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The effects of La and Sb doping on the electronic structure and optical properties of SrTiOg3 are investigated
by first-principles calculation of the plane wave ultra-soft pseudo-potential based on density functional theory. The
calculated results reveal that corner-shared TiOg octahedra dominate the main electronic properties of SrTiOgz, and its
structural stability can be improved by La doping. The La3t ion fully acts as an electron donor in Srg g75Lag.125TiO3
and the Fermi level shifts into the conduction bands (CBs) after La doping. As for SrSbg.125Tio.87503, there is a
distortion near the bottom of the CBs for SrSbq.125Ti0.87503 after Sb doping and an incipient localization of some of
the doped electrons trapped in the Ti site, making it impossible to describe the evolution of the density of states (DOS)
within the rigid band model. At the same time, the DOSs of the two electron-doped systems shift towards low energies
and the optical band gaps are broadened by about 0.4 and 0.6 eV for Srg.g75Lag.125TiO3 and SrSbg.125Ti0.87503,
respectively. Moreover, the transmittance of SrSbg.125Ti0.87503 is as high as 95% in most of the visible region, which
is higher than that of Srg.g75Lag.125Ti03(85%). The wide band gap, the small transition probability and the weak
absorption due to the low partial density of states (PDOS) of impurity in the Fermi level result in the significant optical

%

transparency of SrSbg.125Ti0.87503.
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1. Introduction

Exploration of materials for transparent conduct-
ing oxide (TCO) has been an urgent task because
the rapid expansion of the industrial uses of TCO
films in liquid crystal displays, organic light emitting
diodes and solar cells.'=3! In particular, this is com-
pounded by the increasing potential new uses for TCO
films(*~6] (e.g. the transparent field-effect transistor)
and a resource problem for Sn-doped InyO3 (ITO), 2]
which is a typical TCO and the most widely used.

Perovskite oxides are attractive candidates for
TCO films. Recently, by ionic substitution and car-
rier doping, TCO films with the perovskite structure
have been explored, and a few of them including La,
Sb and In-doped SrTiOs,”~9 Nb-doped CaTiOs,!!
Cd5TeOg,"] Sb-doped SrSn0Os,13! La and Sb-doped
BaSnOs!% have been obtained in experiment. Wang
et al.l”l have demonstrated that Sb-doped SrTiOs thin
films epitaxially grown on SrTiO3 (001) substrates by
pulsed laser deposition show good optical transmit-
tance in the visible range. Cho et al.l® have found that
Lag55r9.5TiO345 thin films exhibit excellent trans-

parent properties of visible light with a metallic be-
haviour. Guo et al.”) have reported on the optical
properties of p-type SrIn,Ti;_,O3 (z = 0.1 and 0.2)
films prepared by laser molecular beam epitaxy under
different oxygen pressures and the high transparence
of the films in most of the visible region. To our knowl-
edge, however, theoretical investigations on TCO films
with the perovskite structure are rare. Thus it is nec-
essary to use the first-principles method to explore the
effect of carrier doping on the electronic structure and

the optical property of perovskite oxides.
In the present paper, we perform a first-principles

calculation to investigate the effects of n-type dop-
ing La and Sb on the perovskite oxide SrTiO3 by the
CASTEP software packagel'?! based on density func-
tional theory (DFT). From these results, a better un-
derstanding of the electronic structure and the optical
properties of La and Sb-doped SrTiO3 with sufficient
details can be reached, and some helpful instructions
can be provided for the growth of TCO films with the

perovskite structure.
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2. Computational details

SrTiO3 has an ideal cubic perovskite-type struc-
ture at room temperature, and it belongs to the space
group Pm3m(Op1), with the Sr atom sitting at the
origin point, Ti at the body centre and three oxygen
atoms at the three face centres, and its lattice constant
isa=b=c=23905A (1 A=0.1nm)."* The unit cell
contains one formula unit of Sr'TiO3. Figure 1 shows
the schematic structures of Sr'TiOs. In order to study
fractional substitution, it is necessary to consider a
larger cell than the basic unit. Thus we construct a
supercell of eight unit cells consisting of 40 atoms in
the basis. Replacing any one of the Sr atoms by a La
atom in the supercell will correspond to the formula
SI’O'875L30_125Ti03 or Srl_xLazTiOg with x = 0.125.
Substitution of a single Sb atom for Ti atoms will cor-
respond to the formula SrSbq 125Tig.87503.

Fig. 1. Schematic crystal structure of SrTiOs3.

In our computation, the interaction between nu-
clei and electrons is approximated by using the Van-
derbilt ultra-soft pseudo-potentiall'¥l to treat 4s, 4p,
and bs electrons of Sr, 3s, 3p, 3d, and 4s elec-
trons of Ti, 2s and 2p electrons of O, 5s and 5p
electrons of Sb, and 5s, 5p, 5d, and 6s electrons
The Perdew and
Wang 91 parametrization!!9! is taken as the exchange-

of La as the valence electrons.

correlation potential in the generalized-gradient ap-
proximation (GGA). A plane wave basis with kinetic
energy cutoff of 420 eV is used to represent wave func-
tions. The Brillouin zone integration is approximated
as a special k-point sampling scheme of Monkhorst—
Pack('6l and 6x6x6 k-point grids are used. In order to
obtain a stable structure, a full relaxation is performed
for doped SryTiO4 systems by using the Broyden—
Fletcher-Goldfarb-Shanno (BFGS) algorithm™! to
minimize energy with respect to atomic position.

Each calculation is considered to be converged when
the maximum root-mean-square convergent tolerance
is less than 5.0x107% eV/atom, that is, the max-
imum ionic Hellmann-Feynman force being within
0.01 eV/A7 the maximum ionic displacement being
within 5.0x10~* A and the maximum stress being
within 0.02 GPa. Then the electronic structure and
optical properties are calculated based on the opti-
mized supercell model.

3. Results and discussion

3.1. Cohesive energy and lattice proper-
ties

The cohesive intensity and the structural stabil-
ity of a crystal are related to its cohesive energy,
and the cohesive energy of a crystal is defined as ei-
ther the energy that is needed when the crystal is
formed by combining with a free atom, or the work
that needs to be performed when the crystal decom-
poses into a single atom. Hence, the bigger the co-
hesive energy is, the more stable the crystal struc-
ture will be. In this paper, the cohesive energies
of SrTiOs, Sr;_,La,TiO3z and SrSb,Ti;_,O3 with
x = 0.125 are calculated from the formulas in Ref. [18].
By analysing the calculated cohesive energies listed
in Table 1, we conclude that the optimized SrTiOg,
Sro.g75Lag.125 Ti03 and SrSbg 125 Tig.875 O3 systems are
stable, because the cohesive energies are negative.
On the other hand, the cohesive energy of La-doped
Srg.g75Lag 125 Ti03 (—43.2810 eV) is smaller than that
of undoped SrTiO; (—42.8037 eV), which indicates
that Srg.g75Lag.125Ti03 is more stable than undoped
SryTiO4 and the structural stability of SrTiO3 can
be improved by La doping. However, the Sb-doped
SrSbg.125Tip.87503 is less stable than SrTiOs. Fur-
thermore, it is clear that after doping the single point
energy of Srg g75La9.125TiO3 decreases, which further
confirms that the structural stability of SrTiO3 can
be strengthened by La doping, while the increasing of
the single point energy of SrSbg.125Tig.87503 implies
that the structural stability of SrTiOs is weakened
by Sb doping. These structural stability changes for
Srg.g75Lag.125Ti03 and SrSbg.125Tig.87503 originate
from the electronic structure changes through doping,
and we will discuss this later. Note that the crystal
structures of Sri_,La,TiO3 and SrSb,Ti;_,O3 with
x = 0.125 are still the cubic perovskite-type structure
with the space group Pm3m(Op1).
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Table 1. Optimized structure parameters, single point energies (Es) and cohesive energies (Ec) for SrTiOs,

a/A Es/eV Ec/eV
space group
calculated experimental calculated calculated
SrTiOs3 Pm3m 3.924 3.9052 —3772.466 —42.8037
Sro.875Lag.125TiO3 Pm3m 3.929 3.908P -3775.937 —43.2810
SrSbo.125Ti0.87503 Pm3m 3.937 3.923¢ -3690.262 —41.7280

2 cited from Ref. [13], P cited from Ref. [19], ¢ cited from Ref. [7].

Moreover, the calculated lattice constant is
3.929 A for Srg.grsLag 125TiOs, slightly larger than
that of undoped SrTiOz (3.924 A), while the calcu-
lated lattice constant of SrSbyg 125Tig.s7503 (3.937 A)
This
is in good agreement with the experiment results!”'?!

is much larger than that of undoped SrTiOs.

that the lattice constants of Srggg Lag.12TiO345 and
SrSbg.1Tig.9O3 films increase after doping.

3.2. Electronic structures

3.2.1. Density of states

In this part, the electronic structures of SrTiOsg,
Sri_,La,TiO5 and SrSb,Ti;_,O3 with z = 0.125 will
be discussed and compared with each other. Four in-
dicators will be used to reveal the effects of La and Sb
doping on the electronic structure of SrTiOg, which
are the total DOS, partial density of states (PDOS),
population analysis, and electron density difference.
Each of these tools can demonstrate some aspects of
The total DOS and PDOS of
SrTiOg are calculated first for comparison and the

structural features.

results are shown in Fig. 2. For the sake of clarity,
only the relevant Ti 3d, O 2p and Sr 5p PDOS are
shown and this will be adopted in the subsequent fig-
ures. It is obvious that the structure of SrTiO3 has
corner shared TiOg octahedra where the interaction
between Ti 3d and O 2p is found, which dominates
The top
of the valance bands (VBs) predominantly consists

the main electronic properties of SrTiOg.

of O 2p states and the most prominent unoccupied
energy bands in the bottommost conduction bands
(CBs) are mainly composed of the Ti 3d states. Over-
looked from the DOS, it can be observed that there
is a strong orbital hybridization between the Ti 3d
and O 2p states. That is to say, the Ti-O bond is
covalent. Correspondingly no overlap of PDOS be-
tween Sr atoms and O atoms means the high ionicity
of Sr—O bonds. Moreover, the calculated band gap of

SrTiO3 is about 1.7 €V, which is smaller than the ex-

perimental value of about 3.2 eV.['3] This is typically
underestimated by the DFT[2921 and also caused by

the strong self-interaction of the Ti 3d states.[?]
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Fig. 2. DOS and PDOS of SrTiOs. Fermi level is set to
be zero on the energy scale, which will be adopted below
unless otherwise stated.

Figure 3 shows the total DOSs of Sry_,La,TiO3
and SrSb,Ti;_,O04 with = = 0.125.

La doping n-type carriers

Because
introduces into the
Sro.g75Lag.125 TiO3 system, the Fermi level shifts into
the CBs, which is in good agreement with the experi-
mental results that the La3*t ion fully acts as an elec-
tron donor in the Srg.goLag.1 TiO3 system.819 At the
same time, the DOS of Srg.g75Lag.125Ti03 shifts sig-
nificantly towards low energies and the optical band
gap broadens by about 0.4 eV due to the Burstein—
Moss shift.[23:24] As for the SrSby 125 Tio 57505 system,
it shows a further shift of the Fermi level into the CBs
compared with that for Srg g75Lag.125TiO3, and an op-
tical band gap with a widening of 0.6 eV is observed
for SrSbq. 125 Tig.87503 after Sb doping. Thus Sb dop-
ing into SrTiOg3 is more effective in the expansion of

the parent optical band gap.
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Fig. 3. DOSs of (a) Srg.s75Lag.125TiO3 and (b)
SrSbo.125Ti0.87503.

In particular, the DOS of Srg.g75Lag.125TiO3 af-
ter La doping is almost identical to that of undoped
SrTiOg, indicating that the La doping effect on the
electronic structure of Srg.g75Lag.125TiO3 can be fairly
well described within a simple rigid band model.
There is however a distortion near the bottom of CBs
for SrSbg.125Tig.87503 with the DOS showing a tailing
to energies further below the Fermi energy (marked
by arrows in Fig. 3). This is an indication of an
incipient localization of some of the doped electrons
trapped at the bottom of the CBs, which accords
with the experiment results well,[”] and two additional
small peaks appear at the bottom of the VBs for
SrSbg.125Tig.87503.

Furthermore, the calculated DOS at the Fermi
level is about 4.96 states/eV for SrSbg 125Tig. 87503,
which is larger than that of Srg g7s5Lag.125TiO3 (3.52
states/eV). This again implies that Srg g75Lag.125TiO3
is more stable than SrSbg 125Tig 87503, which is con-
sistent with the cohesive energy calculations.

3.2.2. Partial density of states

In the subsequent discussion on the effects of La
and Sb doping on the electronic structure of SrTiOg,

l

PDOS/(states/eV)

Energy/eV

we restrict ourselves to the states near the Fermi level,
which control the physical properties of the system.
Firstly, the orbital decomposed PDOSs of La
and Sb atoms in Sr;_,La,TiO3 and SrSb,Ti;_,O4
with = 0.125 are calculated and presented in
Fig. 4(a). Tt is clear that the PDOS of the La atom in
Srg.s75Lag.125TiO3 near the Fermi level is dominated
by La 5d states, while Sb-derived 5s and 5p states in
SrSbg.125Ti0 87503 do not contribute to states at the
Fermi level, which suggests that La is better than Sb
for n-type doping in SrTiO3. Secondly, the orbital de-
composed PDOSs of Ti atoms (Ti*, Ti**) near the im-
purity Sb in SrSbyg 125Tig.s7503 are shown in Fig. 4(b),
and the corresponding PDOS of Ti#atoms near the
impurity La in Srg.g7sLag.125Ti03 is also plotted for
comparison. In the case of SrSbg 125Tig.87503, there
is a strong interaction between impurity Sb and its
first nearest neighbour Ti*. Especially, the 3d states
of the Ti* atom near the Fermi level are strongly dis-
turbed by the impurity charge potential due to Sb
doping. With the increase of the distance between
Sb and Ti atoms, the effect of the impurity charge
potential on Ti** atom (the second nearest neigh-
bour of the Sb atom) is weakened significantly and the
PDOS of the Ti** atom is almost the same as that in
undoped SrTiOs.
the PDOS of Ti atoms near the impurity La is just
identical to that of undoped SrTiOj3 in Fig. 1. This
further confirms that the core structure of TiOg oc-

For La—doped SI‘0_875L?L0_125Ti037

tahedra dominates the main electronic structure of
SrTiOs. Since the structure of a TiOg octahedron in
SrSbg.125Tig.g7503 is changed by partial substitution
of Sb for Ti, the PDOS of Ti atoms near the impu-
rity Sb is disturbed strongly by the Sb-derived impu-
rity charge potential, and some of the doped electrons
are trapped in Ti sites. Thus the Sb doping effect on
the electronic structure of SrTiO3 cannot be described
within the rigid band model.

PDOS/(states/eV)
o »
1 1
;
4 *
. *

-1 0 1 2 3 4
Energy/eV

Fig. 4. Orbital decomposed PDOSs of Sb impurity and its neighbouring Ti* and Ti** atoms in

SrSbg.125Ti0.87503; La impurity and its neighbouring Ti# atom in Srg.g75Lag.125TiO3.
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3.2.3. Mulliken population analysis

A further insight into the effect of La and Sb dop-
ing on the structure of SrTiO3 can be obtained from
Mulliken population analysis listed in Table 2. For
undoped SrTiOs, the effective charge of Sr (1.87e) is
close to the +2e formal charges, whereas the O atom
has 0.80 negative charges and the Ti atom carries 0.53
positive charges, which are much smaller than their
—2e and +4e formal charges, respectively. This indi-

|

cates that there is a high degree of covalency in the
Ti—O bond while there is ionicity in the Sr—O bond,
which accords well with the DOS analysis for SrTiOs.
Moreover, the calculated bond lengths of Ti-O and
Sr-O bonds in SrTiO5 are 1.962 and 2.771 A, respec-
tively, and the corresponding overlap populations are
0.62 and —0.03. These further support that the strong
covalent bonding and the ionic bonding exist respec-
tively in Ti—O and Sr—O bonds for SrTiOs3.

Table 2. Calculated Mulliken populations for SrTiOgs, Srg.g75Lag.125TiO3 and SrSbg.125Tip.8703, where Ti*
and O* represent the atoms near the impurity Sb atom in SrSbq.125Tip.8703.

atomic population

SrTiOs Sro.s75Lao.125TiOg SrSbo.125Ti0.8703
ion charge/e ion charge/e ion charge/e
Sr 1.87 Sr 1.88 Sr 1.88
Ti 0.53 Ti 0.54 Ti 0.54
O -0.80 (@) -0.79 O -0.80
La 1.29 Sb 1.48
- - - - Ti* 0.50
- - - - o* -0.92
bond population
SrTiOs Sro.g75Lao. 125 TiOg SrSbo.125Ti0.8703
bond  population  length/A bond population  length/A bond population  length/A
Sr-O -0.03 2.771 Sr—-O -0.03 2.773 Sr-O -0.04 2.779
Ti-O 0.62 1.962 Ti-O 0.62 1.965 Ti-O 0.63 1.958
- - - La—-O 0.04 2.737 Ti*-O* 0.49 1.979
- - - - - - Sb-O 0.54 1.948

In the case of SrggvsLag125TiO3, the effective
charges of Sr, Ti and O atoms in Srg.gysLag.125Ti03
are almost the same as those in SrTiO3. However,
the La atom loses only partial valence electrons with
1.29e positive charges, much smaller than that of the
Sr atom (1.88e). On the other hand, the overlap pop-
ulation values of Sr—O and Ti—O bonds do not differ
from those of undoped SrTiOg3, and their bond lengths
are slightly larger than the corresponding ones in un-
doped SrTiOj3. At the same time, a positive overlap
population value of 0.04 is observed for the La—O bond
in Srg.g7sLag.125TiO3 and the bond length of La—O is
2.737 A, about 0.034 A smaller than the Sr-O bond
length in undoped SrTiOs, which clearly indicates the
existence of a strong interaction between the La—O
bonds in Srg.g75Lag.125Ti03. Thus, the structural sta-
bility change for SrggysLag.125TiO3 originates from
the fact that the strength of the La—O bond is stronger
than that of the Sr—O bond in undoped SrTiOs.

As for SrSbg 125Tig 87503, there are considerable
electron charge density redistributions near the Sb
atom, because the partial substitution of the Sb atom
for Ti atoms has broken the TiOg octahedron in
SrTiOs3.
O* and Ti* atoms, which are close to the impurity

It is evident that the effective charges of

Sb atom, increase and decrease to values of —0.92e
and 0.50e, respectively. This indicates that the elec-
tron charge densities of O* and Ti* each have some
change after Sb doping. Definitely, the evidence for
the electron redistribution of Ti* atoms has been given
by the PDOS in Fig. 4. In particular, the value of
overlap population of the Ti*~O* bond decreases to
0.49, indicating that the Ti*~O* bond is much weaker
than the Ti—O bond in undoped SrTiOs. The bond
length of Ti*~O* is about 0.017 A larger than that
of the Ti—O bond in undoped SrTiOjz. Hence, judg-
ing from the changes in the M—O bonds (M = Sr,
Sb, Ti) observed for SrSbg 125Tig.87503, the weak Ti*—
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O* bond results in the structural stability change of
SrSbo.125Ti0.87503.

3.2.4. Electron density difference

Figure 5 plots the maps of electron den-
Slty difference for SI‘TiOg, Sr0,875La0,125TiO3 and
SrSbg.125Tig.87503. For undoped SrTiOsg, it is clear
that there is a strong covalency between Ti—O bonds
and the electron cloud near the Ti and O atoms indi-
cates the orientation characteristic of covalency, while
the Sr—O bonds are quite ionic.

After La doping, the maps of doped and undoped

electron density difference are almost the same. For
SrSbg.125Tig.87503, however, the maps of electron den-
sity difference in the (001) plane demonstrate a consid-
erable electron charge density redistribution near the
impurity Sb atom. The Sb—O bond shows covalent
interaction but some ionicity. At the same time, the
overlap of electron density between Ti and O atoms
near the Sb atom shows a prominently weaker covalent
bonding effect than the corresponding one in undoped
SrTiOs. Also, the electron cloud of O atoms near the
Sb atom has a small distortion. This is consistent with
the calculated DOS, PDOS and population analysis.

Fig. 5. Maps of electron density difference for undoped and doped SrTiOs. Panels (a), (b) and (c) are the (010)
planes for undoped, La-doped and Sb-doped SrTiOs, respectively; panels (a’), (b’) and (¢’) are the corresponding

(001) planes.

3.3. Optical properties

Next we discuss the effects of La and Sb doping
on the optical properties of SrTiOs. The linear re-
sponse of a system due to an external electromagnetic
field with a small wave vector can be described with
the complex dielectric function e(w) = €1 (w) + iea(w).
The imaginary part of the dielectric function e2(w) is
calculated from the momentum matrix elements be-

tween the occupied and unoccupied wave functions(2%)

as follows:

A\ 2
o) = gy | Ak D Genlplin 2 k)

n,n’

x(1 = f(kn)6(Epn — Egns — hw), (1)

where hw is the energy of the incident photon, V is
the unit cell volume, p is the momentum operator,
|kn) is a crystal wavefunction, and f(kn) is the Fermi
distribution function. The real part of the dielectric
function e;(w) is evaluated from the imaginary part
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€o(w) by the Kramers—Kronig relationship to be

)
—2

2 ® gq(ww’
al(w)zl-i—;M/o j/g(i)dw (2)

where M is the principal value of the integral. The
other optical constants like refractive index n(w), ex-
tinction coefficient k(w), reflectivity R(w) and absorp-
tion coefficient I(w) are now immediately calculated
in terms of the components of the complex dielectric
function as follows:

nw)z(;EL@ﬂwV+gﬂw2+em@rm,@)

M@:(jz[ﬁ@y+@wp_ﬁwﬂm,@
(n—1)2+k?

BCERE )

I= 212“. (6)

Accordingly the transmittance T'(w) can be ob-
tained by the following equation:

T(w)=1-R(w) — I(w). (7)

Figure 6 shows optical transmittances of
Sr0,875La0_125TiOg and Ser0.125Tio_87503. The op-
tical transmittances of the two compounds in the
visible range show that they are approximately flat
The Sr0,875Lao,125T103
is highly transparent with a transmittance of more

curves versus wavelength.

than 85% in the visible range. The transmittance of
SI‘Sbo.125Tio_875O3 is as hlgh as 95% in most of the
visible region. The significant high transparency of
SrSby.125Tig.87503 originates from two factors.

100

Transmittance/%

0 PR W AR N NN N A

200 400 600 800 1000

Wavelength /nm
Fig. 6. Calculated optical transmittances of (a)

Sro.g75Lag.125TiO3 and (b) SrSbo.125Ti0.87503.

On the one hand, due to being optically trans-
parent, it is desirable to have a wider band gap than

the photon energy of the visible light. It is evident
that Sb doping is very effective in the expansion of
the parent optical band gap (3.2 €V) and an optical
band gap widening of 0.6 eV has been observed in
SrSbg.125Tip.87503. Thus the charge transfer excita-
tion occurring above 3.8 eV in SrSbg.125Tig.87503 ben-
efits the optical transparency. On the other hand, the
PDOS of the impurity Sb atom is low in the Fermi
level (see Fig. 4), which leads to a small transition
probability and weak absorption.

4. Conclusions

We investigate the structural stabilities, elec-
tronic structures, and optical transmittances of La and
Sb-doped SrTiOgs by a first-principles calculation of
the plane wave ultra-soft pseudo-potential based on
DFT. The calculated results reveal that corner shared
TiOg octahedra dominate the main electronic prop-
erties of SrTiOg.
Srg.g75Lag.125Ti03 and SrSbg.125Tig 87503 estimated

The binding energies of SrTiOs,

from the electronic structure calculations indicate that
the structural stability of SrTiOsz can be improved
by La doping. The structure of SrSbg 125Tip. 87503
is still stable after Sb doping, but its stability is
lower than that of undoped SrTiOs;. The La3* ion
fully acts as an electron donor in Srg g75Lag.125TiO3
and the Fermi level shifts into the CBs after La
doping. As for SrSbg.125Tig.87503, it shows a fur-
ther shift of the Fermi level into the CBs com-
pared with Srg.g75Lag.105TiO3. At the same time, the
DOSs of the two electron-doped systems shift towards
low energies and the optical band gaps are broad-
ened by about 0.4 and 0.6 eV for Srgg75Lag.125TiO3
and SrSbg.125Tig 87503, respectively. Particularly,
there is a distortion near the bottom of the CBs for
SrSbg.125Tig.87503 after Sb doping and an incipient
localization of some of the doped electrons trapped
in the Ti site, making it impossible to describe the
evolution of the DOS within the rigid band model.
Moreover, the transmittance of SrSbg 125Tig 87503 is
as high as 95% in most of the visible region, which
is larger than that of Srgg7s5Lag.125Ti03(85%). The
wide band gap, small transition probability and weak
absorption due to the low PDOS of impurity in the
Fermi level result in the significant optical trans-
parency of SrSbq.125Tig.87503. The La and Sb-doped
SrTiO3 can be attractive as new TCOs with the per-
ovskite structure, and are promising for use in per-
ovskite transparent devices.
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