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a  b  s  t  r  a  c  t

Colossal  magnetoresistive  manganite  La0.7Sr0.3MnO3 (LSMO)  films  were  prepared  by pulsed  laser  deposi-
tion on  three  different  single  crystal  substrates  using  different  deposition  parameters.  Characterizations
of  their  surface  morphologies,  structural,  magnetic  and magneto-transport  properties  show  that  films  on
MgO single  crystal  substrates  contain  higher  amount  of  structural  defects  compared  to  those  on SrTiO3

(STO)  and  NdGaO3 (NGO)  substrates.  Low  deposition  rate  and  thicker  films  give  rise  to  polycrystallinity
and  grain  boundaries.  The  films  on  MgO  substrate  showed  a  broad  paramagnetic  (PM)  to  ferromagnetic
(FM)  transition  accompanied  with  metal–insulator  transition  (MIT)  much  below  their  Curie  temperature
(TC)  indicating  growth  of  strained  structures  due  to  large  lattice  mismatch  (9%)  between  the  substrate
and  the  film.  The  deposited  films  on STO  and  NGO  show  least  effect  of  substrate  induced  strain  exhibiting
sharper  PM–FM  transition  and  metallic  behavior  below  TC. The  magnetoresistance  (MR)  measured  with
ielectric properties
tructural defects

300 mT  field  clearly  shows  two  contributions,  one  due  to  grain  boundary  tunneling  and  the  other  due
to  colossal  MR  effect.  The  highest  low  field  MR  effect  of  17%  was achieved  for the  film  on  MgO  with  the
highest  thickness  and  surface  roughness  indicating  the  presence  of  grain  boundary  related  defects.  Also
a high  dielectric  constant  was  observed  for the  same  film  at room  temperature  up  to  100  kHz  frequency.
Coexistence  of  defect  induced  large  low-field  MR and  abnormally  high  dielectric  constant  can  give rise
to different  exciting  applications.
. Introduction

Colossal magnetoresistance (CMR) in perovskite manganites
as been a subject of intense research interest since late 1990s
1,2]. The family of manganites are not only interesting because of
heir potential applications in magnetic field sensing and memory
evices but also their fascinating and intriguing physics [3,4], not
ompletely explored so far and exciting new results are emerging
onstantly [5,6]. The hole-doped manganites of general composi-
ion Re1−xAxMnO3 (Re = rare-earth metal, A = divalent alkali metal)
hows the coexistence of different phases and depending on the
omposition and structural defects, these phases can be modified
ignificantly. The transition from insulator–metal phase is gen-
rally associated with paramagnetic (PM) to ferromagnetic (FM)

hase change. The FM ordering in the hole doped materials are due
o mixed valence state of Mn  ions, mainly in form of Mn3+–O–Mn4+

nd the interaction between them by Zener double exchange mech-
nism. Among different hole-doped manganites, the half-metallic

∗ Corresponding author. Tel.: +358 2 3336240; fax: +358 2 3335070.
E-mail address: sayani.majumdar@utu.fi (S. Majumdar).
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oi:10.1016/j.jallcom.2011.09.093
© 2011 Elsevier B.V. All rights reserved.

manganite La0.67Sr0.33MnO3 (LSMO) is possibly the most widely
studied material as it has completely spin polarized conduction
band at Fermi energy at low temperature, giving rise to 100%
spin polarization. This half-metallic character has been successfully
used for the spin injecting electrode in inorganic/organic spin-
tronic devices [7,8]. Where as spintronic application requires, high
quality epitaxial thin film sample with extremely smooth surface
for a defect free interface between FM/non-magnetic junctions,
structural defects, strains and surface roughness could also lead
to interesting effects.

Due to mismatch between the film and substrate lattice param-
eters and oxygen non-stoichiometry in the lattice arising from
improper growth conditions, the unit cell lattice is often stressed
and these strained lattice structures give rise to deformed MnO6
octahedra and thus the FM interaction and electronic conductivity
is suppressed. Also the substrate induced stress causes misorienta-
tion of crystal lattice causing grain-boundary (GB) related defects.
Different film growth parameters also play an important role on
structural defects. One of the main defect-induced effect in poly-

crystalline thin-film and bulk manganite samples is the low-field
magnetoresistance (LFMR) effect [9,10].  LFMR is very important
for the magnetic field sensing application. LFMR has mainly been
explained by the tunneling of spin polarized electrons between

dx.doi.org/10.1016/j.jallcom.2011.09.093
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:sayani.majumdar@utu.fi
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Table 1
Sample names, their characteristic deposition parameters and approximate thicknesses.

Sample Temperature (◦C) No. of pulses Frequency (Hz) Approximate thickness (nm)

S1 780 10 000 5 400
S2  780 5 000 5 200
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S3 780 10 000 

S4  780 15 000 

S5 700 5 000 

M grains separated by GB regions. To clarify the role of these
Bs, arising either from the substrate induced strain or misori-
nted grains due to lack of proper growth conditions, on the
agnetic and electronic properties of LSMO, we have fabricated

SMO films on different substrates starting from highly lattice-
ismatched MgO  (∼9%) to most closely matched SrTiO3 (STO)

0.87%) and NdGaO3 (NGO) (−0.2%) using different pulsed laser
eposition (PLD) parameters and characterized their surface mor-
hology, structure, magnetic and transport properties thoroughly.
arying the substrates and deposition parameters, both epitaxial
nd less-textured films are prepared for three different thicknesses
n each substrate and comparison between their different prop-
rties give the opportunity to investigate how the defect induced
agnetic and transport properties evolve from highly epitaxial

lms to less-textured films.

. Experimental

Preparation of stoichiometric LSMO target material for pulsed laser deposition
PLD) was reported earlier [11]. Phase purities of the PLD targets were checked by
-ray diffraction (XRD) using Cu K� radiation. LSMO films were grown on the MgO

1  0 0), STO (1 0 0) and NGO (1 0 0) polished single crystal substrates at temperatures
TS) of 700 ◦C and 780 ◦C using the laser repetition rates of 5 Hz and 10 Hz and the
ulse energy of 2 J/cm2. The target to substrate distance was 35 mm and oxygen pres-
ure  in the deposition chamber was  0.25 Torr. These two parameters were chosen
y  observing the optimum plume formation and were kept constant for all the films.
ilms with different thicknesses were obtained by using 5 000, 10 000 and 15 000
ulses and the approximate thicknesses are 200, 400 and 500 nm,  respectively. On
ach substrate, five LSMO films, deposited by different deposition parameters, were
rown, as listed in Table 1.

After deposition, the films were subjected to post-annealing treatments in 1 atm
ressure of oxygen for 10 min  at the deposition temperature and then cooled to
oom temperature at the cooling rate of 20 ◦C/min. The surface morphologies of the
lms were characterized by atomic force microscopy (AFM) in non-contact mode
nd their compositions and lattice structures were investigated by X-ray diffrac-
ion  (XRD) using a Bragg–Brentano diffractometer (Model Philips PW3710). The

agnetic properties were investigated with a SQUID magnetometer in the range
f  5–400 K. The resistivities were measured using the four probe method in the
ange 5–300 K in the absence and presence of a magnetic field of B = 300 mT and

FMR were measured by sweeping the in-plane magnetic field between −300 and
300 mT  and back at a fixed temperature. The impedance spectra were measured at
oom temperature with a Gamry 600TM Potentiostat in a frequency range of 1 Hz to

 MHz. The amplitude of the AC bias was 20 mV  rms. The DC bias was  varied from 0
o  1 V.

ig. 1. AFM images (5 �m × 5 �m)  of the LSMO films deposited on MgO, STO and NGO sub
height from black to white) is 70 nm for all the films on MgO, STO and NGO.
10 400
10 500
10 200

3. Results and discussion

3.1. Surface morphology

Fig. 1 shows the surface structures of the LSMO films deposited
on different substrates. Although the surface features of the
films were initially identified as almost similar [11], more detail
inspection reveals that films grown on MgO  have bigger domains
compared to the surface structures of the films grown on STO and
NGO. Also, the domains are more closely packed in the films on STO
and NGO compared to that on MgO, where the domains have more
island type growth. These features remain unchanged when the
films were prepared by varying the frequency of the PLD pulses and
TS. However, the rms  roughnesses of the films differ significantly
due to variation in both the PLD pulse frequency and TS.

Surface rms  roughness values for as-grown films are calculated
as an average from AFM images taken from different 5 �m × 5 �m
areas of the films and the standard deviation in rms  roughness
value is ±1.2 nm,  1.0 nm and 0.4 nm for MgO, STO and NGO, respec-
tively. The roughness increases with thickness in all substrates.
Lower deposition temperature leads to the smoothest surface for
all the substrates, especially on STO. For films on MgO, STO and
NGO, the rms  roughness is 9 nm,  3.7 nm and 9.1 nm, respectively,
for TS = 700 ◦C. However, the roughness value increases appreciably
reaching 18.6 nm,  15 nm and 14.4 nm,  respectively, for TS = 780 ◦C.
In addition, the higher deposition frequency (10 Hz) also leads to
the smoother surface especially for films on STO and NGO. This
leads to the conclusions that lower laser frequency, higher depo-
sition temperature and increasing film thickness lead to more
structural defects in the films. This could be explained with the
difference in growth mechanisms affected by the different deposi-
tion parameters as well as the lattice mismatch between the film
and the substrate [12,13].

3.2. Structural analysis
The room temperature XRD measurements show that the crys-
talline structure of the LSMO target is rhombohedral perovskite
with space group R 3̄C and lattice parameters ah = 0.5473 nm and

strates with TS = 780 ◦C, 10 000 laser pulses with frequency of 10 Hz. The grey scale
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ig. 2. X-ray pole figures of the (1 1 0) reflection at 2� = 32.76◦ of as deposited LSM
able  1.

h = 1.336 nm (pseudo-cubic ac = 0.3866 nm). More detailed struc-
ural analysis of these films is reported earlier [11]. The films
rown on MgO, STO and NGO substrates, depending on the deposi-
ion parameters show either complete epitaxial growth, i.e. LSMO
seudo-cubic structure with diffraction peaks matching with the
ubstrate peaks, or a less textured growth with a mixture of (1 0 0),
1 1 0) and (1 1 1) peaks.

The X-ray pole figures (ϕ–  scans) of the (1 1 0) reflection at
� = 32.76◦ (Fig. 2) show several crystalline orientations in most of
he samples. Only the samples S5 on MgO  and STO are fully and
n NGO are nearly textured with (1 0 0) perpendicular to the plane
f the film. All the other films have additional orientations with
seudocubic axis in 10◦, 13◦, 16◦ and 27◦ angles with the substrate
0 0 1) axis. There are also several in-plane directions. In addition,
he samples on MgO  have much wider peaks than the samples on
TO or NGO, indicating low angle grain boundaries within a single
rain orientation. The pole figures unambiguously show that sam-
les S1–S4 on all the substrates contain large amount of low and
igh angle grain boundaries, especially the sample S4 on MgO.

.3. Magnetic properties

Fig. 3(a) shows the field cooled (FC) magnetization measure-
ents on the LSMO/MgO films with in-plane external magnetic

eld B = 10 mT  and the inset of Fig. 3(a) shows the FC magnetization
f the LSMO target in the field of B = 8 mT.  Curie temperature (TC)
f 347.8 K was obtained from the target. For LSMO/MgO films, TC
alue changes substantially depending on the deposition parame-
ers. Although the onset of PM–FM transition is close to that of the
arget material, in all the cases, except for sample S5, the nature
f transition is broad and saturation magnetic moment (MS) value
as not reached until 5 K which may  be associated with the influ-
nce of a distribution of magnetic domains in the films. Some of
he domains contain higher strain related defects and distorted

nO6 octahedra resulting in reduced TC while the domains con-
aining lesser defects show TC close to the target material. Average
s S1–S5 on MgO, STO and NGO substrates using deposition parameters shown in

magnetic moment from the whole film gives rise to a smooth and
broad magnetic transition. Considering the higher lattice mismatch
(∼9%) between MgO  and LSMO, it is justified to assume that the lay-
ers closest to the substrate are the most strained ones and hence
contain substantial amount of defects. With increasing thickness,
less strained LSMO with higher TC starts to grow. This hypothesis
is supported by the fact that the two thinnest films on MgO have
the lowest TC (∼330 K). The coercive fields (HC) of the films are high
(∼26 mT  at 5 K) and the transition is broad (Fig. 3(b)) except for the
film S5, with better crystalline properties, where HC is 14 mT  at 5 K
and also the PM–FM transition is much sharper. This clearly indi-
cates that structural distortions in these films cause strong pinning
centers for the magnetic domain movement increasing the coer-
civity. No measurable differences between ZFC and FC branches
were detected in any samples showing complete FM ordering for
all samples.

For the films on STO and NGO, TC does not depend strongly on
the deposition parameters and thicknesses, though the thinnest
film S5 on STO has TC of 342 K, approximately 10 K lesser than the
other films. From the calculation of in-plane lattice parameters, S5
shows the highest compressive strain among the films on STO [11]
and so we can conclude that at lower temperatures the LSMO grows
with elongated c-axis and that this structural disorder results in
lower TC. Also this film shows a broad magnetic transition like the
LSMO/MgO films showing the influence of strained lattices on the
magnetic properties. However, all the other films on STO have very
sharp PM to FM transition and MS value is reached approximately
at 250 K (Fig. 4(a)). HC is smaller than the films on MgO  and varies
between 17 mT  and 20 mT  at 5 K and between 12 mT and 4 mT  at
100 K for different growth conditions (Fig. 4(b)).

Films on NGO show a high paramagnetic signal from the
substrate at low temperatures making it difficult to distinguish

between the contributions of the film and the substrate at 5 K.
However, the TC values are measured accurately from the high
temperature scans showing that these films have the highest TC,
even higher than that of the target material (Fig. 5(a)). The two
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ig. 3. (a) Temperature dependence of field-cooled (FC) magnetization of the
SMO/MgO films per unit area and the target per unit mass (inset) and (b) hysteresis
oop measurement at 5 K for the same films.

hinnest films S2 and S5 show better crystalline growth and the
ighest values of TC confirming that they have minimal amount
f strains and related defects and are hence very suitable for spin
njection purposes. HC at 100 K (Fig. 5(b)) are between 14 mT  and

 mT  for different samples, matching closely with the HC values for
he LSMO/STO films and the transition is also very sharp.

.4. Resistivity and magnetoresistance

Fig. 6(a) shows sheet resistance (R) per unit area as a function
f temperature for all the deposited films on MgO in the absence
nd presence of magnetic fields (B) of 300 mT.  Depending on the
eposition parameters, the resistance changes by orders of magni-
ude. The highest resistivity was obtained for the thickest film S4.
ll the films show metal–insulator transition (MIT) much below

heir respective TCs suggesting the presence of GB effects in these
lms. Also the calculated value of MR,  defined as (R(0) − R(B))/R(0),
s a function of temperature is plotted in Fig. 6(b) and it shows a
istinct maximum in MR  around MIT  temperature (TMIT) for all the
amples except S5.

Fig. 6(c) shows resistance hysteresis loops for all the films
eposited on MgO  substrate. The LFMR observed from the resis-
ance hysteresis loops at low temperatures with the appearance of
wo peaks close to HC support the presence of GB tunneling MR  in

ll the films [9].  The LFMR value, calculated by taking the highest

 value as RAP and lowest R value as RP and putting them in the
ormula (RAP − RP)/RP, is the largest (17.5%) for the film S4, having
he largest resistance and lowest TMIT. For all the other samples,
Fig. 4. (a) Temperature dependence of FC magnetization of the LSMO/STO films per
unit area and (b) hysteresis loop measurement at 100 K for the same films.

the LFMR vary between 5 and 7%. This suggests that, above certain
thickness, the films on MgO  show deteriorated crystalline prop-
erties and higher GBs. Charge carriers suffer scattering at the GBs
decreasing the conductivity of the sample. The MR  in the LSMO
films with low fields can be understood in terms of the tunneling
of spin polarized conduction electrons at the boundaries between
FM grains. Upon application of a magnetic field, resistance starts
changing showing a resistivity maximum at the HC and decrease
as the relative orientation of the magnetic moment between the
FM grains changes with the application of a magnetic field. The MR
curves are closely correlated with the magnetic hysteresis loops.
The maxima in the resistance occur at the magnetic coercive field
when the magnetization, M,  equals zero and the rotation towards
a complete alignment of moments cause a reduction of the resis-
tance. LFMR is the highest at 5 K and decreases with increasing
temperature. So clearly, the MR  responses of these films have two
components, one due to LFMR arising from GB defects and the other
due to CMR  property of the bulk LSMO.

For the films grown on STO and NGO (Figs. 7 and 8(a), respec-
tively), all the samples have metallic resistivity in the temperature
range of 5–300 K and TMIT is higher than 300 K, very close to TC,
showing much less GB and stress related defects in them. Samples
S1, S2 and S5 show higher sheet resistance at 300 K for the films
on STO while S3 on NGO has the maximum resistance at 300 K. %

MR as a function of temperature is also plotted in Figs. 7 and 8(b)
and it shows a peak at low temperature followed by a decrease
in MR values until 250 K. Above 250 K, MR  again starts to increase,
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%  MR of LSMO/MgO films as a function of temperature and (c) resistance hysteresis
at  5 K for the same films.

the GBs become dominant due to a narrowing of the FM grain size
nit area and (b) hysteresis loop measurement at 100 K for the same films.

ossibly for a second maximum around TMIT. For S5 on STO, the MR
eak around TMIT is observed at 270 K, indicating that TMIT for this
lm is close to room temperature, which is expected considering
he lowest TC in this film. The LFMR effect (Figs. 7 and 8(c)),
haracteristics of the GB tunneling, is much smaller, close to 1–3%,
n films on STO and NGO again confirming lesser structural defects
n these films. The lowest LFMR on STO substrate is observed for
ample S2 and S5, having thickness close to 200 nm.  However, S5
n NGO shows lowest LFMR effect (0.6%) among all the samples
nd hence the smallest amounts of GBs are expected in this film.

For the in-depth analysis of the transport properties induced by
efects, two samples S3 and S4 on MgO  having 5% and 17% LFMR
ere chosen. Fig. 9(a) and (b) shows the plot of LFMR, magnetiza-

ion and MR  of S3 and S4, respectively, as a function of temperature.
learly, the trend is similar in every case for S3, i.e., low tempera-
ure saturation below 150 K followed by a sharp decrease. However,
FMR response of S4 is distinctly different from that of S3. In S4,
FMR starts to increase sharply below 100 K, compared to the low
emperature saturation in S3 (shown by the dotted line for a guide
o the eye). This indicates additional electron lattice scattering at
he GBs in S4, which reduces considerably under application of
xternal magnetic fields, producing large MR  effects. The MR  peak
round TMIT is observed for both S3 and S4, as discussed earlier.
FMR starts decreasing faster than the bulk magnetization for both
3 and S4. This is expected considering the fact that LFMR was  mea-

ured on the LSMO film surface where due to breaking of the bonds
f MnO6 octahedra, spin polarization starts to decrease much faster
han the bulk film [14].
The dependence of MR  on spin-polarized tunneling has earlier
been described by Helman and Abelest [15]. They showed that MR
could be approximately described as MR  ∼−A(M/MS)2, where the
prefactor A determines the magnitude of MR  and depends on the
number and the size of FM particles. To examine the mechanism of
the LFMR effect in S3 and S4, we  fitted the MR  data of the samples at
different temperatures to the (M/MS)2 dependence. Fig. 10 shows
the fitting for S3 at 5 K and for S4 at 5 and 100 K. We  observed excel-
lent fittings for S3 at 5 K, where as, the fitting is not very nice for S4,
especially at 5 K. At 100 K, the fitting for S4 is clearly better. These
results, therefore, confirm that the main mechanism for the LFMR
effect in S3 is the spin-polarized-tunneling effect at the bound-
aries between FM grains. In S4, the resistance maxima shift towards
higher magnetic field side below 100 K, which clearly indicates that
due to increased electron-lattice scattering in S4, a larger magnetic
field is needed to suppress the scattering. Also there is a possibility
of trapped electrons in this sample due to increased defects and
these trapped charges at lower temperature under magnetic field
form bound magnetic polarons which act as localized FM clusters.
These localized clusters can switch at different fields and tunneling
between FM grains can be modified. With increasing temperature,
reduced LFMR implies that the electron-scattering mechanism at
and reducing spin polarization of the carriers. Above 150 K, a dras-
tic decrease in LFMR is a direct consequence of decreasing FM grain
size near TC.
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.5. Impedance spectroscopy

For an insight of the microscopic nature of the GB region, a
omplex impedance spectroscopy measurement is performed on
amples S3 and S4 on MGO  at room temperature in the frequency
ange 1 Hz to 1 MHz. Fig. 11(a) shows the real and imaginary
mpedance (Z′ and Z′′, respectively) as a function of frequency for S3
nd S4. Z′ is frequency independent below 10 kHz for S3 where as
′ of S4 starts to decrease even below 1 kHz showing the existence
f stronger capacitive effect in S4 compared to S3. This is expected
onsidering higher GB defects in S4. The negative value of imagi-
ary impedance Z′′ shows a maximum at 40 kHz for S3 and 2.5 kHz

or S4. This frequency, where Z′′ shows a maximum, ωmax, is related
o the dielectric relaxation of the sample [16]. Smaller ωmax in S4
ndicates higher dielectric relaxation time in S4 compared to S3 and
s a direct consequence of higher capacitance due to GB effect. The
btained Z′′ for both the samples were fitted using equivalent cir-
uits consisting of three RC circuits which signifies that there are
ifferent contributions of grains and GB resistive (R) and capacitive
C) components.

The dielectric constant, ε′ of S3 and S4 as a function of fre-
uency is plotted in Fig. 11(b). An abnormally high value of ε′ of
4 (60 000) at lower frequencies is obtained which is compara-
le to the colossal dielectric constant (CDC) values of 103 to 105

eported in CDC compounds [17]. The ε′ starts to decrease dras-
ically above 10 kHz reaching the permittivity of the order of 102
t 1 MHz. ε′ of S3 at lower frequencies is much less than that of
4 (15 000) but remains constant almost until 100 kHz and a higher
ermittivity at 1 MHz  frequency. Hence, it becomes obvious that GB
films as a function of temperature and (c) resistance hysteresis at 5 K for the same
films.

effect in S4 plays a major role to enhance ε′ at lower frequencies.
The grains and GBs possess different conductivity and capacitance
which leads to Maxwell–Wagner-type polarization and a Schottky
barrier at the interface. These interface depletion layers contribute
to large dielectric dispersion as higher frequencies are approached
[18].

The dielectric loss factor, tan ı, calculated from the experimental
data at 300 K, measured with different bias voltages as a function
of frequency is shown in Fig. 12.  The applied dc voltages were 0,
0.1, 0.25, 0.5, 0.75 and 1 V and the arrow indicates the direction of
increasing voltage. The plot shows decrease in dielectric loss in S4
from ∼38 at 100 Hz to a minimum of ∼1 at 10 kHz. In S3, tan ı is
much higher ∼280 at 200 Hz and decreases to ∼2 at 10 kHz. Appli-
cation of dc bias increases loss tangent shifting the minimum to the
higher frequency side for both S3 and S4, similar to the temperature
dependence of tan ı [17].

The Nyquist diagram or a Cole–Cole plot of the impedance data
(not shown here) for S3 and S4 shows a semicircle with non-zero
intercept. It is known that one semicircle in the plot is associated
with the intrinsic property of the material whereas two  or more
successive or overlapped or distorted semicircles are associated
with the excess contribution of the GB and/or electrodes [19]. In
the present case, the fitting of S3 and S4 distinctly shows an over-
lapping of three semicircles indicating three equivalent RC circuits
needed to explain the data. So, the observed effect is mainly extrin-
sic in nature and GB related defects in the film play a major role in

exhibiting CDC values.

With increasing bias, the impedance of both S3 and S4 decreases
significantly. With increasing bias voltage, the decrease in
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Fig. 11. (a) Real and imaginary impedance (open and solid circles, respectively) as a
function of frequency for sample S3 (black) and S4 (red circles) at 300 K. Solid line is
a  fit of experimental data with three equivalent RC circuits. (b) Dielectric constant ε′

of S3 and S4 as a function of frequency at 300 K. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of the article.)
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rder parameters. In the present case, the change in resistance

ith bias is more significant than change in capacitance and the
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f complex impedance spectroscopy is underway to clarify this
ssue.

So through the structural, magnetic and transport studies of
he LSMO films on different substrates it is shown that films
ith higher structural and grain boundary related defects can

ive rise to high LFMR and higher dielectric constants and could
ead to a novel route for defect induced multiferroic properties in

anganites.

. Conclusions

To conclude, we have prepared LSMO films by pulsed laser depo-
ition on three different single crystal substrates with the lowest
attice mismatched SrTiO3 and NdGaO3 to completely mismatched

gO varying different PLD parameters and thickness and studied
heir surface morphology, structural, magnetic and transport prop-
rties in detail. Lower film growth rate and higher film thickness
ive rise to polycrystallinity and grain boundaries, especially on
gO. With increasing defect and GB concentration, the low field
R and dielectric constant of the film increases significantly. Inter-

lay between this magnetic and electric field coupling through
he introduction of defects can lead to interesting new prepara-
ion route for different materials attractive for low field sensor and
ther applications.
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