
Effects of chemical order and atomic relaxation on the electronic and magnetic properties of

La2/3Sr1/3MnO3

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2009 J. Phys.: Condens. Matter 21 115602

(http://iopscience.iop.org/0953-8984/21/11/115602)

Download details:

IP Address: 129.252.86.83

The article was downloaded on 29/05/2010 at 18:38

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/21/11
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


IOP PUBLISHING JOURNAL OF PHYSICS: CONDENSED MATTER

J. Phys.: Condens. Matter 21 (2009) 115602 (9pp) doi:10.1088/0953-8984/21/11/115602

Effects of chemical order and atomic
relaxation on the electronic and magnetic
properties of La2/3Sr1/3MnO3

B Zheng1,2,3 and N Binggeli1,4

1 Abdus Salam International Centre for Theoretical Physics, Strada Costiera 11, I-34014
Trieste, Italy
2 Sincrotrone Trieste, Area Science Park, I-34012 Basovizza, Trieste, Italy
3 Department of Materials Science and Engineering, Jilin University, Changchun 130021,
People’s Republic of China
4 INFM-CNR Democritos National Simulation Center, Miramare, Trieste, Italy

E-mail: zhengb@ictp.it

Received 10 November 2008, in final form 19 January 2009
Published 20 February 2009
Online at stacks.iop.org/JPhysCM/21/115602

Abstract
We investigate the effects of Sr/La cation ordering/disordering and atomic relaxation on the
electronic and magnetic properties of La2/3Sr1/3MnO3 (LSMO) by means of ab initio
pseudopotential calculations. We consider a cation-ordered layered structure and a more
homogeneously Sr-bulk-doped structure. Cation disordering and atomic relaxation both tend to
push the LSMO system towards half-metallicity, increasing the minority-spin and spin-flip
gaps. Lattice relaxation has a significant effect on the electronic density of states (DOS) of the
layered LSMO and drastically reduces the initial differences found comparing the electronic
properties of the perovskite structures with different dopant configurations. The trend with
structural relaxation is understood in terms of an effective screening, due to the displacement of
the O anions and La cations, of the local electric field produced by the ordered Sr dopants.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The hole-doped lanthanum manganites with the chemical
formula La1−x Ax MnO3 (A = Ca, Sr or Ba) exhibit a large
variety of electronic and magnetic phases, due to a complex
interplay between spin, charge and orbital degrees of freedom
of the mixed-valence Mn cations [1, 2]. For x ≈ 1/3, these
systems display negative colossal magnetoresistance near the
Curie temperature, TC, and half- or near-half-metallicity below
TC [3–5]. Among these compounds, and for an optimal doping
x ≈ 1/3, La2/3Sr1/3MnO3 (LSMO) exhibits the largest Curie
temperature (TC ∼ 370 K) and a high spin polarization, which
make this system an attractive candidate for current injection
in spintronic devices [6], such as magnetic tunneling junctions
(MTJs) [7].

The tunneling magnetoresistance (TMR) ratio in
LSMO/SrTiO3/LSMO MTJs was found to be more than
1800% at 4 K, from which a spin polarization of at least
95% was inferred for LSMO [8]. The intrinsic half-metal

character of LSMO at low temperature, however, is still
under debate. Some recent experimental analyses suggest that
LSMO is a transport half-metal, rather than a conventional
half-metal with no minority electrons at the Fermi level [9].
Other experimental interpretations favor, instead, true half-
metallicity for LSMO [10]. Ab initio density-functional
calculations generally find LSMO to be on the borderline for
half-metallicity [11], whereas the inclusion of an ad hoc U
of a few eVs within the local density approximation plus on-
site Coulomb interaction (LDA + U ) approach yields a half-
metal [12] with a significant spin-flip gap [5]. Despite the very
encouraging TMR results reported for LSMO-based MTJ at
low temperature, the TMR response was found to decrease
much faster than expected with temperature—possibly due
to the deterioration of the spin state at the interface [13].
In this context, much current research is being devoted to
understanding and controlling the LSMO material [11, 14],
defects [15, 16], surface [17, 18] and interface [13, 19, 20]
properties.
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Epitaxial growth techniques, such as molecular-beam
epitaxy, are powerful techniques to engineer bulk and interface
properties of electronic materials. Recently, such techniques
have been applied to perovskite manganese oxides, making
possible the fabrication of nanoscaled heterostructures and
of heterojunctions with selected-layer termination at the
interface [21]. Such techniques are potentially interesting to
control the TMR in MTJs by means of interfacial engineering.
They can also be used to stabilize new layered perovskite
phases, such as cation-ordered epitaxial phases [22, 23],
unattainable in bulk materials. In view of their inherent
anisotropy, such artificially ordered layered perovskites may
exhibit systematic differences in their electronic and magnetic
structure with respect to their bulk-alloy counterpart. For
example, in the case of the artificial layered La2/3Ca1/3MnO3

system, corresponding to an (LaMnO3)2/(SrMnO3)1(001)

superlattice with a period of two unit-cell layers of LaMnO3

and one unit-cell layer of SrMnO3, a 20% decrease in TC was
reported with respect to the solid–solution alloy [22].

Theoretically, the (LaMnO3)2/(SrMnO3)1(001) super-
lattice or ‘layered’ LSMO structure has been used, for
convenience, as a model in atomistic supercell computations
to examine the bulk properties of LSMO [11, 24]. Atomic
relaxation effects were neglected, however, in such studies.
This, together with the use of different density-functional
methods or different treatments for the alloy compared to the
ordered structure, hinders a direct comparison with calcula-
tions performed for the alloy, so as to quantitatively assess and
understand the influence of cation ordering/disordering on the
bulk properties. Calculations explicitly addressing the bulk-
alloy phase have been carried out either by treating the doping
by the addition, in LaMnO3, of the desired hole concentration
plus a compensating homogeneous negative background [25]
or by using the virtual crystal approximation, i.e. by replacing
the Sr and La atoms by a virtual atom having the weighted-
average valence of Sr1/3La2/3 [26, 27].

Comparing, for example, results obtained within the
generalized gradient approximation (GGA) both for the
layered LSMO [11] and for the alloy LSMO [25], one observes
significant differences between the density of states (DOS)
in the two cases. First of all, the system is found to be
truly half-metallic in the alloy case, in [25] (pseudopotential
calculations) with a spin-flip gap [5] larger than 0.3 eV,
whereas this is not the case for the layered structure in [11]
(full-potential linearized augmented plane-wave calculations),
where the Fermi energy is located within the minority-spin
t2g band, about 0.3 eV above the bottom of this band.
Furthermore, the minority-spin gap is significantly increased
(by more than 0.5 eV) for the alloy system, in [25], and the
main O-related features are also much sharper compared to the
layered structure, in [11]: the latter differences were observed
also in local density approximation (LDA) calculations for
the layered (LaMnO3)2/(CaMnO3)1(001) and for the virtual
crystal La2/3Ca1/3MnO3 [27, 28]. It is unclear, however,
how much of these differences are due to the neglect of
lattice relaxation and/or to the use of different calculational
schemes and how much is instead truly the effect of the cation
ordering/disordering.

Here we investigate the effects of both cation order-
ing/disordering and lattice relaxation on the electronic and
magnetic properties of LSMO. We employ the same cal-
culational scheme for configurations with different degrees
of cation order/disorder, namely the GGA pseudopotential
method and real atoms—as opposed to virtual atoms—in a
large supercell. We consider the layered LSMO as well
as a more homogeneously doped LSMO structure. Atomic
relaxation and cation disordering are found to induce the
same trend, namely they both push the system towards
half-metallicity, increasing the minority-spin and spin-flip
gaps. Lattice relaxation induces substantial changes in the
electronic DOS of the layered LSMO and drastically reduces
the differences between the DOS of the two perovskite LSMO
structures with different dopant configurations. Although,
quantitatively, the differences between the two relaxed atomic
structures are small, the more-homogeneously-doped system
is found to be half-metallic, within the GGA approach, while
the layered structure is not. The lattice-relaxation effects on
the electronic structure are explained in terms of an effective
screening, generated by the displacement of the O anions and
La cations, of the local electric field generated by the dopant
distribution.

We would like to stress that the purpose of this paper
is to address and understand microscopically the trends in
the chemical order/disorder and atomic relaxation effects on
the electronic and magnetic properties of LSMO and related
systems. The issue of whether LSMO is actually a true
half-metal or not is beyond the scope of this paper, as
this depends, for example, on the choice of the exchange–
correlation functional used. Settling this issue will eventually
rely on an experimental demonstration—although calculations
may provide some hints.

2. Methodology and configurations

The ab initio calculations were performed within the density-
functional-theory framework using the spin-polarized Perdew–
Burke–Ernzerhof [29] exchange–correlation functional. We
used the PWSCF code [30] with ultrasoft pseudopotentials [31]5.
The nonlinear-core correction to the exchange–correlation
potential was included for La, Mn and Sr. We used a kinetic-
energy cutoff of 30 Ryd for the plane-wave expansion of the
electronic wavefunctions and of 350 Ryd for the electronic
charge density. The calculation of the equilibrium lattice
parameters of the layered LSMO structure was performed
using a 15-atom tetragonal unit cell (triple perovskite cell along
[001]). All other computations were carried out with a 45-atom
tetragonal supercell (see figure 1), containing nine formula
units of La2/3Sr1/3MnO3 (tripling the perovskite unit cell along
[001] and [010]). The tilting of the MnO6 octahedra—which is
small in La1−xSrx MnO3 for x > 0.2 [24, 35]—was neglected.

In the self-consistent-field (SCF) calculations, the
Brillouin-zone sampling was performed using a 12 × 4 × 4

5 The semicore 5s and 5p states of La and 4s and 4p states of Sr were
treated as valence states (the pseudopotentials were generated using the
reference atomic configurations 3d54s24p0 for Mn, 5s25p65d16s1.56p0.5 for
La, 4s24p64d15s15p0 for Sr and 2s22p4 for O). The transferability of
Vanderbilt pseudopotentials has been discussed, for example, in [32], with
applications to the properties of oxides (see also, e.g., [33] and [34]).
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Figure 1. Sr-dopant configurations considered in this work for LSMO: (a) the ‘layered’ configuration (structure A) and (b) a more
homogeneous Sr-bulk-doped configuration (structure B). The supercell corresponds to the thick rods, whereas the thin rods highlight the
La/Sr(001) cation layers within the supercell—the vertical axis corresponds to the [001] crystallographic direction (or c axis of the layered
structure). Large black, large gray, small gray and small black spheres denote Sr, La, Mn and O atoms, respectively. Some representative
atoms are labeled for the discussion of the atomic relaxation.

Table 1. Atomic relaxations in the layered structure (structure A) and in the more-homogeneously-doped structure (structure B) of LSMO.
The atomic relaxations, �z and �y, are measured with respect to the ideal cubic perovskite crystal structure with the same lattice parameter
a = 3.88 Å. The representative atoms and reference axes are labeled according to figure 1.

La1 La2 Mn1 Mn2 O1 O2 O3 O4 O5 O6

Structure A
�z (Å) −0.05 −0.01 0.14 0.03

Structure B
�z (Å) −0.03 0.03 0.00 0.00 0.08 −0.08 0.05 −0.05 0.01 −0.01
�y (Å) 0.03 −0.03 0.00 0.00 −0.01 0.01 −0.05 0.05 −0.08 0.08

k-point grid centered at � for the 45-atom supercell—or
equivalently using a 12 × 12 × 4 grid for the 15-atom cell—
and we employed a Gaussian level smearing of 0.01 Ryd to
determine the Fermi energy. For the DOS calculations, we
used a 24 × 8 × 8 k-point grid centered at � together with the
tetrahedron method. Increasing the grid size to 24 × 8 × 8, for
the SCF calculations, and to 48×16×16, for DOS calculations,
was found to have a negligible influence on the results reported
here. A ferromagnetic alignment of Mn spins was considered
in all cases. In the relaxation of the internal atomic structure,
the relaxation process was stopped when the forces on the
atoms were smaller than 0.001 Ryd/au.

The two different Sr-dopant arrangements considered in
this work for LSMO are displayed in figure 1 (unrelaxed
configurations). The first configuration, structure A, is the
layered structure (figure 1(a)). Starting from a cubic perovskite
LaMnO3 system, every third layer of La(001) in this structure
has been replaced by a full layer of Sr dopants. The second
configuration, structure B, has a more homogeneous Sr-bulk-
doped configuration (figure 1(b)). In this structure, one-third
of the La atoms in each La(001) layer have been replaced by
Sr atoms and all La/Sr(001) atomic planes are equivalent.

3. Ab initio results

3.1. Equilibrium atomic structures

From a series of total energy calculations performed for the
layered structure with fully relaxed internal atomic structures
at different volumes and, for each volume, at different c/a,
we obtain the following equilibrium lattice parameters: a =
3.878 Å, c/a = 1.004, together with a bulk modulus of
B0 = 156 GPa. The cell shape is thus virtually cubic
and the corresponding lattice parameter is very close to the
experimental value aexp = 3.874 Å [36]. The calculated bulk
modulus is also in reasonable agreement with the experimental
value of ∼168 GPa, measured at room temperature [37]. For
structure B, considering a cubic cell, we obtain a very similar
value of the equilibrium lattice parameter: a = 3.876 Å. We
thus elected to perform all subsequent calculations using a
cubic cell with lattice parameter a = 3.88 Å, both for the A
and B structures of LSMO.

In table 1, we present the results for the relaxed atomic
configuration in the two structures. The largest atomic
displacements are observed in the layered structure for O ions
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Figure 2. Spin-resolved density of states of the layered LSMO
(structure A) calculated for the unrelaxed (panel (a)) and relaxed
(panel (b)) atomic configurations. The upper (lower) half of each
panel corresponds to the majority (minority-) spin states. The dotted
line indicates the Fermi energy.

located in between the La and Sr planes (O1 ions in table 1
and figure 1(a)). These O1 ions move towards the La plane
by 0.14 Å; the La ions in turn move toward the O1 plane
by 0.05 Å, so that the resulting O–La (O–Sr) interplanar
distance decreases (increases) by 0.19 Å (0.14 Å), which is a
significant relaxation. We note that, for the La2/3Ca1/3MnO3

layered perovskite, Pickett and Singh [27] also reported a
sizeable relaxation of 0.09 Å for the O1 ions. In structure B,
because of the more homogeneous doping, only a buckling
of the corresponding O and La(001) layers can take place,
and the amplitude of the atomic displacements along [001] is
reduced to 0.05–0.08 Å for the O ions and to 0.03 Å for the

Figure 3. The same data as in figure 2, but for the
more-homogeneously-doped LSMO (structure B).

La ions. Displacements of similar amplitudes also take place
along [010]. In structure A (B), the gain in energy due to
atomic relaxation is 0.14 (0.07) eV per LSMO formula unit.
The relaxed structures A and B are found to be degenerate
in energy, within6 1 meV/atom—i.e. within the theoretical
uncertainty of the ab initio calculations.

3.2. Electronic and magnetic properties

In figure 2, we display the spin-resolved DOS of the
layered structure A for the unrelaxed (panel (a)) and relaxed

6 Experimentally, the stable structure is the solid–solution alloy (the A-site
cation disordered structure). However, the layered structure synthesized, in
the case of La2/3Ca1/3MnO3, by epitaxial growth techniques persists as a
metastable phase up to temperatures well above room temperature (for kinetic
reasons).
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Figure 4. Atomic projected density of states (PDOS) of the layered LSMO structure (structure A), calculated for the unrelaxed (panel (a)) and
relaxed (panel (b)) atomic configurations. The upper (lower) half of each panel corresponds to the majority (minority) spin states. The zero of
energy corresponds to the Fermi level.

(panel (b)) atomic configurations. The zero of the energy
scale corresponds to the Fermi energy, EF. The DOS
of the relaxed and unrelaxed structures show qualitatively
similar main features, which are also generally consistent with
previous LDA/GGA calculations [11]. In both cases, a small
but finite DOS is present at EF in the minority-spin channel,
showing that the system is not truly half-metallic—although
in the relaxed case it is nearly half-metallic. The Mn 3d
t2g states give rise to two sharp, characteristic, exchange-split
features located at about −1.5 eV in the majority-spin DOS
and at about +1.5 eV in the minority-spin DOS. The majority-
spin DOS around EF has a relatively smooth behavior in the
energy window [−0.8 eV, +0.8 eV], corresponding to Mn 3d-
eg states hybridized with O 2p states, while the minority-spin
DOS displays a 1–2 eV bandgap around EF, between occupied
O 2p states and Mn t2g states.

Quantitatively there are some noticeable differences,
however, between the relaxed and unrelaxed cases. The
minority-spin gap, in particular, increases by 0.57 eV with
atomic relaxation, i.e. from 1.30 eV in the unrelaxed case
to 1.87 eV in the relaxed system. Furthermore, the bottom
of the t2g minority-spin band, located at −0.22 eV in the
unrelaxed structure, is shifted to −0.04 eV in the relaxed
system. One also observes a significant sharpening of the main
O-related DOS features, in particular the features around −5.5
and −3.5 eV.

Consistent with the shift to higher energy with atomic
relaxation of the t2g minority-spin states near EF, the
LSMO magnetic moment slightly increases from 3.63 μB/Mn
(unrelaxed) to 3.66 μB/Mn (relaxed)—a value which is close

to the measured Mn magnetic moment in LSMO: μ
exp
Mn =

3.7 μB [38]. The canonical value of the LSMO magnetic
moment for a fully half-metallic structure is 3.67 μB/Mn [28].
The spin polarization, P = [N↑(EF) − N↓(EF)]/[N↑(EF) +
N↓(EF)], where N↑(↓)(EF) is the majority-(minority-) spin
DOS at EF [5], also increases from 52% (unrelaxed) to 75%
(relaxed). Hence, atomic relaxation increases the tendency
towards half-metallicity in the layered structure.

In figure 3, we display the DOS results for the more
homogeneously doped structure B, in the unrelaxed (panel
(a)) and relaxed (panel (b)) atomic configurations. Structural
relaxation induces much smaller changes in the DOS of
structure B, compared to structure A. The minority-spin gap
increases from 1.80 (unrelaxed) to 1.90 eV (relaxed). The O
main peaks around −5.5 and −3.5 eV, which are already nearly
as sharp in the unrelaxed structure B as in the relaxed structure
A, become only slightly sharper with relaxation. The bottom
of the t2g minority-spin band is located only 0.01 eV below EF

in the unrelaxed structure B and is shifted to 0.02 eV above EF

in the relaxed configuration. The relaxed structure B is hence
formally a half-metal, with no minority-spin state at EF.

The magnetic moment also slightly increases from
3.65 μB/Mn in the unrelaxed structure B to the canonical
value of 3.67 μB/Mn in the relaxed structure—a value which
is consistent with the experimental value (μexp

Mn = 3.7 μB [38]).
The spin polarization ratios are 84% and 100% in the unrelaxed
and relaxed structures, respectively. Although, quantitatively,
relaxation effects are small in structure B, they nevertheless
push the system towards half-metallicity. Hence, atomic
relaxation and an increased homogeneity in the doping both
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Figure 5. Macroscopic averages of the electronic local potential
(solid line) and electrostatic potential (dashed line) in the layered
perovskite LSMO along the [001] direction for the unrelaxed (panel
(a)) and relaxed (panel (b)) atomic configurations. The planar
average of the local potential is also shown (dotted line). The atomic
layer positions are indicated at the bottom of each panel with the
following symbols: ◦(circle) La; �(triangle) Sr; �	(square) Mn;
♦(diamond) O.

act in the same direction, namely they push the system towards
half-metallicity (or make the half-metallic character of the
system more robust). Another striking feature is that, except
for the small changes around the Fermi energy, the DOS of the
relaxed structure A and B are remarkably similar in figures 2(b)
and 3(b)—contrary to the case of the unrelaxed structure A and
B.

4. Discussion of the trends and microscopic
interpretation

In order to understand microscopically why the DOS of the
structures A and B become so strikingly similar upon structural
relaxation, we have examined the behavior of the atomic
projected DOS (PDOS) and of the electrostatic potential in the

unrelaxed and relaxed structures. In the case of the layered
structure, one may distinguish between two different types
of MnO2(001) planes, namely the MnO2 planes which are
sandwiched between Sr2+–La3+ layers and those which are
sandwiched between La3+–La3+ layers (see figure 1(a)). In
figure 4, we show the atomic PDOS of the layered structure A
for the Mn and O atoms belonging to these two different (La–
La-and La–Sr-sandwiched) planes.

In the unrelaxed case (figure 4(a)), one observes that
the PDOSs corresponding to Mn and O atoms in the La–
La-sandwiched plane are systematically lower in energy with
respect to those of the Mn and O atoms in the La–Sr-
sandwiched plane7—one may also notice that the energy
shift increases for orbitals with increased localization (Mn-
t2g compared to Mn-eg). A similar shift was also observed
earlier for the Mn-t2g states in the layered La2/3Ca1/3MnO3

system [27, 28]. Upon structure relaxation, however, the
atomic PDOS features for the two different planes shift in
energy towards each other, namely towards their center of
gravity, and become essentially degenerate in energy, with
PDOS features almost superimposed in figure 4(b).

This trend upon structural relaxation accounts for the
increase in the minority-spin and spin-flip gaps and for the
sharpening of the O features in figure 2. It can be understood
based on the behavior of the electrostatic potential in the
LSMO structures. We define the electrostatic potential as
the sum of the electronic Hartree potential and ion-point-
charge potentials. We also consider a related quantity, the
local potential, defined as the sum of the Hartree potential
and local part of the pseudopotentials. These two potentials,
electrostatic and local, include the same long-range Coulomb-
potential component induced by the electrons’ and ions’ charge
distributions, and differ only in the short-range component of
the potential.

In figure 5, we display the macroscopic averages [39]
of the electrostatic potential and of the local potential in
the layered structure A, along the [001] direction. Results
are shown both for the unrelaxed (panel (a)) and relaxed
(panel (b)) configurations. The macroscopic average is a
technique commonly used to study interface band alignments
in ab initio calculations of semiconductor heterojunctions and
superlattices [39]. This technique filters out the sharp atomic-
like oscillations present in the SCF potentials, allowing a
precise determination of the potential lineups, band offsets
and Schottky barrier values [39]. Here we apply this
technique to the investigation of the potential profile within the
(LaMnO3)2/(SrMnO3)1(001) superlattice. The macroscopic

average V (z) of a potential V (x, y, z) is the result of two
different atomic-scale averaging procedures. The potential is
first averaged in the (x, y) plane to yield a planar-averaged
potential: V (z) = (1/S)

∫
S V (x, y, z) dx dy, where S is

the (001) surface unit cell—the planar average of the local
potential V loc(z) is reported in figure 5. At each z position,
the macroscopic average of the potential is then obtained by

7 The minute features located at −17 and −16 eV reflect a small overlap
between O 2s states and La 5p states (with energy ∼−17 eV) and Sr 4p states
(with energy ∼−16 eV).
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Figure 6. The same data as in figure 4, but for structure B.

averaging V (z ′) over a window of width d , centered at z [39]:

V (z) = 1

d

∫ d/2

−d/2
V (z + z ′) dz′

where d is the bulk periodicity along [001] (the perovskite a
lattice constant in our case).

Inspection of the potential profiles, in figure 5(a), indicates
that the values of the macroscopic-averaged electrostatic and
local potentials are lower (by 1–2 eV) at the position of the
MnO2 La–La-sandwiched plane than at the position of the
MnO2 La–Sr-sandwiched plane. This is in agreement with
the trend observed in the corresponding Mn and O PDOS8

and is consistent with the increased positive charge (and
hence attractive potential region for electrons) of the La cation
with respect to the Sr cation. Based on the gradient of the
macroscopic-averaged electrostatic potential, a local electric
field is expected in the region of the MnO2 plane sandwiched
between the Sr–La layers. This electric field tends to induce
a displacement of the O anions towards the La plane and of
the Mn cations towards the Sr plane, consistent with the result
of the atomic relaxations. Similarly a smaller electric field is
also expected in the region of the LaO plane, which should
slightly move the O anions in the direction of the MnO2 La–
La-sandwiched plane and the La cations in the direction of
the MnO2 La–Sr-sandwiched plane. This is also in general
agreement with the results of the relaxation calculations.

These ionic relaxations, and the resulting screening of
the electric field [40], lead to values of the electrostatic

8 One expects the shift in the electronic levels to become closer to that of the
electrostatic potential for more strongly localized orbitals.

(and local) potential which are very similar at the positions
of the La–La-sandwiched and La–Sr-sandwiched MnO2 planes
(see figure 5(b)). This in turn shifts in energy the PDOSs
of the two MnO2 planes towards each other, as observed in
figure 4(b).

The atomic PDOSs and electrostatic potentials of structure
B are displayed in figures 6 and 7, respectively, for comparison.
The PDOSs of the unrelaxed and relaxed structure B (figure 6)
look rather similar and strongly resemble the PDOS of
the relaxed structure A (figure 4(b)). This is generally
consistent with the constant behavior of the macroscopic-
averaged electrostatic potential along [001] in structure B
(figure 7). In figure 6, one can notice a slight sharpening with
atomic relaxation of some of the features in structure B (the
O 2s peaks, in particular). This slight sharpening most likely
derives from the screening, induced by the displacements �y
of the ions, of the lateral inhomogeneities along [010] in the
electrostatic potential.

5. Conclusions

LSMO is a material of potential interest for current injection
in spintronic devices. In addition to the standard solid solution
alloy, it has become recently possible to grow cation-ordered
layered phases of La1−x AxMnO3 materials (with A = Ca
or Sr) by epitaxial growth techniques. In this paper we
have investigated, by means of ab initio calculations, the
effects of structural relaxation and Sr-dopant order on the
electronic and magnetic properties of LSMO. We compared
an LSMO cation-ordered layered structure and an LSMO
structure with a more homogeneous distribution of Sr dopants.
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Figure 7. The same data as in figure 5, but for the bulk-like LSMO
(structure B).

Our results show that both lattice relaxation and an increased
homogeneity in the dopant’s distribution tend to make LSMO
a half-metal, increasing the minority-spin and spin-flip gaps.
Within the GGA approach, the relaxed LSMO structure with
a homogeneous-like Sr-doping is found to be a half-metal.
We have shown that lattice relation—which was neglected in
previous studies of the layered structures—has a significant
impact on the electronic properties of such systems. Lattice
relaxation drastically reduces the initial differences found
between the electronic properties of perovskite phases with
different dopant ordering. We have explained the trends
observed upon lattice relaxation in terms of an effective ionic
screening of the local electric field generated by the ordered
dopants.
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