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Abstract. The magneto-transport properties of thick relaxed A-site deficient films having the composition
Pr0.6�0.1Sr0.3MnO3(P�SMO with the � symbol for the Pr vacancy) and Pr0.7Sr0.2�0.1MnO3(PS�MO) are
studied. A direct comparison with a Pr0.7Sr0.3MnO3(PSMO)completely relaxed film, deposited under the
same growth conditions, shows a reduction of the in-plane parameter a100 associated to an enhancement of
the out-plane parameter. The strains (bulk strain εB and biaxial Jahn-Teller strain εJ−T) do vary with the
nature of the cationic vacancy. For example, an enhancement of εB of 9% in the PS�MO film (Sr deficient)
produces a decrease of TC of 30 K, whereas the Pr deficient P�SMO film exhibits a large reduction of
both εB(−16%) and εJ−T (divided by a factor of 5), which enhances TC of 12 K, similarly to previous
observations on bulk ceramics. With a reduced resistivity (ρ < 0.02 Ω cm), the obtained Pr-deficient film,
P�SMO, exhibits the best magneto-transport properties with a decreasing magnetoresistance sensitivity
at low field.

PACS. 75.47.Lx Manganites – 75.50.-y Studies of specific magnetic materials – 75.70.-i Magnetic
properties of thin films, surfaces, and interfaces

1 Introduction

The mixed-valence perovskites R1−xAxMnO3, where R
and A are rare earth and alkaline-earth elements, exhibit a
metal-insulator transition accompanied by so-called colos-
sal magnetoresistance (CMR) – an abnormal decrease of
resistivity under the application of a magnetic field [1–4].
These oxides have a rich, complex and still under-debate
physics that is related to the competing electron-lattice
and electron-electron interactions. Their structural, mag-
netic and transport properties are thus intricately related.
Several studies, both experimental and theoretical, have
been performed by various groups. For example; Millis
et al. [5,6] have proposed a dynamical mean-field model
of Jahn-Teller (J-T) electrons coupled to “core spins” and
to phonons for describing the CMR physics. Since the
electron-phonon coupling is fully driven by the J-T effect
that distorts the MnO6 octahedral, several studies have
attempted to modify this distortion either by means of
an internal chemical pressure (change of the average ionic
radius on both A and B sites from a chemical substitu-
tion) [7–9] or by means of an external pressure [10–12].
Since a well-controlled lattice distortion can easily be
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introduced in strained thin films due to the lattice mis-
match between the single crystal substrate and the film,
the strained films appear very useful to study and to drive
the J-T distortion. Many research groups have reported
systematic studies by using different substrates that in-
duce different lattice mismatches and thus different lat-
tice strains [13]. These experiments are well designed to
probe the intrinsic effects of both competing hydrostatic
and Jahn-Teller strains upon the magnetic and electric
properties.

Strain effects can thus directly influence the physi-
cal properties of the manganites thin films including the
Curie temperature (TC), the magnetic anisotropy and the
magneto-resistance (MR). While a tensile strain gener-
ally decreases TC in (La,Sr)MnO3 and (La,Ca)MnO3 com-
pounds deposited on SrTiO3 (STO) due to a large J-T dis-
tortion, an anomalous increase of TC has been observed in
La0.8Ba0.2MnO3 on STO tensile films due to a larger hy-
drostatic bulk term [14]. In compressive Pr0.67Sr0.33MnO3

thin films grown on LaAlO3 (LAO), the easy axis of mag-
netization is found to be perpendicular of the film’s plane,
inducing large anomalous low-field MR (LFMR) under
perpendicular applied magnetic field [15,16].

In this paper, we propose an alternative way to in-
troduce an additional lattice distortion in R1−xAxMnO3
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films: the presence of a cationic vacancy on the A-site
of the perovskite lattice cell. Previous studies on A-
site deficient Pr0.7Sr0.3MnO3 (PSMO) bulk ceramics have
reported both an increase of TC in Pr-lacunars com-
pounds (Pr0.7−x�xSr0.3MnO3 with 0.05 < x < 0.2) [17],
or a decrease of TC in Sr-deficient Pr0.7Sr0.3−x�xMnO3

(with x ≤ 0.2) associated to a contraction of the unit
cell [18]. In stoichiometric Pr0.67Sr0.33MnO3 thin films,
H.S. Wang et al. have studied the variation of the out-
of-plane parameter c001 for thickness (t) ranging from a
few nanometers to 300 nm. These authors have shown
that the films thicker than 300 nm are fully relaxed, with
a c001 value equal or even lower to the bulk parameter
(aP PSMO = 3.867 Å) [16]. In this study, thick relaxed films
(thickness, t = 450 nm–600 nm) have been grown in order
to minimize the strain component due to the substrate
mismatch that always produce large cell distortion, in or-
der to avoid surface effects of magnetic depolarization and
thus to be able to extract the cell distortion produced only
by vacancies. This work is a first step that will verify the
ability to introduce vacancy in films and check the nature
of the cell distortion mainly imposed by the vacancy.

The magnetic and transport properties of A-site defi-
cient Pr0.7Sr0.3MnO3 thick films deposited on LAO have
been studied as a function of the nature of the vacancy and
are reported in this paper. Measurements of the lattice
parameters (in-plane a and out-plane c), the resistive tran-
sition TP, the Curie point TC , the high field MR (HFMR,
with HFMR = −CMR = −[R(8 T)−R(0 T)]/R(8 T))
and the low field MR were performed on the stoi-
chiometric Pr0.7Sr0.3MnO3 (PSMO) films as well as
on both lacunars Pr0.6�0.1Sr0.3MnO3(P�SMO) and
Pr0.7Sr0.2�0.1MnO3 films (PS�MO). Our results are
discussed and compared to the results observed in bulk
ceramics.

2 Experiment

The dense targets of PSMO, P�SMO and PS�MO
were synthesized using standard ceramic methods.
Pr6O11,Mn2O3 and SrCO3 powders of 99.9% purity were
mixed in appropriate ratios and intimately ground using
a semi-planetary ball mill. The mixed powder was first
annealed at 1000 ◦C for 60 hours to ensure a complete
reaction. The resulting powders were pressed into pellets
(of about 2 mm thickness) and sintered at 1400 ◦C for
60 hours with intermediate grindings and repressing. Fi-
nally, these pellets were rapidly quenched at room tem-
perature in air to retain the high temperature structure.
Powder X-ray diffraction (XRD) analysis at room temper-
ature shows single-phases that crystallize in a rhombohe-
dral perovskite structure (for the parent PSMO compound
as well as for the deficient P�SMO and PS�MO).

The films were grown on (100) LAO substrate using
a standard PLD apparatus [13] working with a KrF ex-
cimer laser at λ = 248 nm. The laser fluence was fixed
at 1–2 J/cm2 and the pulse rate at 2 Hz. Before depo-
sition, the single-crystal LAO substrates were cleaned in
ultrasonic baths of acetone and ethyl alcohol, and then

were attached to the heater using silver paste. The heater
can be translated for proper target-to-substrate position-
ing. A K-type thermocouple was mechanically attached
to the heater block close to the substrate and the tem-
perature measured at this location is referred to as the
deposition temperature. The optimal deposition temper-
ature was fixed at 675 ◦C for a dynamic O2 pressure
of 300 mTorr. After complete deposition, the films were
cooled to room temperature at 20 ◦C/min under a static
oxygen pressure of 500 mbar. X-ray diffraction patterns
were recorded utilizing a SEIFERT 3000P in a standard
θ−2θ configuration for the out of plane measurements. In-
plane measurements were carried out by using an X’Pert
MRD diffractometer. The in-plane lattice parameter were
obtained from the (103) reflection of the cubic unit cell,
by tilting of an angle Ψ(Ψ ≈ 18◦ for 103 diffraction plane)
in order to move this plane in the Bragg conditions and
by scanning a normal Θ–2Θ around this reflection. The
c-axis value (out-of-plane lattice parameter) is obtained
from the 00l reflections of the routine Θ–2Θ scan (see
Fig. 1 hereafter). Using this value and the following for-
mula dhkl = 1/(h2/a2 + k2/b2 + l2/c2)(1/2), we calcu-
lated the a-axis value (in-plane lattice parameter) with
h = 1, k = 0 and l = 3.

The thickness (t) of the films was determined to be
t = 600 nm for PSMO and PS�MO and t = 450 nm for
P�SMO, from profilometric measurements on etched pat-
terns. The films used in this study are thicker than 300 nm
and thus relaxed, as explained hereafter. A MPMS 5S su-
per conducting quantum interference device magnetome-
ter from Quantum Design was used in the temperature
(T ) range 4 K–300 K for determining the Curie tempera-
tures (TC). After a zero-field cool procedure, the coerciv-
ity (HC) was deduced from the m(H) curves at 4 K and
the evolution of magnetization was measured on warming
under 50 mT. The resistivity (ρ) was measured using a
conventional in-line four-probe technique, with the volt-
age contacts aligned along (100) and spaced from 2 mm.
The magnetic field (H) was applied along (100) and the
dc current was fixed at 10 mA.

3 Structure

The XRD patterns (see Fig. 1) clearly evidenced that
all the films of PSMO, P�SMO and PS�MO are single-
phased with the 001 axis (referring to the cubic unit cell)
perpendicular to the substrate plane. The films are well
crystallized with in-plane alignment within the substrate
plane (not shown). The calculated values obtained from
XRD analysis are reported in Table 1.

The bulk manganite PSMO has a pseudocubic
parameter aP = 3.867 Å [19]. The lattice mis-
match δ of PSMO on the LAO substrate, that has
a smaller cell (aP = 3.788 Å, pseudocubic), is
δ = (ap substrate − ap bulk)/ap substrate = −0.02%. This neg-
ative mismatch describes a compressive stress: the cell
should be elongated along the growth direction (with
c001 > ap bulk = 3.867 Å) and compressed in the
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Table 1. The thin films crystallographic in-plane a100 and out-plane c001parameters from XRD measurements. The perovskite
parameter aP of the bulk parent compound is also reported from [20] to allow determination of strains ε100 and ε001. The
bulk strain εB and the bi-axial J-T strain εJ−T have been deduced for each film. Note that P�SMO thin film exhibits a quite
negligible ε001value and thus a reduced J-T term.

Pr0.7Sr0.3MnO3 Pr0.7Sr0.2�0.1MnO3 Pr0.6�0.1Sr0.3MnO3

aPbulk (polycrystalline)

from [20] 3.867 Å 3.8643 Å 3.8618 Å

Vbulk– cell volume 57.82 Å3 57.7 Å3 57.59 Å3

(∆V/V = −0.2%) (∆V/V = −0.39%)

In-plane parameter

a100 3.887 Å 3.880 Å 3.871 Å

In-plane distortion

ε100 = (a100 − aP)/aP 5.17 × 10−3 4.06 × 10−3 2.38 × 10−3

Out-plane parameter

c001 3.849 Å 3.857 Å 3.862 Å

Out-plane distortion

ε001 = (c001- aP)/ aP −4.65 × 10−3 −1.89 × 10−3 0.5 × 10−4 (∼0)

Vfilm 58.15 Å3 58.06 Å3 57.87 Å3

(∆V/V = −0.15%) (∆V/V = −0.48%)

Hydrostatic distortion

εB = 1/3(2ε100 + ε001) 1.9 × 10−3 2.08 × 10−3 1.60 × 10−3

Jahn-Teller distortion

εJ−T = 1/2(ε001 − ε100) ∼− 5 × 10−3 −3 × 10−3 −1 × 10−3

Fig. 1. X-ray diffraction patterns in a standard θ-2θ config-
uration for the out of plane measurements recorded on all
the thick relaxed films (PSMO, P�SMO and PS�MO) de-
posited on LAO. The low intensity feature observed in PSMO
at 2θ = 46◦ is likely due to the presence of small domains with
a [110]–orientation whereas most of the film is [001]–oriented
(referring to the cubic unit cell).

plane of the film (with a100 < ap bulk). In this
case of a compressive stress, the perpendicular distor-
tion ε001, defined as ε001(out−plane) = (c001 − aP)/aP,
takes a positive value, whereas the in-plane distortion
ε100(in−plane) = (a100 − aP)/aP is negative. On the oppo-
site, a tensile film will exhibit a negative out-plane ε001

associated to a positive in-plane ε100. Wang et al. have
shown that the out-plane parameter c001 is decreasing
from about 3.95 to 3.87 Å (= ap bulk) when the thick-
ness increases from a few nanometers to t = 300 nm [16].
The perpendicular distortion ε001 is thus approaching zero
which expresses a full relaxation of the compressive stress
in 300 nm-thick films. In our 600 nm-thick stoechiometric
PSMO film, in agreement with Wang’s results, the out-
plane parameter c001 is reduced to 3.849 Å (< ap bulk) and
the corresponding in-plane parameter a100 is enhanced to
3.887 Å. From the Table 1, it is shown that the out-of-
plane lattice parameters are slightly smaller as compared
to the bulk indicating a small tensile stress within the
plane of the substrate.

The small tensile stress observed in this very thick film
is confirmed by the small negative value of the perpendic-
ular distortion ε001(out−plane) (ε001(out−plane) = −4.65 ×
10−3). Note that a 20 nm-thick strained PSMO film ex-
hibits a 10 times larger compressive distortion of about
ε001(out−plane) = +18.9× 10−3, as calculated from Wang’s
data [16]. In our thick relaxed lacunars films, the lattice
distortion is largely reduced (|ε001| < 5 × 10−3) if com-
pared to thin strained films. The role of the lattice dis-
tortion imposed by a A-site vacancy will be thus more
easier to observe and to extract in these slightly distorted
and relaxed films than in very thin strained films. From
the strains ε100(in−plane) and ε001(out−plane), the bulk hy-
drostatic strain εB and biaxial J-T strain εJ−T have been
also calculated (see Tab. 1) [20]. Note that the bulk hydro-
static strain εB is always positive (with 2ε100 > −ε001),
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whereas the biaxial J-T strain εJ−T remains always nega-
tive.

A direct observation of the evolution of the lattice pa-
rameters a100 (in-plane) and c001 (out-of-plane)is of great
interest: both P�SMO and PS�MO films exhibit a larger
out-plane parameter associated to a smaller in-plane,with
a reduced total cell volume (as compared to stoichiomet-
ric PSMO films. Such a decrease of the unit cell due to
the presence of vacancies was previously observed in bulk
polycrystalline P�SMO and PS�MO compounds [21]. The
reduced values of both ε100(in−plane) and ε001(out−plane)

distortions indicate also that the deficient films are less
distorted and thus less stressed than the stoichiometric
PSMO thick film. Note that ε001 is quite negligible for the
P�SMO film. If the total volume is decreasing for both
lacunars films, the hydrostatic distortion εB and the Jahn-
Teller distortion εJ−T are not varying similarly with the
nature of the vacancy. In others words, with a Sr vacancy,
εB is enhanced and εJ−T is reduced. On the opposite, a
Pr vacancy induces a more significant decrease of both εB

and εJ−T distortions, which is in favor of an enhancement
of the Curie temperature. The role of each distortion upon
TC will be discussed hereafter.

4 Magnetic and electric transport properties
of deficient thin films

4.1 Deficiency dependence of TC

One of the most attracting features of the manganite is the
occurrence of a resistive transition at TP from a high tem-
perature insulating phase towards a metallic one, which
is close to the PM/FM Curie temperature TC . The evolu-
tion of these temperatures has been studied as a function
of the nature of the vacancy i.e. on the Sr or the Pr sites.
Similarly to polycrystalline bulk materials [18], it is ob-
served a decrease of both TP and TC in the Sr deficient
PS�MO relaxed film, whereas the presence of a Pr defi-
ciency shifts towards larger TP and TC temperatures. The
resistivity curves ρ(T ) and the magnetization curves m(T )
are presented in the Figure 2 for the stoichiometric PSMO,
and the deficient P�SMO and PS�MO relaxed films. The
method for determining precisely TC is the extrapolation
at 1/χ = 0 of the Curie-Weiss law as shown on Fig. 2c).
Note that this method produces higher TC values, than the
more-often used procedure, which consists to extrapolate
the tangent at the inflexion point of m(T ). The Curie laws
for PSMO and P�SMO exhibit a similar slope reflecting
similar values for both the Curie coefficient and the criti-
cal exponent. All the temperatures TP and TC values are
listed in Table 2. The bulk TC from reference [18] is also
given for comparison. In our films, it is found that TP and
TC are decoupled with a shift of around 30 K. Such decou-
pling of the transition temperatures have been often ob-
served in thin films [22,23] and can be due to a strong dis-
order at TC or to a competition between double-exchange
and super-exchange of Mn-Mn spins [24]. In the following
of this paper, the role of the vacancy will be discussed only

Fig. 2. a) The resistivity curves ρ(T ) measured using a con-
ventional four-probe technique (the voltage contacts aligned
along (100)), b) the magnetization curves m(T ) recorded on
warming under 50 mTesla, after a zero field cooling and with
the magnetic field applied along the in-plane (100) axis. The
inset shows the m(H) curves at 4 K where m is the magnetic
moment of the samples, and c) the 1/m(T ) curves with the
high temperature Curie Weiss fits for the determination of TC .
The determined TC values are also reported.

on the basis of the variation of TC and the lacunars films
will be directly compared to the stoichiometric PSMO
film. It is not surprising to get a large decrease of TC of
around 30 K in the Sr deficient PS�MO film (see Tab. 2),
since the hydrostatic εB distortion is enhanced (see Tab. 1;
∆εB = εBPS�MO − εB PSMO = 2.08× 10−3 − 1.9× 10−3 =
0.18× 10−3), while the Pr deficient P�SMO film exhibits
an enhancement of TC , which has to be attributed to a
reduction in εB(∆εB = −0.30 × 10−3).
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Table 2. The temperatures TP and TC deduced from the normalized resistivity curves R(T )/R(300 K) and the magnetization
curves m(T ) (extrapolation at 1/χ = 0 of the Curie-Weiss law). The bulk TC from reference [18] is also given for comparison.

Pr0.7Sr0.3MnO3 Pr0.7Sr0.2�0.1MnO3 Pr0.6�0.1Sr0.3MnO3

TCbulk from [18] 265 K 160 K 290 K

TP 140 K 136 K 171 K

TC 190 K 150 K 202 K
(∆/PSMO film∼−40 K) (∆/PSMO film =+12 K)

Calculated TC α=150 110 K 220 K
using Millis formula [19]

The expected magnetic moment at saturation for the
bulk PSMO of 3.7 µB per formula unit is never achieved in
thin films, due to the presence of magnetic “dead layers”
at both substrate/film interface and air/film surface [25].
Both PSMO and PS�MO films exhibit a saturation mo-
ment at 50 K of around 400 emu/cm3 (∼2.6 µB/f.u). Thus
70% of the film is ferromagnetic which corresponds to a
ferromagnetic thickness of 420 nm. Such reduction of mo-
ment has been previously reported in thin strained PSMO
films by Wu et al. [26], as well as in 700 nm-thick PSMO
films by Wolfman et al. [27]. The saturation moment of the
Pr deficient P�SMO film is reduced to 390 emu/cm3 in
agreement with previous observations on polycrystals [21].
Note that the valence of Mn is changing in the deficient
compounds: the Mn4+ content is always increasing with a
value of 0.5 in PS�MO (Pr0.7Sr0.2�0.1Mn3+

0.5Mn4+
0.5O3) and

of 0.6 in P�SMO (Pr0.6�0.1Sr0.3Mn3+
0.4Mn4+

0.6O3). The the-
oretical values for the saturation magnetization are thus
3.5 µB/f.u. (= 2 (3/2 × 0.5 + 4/2 × 0.5)) for the PS�MO
compound and 3.4 µB/f.u. (= 2 (3/2 × 0.6 + 4/2 × 0.4))
for P�SMO [21]. In both lacunars films, the magnetization
is strongly decreasing at temperatures lower than 50 K in-
dicating a spin-canted state at low temperature, which is
probably due to a pinning of the domain walls, favored
by the disorder induced by the vacancies. The inset in
Fig. 2b) shows the m(H) hysteresis loops recorded along
the (100) in-plane direction. The stoichiometric PSMO
exhibits a saturation field of about 0.18 T and a coer-
civity of 32 mT. It is not surprising to get a quite in-
plane anisotropy in these relaxed films that are under a
small tensile stress [26]. It is observed that the Sr defi-
cient PS�MO film exhibits a larger saturation field HS

of 0.25 T associated to a smaller remanent magnetization
value (mR/mS ∼ 63%). The presence of disorder induced
by the presence of the vacancies explains this reduction
of mR and the enhancement of HS . Finally, no significant
variation of the coercitive field is observed in the m(H)
hysteresis loops due to the introduction of a vacancy: HC

is ranging from 32 mT in the PSMO film to 45 mT in the
P�SMO. These coercivities are of the same order of those
measured by Wu et al. [26] in thin strained PSMO films
on STO that are under tensile stress.

4.2 Magnetoresistance

4.2.1 High Field Magneto-Resistance – HFMR

The dependence with the temperature of the High
Field Magnetoresistance HFMR, defined as −CMR =

Fig. 3. The colossal magneto-resistance HFMR(T) curves
with HFMR(T ) = −[R(8T) − R(0T)]/R(8T). The inset shows
a comparison of both R(T ) and HFMR(T) curves of the
PS�MO film.

−[R(8T) − R(0T)]/R(8T), is plotted in Figure 3. In the
inset, both the zero field resistance for the PS�MO film
and the corresponding HFMR curve are given for compar-
ison. In our deficient relaxed films, it is confirmed that the
maximum of HFMR peaks at the transition temperature,
similarly as in stoichiometric manganites [13]. Also, the
lowest the TC the highest the HFMR, since the resistiv-
ity of the high temperature phase strongly increases on
decreasing TC , whereas that of the low temperature FM
phase decreases.

4.2.2 Low Field Magneto-Resistance – LFMR

The low field MR defined as LFMR = [R(H) −
R(HC)]/R(HC) has been also studied and its dependence
is reported in Figure 4. The LFMR, that is related to the
alignment of the ferromagnetic domains at low field, in-
creases with decreasing the temperature and the particle
size [28]. Due to its extreme sensitivity to reflect the pres-
ence of large grain boundaries, LFMR is often used to
verify the crystallinity of the film.

In the low temperature phase,at 10 K, all the films ex-
hibit a very small LFMR of −5% at 0.4 Tesla and the very
small slope of the curves indicates that the grains are not
magnetically decoupled. The high crystallinity of our re-
laxed films is confirmed by this reduced slope of the LFMR
curves. The smallest MR dependence with the magnetic
field is obtained for the metallic P�SMO that shows also
the lowest resistivity (ρ < 0.02 Ω cm – see Fig. 2a). This is
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Fig. 4. The low field magneto-resistance LFMR(T) curves
recorded at 10 K and at closer to TP temperatures
(120 K–160 K) (LFMR = [R(H) − R(HC)]/R(HC)).

the proof of the high crystallinity of this film. Moreover,
it seems that the disorder, due to vacancies in the low
temperature spin-canted phase, doesn’t affect the LFMR
value. In addition to an enhanced TC , the Pr deficient
P�SMO film appears more metallic, with a reduced MR
sensitivity at low field.

5 Mechanism of the evolution of TC

from the vacancy

Millis et al. have developed a model in order to pre-
dict the dependence on TC of a biaxial strain [20]. In a
strained film, the 3D strain states can be decomposed
into a uniform bulk strain (hydrostatic term) εB and a
biaxial strain (Jahn-Teller term) εJ−T [20]. These com-
pounds have opposite effects upon TC . An hydrostatic
compression (εB < 0) will tend to increase the hopping
and thereby reduce the electron-lattice coupling, induc-
ing an increase in both the conduction band width and
TC . On the other hand, a biaxial strain εJ−T increases
the energy differences between the eg levels imposed by

the Jahn-Teller, which reinforce the electrons tendency to
become more localized decreasing TC . The Curie tempera-
ture dependence can be expressed in powers of the strains
as:

TC (εB, εJ−T) = TC (0, 0)

×
[
1 −

[
1

TC (0, 0)
dTC

dεB

]
εB −

[
1

2TC (0, 0)
d2TC

dε2
J−T

]
ε2
J−T

]

(1)

or TC (εB, εJ−T) = TC (0, 0) (1 −αεB − 1/2∆ε2
J−T) (2)

where α and ∆ represent respectively the relative weight
of the bulk-strain εB and of the biaxial strain (Jahn-
Teller term) εJ−T. In very thin strained films, the εJ−T

term is more often negligible, the εB term being the
most important one. This εB term is related to the vari-
ation of the kinetic energy of the carriers with respect
to the stress. A tensile strain (εB > 0) generally induces
a decrease in TC , because the transfer of carriers in the
film’s plane is decreased due to stretched Mn-O bonds.
On the opposite a compression with a negative εB term
will enhance TC . This has been confirmed experimentally
for (La,Ca)MnO3, (La,Sr)MnO3 and (Pr,Sr)MnO3 thin
strained films deposited on different substrates [13].

In this study, by depositing thick relaxed films in which
both εB and εJ−T terms are of the same order, i.e. several
10−3 (see Tab. 1), the second bulk-strain εB term in the
equation (2) is largely reduced compared to what is usu-
ally observed in thin strained films. Thus, the εJ−T term
has to be taken in account for the prediction of TC . As
previously mentioned, εB and εJ−T are not varying simi-
larly with the nature of the vacancy. With a Sr vacancy, εB

is enhanced producing a larger second term in the equa-
tion (2) and TC is thus decreased. On the opposite, a Pr
vacancy induces a more significant decrease of both εB

(reduced from 13%) and εJ−T (divided by 5) distortions.
This reduces simultaneously the second εB and third εJ−T

terms in the equation (2), which enhances TC . We tried to
apply numerically the model of Millis to predict TC of the
lacunars films. We have taken ∆ = 500 from reference [16]
and TC(0) = 265 K from reference [18] for the stoichio-
metric compound PSMO. The resolution of equation with
our experimental TC value of 190 K in the thick relaxed
PSMO film gives α = 150. Millis equation (2) becomes:

TC (εB, εJ−T) = TC (0, 0) (1 − 150εB − 250ε2
J−T). (3)

Using this equation (3), the calculated TC for PS�MO and
P�SMO films are respectively 110 K and 220 K, whereas
the experimental values are 150 K and 202 K (see Tab. 2).
TC appears not predictable with a precision better than
20 K [29], probably because of the lack of precision for
both α and ∆ parameters, as well as because this equation
does not take in account the change of Coulomb disorder
in the deficient compounds. However, the tendency is well
reproduced proving that the role of both strains can be
roughly predicted from the model. Our measurements in
thick relaxed films show a similar TC dependence with the
nature of the vacancy than the one previously observed in
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bulk polycrystalline materials [17,18]. Our next goal will
be now to stabilize thin epitaxial strained films in which
both substrate lattice mismatch strain and vacancy strain
will compete. In those thin strained films on LAO, and
more particularly in the Pr deficient P�SMO compound,
one should expected a reduction of the cell volume, as-
sociated to a reduction of the out-plane parameter that
should decrease the total film strain.

6 Conclusion

In summary, the introduction of cationic vacancies in thick
relaxed PSMO films has been shown to affect the strains.
Similarly to polycrystalline P�SMO and PS�MO com-
pounds, a decrease of the unit cell due to the presence of
cationic vacancies was observed. However, the calculated
strains, εB and εJ−T, are not varying similarly with the
nature of the vacancy. A Sr vacancy enhanced εB while,
on the opposite, a Pr vacancy reduces the out-plane cell
distortion, inducing a more significant decrease of both εB

and εJ−T distortions.
A direct correlation upon TC of these strains has

also been observed. In the Sr deficient PS�MO thick
film, the Curie temperature TC decreases of 30 K
(∆εB = 0.18 × 10−3), while the Pr deficient P�SMO film
exhibits a 12 K enhancement of TC (∆εB = −0.30×10−3).
The high saturation moment at low temperature asso-
ciated with a low LFMR demonstrates that those defi-
cient films are well crystallized. With a reduced resistivity
(ρ < 0.02 Ω cm), the Pr deficient P�SMO film exhibits
the best magneto-transport properties with a reduced MR
sensitivity at low field (LFMR10 K−0.4T < 4%).

These results indicate that the introduction of cationic
vacancies can be an alternated method to change the phys-
ical properties of manganite thin films that can be used
for other oxide films.

We wish to thank J.P Renard, C. Dupas, and B. Mercey for
fruitful scientific discussions. This work was supported by the
“Comité Mixte Franco-Tunisien” CMCU 02/F-11-16 project.
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