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ABSTRACT

Reflectance and transmittance parameters of pulsed laser deposited barium strontium titanate (BST) were investigated
using spectrophotometric methods. Three stoichiometries consisting of Ba,Sr;_TiO3 (x = 0.30, 0.40, 0.50) were depos-
ited on glass substrates using oxygen partial pressures of 1.3 Pa #+ 0.13 Pa at 500°C. Subsequently, the measured optical
parameters were employed to determine the refractive index (7), extinction coefficient (k), optical conductivity (o), ab-
sorption coefficient («) and optical bandgap (E,) using swept spectra in the ultraviolet, visible and near-infrared range
(200 nm - 1100 nm) as these have not been reported in the literature. The calculated parameters for Bag 4Sro¢TiO; are
reported in this experimental work. Minimal differences in the transmittance have been observed at the visible band
edges when comparing each stoichiometry. Sharp cutoffs were observed at the bands edges and strong absorbance in
the 200 nm - 300 nm band as attributed to the crystal structure based upon the oxygen partial pressure during the depo-

sition process.
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1. Introduction

High-k materials have been of interest in shrinking the
transistor geometries contained in microcontrollers, mi-
croprocessors and related microelectronic devices. More-
over, high-k materials have advanced the design of ca-
pacitors where shrinking geometries again have been of
interest. Recent work has also shown that high-k pero-
vskite structures are suitable sensor substrates to bind bi-
ological compounds to determine genetic matching [1-4].
The optical properties of barium strontium titanate (BST)
have not been widely investigated, however. The success
of state-of-the-art optoelectronic devices has been de-
pendent upon recent improvements in material quality
and process techniques. The successful development of
these devices has been dependent upon knowledge of
band gap measurements and related electrical parameters.
Optical properties of thin-film structure as applied to
semiconductor substrates have been marginally investi-
gated however, and merit further work.

Optical spectroscopy techniques have been generally
employed by analytical chemists to characterize absorb-
ance, transmittance, and reflectance of liquid-phase and
solid-phase materials such as pigments, organic and in-
organic coatings, optical films, and optical filters. Spec-

“Corresponding author.

Copyright © 2012 SciRes.

troscopy requires measurements performed within a seg-
ment of the spectrum of interest to characterize the de-
sired optical or electronic properties. From the basic
spectrometric measurements, related optical parameters
such as refractive indices or absorption coefficients may
be derived.

Variation of absorption coefficients with respect to pho-
ton energies (Av) provides information about the band
gaps of the material. Direct bandgap ferroelectric materi-
als such as barium strontium titanate (Ba;_,SryTi0O3) ap-
pear to have desirable properties based upon these meas-
urements, also owing to their large electrical field-de-
pendent dielectric constant and fast response. BST con-
tains a face centered cubic (FCC) derivative structure of
the form ABO in which the larger A cation and oxygen
together form an FCC lattice while the smaller B cation
occupies the octahedral interstitial sites in the FCC array
[5]. Depending on the composition, BST thin films are
stable and exhibit good crystalline structure, grain size,
and excellent dielectric properties over a wide range of
temperatures. BST thin films are relatively easy to fabri-
cate using several techniques. The applied films usually
exhibit uniform surface morphologies when deposited
using pulsed laser deposition at high temperatures and
small oxygen pressures. In this investigation, we have
utilized three distinct cation stoichiometries—Bag ;Sry;Ti03,
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Bay4Sry6Ti0; and BagsSrysTiO; for experimental work.
The optical parameter of Bag4Sro¢TiO; thin films has
been subsequently calculated and reported using the meas-
ured transmittance and reflectance response in the 200
nm to 1100 nm range.

2. Experimental

High purity BST targets were prepared by the Northern
Illinois Department of Physics. Components were pre-
pared to provide the three desired stoichiometric ratios.
The powders were mixed, pressed and sintered. X-ray
diffraction analysis was performed to verify the stoi-

chiometry and confirmed that the ratios were as expected.

The targets were packaged and stored in nitrogen until
required.

Glass microscope slides were selected as the substrates.

The substrates were cleaned in a multi-step process. A
mild soap solution was used as a degreasing step fol-
lowed by rinsing in deionized water. A second cleaning
cycle was performed using an acetone soak for five min-
utes and subjected to a rinse in isopropyl alcohol. The
substrates were then rinsed in deionized water and air
dried at 80°C in a process oven.

The PLD technique was performed at Northern Illinois
University’s Microelectronic Research and Development
Laboratory (MRDL) using a 50 mJ KrF excimer laser.
The process entailed deposition using one target per cy-
cle, as the PLD system does not support multiple targets.
Thus, the process required the removal and replacement
of targets of each composition. The parameters used for
the deposition process were consistent for each of the
three stoichiometries. The chamber pressure was main-
tained at 1.3 x 107" Pa, the substrate temperature was
maintained at 400°C and the oxygen (O,) pressure was
maintained at 1.3 Pa = 0.13 Pa. The laser was pulsed at
10 Hz for 20,000 pulses, thus depositing a nominal 50
nm BST thin-film.

Optical analysis of the BST films employed a Perkin-
Elmer Lambda 35 spectrophotometer with an integrating
sphere. This instrument employs a dual-beam measure-
ment method where a single light beam is split to provide
a reference signal and a measurement beam that passes
through the sample, compared and then normalized with
respect to the reference signal over 200 nm - 1200 nm.
The spectrometer was set with a suitable slit width of 1
nm in the measured spectral range.

3. Results and Discussion

Optical transmittance spectra of BST thin films closely
follow a similar profile; the samples exhibit near-perfect
levels of transmittance in the near-infrared (NIR) and
visible regions (1100 - 400 nm) of the electromagnetic
spectrum. The transmittance sharply decreases in the
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ultraviolet (UV) region of the spectrum (400 - 250 nm)
and exhibits an increase with shorter wavelengths (200 -
250 nm), as shown in Figure 1. The range of the spec-
trophotometer is limited to this region only.

Optical transmittance spectra are employed to calcu-
late the refractive index using the envelope method pro-
posed by Swanepoel [6]. The refractive index (n) has
been obtained using the following expressions;

12
n:[M+(M2—S2)1/2} (1)
where
M =2s/T, —(s* +1)/2 ©)
for all optically transparent regions, and
M =25(T,, =T,)/T, T, +(s* +1)2 3)

for weak and medium absorbance regions. 7, and 7, are
the values of maximum and minimum transmission at a
specific wavelength. “s” is the refractive index of the
substrate (glass). The refractive index of glass used in the
experimental work is 1.517 for this spectral region. The
refractive index can be estimated by extrapolating enve-
lopes corresponding to 7, and 7,,using Swanepoel’s method
[6]. As the thickness of film is uniform, interference
gives rise to the spectrum as shown in Figure 1. These
fringes can be used to calculate the refractive index () of
the thin films using Equations (1)-(3). The refractive in-
dex corresponding to 7), and 7,, for the same wavelengths
are calculated. The variation of refractive index with
wavelength for Baj4Sry¢TiO; thin film is shown in Fig-
ure 2. The average refractive index for the Bag 4Sr(¢TiO;
thin film was calculated to be 2.14. The reported value in
literature for the refractive index of BST thin films is
2.25 for BaysSrysTiOz at 410 nm [7].

The extinction coefficient defines several different
measures of the absorption of light in a medium. By de-
finition, the extinction coefficient is the imaginary part
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Figure 1. Transmittance (%T) as a function of wavelength
for Ba,Sr,_,TiO; (x = 0.30, 0.40, 0.50) on glass substrates.
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Figure 2. The calculated refractive index () as a function of
wavelength for BaSr,sTiO; deposited on glass substrates
is shown using Swanepoel’s method.

of the complex index of refraction which also relates to
light absorption. The extinction coefficient can be calcu-
lated by using the relation [8]

k=all4n 4

where “o” is the absorption coefficient and is calculated
from the relation [8].

a=(1/d)log(1/T) %)

where d is the thickness of the film, and T is the trans-
mittance value at a specific wavelength.

Figure 3 shows the variation of extinction coefficient
with photon energy, where the wavelength has been
converted to photon energy. The value of the extinction
coefficient increases with an increase in energy of the
incident beam for energies below 4.1 eV. It is observed
that the extinction coefficient decreases with increase in
the photon energy for energies greater than 4.1 eV. This
may be due to the large absorption coefficient for higher
energy values, as shown in Figure 4.

The absorption coefficient depends on the material and
also on the wavelength of light absorbed. Semiconductor
materials typically exhibit a sharp edge in their absorp-
tion coefficient; as light possessing energy below the
band gap does not have sufficient energy to excite an
electron into the conduction band from the valence band.
Consequently this light is not absorbed and will be trans-
mitted. Figure 4 exemplifies that for photons having
energy above the bandgap, the absorption coefficient is
not constant, but still depends strongly on wavelength.

The probability of absorbing a photon depends on the
likelihood of having a photon and an electron interact in
such a way as to move from one energy band to another.
For photons possessing energy near the bandgap, the
absorption is relatively low as only those electrons di-
rectly at the valence band edge can interact with the
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photon to cause absorption. Moreover, as the photon en-
ergy increases, these electrons close to that of the band
gap can interact with the photon. Therefore, a larger
number of electrons can interact with the photon and
result in the photon being absorbed. Figure 5 shows the
change of optical conductivity with the incident photon
energy. The optical conductivity is determined using the
relation [8].
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Figure 3. The extinction coefficient (k) as a function of photon
energy for Bay 4Sr¢TiOj; as calculated using Equation (4).
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Figure 4. Absorption coefficient as a function of energy for
Bay 4Sr(¢TiO; as calculated using Equation (5).
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Figure 5. Optical conductivity (¢) as a function of energy
for Bay4SrTiO; as calculated using Equation (6).
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o =anc/4n 6)

where “c” is the velocity of light, a is the absorption co-
efficient and n is the refractive index. The optical con-
ductivity depends on the absorption coefficient and was
found to increase sharply for energy values above 4.1 eV
due to large absorption coefficient for these values.

The optical bandgap is found from the variation of the
absorption coefficient with energy (4v), i.e., the energy
corresponding to the wavelength for which is the absorp-
tion coefficient starts to increase [9]. The energy bandgap
was found to be 3.35 eV, which is in close agreement
with the literature values (3.4 - 3.6) for BST thin films
[10]. Figure 6 shows the change in the absorption coef-
ficients with respect to the wavelength of the incident
beam.

4. Conclusion

Optical transmission measurements of PLD-applied BST
using spectrophotometric methods appear to produce pa-
rametric results consistent with those reported in the lit-
erature. Using the Swanepoel method to calculate re-
fractive index for Bag 4Sr(¢Ti0; produces n = 1.97 at 400
nm. The optical parameters extinction coefficient, opti-
cal conductivity, absorption coefficient and optical band
gap are calculated and coincide with literature values.
BST thin films exhibit near perfect transmission in the
Infrared (IR) and visible regions of the electromagnetic
spectrum, with high absorbance in the Ultraviolet (UV)
regions. Future work shall investigate the electrical turn-
ability of BST in the optical region. This work merits
further investigation as it may be possible to selectively
control the optical properties of several BST stoichio-
metries under DC bias.
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Figure 6. Absorption coefficient (a) as a function of wave-
length for Ba, 4Sr¢TiOj; as calculated using Equation (5).
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