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Abstract

In the present work we have determined the band structure and the densities of states (DOS) of TbysBigsMnO; in cubic phase using
the density functional theory (DFT). The determination of the lattice constant was made by minimizing the energy as a function of
volume. The internal coordinate of the O-atom was optimized. From these optimizations we have found that the lattice constant is
8.482 A and the bond length between Tb and O-atoms is 2.193 A and the one for Bi and O-atoms is 2.051 A. From a study of the DOS of
f-Tb, e, and t;,—Mn atomic-like orbitals for each spin polarization we conclude that there exists a permanent magnetic moment of about
16 Bohr magneton per unit cell. Also, a metallic behavior is displayed, and thus it is expected that ferroelectricity will disappear. Inside
the conduction band, next to Fermi level, two peaks in the DOS-spin-down are observed, which are due to f-Tb. Therefore, conduction

electrons will be spin-down polarized and this shows that TbgsBigsMnO; has possible applications in spintronics.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Multiferroics are materials which exhibit simultaneously
at least two of the “ferro” properties such as ferromagnet-
ism, ferroelectricity and ferroelasticity in a given range of
temperatures [1]. Magnetoelectrics, a kind of multiferroic
materials, show a spontaneous magnetization and electrical
polarization that can be reoriented applying an electric
field or magnetic field, respectively. As a consequence of
these states, they suggest many applications that include
multiple-state memory elements, transducers, actuators
and storage devices.

TbysBipsMnO3; is a single-phase multiferroic which
exhibits only one crystalline structure. The TbMnO;
crystallizes in orthorhombic structure whereas the
BiMnOs; displays polymorphism according to temperature.
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It is known that it is ferromagnetic with a triclinic
structural distortion in its ground state. Calculations have
been made in cubic phase using tight binding [2] and from
the results it can be concluded that it shows a metallic
behavior.

It is known that TbMnOs; is a multiferroic that exhibits
ferroelectric properties at about 30 K and magnetic character-
ictics at ~40 K [3]. More recently, Golovenchits and Sanina [4]
presented the semiconductor TbyggsBigosMnOsg9s which
due to nonstoichiometry in oxygen gave rise to the appea-
rance of electron charge carriers. As a result, the material
is a strongly compensated semiconductor. Tb;_,Bi,MnO;
for x<0.2 seems to be insulator or semiconductor, and
presents the perovskite structure, (Pbnm space group).

In this work we concentrate our attention in a material that
is possibly magnetoelectric multiferroic, which is simulta-
neously ferromagnetic and ferroelectric, with or without
ferroelasticity. Then our interest in the Tb;_,Bi,MnO;3 for
x = 0.5 is related to its magnetic and electronics properties.
The study, we present here, is based on the density functional
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theory (DFT) [5,6]. Calculations were carried out with the
wien2k code [7] in cubic perovskite structure.

2. Method used and Calculation details

The calculations were carried out with DFT within
Perdew—Burke—Ernzerhof generalized gradient approxima-
tion (GGA) [8]. The wien2k code [7] was used in order to
obtain the structural and electronics properties. The
crystalline structure is showed in Fig. 1 and the atomic
positions are presented at Table 1.

The space group used is #225 (Fm3m) with four
chemical formulas within a unit cell. The muffin-tin radius
for Tb, Mn, Bi and O atoms were 1.04, 0.98, 1.19 and
0.85A, respectively. Other parameters of wien2k were
RMT x K = 7.00, Gpax = 14.00 and maximum angular
momentum inside the muffin-tin sphere / = 10. A mesh
12 x 12 x 12 over the irreducible Brillouin zone (BZ),
which produces 72 inequivalent k-points, was used. Spin
polarized was taken in account in calculations. In order to
obtain the best volume, energy versus volume was plotted,
and the Murnaghan’s equation [12] was used to fit the data.
At the minimum the density of states (DOS) was
calculated.

3. Results and discussion

Fig. 2 shows the variation of energy as a function of
volume. From the fitting to the Murnaghan’s equation, the
minimum energy is obtained for 1029.686 Bohr, which
implies a lattice constant ¢ = 16.030 Bohr = 8.482 A and
the bulk modulus By = 118.6 GPa. Fig. 2 was calculated
within spin polarized.

Fig. 3 shows the DOS for each spin orientation. The
dashed-line is the reference energy which is the Fermi level.
At left of the figure, in the valence band, we observe that

Fig. 1. Perovskite structure used in calculations of properties of
Tb;_Bi,MnO;3 x = 0.5 [9-11].

Table 1

Position in crystal coordinates for the elements of TbysBigsMnO;

Element Position

Tb (0,0,0)

Bi (.0,0)

Mn Goiog Go3-3

(0] (u,0,0) (1 —u,0,0)
(0,u,0) 0,1 —u,0)
(0,0,u) 0,0,1 —u)

The internal parameter u was optimized and its best value is 0.2582.
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Fig. 2. Energy as a function of volume for TbysBipsMnO;. The least-
square fit to the Murnaghan’s state equation is shown as solid line [12].
The volume in plot is the volume by each chemical formula.
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Fig. 3. Density of states (DOS) for the TbysBipsMnO;3. The upper-half
and the bottom-half correspond to the spin up and spin down
polarization, respectively. Reference of energy is the Fermi level.

the DOS for spin up and spin down are no symmetric and
the difference between them produces a total magnetic
moment of approximately 16 uz. That permanent magnetic



M. Grizalez et al. | Microelectronics Journal 39 (2008) 563-565 565

moment is due to f-Tb as well as e, and t,g-Mn atomic-
like orbitals. The Fermi level is at the bottom of the
conduction band suggesting that the material possibly
exhibits a metallic behavior. At right of the figure, in the
conduction band, next to Fermi level we observe two peaks
in the DOS-spin-down which is due to f-Tb. Therefore, the
conduction electrons will be spin-down polarized.This fact
shows that TbgsBipsMnO; has a possible application in
spintronics.

4. Conclusions

In this work we have found the main features of the
structure, electronics and magnetic properties of the
TbysBipsMnO;. The theoretical method used was the
DFT theory with the Perdew—Burke-Ernzerhof GGA
approximation. The method used to solve the Khon—Sham
equations was the FP-LAPW as it is implemented in the
wien2k program. In the structural study we have optimized
the volume of unit cell and the internal coordinate of the
O-atom. We have found that the lattice constant is 8.482 A
and the bond lengths between Tb and O- and Bi and
O-atoms are 2.193 and 2.051A, respectively. Also, we
conclude that there exists a permanent magnetic moment
of about 16pug per unit cell. Additionally, it displays
metallic behavior and thus it is expected that ferroelec-
tricity will disappear, due to the existance of a total DOS of
f-Tb atomic-like orbitals next to the Fermi level in the
conduction band. The conduction electrons will be spin-
down polarized implying that the material has potential
application in spintronics. In a near future, the predictions

we have done in this theoretical paper will be investigated
experimentally using TbgsBigsMnO; in bulk and thin
films. The thin films will be deposited using RF magnetron
sputtering method.
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