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Band Structure of SrLaGaO, ;and SrLaAlO,

The influence of oxygen on the electronic structure of strontium lanthanum gallate SrLaGaO, 5 (SLG)
and strontium lanthanum alluminate SrLaAlO, 5 (SLA) crystals is presented. The band structures of
SLA and SLG crystals were calculated by ab-initio tight-binding linear muffin tin orbital (TB LMTO)
method within an atomic sphere approximation. The self-consistent band calculations indicate that
SrLaGaO,, SrLaAlO, and SrLaAlO, are semiconductors, while SrLaGaO,, SrLaGaO, sand SrLaAlO, 5

for & = 2 and 3 have the metallic character.
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1. Introduction

Strontium lanthanum gallate SrLaGaO,,5for 6 = 1 (SLG) and strontium lanthanum allumi-
nate SrLaAlO, 5 for & = 1 (SLA) single crystals are interesting as substrates for high
superconducting thin films from the standpoint of lattice matching and their dielectric
properties. Good quality of epitaxial layers requires both crystallographic perfection and
appropriate physical properties of substrate material.

The crystals SrLaGaO, and SrLaAlO, belong to a group of compounds with the general
formula ABCO,, where A = Sr or Ca, B = La or another rare earth and C = Ga, Al or some
transition elements (FAVA et al.; PAJACZKOWSKA et al.; BLASSE). These compounds
crystallize in the perovskite-like tetragonal structure (space group I4/mmm (Dfuz )). The C
atoms possesses octahedral coordination in the unit cell and are surrounded by six oxygen
atoms.

The presence of the oxygen point defect for as-grown SLA and SLG crystals was found
(GLOUBOKOV et al.; RYBA-ROMANOWSKI et al.). This defect appears as oxygen vacancies as
well as excess of the oxygen atoms in the unit cell, which is associated with the crystal
growth conditions.

In this paper the results of a study of the influence of oxygen content in the unit cell on
the electronic structure of SrLaGaO,,; and SrLaAlO, ; crystals for & = 0, 1, 2 and 3 are
described and discussion.

2. Method of calculations

The electronic structures of SrLaGaO, sand SrLaAlO, s were calculated by the ab-initio tight
binding linear muffin tin orbital (TB LMTO) method (ANDERSEN; ANDERSEN et al.) within



716 M. KOZzIELSKI et al.: Band Structure of SrLaGaO, sand SrLaAlO, 5

the atomic sphere approximation (ASA). The exchange correlation potential was assumed in
the form proposed by von Barth and Hedin (VON BARTH, HEDIN) and the non-local
corrections of Langreth-Mehl-Hu (HU, LANGRETH; MINFOBRIEF, TANG) were included. The
self-consistent band calculations were performed for 294 k-points in the irreducible wedge
of the tetragonal body centred Brillouin zone. The electronic structure was computed for the
experimental values of lattice parameters (Table 1).

Compound a [nm] b [nm] ¢ [nm]
SrLaGaO, 0.3842 0.3842 1.2679
SrLaAlO, 0.3756 0.3756 1.2637

Table 1. The lattice parameters of SLG and SLA.

We start the band calculation for the tetragonal La,Ga(Al)O, compounds (space group
[4/mmm). In the case of SrLaGaO, and SrLaAlO, we substitute one La by Sr atom. The
substitution Sr by La leads to the change of local environment of oxygen atoms. We found
two additional positions in the unit cell that can be occupied by oxygen atoms. The positions
of atoms in the unit cell in Table 2 are listed. The symbol O denotes vacancies in the unit
cell. The chemical formula can be rewritten as StLaGa(Al)O, ;E11002. In order to estimate
the influence of extra oxygen atom on the band structure we performed self-consistent band
calculations for the base systems SrLa(Ga/Al)O, and also for the cases when one or two free
positions (K1 and 2 Table 2) were occupied by oxygen atoms (SrLa(Ga/Al)O, and
SrLa(Ga/Al)O,). We have also calculated the electronic structure for the case when one
oxygen atom located at the position (0, 0, 0.1680) was removed.

SLG SLA

Atom X y z Atom x y z
Sr 0 0 0.3639 Sr 0 0 0.3643
La 0 0 -0.3639 La 0 0 -0.3643
Ga 0 0 0 Al 0 0 0
01 0.5 0 0 O1 0.5 0 0
02 0 0 0.1680 02 0 0 0.1680
01 0.5 0 -0.2361 1 0.5 0 -0.2503
2 0 0.5 -0.2361 2 0 0.5 -0.2503

Table 2: Positions of atoms in SLG and SLA unit cells

3. Results and discussion

Figures 1 and 2 illustrate the total electronic density of states (DOS) for SrLa(Ga)O,,5 and
SrLa(Ga)O,,5, for 8 =1, 2 and 3, respectively. The Fermi level £, is located at energy £ = 0
eV. The oxygen s and p states are located below £ = —15 eV. The Ga and Al p states are
situated between 0 < E < -8 eV.

We observe the minimal energy gap 1.32 eV between (0, 0, 0) and (0.5, 0.5, 0.152)
directions in SrLaGaO, and the minimal energy gap 3.35 eV between (0, 0, 0) and (1, 1,
0.297) in SrLaAlO,. The energy gap in SrLaAlO,; is 0.44 eV between (1, 1, 0.297) and (0, 1,
0.297) directions.

For & = 2 and 3 the SrLa(Ga/Al)O,, 5 compounds have the metallic character. However,

the small distortion due to some kind of natural defects or internal stresses can lead to their
semiconducting character.
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Fig.1: The electronic densities of states for (a) SrLa(Ga)O,0102, (b)

compounds. [J - denotes the oxygen vacancy.
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Fig.2: The electronic densities of states for (a) SrLa(Al)O,001002, (b)
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Fig. 3 presents the total density of states (DOS) in SrLaGaO, and SrLaAlO, compounds in
case, when additional oxygen is removed. In SrLaAlO, we observe the small energy gap.
However, SrLaGaO, has a metallic character, although in [ point of Brillouin zone an
internal gap is observed.

In conclusion, the band structures of SLA and SLG by ab-initio tight-binding linear
muffin tin orbital (TB LMTO) method within an atomic sphere approximation (ASA) can be
calculated. This method shows that SrLaGaO, and SrLaAlO, are dielectrics with the energy
gap 1.32 and 3.35 eV, respectively. In SrLaAlO, a small energy gap is also observed. The
additional oxygen atoms remove the energy gap and lead to the metallic states.
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