. A XeCl excimer laser
with a wavelength of 1 = 308 nm, a repetition rate of 5 Hz and a
fluence of 1.4 J/cm? were utilized in the deposition procedure. For the
post-annealing treatment, the films were held at a constant temperature
for 10 min before being cooled down at a rate of 25 °C/min to room
temperature.

Surface analysis of the deposited SFMO thin films is done with an
Innova atomic force microscopy (AFM) provided by Bruker. The contact
mode AFM scans of various sizes were performed at room temperature.
The surface roughness of the films was determined as a root mean
square (RMS) value. To determine the thicknesses of the films, the
films were photolithographically patterned as stripes, over which the
AFM scans were carried out. Compositional analysis of the films was
effectuated with the energy dispersive spectroscopy (EDS) by using
the Thermo Scientific high-resolution field emission scanning electron
microscopy (FE-SEM). The data is taken at four positions on each film
and the calculated average is shown in Table 2. X-ray diffraction (XRD)
using Empyrean diffractometer with 5-axis goniometer Cu K, radiation
was employed to examine the structural characteristics of the films. The
crystalline nature, orientation, and lattice parameters were determined
by applying 6 — 260-scans between 20° — 114°. To confirm texturing
and c-axis oriented SFMO phase, ¢ — y-measurements were taken for
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Fig. 2. The Curie temperature, T, as a function of deposition distance (main panel).
The bottom right inset shows the saturation magnetization M (left-side) and the
coercive field B, (right-side) as a function of distance, determined from the hysteresis
loops taken at 10 K. Top left inset shows the temperature-dependent FC magnetization
curves for samples S1 and S5 measured in 100 mT field.

SFMO (204)-peak. The in-plane and out-of-plane strains of the films
were calculated using the lattice parameters.

A MPMS XL SQUID magnetometer provided by Quantum Design
was employed to study the magnetic properties of the films. The zero
field cooled (ZFC) and field cooled (FC) magnetizations were measured
between 10 K and 400 K in the field of 100 mT to determine T of the
SFMO films. Magnetic hysteresis loops were measured between +1 T
at 10 K and 400 K. The saturation magnetization was defined as the
magnetization value in 400 mT field at 10 K. In all these measurements,
the external magnetic field was parallel to the plane of the film, i.e. in
the (110) direction. A Quantum Design Physical Property Measurement
System (PPMS) was utilized to measure the resistive properties of the
films. The temperature dependence of the resistivity was measured in
0 T, 100 mT and 1 T and fields as a function of temperature from 10 K
to 300 K. In these measurements, the plane of the films was parallel to
the external field.

3. Results and discussion
3.1. Improvements in magnetic and resistive properties

The field cooled (FC) magnetization is presented as a function of
temperature in the top left inset of Fig. 2 for samples S1 and S5. It is
clear from the curves that the ferromagnetic to paramagnetic (FM-PM)
transition of S5 takes place at significantly higher temperature when
compared with S1. T is presented as a function of deposition distance
in the main panel of Fig. 2. It can be clearly seen that 7. determined
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Fig. 3. (a) Temperature dependence of the resistivity change for the SFMO thin films
measured in 1 T magnetic field. The inset shows the resistivity behaviour of the film
fabricated at the shortest distance. (b) The magnetoresistive response of all the prepared
SFMO thin films measured at 10 K. The inset shows the maximum magnetoresistive
values plotted with the deposition distance.

from the first-order derivative of the FC curve has an increasing ten-
dency with increasing deposition distance, having the highest value of
372 K at the longest deposition distance of S5, being clearly higher than
the earlier reported maximum of 363 K [20]. The higher T values are
usually explained by the result of the smaller number of ASD [21,22],
but also an opposite tendency has been reported [23]. In addition,
the theoretical and experimental works reported that higher oxygen
vacancy concentration could increase 7. [4,24]. As will be discussed
later, the change in FM-PM transition temperature can be related to
modified Fe/Mo stoichiometric imbalance that affects the exchange
coupling between them [25,26].

The saturation magnetization values M, together with coercivities
B, were obtained from the hysteresis loops measured at 10 K and their
deposition distance dependencies are shown in the bottom right inset
of Fig. 2. Similarly to T, M, values show an increasing trend at the
two shortest distances S1 and S2, and approximately constant value
above this. However, the M, values are significantly lower than the
theoretically calculated maximum values of 4 ug/f.u. This is usually
explained by the disorder between the cations, where the ASD between
Fe and Mo influences the magnetic and transport properties as the
overlapping of orbitals would be changed by the level of ASD [27].

In Fig. 3(a), the absolute resistivities p of the SFMO thin films
are presented as functions of temperature measured in 1 T field. The
temperature dependencies of p at different distances differ from each
other, but in spite of a small upturn at low temperatures, we obtained
a minimum in p(T) between 50 and 100 K and a trend of metallic
behaviour at the temperature range over 60 K for all the samples except
S1. In S1, a full semiconductive behaviour over the entire range of
temperature can be seen, being in agreement with the results reported
earlier [8,9]. This behaviour is in clear contrast to the other samples,
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being consistent with the variable range hopping (VRH) model [28-
30]. Looking at the resistivity levels of the curves, the p.;, seems to
decrease with increasing deposition distance and thus the most metallic
behaviour can be seen in S5, where also the highest 7. is observed.

In our previous work, we have utilized a semi-empirical model,
which utilizes parallel connected conduction channels, to explain the
temperature dependence of resistivity [8]. The semi-conductive-like
behaviour was argued to be linked to the demise of spin-polarization
due to changes in the semi-conductive spin-up channel. In short, the
semi-conductive-like behaviour suggests that the SFMO system might
not exhibit high spin-polarization. Studies discussing VRH model, or
simply the increase in resistance with decreasing temperature, often
rely on the existence of secondary phases including SrMoO, and/or
ASD [31-35]. Conducted studies suggest that structural defects such as
ASD can change the electronic structure in SFMO and reduce the band
gap [36-38]. On the other hand, SrMoO, is a parasitic phase in SFMO.
Although an accurate overall understanding of resistivity upturn seems
to remain somewhat elusive, the phenomenon seems to be an indication
of a non-ideal SFMO system.

Magnetoresistance, MR = (R — Rj)/R,, as a function of an applied
magnetic field measured at 10 K for all the deposited thin films are
shown in the main panel of Fig. 3(b), where Ry is the resistance under
the applied field and R, is the zero-field resistance. The magnetic
field dependent MR curves increase gradually with decreasing magnetic
field, exhibiting clear hysteresis in the low field range and having the
maxima in the MR curves around 50 mT, as also observed earlier for
SFMO thin films [8,9,15,39,40]. S1 stands out from the other samples
in the sense that hysteretic magnetoresistance is practically absent and
the overall MR response is considerably smaller. The inset in Fig. 3(b)
shows the maximum MR values obtained from all the samples of S1,
S2, S3, S4 and S5. The maximum MR seems to increase almost linearly
from the sample S1 of 2% with increasing deposition distance up to S4,
where the maximum value of 12% is reached. Above this distance, the
MR in sample S5 is already slightly diminished being ~10%.

The low field MR is attributed to the spin-dependent scattering
combined with magnetic hysteresis [1]. In addition, there may be a
direct relation between this and the presence of AFM domains as a
consequence of ASD [11]. The fact that S1 showed virtually no low field
MR response could be related to the fact that SFMO does not exhibit
significant spin-polarized carrier transport. This is in line with the
argument obtained from the semi-empirical model. A slight deviation in
B-site stoichiometry has a huge impact on the spin-polarization, carrier
density and their mobility in SFMO. It has been reported that 30%
disorder changes the MR by approximately three times. Theoretical
calculations also suggested that relaxation time, group velocity and
transport coefficient can be controlled by the B-site stoichiometry [41].

3.2. Distance dependent structural properties

The 6 - 20 scans were performed for all the SFMO thin films. The
results showed clear (00//) peaks arising from the SFMO thin films
and substrates and no impurity phases were observed. The XRD results
for all the samples confirm that PLD fabrication has produced phase
pure thin films. As can be seen from the thickness values of the films
presented in Table 1, the thickness dramatically decreases when the
deposition distance is increased. The RMS roughnesses measured by
AFM as averages of all the scans with different scan areas are also
shown in Table 1. The smoothest films with the roughness value of
~ 1.5 nm are deposited at the distance of 3.2 cm in S3, which actually
is the earlier optimized deposition distance in this system [42]. Both
the shorter and longer distances produce rougher surfaces and the
increasing roughness is mainly related to the formation of the laser
droplets. Since the kinetic energy of the particles depends on the
distance in the laser plume, the optimal distance in terms of roughness
can obviously be different than in the case of magnetic or resistive
properties [43,44].
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Table 1
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Structural properties measured by XRD and AFM for SFMO films deposited at different distances. The thickness values 7 given in the last column
are measured from the patterned stripes of the films and calibrated with X-ray reflection measurements (XRR).

Sample d (cm) a (A) ¢ (A) €, (%) e (%) A (°) RMS (nm) ¢ (nm)
S1 2.2 5.582 7.903 0.13 0.13 0.5 2.68 200
S2 2.7 5.599 7.914 0.44 0.26 0.59 1.90 150
S3 3.2 5.582 7.909 0.13 0.20 0.78 1.57 130
S4 3.7 5.562 7.905 -0.23 0.15 1.06 2.29 40
S5 4.2 5.570 7.896 —0.08 0.04 0.62 3.18 30
Table 2 =3
The relative weight percentages of the metals Sr, Fe and Mo obtained in SFMO thin = Fe: 47 % Mo : 53 %
films S1_MgO, S3_MgO and S5_MgO deposited at different distances. The films for EDS -

analysis were deposited on MgO substrate to distinguish the role of Sr, which is also
available in STO substrate.

Sample d (cm) Sr (%) Mo (%) Fe (%)
S1_MgO 2.2 48.6 27.2 24.2
S3_MgO 3.2 51.4 26.1 225
S5_MgOo 4.2 46.8 21.6 31.6

Lattice parameters « and ¢ were obtained by fitting a symmetric
Gaussian function to (336) and (008) peaks in the 6 - 26 scans, respec-
tively [45], and the results are presented in Table 1. According to these
findings, variation in the in-plane lattice parameters is insignificant
although the slightly decreased values can be seen in films prepared at
longer deposition distances of S4 and S5. The out-of-plane lattice pa-
rameter c is within the error bars constant at all the distances although
it is slightly diminished at the longest distance of S5. However, we can
conclude that all the lattice parameters in both directions are similar
to the values of polycrystalline samples and thin films reported in the
literature [9,46-49].

The in-plane and out-of-plane strain values ¢, and ¢, were calculated
as g, = (I, — Ispmo)/Ispmo> Where [, . is the measured SFMO lattice
parameters a and ¢, and Iggyo represents the unstrained SFMO lattice
parameter according to [50]. As can be seen in Table 1, the in-plane
strain values ¢, are positive at shorter deposition distances, while above
the distance 3.2 cm of S3, the values of ¢, are negative. Since the
in-plane lattice mismatch between the STO substrate and the nominal
SFMO is only about 1% inducing a compressive strain at the substrate-
film interface, we can assume that the strain relaxation is still underway
in thin films at longer deposition distances, having slightly compressed
in-plane unit cell, while the remarkably thicker films of S1, S2 and S3
have enlarged unit cell when compared with the nominal one. The in-
plane broadening of the XRD peaks was determined as A¢, measuring
a full width at half maximum (FWHM) of the peaks by fitting the
symmetric Gaussian function with the 26 — ¢ scan corresponds to the
20 value of the highest intensity of the SFMO (204) peak. The value
of A¢ obtained by Gaussian fit was almost linearly increasing up to
the distance 3.7 cm of S4, above which it starts to decrease again. The
broadening of A¢ is usually connected to the formation of low-angle
grain boundaries and other in-plane defects in the SFMO lattice, which
again could induce the domain wall pinning in the films [4,20].

3.3. Effect of imbalance between cations Fe and Mo

To verify the stoichiometric effect between the elements in SFMO,
we have measured the atomic weight percentages of three films, de-
posited on MgO substrate, by EDS. Variation of stoichiometry at four
different positions on the films was found to be within the detection
limit. Therefore, we can assume that the films are homogeneous. In
Table 2, we show the average weight percentages of Sr, Mo and Fe
in the films deposited at different distances of S1_MgO, S3_MgO and
S5_MgO. As can be seen, the amount of Sr is somewhat constant and
close to the expected nominal value of 50% at all the distances, while
Mo has clearly a decreasing trend with increased deposition distance.
The most obvious difference can be seen in Fe, where its amount is

Fe: 46 % Mo : 54 %

Fe:61 % Mo : 39 %

§3_Mg0

§5 Mg0

Fig. 4. Variation of the Fe/Mo ratio in films S1_MgO, S3_.MgO and S5_MgO measured
by EDS.

increased by over 35% at the longest deposition distance of S5_MgO.
To solidify this change, we present a bar graph ratio between the
cations Mo and Fe as a function of deposition distance, as observed
with the quantitative EDS analysis. In Fig. 4, it is clearly observed
that the off-stoichiometry between Fe and Mo is significant in samples
deposited at different distances, especially at the longest distance of
S5_MgO, where the nominal ratio of Fe/Mo = 50%/50% is changed to
the value of 60%/40%. Since no secondary phases have been observed
in our quality monitoring, the results suggest possible but considerable,
off-stoichiometry SFMO phase of S5_MgO. There is a possibility that
off-stoichiometry in SFMO might lead to ASD-like disorder where Mo is
replaced with Fe. The ASD in SFMO has a deteriorating effect on SFMO
attributes [10,51,52], but we do not observe the deterioration of sample
quality with enhanced off-stoichiometry. This could mean that despite
the off-stoichiometry in our samples, this has not produced significant
ASD, which would diminish the sample quality.

In SFMO thin films, the deposition conditions such as the growth
temperature and deposition atmosphere have been observed to have a
great impact on the disorder formation in the Fe-Mo sublattice [40,53,
54], and ASD has shown to decrease T and saturation magnetization,
weakening also the spin-polarization [21,37,55-57]. This is linked to a
strong superexchange interaction that may couple the spins of iron ions
occupying adjacent B sites. However, the wide range of magnetic and
electric results revealed that an ideal design for SFMO films is feasible
by optimizing the deposition conditions [25,26,58].

The stoichiometric imbalance between Fe and Mo in SFMO is as-
sisted by the defects of ASD, which leads to the formation of Fe—-O-Fey,
and Mo-O-Mog, bonds [59]. The schematic illustration of the ASD
and Fe/Mo imbalance is shown in Fig. 5(a). The imbalance can be
observed as the Fe substituted on a Mo site having spin 1, which again
induces the superexchange interaction [60]. A schematic description of
the superexchange interactions is presented in Fig. 5(b). The antiferro-
magnetic coupling between Fe3* and Mo®* ions are responsible for the
ferrimagnetic ordering in SFMO [61]. In addition, it has been shown
that Fe can also have a valence of 2+instead of 3+and that Mo can
have a valence of 6+instead of 5+ [62]. Mo®" has a zero net magnetic
moment. The valence mixing, Fe3*-0-Mo-O-Fe?* can also experience
double exchange, involving itinerant electrons. The valence mixing of
SFMO in Fe and Mo has been confirmed experimentally [63-67].

While it is indeed reported that Fe or Mo enriched SFMO induces
ASD formation [68], it is also demonstrated that the stoichiometric
imbalance with Fe rich composition may preserve the spin polariza-
tion [57,68,69], while the excess of Mo eventually becomes disadvan-
tageous [41,57,68-70]. Since we have observed excess Fe in S5_MgO,
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Fig. 5. (a) Schematic picture of Mo/Fe ASD (left), where one Mo atom is replaced with
Fe atom and vice versa and their stoichiometry imbalance (right), where the excess of
Fe atoms are placed on the Mo sites. The solid circles represent Fe and open circles
represent Mo, while the arrows represent the magnetic moments of the atoms. (b)
Schematic figure of the superexchange interactions in the possible Fe>* Mo** and Fe?*
Mo®* configurations of SFMO.

which simultaneously preserves low field MR response and shows more
metallic temperature dependence, the results seem to be well within the
arguments presented in the literature. Although we have demonstrated
a slightly Mo rich phase in S1_MgO and S3_MgO, the stoichiometric
imbalance is not as significant as with Fe rich S5_MgO. For this reason,
it cannot be established, at least convincingly, that additional Mo
causes the deterioration of desirable attributes in S1. However, we
cannot fully exclude this possibility. It should be noted that additional
reports also argue that any deviation from the stoichiometric balance
or excess Fe in SFMO can become deteriorating [71].

The underlying mechanisms behind the increased 7. and retained
low field MR, hence retained spin-polarization, are of course direct
consequences of crystalline structure and elemental exchange inter-
actions due to immediate orbital vicinity. A detailed explanation for
the phenomena is sometimes obtained with different theoretical ap-
proaches and the remarks are not always consistent. It is reported
that simple ASD [4] and ASD due to excess Fe can have a stabilizing
effect on magnetization against temperature [57]. This is due to strong
antiferromagnetic superexchange interaction in ASD defects binding
the defect-free spins [57]. However, when realizing double-exchange-
like interaction in defect-free SFMO, in order to obtain higher 7, SFMO
might require carrier doping [57,72], since substitution of Mo with Fe
is a trade resulting in fewer itinerant electrons. In a different exchange
interaction case, it is pointed out that the RKKY theory makes the same
claim, as an increase in the concentration of free carriers results in an
increase in density of states at the Fermi level, as well as an increase
in the exchange interaction and thus 7 [27,66,73-76].

Journal of Magnetism and Magnetic Materials 564 (2022) 169990

Although, we have focused our attention on stoichiometric imbal-
ance and its influences on SFMO, we should keep in mind that various
point defects and lattice distortion are likely playing their role. For
example, we have evidences of higher compressive in-plane strain in
S5 and S4, the two thinnest films in the set. The stabilizing effect
of strain for additional ASD might prevent the dramatic loss of spin
polarization [77]. However, the overall trend in strain alone cannot
be used to explain the results of enhanced magnetic properties with
increased deposition distance. This could be related to the fact that
low field MR showed a slight decrease in S5, while the maximal MR
was realized with S4 combined with a slightly smaller T- compared to
S5. In addition, oxygen vacancies have been demonstrated to increase
Tc and maintaining spin polarization [24]. To conclude, we crystallize
the fact that Fe/Mo concentration varies significantly. We used the PLD
method and deposited films at different distances. We can expect this
to modify the elemental ratio as there is a mass difference between Fe
and Mo atoms. In the deposition process, the flow of atoms towards
the substrate can result in a highly off-stoichiometric material [19].
Since the deposition is otherwise identical, we do not expect significant
variation in other factors such as the ASD and oxygen vacancy [7].
For this reason, these defects do not seem to account for the trend of
a substantial increase in T and enhanced magnetoresistive response.
However, the observed stoichiometric changes can be used to argue
for the demonstrated phenomenon.

4. Conclusions

We have fabricated a series of SFMO thin films on single crystal STO
substrates, by varying the deposition distance, and the samples were
systematically characterized by the structural, magnetic and resistivity
methods. Based on our experimental observations, the films exhibit
high T, well above room temperature and the 7, is observed to in-
crease with increasing deposition distance. In addition, the metallicity
as well as low-field magnetoresistance have been observed in films
deposited at higher distances than earlier expected. Based on EDX
measurements, we have clear results that longer deposition distance
has induced off-stoichiometry between Fe and Mo. In addition, relevant
structural imperfections were discussed accordingly. We suggest that
the improved properties could be connected to the magnetic insta-
bilities caused by the structural imperfections in the lattice due to
the stoichiometric imbalance of the Fe/Mo cations. Therefore, we can
conclude that the choice of distance or otherwise artificially modified
cationic ratio in SFMO are in a crucial role when trying to optimize
the SFMO thin films for various applications in future spintronic and
magnetoresistive environments.
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