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The electronic structure and linear optical property of BaSi;N,0, (BSNO) have been calculated by density
functional method with the local density approximation. A direct band gap of 5.17 eV at G is obtained
for BSNO. The calculated total and partial densities of states indicate that the top valence band is mainly
constructed from the N 2p and O 2p states, the low conduction band mostly originates from Ba 4d and
Si 3p states. The calculated linear optical property of BSNO is in good agreement with the experimental
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1. Introduction

Owing to the chemical and thermal stabilities, oxonitridosili-
cates have emerged as host lattices for highly efficient rare-earth
doped luminescent materials applied in phosphor-converted(pc)-
LEDs [1]. In recent years, the luminescence properties of MSi; N, O,
(M =Ca, Sr, Ba), 3-SiAION:Eu, and Ca-a-SiAION:Eu have been inves-
tigated and particular promising properties have been pointed
out [2-4]. Among them, BaSi;N,0,:Eu?* yields blue-green emis-
sion with a peak at 491 nm, which stands out due to its high
quantum efficiency for UV-blue excitation (>60%), small Stokes
Shift, narrow emission band and its low thermal quenching. Fur-
thermore, BaSi;N,0,:Eu?* has a somewhat larger crystal field
splitting, the low energy excitation band of BaSipO,N,:Eu®* at
unusual long-wavelength (400-450nm) is expected [5,6]. With-
out the knowledge of the electronic structure of this compound,
these distinguished luminescence properties cannot be understood
profoundly.

In this paper, we present results of the plane wave density
functional theory (DFT) calculation of the electronic structure and
linear optical properties of BSNO. First-principle methods have
been proved to be a powerful theoretical tool for acquiring accurate
electronic levels and optical properties of metal compounds [7,8].
The present work attempts to theoretically characterize the band
structure and the optical spectrum.
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2. Methods and computational details

CASTEP [9,10], a plane-wave pseudopotential total energy package, is used
for solving the electronic and band structures as well as linear optical properties
of BSNO crystal. The theoretical basis of CASTEP is the density functional theory
[11] noximation (LDA) developed by Kohn and Sham [12]. Within such a frame-
work, the preconditioned conjugated gradient (CG) band-by-band method [10] used
in CASTEP ensures a robust and efficient search of the energy minimum of the
electronic structure ground state. The optimized pseudopotential [13,14] in the
Kleinman-Bylander form [15] for Ba, Si, N, and O allows us to use small plane-wave
basis sets without compromising the accuracy required by our study. The rather soft
and optimized O pseudopotential has been tested in various systems [16], which
enable us to use a kinetic-energy cutoff of 300eV throughout the calculation. Its
reliability will be further demonstrated in the results of the linear optical property
calculation. The Read and Needs [17] correction is implemented to ensure accu-
rate optical matrix elements calculations for our nonlocal pseudopotential based
method.

In practice, the DFT calculated band gap is smaller than experimental result. This
error is from the discontinuity of exchange-correlation energy. A ‘scissors operator’
is usually introduced, allowing a shift of the conduction bands to make the calculated
result agree with the measured one [18,19]. The energy of 2.0 eV is selected for BSNO,
which gives the best match between the theoretical value and experimental data.

3. Results and discussion

BSNO forms a complex orthorhombic structure with the space
group of Pbcn [20]. As shown in Fig. 1, the structure of BSNO
contains highly condensed SiONj3 tetrahedral, the nitrogen atoms
connect three silicon tetrahedral centers, while the oxygen atoms
are terminally bound. The tetrahedras are connected by N atoms to
form the sinoite SipN, O layer. The Ba2* ions are separated between
these layers.

All these structural factors have their specific influence on the
electronic structures and the optical properties of BSNO. An ab ini-
tio pseudopotential calculation can reveal the effects manifestly.
With a real space atom-cutting method, the respective actions of
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Fig. 1. Structure of BSNO crystal.

the anionic groups and cations on the electronic structure may be
recognized and characterized.

The calculated band structure of BSNO along various symme-
try lines is plotted in Fig. 2. The top of the valence band and
the bottom of the conduction band are at G, with a direct gap of
5.17 eV. As we can see from Ref. [3], the absorption edge of BSNO
is located at about 240 nm, and the host band gap is estimated to
be 5.16 eV. The calculated result is consisted with the experimental
one.

The total density of states (DOS) and partial density of states
of BSNO crystal are shown in Fig. 3. In BSNO, the valence band
is mostly composed of the 2p orbits of O and N atoms, while the
conduction band is mainly constructed from the Ba 4d and Si 3p
orbits. The calculated electronic structure indicates that the host
absorption of BSNO occur not only in O-Ba but also in O-Si. So,
the electron-transfer efficiency from the host to a doped rare earth
atom is improved, and consistent with the high quantum efficiency
of BaSizNzoziEU [3]

Fig. 4 represents the orbit-resolved PDOS of the various atoms.
We can see that the energy bands are divided into five regions. The
strongly localized state at —26 eV is projected to be the Ba 5s orbit.
The lower region around —17eV is mainly from the 2s orbits of
O and N atoms. The region at about —11 eV is composed of the 5p
orbits of Ba atoms. The lower part of the valence band is constructed
from N derived states and top valence band mainly consists of the
O 2p orbits. The conduction band located at the upper region is
mainly composed of the 4d orbits of Ba atoms and the 3p orbits of
Si atoms.

The bonding picture can be more vividly illustrated by plot-
ting the charge density maps of specific crystallographic planes. For
BSNO crystal, we choose the best fit plane and the plane parallel to
b and c axes. The calculated charge distribution in this plane is dis-
played in Fig. 5. As can be seen, the covalence of the Si-O bond and
the Si-N bond within the SiON3 group is much strong and the Ba
atomreleases almost all its valence charge. These findings are direct
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Fig. 2. Calculated band structure of BSNO.

consequences of the BSNO structure consisting of SiON3 forming a
continuous network and barium atom lies in the mirror plane. The
strong covalence of host is corresponding with the good thermal
quenching behavior of BaSi; N, O, :Eu phosphor.

Based on the calculated band structure, the linear optical prop-
erty of BSNO crystal is calculated. The integration Brillion domain
(BZ) over independents 92 K-points is chosen for BSNO crystal to
evaluate the momentum matrix elements of optical transitions.
The calculated reflection spectrum of BSNO is plotted in Fig. 6. The
absorption edge is located at about 240 nm, which is consistent
with experimental result [6]. While the reflectance decreases more
gradually than the experimental result. This may be from the error
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Fig. 3. Dos and PDOS plots of BSNO crystal.
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Fig. 4. Orbits-resolved PDOS of (a) Ba (b) Si (c¢) N and (d) O in BSNO.
of the calculation. As this crystal is excited, the absorption involves 100
the O derived states as the initial states, the Si-O bond and Ba2*
ion derived states as the final states. The inter-atomic transition in
the (SiON3)7~ group is weak, and the interatomic transition from O 80
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Fig. 5. The charge density of the best fit plane (a) and that of b—c plane (b).
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Fig. 6. Calculated reflection spectrum of BSNO crystal.

atoms to BaZ* ion is much strong. We deduce that the absorption of
BSNO is dominated by the optical transition within the Ba-0 band.

4. Conclusions

The electronic structure and linear optical property of BSNO
crystal have been calculated by means of the local-density-
functional approach. The contributions of cations and anionic
groups to the band structures are evaluated, respectively. The cal-
culated absorption edge of BSNO agrees well with the experimental
result, while the reflectivity is a little different. Nevertheless, these
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results have provided an insight into the physical nature, which
may be important to understand the energy transition process in
this phosphor.
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