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Electronic band structures of nanostructured LaNiO3 �LNO� and La0.5Sr0.5CoO3 �LSCO� films have
been investigated by near-normal incident optical reflectance at room temperature. Dielectric
constants of the conductive films in the photon energy range of 0.47–6.5 eV have been extracted
with the Drude–Lorentz function. It is found that four interband electronic transitions can be
uniquely assigned for the perovskite-type metallic oxides. Moreover, optical conductivity is
approximately varied from 100 to 450 �−1 cm−1 and shows a different variation trend for the LNO
and LSCO layers. The discrepancy could be ascribed to diverse electronic structure, grain size, and
crystalline formation. © 2009 American Institute of Physics. �DOI: 10.1063/1.3148339�

Ferroelectric �FE� polar film materials and devices have
received much attention due to their potential technological
applications in dynamic random access memories, electroop-
tic switches, pyroelectric detectors, and optical mixers.1,2

Top and bottom electrodes play an important role in opto-
electronic devices in order to deal with electrical and/or op-
tical signal.3–6 For example, polarization charges, which can
be screened by free carriers inside the electrode, are induced
at the electrode/FE interface in a FE-based capacitor. As we
know, LaNiO3 �LNO� and La0.5Sr0.5CoO3 �LSCO�, which are
the highly conductive metallic oxides, have a distorted per-
ovskite structure with a cubic lattice parameter of 3.84 and
3.83 Å, respectively.7–9 As the matched electrodes for perov-
skite FE-based devices, LNO and LSCO materials have been
widely studied as alternatives for platinum �Pt� and Pt-based
metals.3,6,10 It is because these metallic oxides can signifi-
cantly improve the physical properties of FE devices, as
compared with noble metal electrodes.10,11 Therefore, under-
standing the intrinsic physical phenomena occurring within
FE film and electrode/FE interface requires accurate know-
ledge of dielectric constants about the electrode.

Owing to an increasing interest of nanostructured FE
materials and devices,12,13 the physical properties of nano-
structured electrodes should be further investigated in order
to clarify the functionalities. In spite of the promising prop-
erties up to now,4,6,9 there are no reports on dielectric func-
tion and optical conductivity of nanostructured LNO and
LSCO materials, which can predicatively reflect the electri-
cal transport properties and electronic band structure.14–16 In
particular, the optical and electronic properties could be re-
markably different from the bulk crystal for LNO and LSCO
materials with a low-dimensional structure.15 Fortunately,
optical reflectance technique can directly provide electronic
band energy and dielectric constants. This makes it possible
to investigate the optical function of nanostructured LNO
and LSCO films in a wider photon energy range.4 In this
letter, the dielectric functions of nanostructured LNO and

LSCO films have been studied in the photon energy range of
0.47–6.5 eV. The discrepancy of optical conductivity and
electronic transition has been discussed in detail.

Nanocrystalline LNO and LSCO films were deposited
on the single-side polished silicon �Si� wafers by radio fre-
quency magnetron sputtering and pulsed laser deposition
methods, respectively.4,17 The crystalline structures of the
films were analyzed by x-ray diffraction �XRD� using Cu K�
radiation �D/MAX-2550V, Rigaku Co.� �see Fig. 1�. It indi-
cates that the films are crystallized with the single perovskite
phase. Note that the LNO film presents a highly �100�-
preferential orientation. Besides the strongest �110� peak,
some weaker peaks �100�, �111�, �200�, and �211� appear,
indicating that the LSCO film is polycrystalline. According
to the known Scherrer’s equation, the grain size from the
�200� and �110� peaks was evaluated to 78 and 27 nm for the
LNO and LSCO films, respectively. The striking increment
for the LNO film could be due to the better crystallization
�i.e., highly preferential orientation�.

Near-normal incident optical reflectance spectra ��8°�
were recorded at room temperature �RT� with a double beam
ultraviolet infrared spectrophotometer �PerkinElmer Lambda
950� at the photon energy from 0.47 to 6.5 eV �190–2650
nm� with a spectral resolution of 2 nm. Aluminum �Al� mir-
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FIG. 1. �Color online� The XRD patterns of LaNiO3 and La0.5Sr0.5CoO3

films grown on Si substrates. Note that the �100� and �200� crystalline ori-
entations are slightly different from the two samples.
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ror, whose absolute reflectance was directly measured, was
taken as reference for the spectra in the photon energy re-
gion. It is noted that the nominal growth thickness is about
200 nm and 1 �m for the LNO and LSCO films, respec-
tively. Considering the light penetration depth in the samples
due to the optical conductivity, a three-phase layered model
�air/film/substrate� and the semi-infinite medium approach
are applied to calculate the reflectance spectra of the LNO
and LSCO films, respectively.4,18,19 Owing to the conductiv-
ity of metallic oxide films, the dielectric function can be
expressed using a Drude–Lorentz oscillator dispersion rela-
tion: ��E�=�r+ i�i=��− �AD /E2+ iEBD�+� j=1

4 �Aj /Ej
2−E2

− iEBj�.
4,6,20 Where �� is the high-frequency dielectric con-

stant, Aj, Ej, Bj, and E is the amplitude, center energy, broad-
ening of the jth oscillator, and the incident photon energy,
respectively. The experimental reflectance spectra of the
LNO and LSCO films are shown in Fig. 2 with the dotted
lines. Generally, the reflectance spectra recorded show the
similar dependence on the photon energy except for the am-
plitude, which is slightly higher in the LNO film. Note that
the reflectance spectrum from the LSCO film is similar to
that of the film grown on MgO substrate, where a slight dip
appears from optical reflectance measurement.21

The reflectance spectra can be roughly divided into two
regions �see the dotted line in Fig. 2�. The lower photon
energy region below about 2 eV is assigned to a strong
Drude response, which is derived from the intraband transi-
tion of free carrier. It was reported that the typical energy
scale of the Jahn–Teller �JT� related excitations are varied
between 0.5 and 3 eV.22 It indicates that the Ni3+ and Co3+

ions related JT effect is important in the perovskite-type ma-
terials, whose lattice distortion can couple via an orbital ex-
citon strongly in the 3d correlated metallic systems.14 The
results are similar to some high temperature
superconductors.22 The charge-transfer excitations are lo-
cated above 2.0 eV for the LNO and LSCO films. The inter-
band electronic transitions are mainly derived from O 2p and
Ni/Co 3d energy states.15 It was argued that the crystal field
splitting and the JT effect in the metallic oxides can affect
the charge-transfer transitions.22 In order to clarify the differ-
ent transition energy bands, the Lorentz oscillator model ex-
pressing the respective contribution to the optical response is
necessary. The reproduced optical reflectance results with the
Drude–Lorentz model are also shown in Fig. 2 by the solid

lines and the parameter values are given in Table I. Note that
the thickness of the LNO film is estimated to 235�1 nm,
which is slightly larger than the nominal growth value. It
should be emphasized that the present optical stacking mod-
els for the LNO and LSCO films can be accepted due to the
reasonable fitting values and their standard errors. In particu-
lar, the oscillator broadening are generally less than the cor-
responding Ej values �see Table I�, indicating that the Drude–
Lorentz dispersion is reliable and satisfying, similar to the
results from some metal films.5

It is testified that four Lorentz oscillators are requisite
for the nanocrystalline films, as compared with some noble
metal films.5 These Lorentz oscillators can correspond to dif-
ferent interband electronic transitions, respectively. For the
LNO material, the optical transition peaks are located at
2.32�0.02, 3.36�0.01, 5.10�0.02, and 7.31�0.41 eV.
These center energy positions can be readily distinguished
from the reflectance spectrum. For the LSCO film, however,
the four center energy peaks are found at 1.55�0.01,
2.11�0.04, 4.59�0.01, and 6.01�0.03 eV, respectively.
Compared with the result of the LNO film, these transition
energy positions are overlapped on the reflectance spectrum
due to the large broadening. As compared with the theoreti-
cal model of the band structure for the metallic oxides,22–24

the four energy bands can be assigned to the following elec-
tronic transitions: �1� O 2p to Ni/Co 3d �t2g−JT�; �2� O 2p to
Ni/Co 3d �t2g+JT�; �3� O 2p to Ni/Co 3d �eg−JT�; and �4� O
2p to Ni/Co 3d �eg+JT�, respectively. The results are in good
agreement with the data from the photoemission spectros-
copy, in which four prominent band structures can be ob-
served above the Fermi level �EF�.15 Based on the Drude
model parameters, it can be found that the plasma frequency
of the LSCO film �AD is 3.47�0.04 eV� is slightly larger
than that from the LNO film �AD is 3.34�0.03 eV�. Note
that the parameter BD is 0.74�0.01 eV and 0.84�0.01 eV
for the LNO and LSCO films, respectively. The phenomena
can be confirmed from the reflectance spectra.

From the model parameters, the dielectric constants can
be readily obtained. The evolution of �̃�E� with the photon
energy for the LNO and LSCO films is shown in Figs. 3�a�
and 3�b�. Generally, the real part �r increases with the photon
energy and the values for LNO and LSCO films are evalu-
ated to be about �3.3 and �2.5 at 0.47 eV, respectively.
Note that the �r of the LSCO film is slightly larger than that
of the LNO film in the mid-infrared region. According to the
Drude model, the free carrier results in the fact that the di-
electric constant decreases to a high negative value as photon

FIG. 2. �Color online� Experimental �dotted lines� and best-fit �solid lines�
near-normal incident reflectance spectra of LaNiO3 and La0.5Sr0.5CoO3

films. The dashed line is applied to approximately distinguish two different
electronic transition regions.

TABLE I. The Lorentz oscillator parameter values of LaNiO3 and
La0.5Sr0.5CoO3 films are determined from the simulation of reflectance spec-
tra in Fig. 2. The 90% reliability of the fitting parameters is given with ���.

Aj

�eV�2
Ej

�eV�
Bj

�eV�

LaNiO3 j=1 1.97�0.09 2.32�0.02 2.28�0.05
j=2 2.0�0.1 3.36�0.01 2.16�0.06
j=3 0.19�0.01 5.10�0.02 0.9�0.1
j=4 2.69�1.07 7.31�0.41 3.29�0.93

La0.5Sr0.5CoO3 j=1 0.33�0.06 1.55�0.01 1.22�0.06
j=2 2.31�0.06 2.11�0.04 3.06�0.06
j=3 1.57�0.07 4.59�0.01 3.03�0.07
j=4 0.10�0.02 6.01�0.03 0.73�0.10
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energy approaches zero.5 It indicates that the contribution
from the Drude response becomes more prominent for the
LSCO material, which agrees well with the above analysis
on the plasma frequency. On the other hand, the imaginary
part �i strikingly decreases with the photon energy and ap-
proaches zero toward the ultraviolet energy region, indicat-
ing the contributions from the strong interband transitions.
Note that the �i is slightly smaller that those of nobel metal
films. The �i discrepancy between the LNO and LSCO films
is not obvious, as compared with the �r. It can be attributed
to the fact that they have the similar perovskite crystalline
structure.

In order to give a further insight on the electronic struc-
ture of the LNO and LSCO films, the real part of optical
conductivity � can be calculated by �r=�0	�i, here �0 and 	
is the vacuum dielectric constant and the light frequency,
respectively. Figure 3�c� gives a comparison of the �r for the
LNO and LSCO films. Although the �r is approximately
varied from 100 to 450 �−1 cm−1, the optical conductivity
presents a different behavior for the perovskite-type oxide
materials. In the midinfrared region, the �r rapidly increases
with decreasing photon energy because of the contribution
from the Drude response. Then the optical conductivity rap-
idly decreases with further increasing the photon energy.
From the visible to ultraviolet energy regions, the absorption
peaks owing to the interband electronic transitions can be
easily distinguished for the LNO film, compared with the
LSCO film. Note that the conductive behavior for the
two samples is similar to those of high-temperature
superconductivity.21

Figure 3�d� shows the four energy bands for the charge-
transfer excitations. Considering the corresponding elec-
tronic structure, the transition energy of the LNO film is
slightly larger than those of the LSCO film. The small dis-
crepancy is mainly due to Ni or Co 3d electronic states for
the LNO and LSCO materials, respectively. Owing to the
distinct 3d orbital energy, the t2g and eg states can be located
at different level in the energy space, which induces the cen-
ter energy variation for two perovskite-type oxides. Note that
the La and/or Sr composition ratio can affect the O2p and 3d
orbital distributions as well.22 It was reported that the struc-
tural distortions can affect the electronic band structures of
the perovskite material.24,25 Therefore, the highly preferential

orientation LNO and polycrystalline LSCO layers can con-
tribute to the changed electronic structure. In addition, the
LNO and LSCO films have different grain size, which results
in the grain boundary discrepancy and maybe further affect
the electronic state.

In conclusion, the dielectric functions of high-quality
LNO and LSCO conductive oxide films have been investi-
gated by fitting the reflectance spectra with the Drude–
Lorentz model. The optical conductivity presents a different
behavior for two perovskite-type oxides due to the contribu-
tions from the charge-transfer excitations.
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FIG. 3. �Color online� The real part �a� and imaginary part �b� of dielectric
function in LaNiO3 and La0.5Sr0.5CoO3 films from infrared to ultraviolet
photon energy regions. The comparison of the optical conductivity between
two films �c� and �d� the Lorentz oscillator Ej value corresponds to the
electronic transitions from O 2p to Ni/Co 3d, respectively.
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