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Optical properties of insulating BaSnO3 (BSO) and conducting Ba0.97La0.03SnO3 (BLSO) single
crystals were studied at room temperature in a wide spectral range between 0.01 and 5.9 eV by
means of spectroscopic ellipsometry. The far-infrared spectra of the optical phonons in BSO and
BLSO were complemented by polarized Raman scattering measurements in BSO. The electronic
band structure and the optical response (dielectric function) were calculated using density functional
theory, which allowed for the interpretation of the main spectroscopic features such as optical
phonons and electronic interband transitions. To reconcile the observed experimental spectra with
the theory, a departure from the ideal perovskite structure on the local scale was proposed for BSO.
C 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4748309]
V

I. INTRODUCTION

BaSnO3 (BSO) is a potentially interesting material for
optoelectronics.1 Due to a wide bandgap of about 4 eV and
the possibility to dope the crystal by substituting Ba with a
few percent of La, this material system of Ba1xLaxSnO3
(BLSO) can become useful for, e.g., solar cells based on
multilayer oxides with perovskite structure. Until recently,
single crystals of BSO were not available in the quantities
that allow for the in-depth optical characterization of the
electronic and vibrational properties. In the past only powder
samples or thin films have been studied using ac electrical
measurements, optical reflectivity, and x-ray diffraction.2–4
Recently, single crystals of BSO and BLSO have been synthesized with a typical size of a few millimeters, which
enabled a more accurate materials characterization including
optical transmission technique.1,5 It was also shown that
BLSO can be doped to a high carrier concentration of about
ne9  1019 cm3.1,5 It turns out that bulk crystals of BLSO
can have excellent carrier mobility at room temperature
l(300 K)320 cm2/Vs even though its band gap is large: Eg
 4.05 eV. This can be sharply contrasted with the properties
of SrTiO3 [l(300 K)511 cm2/Vs and Eg  3.25 eV],
which has recently become a traditional building block of
all-perovskite multilayer devices. Indeed, the value of
l(300 K) of BLSO is higher than the corresponding values
for any oxides including doped ZnO [l(300 K)100205
cm2/Vs, Eg  3.37 eV].6–9 Furthermore, the conducting
property of BLSO is found to be very stable in various heat
treatments, indicating good oxygen stability.1 Note that the
instability of oxygen content in doped oxides such as
a)
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oxygen-deficient SrTiO3 is often a detrimental issue that
induces fatigue and degradation. Thus, doped BSO is a
promising candidate for transparent conductor applications
in epitaxial all-perovskite multilayer devices. In this paper,
we present a systematic study of the electronic and vibrational spectra of BSO and BLSO crystals and further extend
the results of our recent optical characterization of BSO and
BLSO materials.1 The experimental data will be analyzed in
a close comparison with the density functional theory (DFT)
calculations.
The vibrational properties of BSO crystals have been
understood in the past in terms of the modes in a cubic perovskite structure with the space group Pm3m. However, the
exact experimental values for the optical phonon frequencies
were basically unknown. In the early studies of the powder
BSO samples, the optical reflectivity spectra revealed several
phonon-related spectral features.3 But the authors of Ref. 3
made no attempt to extract the phonon frequencies, probably
due to the low quality reflectivity data in their powder samples. The theoretical analysis of the optical and structural
properties of the BSO powder samples have been done in
Ref. 10 in connection to the experiments done for the powder
samples. Those powder BSO samples revealed an unusually
high value for the static dielectric constant of about 50 that
exceeded our intrinsic single crystal data by a factor of about
3. Furthermore, the previously calculated phonon frequencies turned out to be completely different from our experimental data for the single BSO crystals. These controversies
inspired us to perform accurate ellipsometric and Raman
measurements of the phonons in BSO and to refine the corresponding theoretical calculations using DFT. As we will
show below, the proximity of the self energies for the cubic,
orthorhombic, and rhombohedral structures of BSO may
result in the crystal lattice distortions on the local scale. We
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show below that by taking into account the crystal lattice
instability one can reconcile the experimental phonon spectra
with the results of DFT calculations.
II. SAMPLES AND EXPERIMENTAL TECHNIQUES

BSO and BLSO single crystals were grown using a
PbO-based flux method.1 BSO crystals have been obtained
in the form of translucent orange platelets with a typical size
of 3  2  1 mm3. The BLSO crystals appeared to be completely opaque and had a metallic color. The far-infrared
(far-IR) optical experiments were carried out at the National
Synchrotron Light Source, Brookhaven National Laboratory
(BNL), at the U4IR beamline equipped with a Bruker 66 interferometer, far-IR rotating analyzer ellipsometer (RAE),
and a LHe-cooled (4.2 K) bolometer. A Woollams spectroscopic ellipsometer at the Center for Functional Nanomaterials at BNL was used for the ellipsometry experiments in the
spectral range from near-IR up to ultraviolet (UV). Raman
scattering experiments were performed in the backscattering configuration using klaser ¼ 514.5 nm line of an Arion laser, a LN2-cooled CCD detector, and a single-grating
spectrometer, which provided a spectral resolution of about
2 cm1. All spectroscopic experiments were carried out at
room temperature.
III. RESULTS AND DISCUSSION FOR THE
ELECTRONIC BAND STRUCTURE
A. Ellipsometry measurements of electronic
transitions

In this section, we will present spectroscopic ellipsometry data for BSO and BLSO crystals. In Sec. III B, the experimental spectra will be compared with the theoretical
calculations. Ellipsometry measurements were carried out in
the range between 0.75 eV and 5.9 eV. The reflection plane
of the sample coincided with the (010) crystallographic plane
and the reflecting surface of the sample was (001). Figures
1(a) and 1(b) show experimental spectra for the real and
imaginary parts of the dielectric function, e1 ðxÞ and e2 ðxÞ.
Using multiple angles of the light incident (AOI) between
65 and 85 , we found that e1 ðxÞ and e2 ðxÞ are independent
on the AOI within the errors of the measurements, which is
in agreement with the overall cubic symmetry for the perovskite structure of BSO.
The experimental spectra of the dielectric function
e1 ðxÞ and e2 ðxÞ were modeled using three isotropic Lorentz
oscillators for the electronic interband transitions and a Penn
gap oscillator
eðxÞ¼1þ

N
X

Sj  E2j

j

x2  E2j  icj  x

;

FIG. 1. (a) The real and imaginary parts of the dielectric function e1 ðxÞ (red
circles) and e2 ðxÞ (blue triangles) for a BSO single crystal measured at
room temperature from the (100) plane with AOI ¼ 75 . The results of the fit
to the dielectric function model that consists of three oscillators and a Penn
gap (see Table I) are shown with black solid curves. (b) The same for BLSO
single crystal. Black curve is the model that includes the free carrier contribution. Green curve is the model without a Drude term. Star indicates a
small discontinuity in e1 ðxÞ at 1.2 eV, which is an artifact of the experimental setup. (c) Results of the bandstructure calculations for BSO single crystal
with the electronic transition smearing of 0.3 eV.

function model to take into account all higher-energy optical
transitions above 6 eV and to match the experimental lowenergy value of e1 ð0:75 eVÞ, which is about 4.3 in BSO and
4.5 in BLSO. The parameters of the Lorentz oscillators for
the electronic transitions in BSO and BLSO crystals are summarized in Table I. The energies of the electronic transitions
E1 and E3 are almost the same in BSO and BLSO: the
TABLE I. Experimental and theoretical parameters of the Lorentz oscillators that have been used to model the spectral dependence of e1 and e2
shown in Figs. 1(a) and 1(b). Units of the electronic transition energies Ej
and broadening cj are eV. The oscillator strength Sj is in units of e1 . Dielectric function model for BLSO includes a Drude (free carrier) response
described with the plasma energy Xp .

(1)

where Ej is the electronic transition energy, Sj is the oscillator strength, and cj represents the broadening. These three
Lorentz oscillators ðj ¼ 1; 2; 3Þ belong to the spectral range
covered in our experiments, while the additional Penn gap
was, of course, positioned above the high-energy limit of our
measurements. The Penn gap was included in the dielectric

Oscillator 1
Oscillator 2
Oscillator 3
Penn Gap
e1 ð0:75 eVÞ
Xp

BSO
Ej =cj =Sj
Experiment

BSO
Ej =cj =Sj
Theory

BLSO
Ej =cj =Sj
Experiment

4.05/0.85/0.14
4.93/0.67/0.21
5.71/0.65/0.08
7.8/3.1/2.2
4.3


3.88/0.46/0.52
5.29/0.56/0.43
6.20/0.63/0.77
7.73/1.74/5.65
4.12

4.05/0.8/0.17
4.56/0.8/0.22
5.86/2.2/1.9/0.71
6.3/5/2.2
4.5
0.5 eV
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corresponding numbers are close within a small fraction
of the average peak broadening hcj i. In contrast, the positions
of E2 peaks are different: in BSO, this peak is about 0.4 eV
higher in energy compared to that in BLSO. Note that
the high-energy peaks in the dielectric function for BLSO
are significantly broader than that in BSO, which is most
likely due to an additional disorder induced by the La
incorporation.
In the low-energy limit of BSO, e1 ðxÞ is close to 4.3
and e2 ðxÞ approaches zero. In contrast, BLSO has an
obvious non-vanishing contribution in the low-energy part of
the e2 ðxÞ spectrum. Our fit demonstrated that the low-energy
part of the e2 ðxÞ spectrum in BLSO cannot be properly
described with a set of high-energy Lorentz oscillators and
thus must include an additional Drude term in Eq. (1) to
X2

account for the free carrier contribution: eðxÞ ¼  x2 icp x.
p

Figure 1(b) shows two dielectric model functions: with a
Drude term described by the plasma energy Xp of
0.5 6 0.3 eV and without the Drude term. The former has a
better agreement with the experimental spectrum. We also
note that the large uncertainty in estimating the plasma frequency is because Xp lies well below the measured spectral
range. More accurate determination of the Drude parameters
will be given in Sec. III B on far-IR ellipsometry measurements of BLSO.
B. Electronic band structure and optical properties
calculations

The first principle calculations of the electronic ground
state were performed within the generalized-gradient approximation (GGA) with Perdew-Burke-Ernzerhof11 local functional using the CASTEP code.12 The norm-conserving
pseudopotentials were used. For self-consistent calculations
of the electronic structure and other relevant electronic properties, such as the dielectric function spectra, the integration
over the Brillouin zone was performed over the 8  8  8
Monkhorst-Pack grid in the reciprocal space.13 The lattice
parameter of the relaxed unit cell of BSO is found to be
0.3991 nm. This value is 4% smaller than the experimental

one of 0.4155 nm from Ref. 1. Within the linear response
theoretical approach,14 the imaginary part of the dielectric
function is calculated by estimating the transition probabilities, or matrix elements, between unoccupied and occupied
electronic states for selected polarization of the electric field,
and Kramers-Kronig transformation is further applied to
obtain the real part of the dielectric function. The corresponding spectra of the dielectric function are shown in
Fig. 1(c) for BSO crystal. Even though the performed DFT
calculations underestimate the value of the band gap, which
is a common case for this type of calculations, they describe
reasonably well the spectral dependence of e1 and e2 . The
electronic transition energies obtained from the DFT calculations are summarized in Table I. The low-energy value of e1
of 4.12 (at 0.75 eV) is found to be in a reasonable agreement
with the experiment.
The calculated electronic band structure of cubic BSO
(space group #221, Pm3m) is shown in Fig. 2 along with the
partial density of states. These calculations predict an indirect-band-gap material: the maximum of the valence band
occurs at the R(1/2,1/2,1/2) point of the Brillouin zone, while
the minimum of the conduction band—at the Cð0; 0; 0Þ
point. The theoretical indirect band gap is found to be
2.83 eV. As we will see below, this value is much closer to
the experimental band gap in comparison with the results of
earlier DFT calculations, which reported a significantly
underestimated values for the bad gap in the range between
0.79 and 2.03 eV.10,15
According to our calculations, the lowest energy optical
transitions occur between O(p) and Sn(s) states, while at
higher energies around 5–7 eV, the direct (vertical) transitions at the C-point as well as R-point dominate the spectra.
We have to mention that a close proximity of the lowest
energy indirect R ! C and direct C ! C transitions makes it
rather challenging to experimentally analyze the shape of the
absorption edge. It is well known that the absorption coefficient is governed by the “joint” density of states, where contributions from the direct transitions are typically much
stronger in comparison with the indirect transitions. Further
complication might arise from the presence of uncontrolled
defects and impurities.

FIG. 2. The electronic band structure and the partial density of states (DOS) for BSO (symmetry
group #221). On the right panel vertically shaded
areas (blue) correspond to the s-states, horizontally
shaded (green) to the d-states, while unshaded (red)
to p-states.
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One of the most interesting aspects of this study pertains
to the optical properties of BSO and BLSO in the visible part
of the spectrum. Obviously, the nature of the lowest-energy
electronic transitions and the doping will determine the
potential applications of these materials in the oxide-based
optoelectronic devices. From our spectra in Figs. 1(a) and
1(b), it is obvious that the value of e2 ðxÞ in both BSO
and BLSO is non-zero in the visible part of the spectrum and
rises monotonously as frequency increases. The onset of the
band-to-band transitions occurs at about 3.5 eV in both materials. We believe that the origin of this long tail in e2 ðxÞ is
likely due to crystal defects such as oxygen vacancies or impurity Pb from flux incorporated at the Ba site. We cannot
exclude a possibility that the “background absorption” also
masks an indirect bandgap transition around the absorption
edge. More precise low-temperature ellipsometry measurements combined with optical transmission experiments in
thin slabs of BSO of different thickness should help to
answer the final question about the nature of the optical gap
in BSO.
IV. RESULTS AND DISCUSSION FOR THE SPECTRA
OF THE OPTICAL PHONONS
A. Far-IR ellipsometry of optical phonons

Spectra of the IR-active optical phonons in BSO and
BLSO single crystals have been measured with spectroscopic
RAE using a single value for AOI ¼ 75 . The sample surface
coincided with the ð001Þ crystallographic plane. Figure 3
shows experimental data for the real and imaginary parts of
the dielectric function, e1 ðxÞ and e2 ðxÞ. For BSO, the optical
spectra were fitted with a model function consisting of three
Lorentz oscillators
eðxÞ ¼ e1 þ

N
X
j¼1

Sj  xj;0 2
;
x2  xj;0 2  icj x

(2)

where xj;0 is the phonon frequency, Sj is the oscillator
strength, cj stands for the phonon broadening, and e1 represents the dielectric constant at frequencies above the measured optical phonons. In addition, a Drude term eðxÞ
X2

p
was added to the model function for BLSO crys¼  x2 ixc
p

tals. Note that Eqs. (1) and (2) are different only by the use
of symbols for the oscillator energies: Ej vs. xj;0 for the electronic and phonon resonances. The value of e1 in Eq. (2)
should be close to the low-energy value of e1 ðxÞ in the nearIR part of the spectrum in Figs. 1(a) and 1(b). According to
the group theory for BSO with a nominal perovskite structure, one expects three IR-active oscillators [N ¼ 3 in
Eq. (2)]. The fourth optical phonon C25 is silent in both the
IR and Raman measurements. The corresponding notation of
the IR-active modes, which are marked in Figs. 3(a) and
3(b), is TO1, TO2, and TO3.16 While the TO phonons appear
as the sharp peaks in the e2 ðxÞ spectra [Fig. 3(b)], the corresponding LO frequencies can be determined from the maxima of the loss function Im½e1 ðxÞ that are close to the
zeroes of the e1 ðxÞ spectra in Fig. 3(a). The results of the fit

FIG. 3. The real (a) and imaginary (b) parts of the dielectric function e1 ðxÞ
(red circles) and e2 ðxÞ (blue triangles) for a BSO crystal measured at room
temperature from the (100) plane with AOI ¼ 75 . The results of the fit to
the dielectric function model that consists of three oscillators at 135, 244.5,
and 628 cm1 are shown with black solid curves. Same for BLSO crystal is
shown in (c) and (d). In addition to the optical phonons marked with arrows,
the dielectric model for BLSO has a Drude term with the plasma frequency
of about 2100 cm1.

are shown in Figs. 3(a) and 3(b) with black curves. The parameters of three optical modes are summarized in Table II.
The experimental value of e1 is determined to be 3.3. This
number, which corresponds to the spectral range just above
the optical phonons at  700 cm1, is reasonably close to the
low-energy value of e1 ð0:75 eVÞ ¼ 4:3 from Sec. III A.
We have to note that due to the small size of the BSO
crystals available to us, the low-frequency range of the spectra in Figs. 3(a) and 3(b) is affected by the diffraction limit
and diffused light scattering by the edges of the sample.
These effects are revealed in an artificial decrease of the
pseudo-dielectric function e1 ðxÞ and an increase of e2 ðxÞ in
the spectral range below 150 cm1, where the wavelength
of light becomes comparable with the apparent size of the
measured sample at AOI ¼ 75 . Although these effects do
TABLE II. Parameters of the IR-active phonons of BSO, as obtained from
spectroscopic ellipsometry spectra shown in Fig. 3. eð0Þ ¼ 1762 and
e1 ¼ 3.3. The Sj values are given in the units of e1 .
Oscillator #
1
2
3

x0 (TO) (cm1)

x0 (LO) (cm1)

Sj

cj (cm1)

135
244.5
628

154
421
723

3.8 6 2
8.5
1.1

10
18
31
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not influence our measurement of the phonon frequencies,
the oscillator strength of the lowest-frequency TO1 phonon
and, correspondingly, the quasi-static value of e1 ð0Þ are
determined with the uncertainty of about 62. The projected
quasi-static value of eð0Þ ¼ 1762 is found as a sum of e1
and the combined oscillator strength of all three optical phoXN¼3
S . Corresponding DFT calculated
nons eð0Þ ¼ e1 þ
j¼1 j
value of eð0Þ is 13.8, which is in a reasonable agreement
with experiment. The proximity of the theoretical and experimental values of eð0Þ is a good indication that the latter is
an intrinsic property of BSO, where the effect of grain boundaries for the polycrystalline samples is completely excluded
(see, e.g., Ref. 10).
The dielectric function spectra of conducting BLSO
crystal, which are shown in Figs. 3(c) and 3(d), are rather different from that for BSO. A strong Drude free carrier contribution with the plasma frequency of Xp ¼ 21006200 cm1
results in all-negative values of e1 ðxÞ below 700 cm1, a
broad background in e2 ðxÞ, and in larger damping of the optical phonon peaks. The latter do not appear in BLSO as sharply
as in the corresponding spectra of BSO. We were not able to
obtain any reliable measurements below 150 cm1 for the
small BLSO crystals that were available to us. The diffraction
effects for small conducting samples, like BLSO, are known
to be even more severe than those for insulating samples. In
addition to the apparent sample size being close to the wavelength of light, an additional light depolarization occurs in
small conducting samples due to Eddy’s currents and edge
effects. Unfortunately, in both sets of experimental ellipsometry measurements IR-VUV and far-IR, the plasma frequency
falls outside of the measured range. Nonetheless, we believe
that the plasma frequency of Xp ¼ 21006200 cm1, which
has been determined from the high-frequency part of the
spectra in Figs. 3(b) and 3(c), is more accurate compared to
that of 0.5 6 0.3 eV ﬃ 4000 6 2400 cm1 measured from
the IR-VUV spectra in Fig. 1(b). The latter value may be
significantly affected by the inhomogeneous broadening of the
electronic transitions.
Another interesting observation in the far-IR spectra of
BLSO is the presence of an additional peak at 427 cm1 in
Figs. 3(b) and 3(c). This new IR-active mode may correspond to the peak in the phonon density of states at the M- or
R-points of the Brillouin zone that became IR-active due to
its folding to the C-point.

B. Raman scattering measurements

Spectra of the optical phonons in BSO have been also
studied using Raman scattering. A back-scattering zðx; xÞz
configuration was utilized. In this notation the x; y; z unit
vectors coincide with the h100i crystallographic directions.
Despite the fact that there are no Raman-active modes in the
ideal perovskite crystal,16 the Raman spectrum in Fig. 4
shows a number of these phonon peaks. Based on a comparison between the far-IR and Raman spectra, we identified several LO phonon peaks and their high-frequency overtones:
LO2 and LO3 peaks and overtones 2TO2, 2LO2, LO2 þ LO3,
and 2LO3. The experimental frequencies are listed in

FIG. 4. Raman scattering spectrum of BSO single crystal measured at room
temperature in the backscattering configuration using an Ar-ion laser with
the energy of 2.41 eV. The LO peaks, their overtones, and their combinations with the TO phonons are marked with black arrows. The numbers next
the peaks correspond to the mode frequency in cm1. The position of the
TO1 and TO2 phonons with the frequencies 135 and 244.5 cm1, as found in
the IR ellipsometry spectra, are shown with the upright red arrows for
comparison.

Table III along with the calculated M- and C-point
phonons (see two right columns of Table III). Considering
the theoretical C-point data, it is clear that there is a
substantial difference between of the theoretically calculated
values and the experimental results. In particular, the highest
energy and the most intensive first-order experimental mode
at 724 cm1 is significantly higher in frequency in comparison with the calculated one at 646 cm1. Another strong
Raman LO2 mode at 408 cm1 also has no counterpart
among the calculated phonon frequencies, neither does a
rather narrow line in the spectrum at 115 cm1.
C. Theory and discussion of the phonon spectra

In order to understand the evident discrepancy between
the experimental far-IR and Raman data on one side and our
TABLE III. Frequency of experimental IR and Raman peaks in comparison
with the calculated modes of cubic BSO at the zone center (C-point) and at
the M-point of the Brillouin zone. All data are in cm1.
IR data
(experiment)

Raman data
(experiment)

M (1/2,1/2,0)
(calculations)

115

113

135 (TO1)
154 (LO1)

244.5 (TO2)
421 (LO2)

628 (TO3)
723 (LO3)

Cð0; 0; 0Þ
(calculations)

159 (TO1)
150–170 (broad,
LO1 or M-point)
238

408 (LO2)
489 (broad, second order,
2TO2 or M-point)
543 (broad, second order,
TO1 þ LO2)
724 (LO3)

172
238
248
417

166 (LO1)
325 (C25 )
311 (TO2)
488 (LO2)

477

568
698

576 (TO3)
646 (LO3)
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the fact that we also observed rather intense overtones and
combinational lines, that involve the LO2 and LO3 modes
(see Fig. 4). Thus, one clearly observes a resonant multiphonon scattering involving LO-modes, which is known to
occur in polar materials with well-developed excitonic
effects, even if the laser excitation energy of 2.4 eV is lower
than the direct bandgap energy of 4.05 eV.18,19

V. CONCLUSIONS

FIG. 5. Phonon dispersion in BSO as obtained by the DFT calculations.

calculations for the C-point phonons in perovskite BSO, we
performed computation of the phonon dispersion relations
though the Brillouin zone of cubic structure of BSO (see Fig.
5) using the linear response method.14 The TO-LO splitting
of optical modes due to long range electrostatic interaction
of charged ions is accounted for by calculating the phonon
spectrum slightly off the center of the Brillouin zone. It turns
out that the energy of the highest frequency optical phonon
branch has rather large dispersion over the Brillouin zone.
The lowering of the crystal symmetry on the microscopic
level to either tetragonal (Pnma space group) or orthorhombic (R3c) could explain the observed discrepancy between
the theory and experiment. Indeed, it is well known that the
M-point modes of the ideal perovskite structure (Pm3m
space group) become the Brillouin-zone center in Pnma,16
while the modes from the R-point become zone-center
modes within the rhombohedral R3c structure.17 Total
energy DFT calculations show that the cubic phase of BSO
is indeed the most stable among the crystallographic modification under discussion, but the energy of the Pnma and R3c
structures is higher by only 3.2 meV and 10.4 meV (per formula unit), respectively, so that these transformations could
easily be realized at room temperature (kBT  25 meV).
Thus, assuming that the microscopic structure of the BSO is
Pnma, the M-point phonons will be the zone-center modes
that are accessible to first-order Raman scattering. The frequencies of these modes are listed in Table III and demonstrate a very reasonable correlation with the experimentally
observed peaks.
We believe that the strongest Raman peaks at 408 and
724 cm1 in the experimental spectra in Fig. 4 are due to the
LO2 and LO3 modes. Typically for polar crystals the intensity of the LO modes can be large due to the lattice polarizability. Additional support for this assignment comes from

Electronic structure of insulating BSO and conducting
BLSO single crystals has been determined at room temperature using ellipsometry. The onset of band-to-band absorption
occurs at about 3.5 eV in both compounds. The positions of
the higher energy transitions have been found to depend on La
incorporation into BSO structure. A Drude contribution due to
the free charge carriers in the dielectric function of BLSO has
been clearly identified in the ellipsometry spectra and the
plasma frequency is determined to be 2100 cm1. A good
agreement with the optical experiment is found in the DFT
band structure calculations. Spectra of the three primary TO
phonons have been measured using far-IR ellipsometry in
BSO crystals. In the Raman spectra of BSO, we found several
of the LO peaks and their overtones, a fact which has been
interpreted as being caused by a strong exciton-phonon interaction. Several optical modes in the Raman spectra have been
identified as originating from the static lattice distortion that
results in the folding of the phonon Brillouin zone due to the
departure from an ideal perovskite structure of BSO.
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