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We report on the magnetic properties of epitaxial La0.7Ba0.3MnO3 and La0.7Sr0.3MnO3 films on Si
�100� and Si �111� substrates using SrTiO3 template layer, which demonstrate magnetic and
electrical properties at and above room temperature. The magnetization data show magnetic
transition and magnetic hysteresis at and above room room temperature. The films show
well-defined magnetic domains. The ferromagnetic resonance studies show anisotropic effects
related to ferromagnetic properties of films. The smaller grain size of about 20 nm in manganite
films on SrTiO3/Si may be one of the reasons to minimize the strain effect through strain relaxation
at the interface between SrTiO3 and manganites through the formation of three-dimensonal islands.
© 2006 American Institute of Physics. �DOI: 10.1063/1.2222402�

I. INTRODUCTION

Since the discovery of colossal magnetoresistance1,2

�CMR� mixed valence manganites have received a consider-
able research interest from the scientific community1–6 owing
to their unique properties leading to potential applications in
magnetic, magnetoelectronic, photonic devices, infrared de-
tector, as well as spintronic technology. The interplay among
the spin, charge, and orbital degrees of freedom in these
materials3–6 leads to many intriguing phenomena, such as
metal-insulator transition, magnetic phase transition, and
nanoscale electronic phase separation leading to percolative
electron transport phenomena in the context of both charge
and orbital orderings.1–9 Although advances have been made
in the preparation of nano- and microcrystalline
manganites10–20 on different substrates, films integrated onto
Si and other potential semiconductors and their physical in-
vestigations have not been possible due to large substrate and
film lattice mismatch, mechanical and chemical disaccords
arising from the structural dissimilarities. However, the fab-
rication of either artificial nanostructured or epitaxial films
on semiconductors using a template layer could mitigate
these problems allowing one to obtain device-quality films.

The perovskite lanthanum-based manganites
�R1−xBxMnO3, where R and B are rare earth and alkaline
metals, respectively� films have been successfully grown on
single crystal oxide substrates, such as SrTiO3 �STO�,

LaAlO3 �LAO�, and NdGaO3, however, the growth on Si is
very limited.13 In order to integrate an infrared detector �bo-
lometer� array with complementary metal-oxide-
semiconductor readout as well as field-effect-transistor
�FET� architecture on the same Si wafer CMR materials need
to be grown on Si. On the other hand, it can serve as a
high-density memory on Si. However, integrating the man-
ganites onto the semiconducting materials, such as on Si,
remains a challenging task for potential device applications
that utilize both information processing and data storage in
the same device. The recent progresses on direct
integration21,22 of STO on Si have opened a possibility to
integrate both STO and R1−xBxMnO3 onto this technologi-
cally important semiconductor. On the other hand, it is nec-
essary to grow thinner films of manganites on Si using single
ultrathin ��20 nm� template layer for actual technological
applications. In the present study, we report the magnetic
properties of high-quality epitaxial La0.7Ba0.3MnO3 �LBMO�
and La0.7Sr0.3MnO3 �LSMO� films grown by pulsed-laser
deposition �PLD� on STO/Si �100/111� heterostructures that
demonstrate remarkable ferromagnetic properties in the vi-
cinity of room temperature for eminent device applications.

II. EXPERIMENT

R1−xBxMnO3, �RBMO� /STO/Si�100/111� films were
grown by the PLD technique �KrF excimer, �=248 nm� with
a pulse energy density of 1–2 J /cm2. The films were depos-
ited with a substrate temperature of 700–800 °C, keepinga�Electronic mail: apradhan@nsu.edu
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the oxygen partial pressure within 200–400 mTorr. X-ray
diffraction �XRD� shows that the RBMO films grow epitaxi-
ally on STO buffered Si substrates.23 The STO thickness was
limited to only 20 nm. The film thickness and composition
inferred from Rutherford backscattering �RBS� using 3 MeV
He4+ ions at an angle of 160°. The simulation of the RBS
spectra was done using GISA 3.9 program24 assuming respec-
tive stoichiometry. The film thickness obtained from the
simulated spectra is about 55 nm and this is in good agree-
ment with those obtained by stylus measurements. The simu-
lated results from the RBS spectra give very similar stoichi-
ometry of both STO and manganites used for the target
material, elucidating uniform distribution of all elements, es-
pecially Mn. The RBS spectra also reveal high crystalline
nature without any significant interface diffusion or disor-
ders. The x-ray compositional mappings for Mn in LBMO
and LSMO films of STO buffered Si�100� using energy dis-
persive x-ray analysis fairly show the uniform distribution of
Mn on the surface of both films. The atomic force micros-
copy �AFM� images reveal that the surface is comprised of
nanometer ��20 nm� sized grains. The reason for such
growth behavior is as follows. The overall growth mode can
be considered as Volmer-Weber growth in which the energy
relaxation takes place via the formation of three-dimensional
�3D� islands to minimize the energy. If the strain energy is
large, particularly compressive in nature as in manganites,
the system will try to rearrange itself as to find a lower en-
ergy state, favoring the formation of 3D islands which may
consist of very small grains.

Magnetization �M� and magnetic hysteresis were mea-
sured by a superconducting quantum interference device
�SQUID� magnetometer with in-plane magnetic field. Elec-
trical transport was studied by a four-probe ac technique. The
local magnetic field mapping was done using a scanning
SQUID microscopy �SSM�. The ferromagnetic resonance
�FMR� experiments were done on a Bruker EMX spectrom-
eter operating at 9.6 GHz microwave frequency.

III. RESULTS AND DISCUSSION

The temperature dependence of the magnetization is
shown in Fig. 1 for both LBMO and LSMO nanocrystalline
films in a field of 0.1 T with the film surface parallel to the
applied magnetic field. The magnetic transitions inferred
from the zero-field-cooled �ZFC� magnetization for LBMO
films grown both on Si�100� and Si�111� are fairly sharp with
Tc=315 K as shown in Fig. 1�a�. The LBMO films demon-
strate ferromagnetic hysteresis at 300 K with a ferromagnetic
saturation field of about 4000 G as demonstrated in the inset
of Fig. 1�a�. Both ZFC and FC magnetizations shown in Fig.
1�b� show the ferromagnetic transition of LSMO with Tc

=330 K, which is fairly sharp. They display ferromagnetic
hysteresis at room temperature as shown in the inset of Fig.
1�b�. The magnetization results clearly show that the mag-
netic transitions in the above films are enhanced compared to
those of previously reported23 on both LBMO/STO/MgO
and LSMO/STO/MgO films. The corresponding zero-field
resistivity results are also shown in Figs. 2�a� and 2�b� for
both LBMO/STO/Si and LSMO/STO/Si multilayers, respec-

tively. The temperature dependence of resistivity reveals a
remarkable sharp jump at the metal-insulator transition tem-
perature �TMI� and is consistent with the magnetic transition.

In order to map the microscopic magnetic domain struc-
ture in these multilayered nanocrystalline films without an
external magnetic field, the scanning SQUID magnetic mea-
surements were performed at T=3 K and the images are pre-
sented in Figs. 3�a� and 3�b� for LBMO/STO/Si�100� and
LBMO/STO Si�111�, respectively. The color bar indicates
the measured magnetic field Bz perpendicular to the sample
surface. Magnetic domains are clearly seen from the images
in both samples. The magnetic domains of larger than 30 and
15–20 �m are seen in LBMO/STO/Si�100� and LBMO/
STO/Si�111�, respectively. These are significantly larger than
the length scale of the scenario of electronic phase
separation.4,8 However, the local field intensity is three times
larger in LBMO/STO/Si�111� than that of in Si�100�, indicat-
ing that film of Si�111� generates a more intense field. One of
the possible reasons for this is the nature of microscopic
difference in grain sizes, assembly, and related strains in the
film. On the other hand, local magnetization also depends
on the uniaxial anisotropy, most probably arising from
magnetostriction.

FIG. 1. �a� The temperature dependence of the zero-field-cooled �ZFC�
magnetization of LBMO/STO film on Si�100� and Si�111� substrates indi-
cating the transition temperature. �b� The temperature dependence of ZFC
and FC magnetizations of LSMO/STO film. The insets show the magneti-
zation hysteresis for both films at room temperature.
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FMR studies are probably the most sensitive method for
detecting ferromagnetic order as well as the possible exis-
tence of other magnetic species. FMR studies were per-
formed on all LBMO and LSMO films and presented in Figs.
4�a� and 4�b�. It is remarkable to note that the LBMO films
display pronounced ferromagnetic resonance from room
temperature down to 100 K. The LSMO films also show
FMR up to 325 K. The narrowing of the FMR linewidth for
LSMO and LBMO is shown as a function of temperature in
the inset of Fig. 4�a�. The dip in linewidth of T=350 K re-
flects the crossover from a ferromagnetic state to a paramag-
netic state. The FMR linewidth is a sensitive probe for pro-
viding magnetic homogeneity in the film.25,26 The
temperature independent and narrower linewidths are the sig-
nature of the homogeneous sample. In view of this, the tem-
perature versus linewidth curve for LBMO/STO/Si�100� film
is almost independent of temperature, illustrating that the
film is fairly magnetically homogeneous. In the case of
LBMO/STO/Si, the increase of FMR linewidth, especially at
low temperature indicates, presumably, the effects of strains
or other disorder in the film. This is consistent with the
results27 of LBMO films directly grown on LaAlO3. How-
ever, the present linewidth is slightly larger than the reported
value for manganite films grown on Y-stabilized zirconia
buffered Si substrate using Bi4Ti3O12 texturing layer.28 It is
noted that in contrast to the present report both buffer and
texturing layers reported in Ref. 26 are each 100 nm thick.
On the other hand, the manganite layer is also about 100 nm
thick. The observed higher Tc and narrower FMR linewidth

is due to the complete strain relaxation in such heterostruc-
tures. However, the present thinner buffer layer has certainly
strain effects which affect the physical properties of the mag-
nanite film which almost half of the thickness of the reported
film.28

The temperature dependent FMR spectra for LBMO
present a characteristic feature centered at about g=2 at
300 K and is gradually reduced with decreasing temperature.
The films demonstrate FMR signals in which both position
and width of the line strongly dependent on the sample ori-
entation, shifting to lower fields at the parallel orientation
�magnetic field in the film plane�, and to higher fields at the
perpendicular orientation. The resonant field positions
changing with the angle between the film surface and the
applied magnetic field are shown in Fig. 4�b�. The inset
shows the variation of the resonance field H� as the applied
field is rotated from the parallel to the perpendicular direc-
tion at 300 K. At first sight, the FMR data shows that the
films have uniaxial anisotropy. The fitting of the experimen-
tal data for LBMO/STO/Si film with a linewidth of �100 G
below 300 K with Beff=500 G and Ba=0 G at room tem-
perature, Beff=2500 G and Ba=0 G at 77 K has been dem-
onstrated in our recent report29 using a predicted theory.30

The angular dependence of the FMR signal is a complicated
phenomenon, especially in films due to the shape effects. The
variation could also arise from other contributions such as

FIG. 2. The electrical resistivity of �a� LBMO and �b� LSMO films on
Si�100� and Si�111� substrates.

FIG. 3. �Color online� �a� Scanning SQUID microscopic �SSM� image of
LBMO/STO/Si�100� film at T=3 K, revealing ferromagnetic magnetic do-
mains of about 30 �m in size. �b� The SSM image of LBMO/STO/Si�111�
film at T=3 K, revealing ferromagnetic magnetic domains of about
10–20 �m in size. The color bars indicate the local magnetic field Bz in the
units of microtesla.
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geometric factors and different residual stress in the film as
discussed in other reports.25,26 The detailed studies are nec-
essary in this regard.

The ferromagnetic properties are specifically determined
from two factors, the double exchange of electrons between
ferromagnetically coupled Mn3+ and Mn4+ ions and the Jahn-
Teller-type electron-phonon interaction due to lattice distor-
tion. The strain effect on Tc and other magnetic and transport
properties can be quantified to be a sum of the bulk and
Jahn-Teller components. For example, the Tc can be
expressed31,32 as Tc ���=Tc �0��1−��b−1/2���2�, where �b

is bulk strain and ��= �1−a /c�. The decrease in Tc is larger
for tensile strain with �b	0 than for compressive strain
��b�0�. The Tc value for LBMO and LSMO films are about
315 and 330 K compared to that of their bulk counterparts
with Tc=340 and 350 K, respectively. The difference in Tc in
films compared to their bulk counterpart is sensitively depen-
dent on the strain developed between the films and the sub-

strates, oxygen concentration, local composition variation,
and as well as A and B site vacancies. However, one of the
possible explanations for the enhancement of Tc in films is
that the observed grains of 20 nm size in manganite films on
STO/Si can minimize the strain effect through strain relax-
ation at the interface between STO and manganites through
the formation of 3D islands as discussed earlier. This will
result in the enhancement of both magnetic and metal-
insulator transitions in manganite films. Therefore, a great
deal of work is necessary to optimize the film growth of
manganites on buffered Si substrates.

IV. CONCLUSION

In summary, we have fabricated high-quality epitaxial
LBMO and LSMO films on Si �100� and Si �111� substrates
using SrTiO3 template layer, which demonstrate remarkable
magnetic and electrical properties at and above room tem-
perature. The magnetization data show magnetic transition
above room temperature and magnetic hysteresis at room
temperature. The films show well-defined magnetic domains.
The ferromagnetic resonance studies show anisotropic ef-
fects related to ferromagnetic properties of films. The self-
organized nanocrystalline manganite films on STO/Si may be
one of the reasons to minimize the strain effect through strain
relaxation at the interface between STO and manganites
through the formation of 3D islands. This will result in en-
hancement of both magnetic and metal-insulator transitions
in manganite films.
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