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BaZr.T1-:03 (BZT) thin film with x = 0.30 and 0.50 has been prepared with FTO glass substrate using
a sol-gel method with an annealing temperature of 600 °C for one hour. BZT thin films are characterized
using XRD and UV-vis to analyze their structural and optical properties. XRD spectra analysis of BZT thin
films for the composition x = 0.3 and 0.5 crystal structure obtained is perovskite tetragonal. It has good
crystals, while the diffraction angle 260 would increase as the Zr content increase. The optical properties of
BZT thin films were also analyzed, where the absorbance value increased with increasing Zr content at a
wavelength of 300 — 375 nm. The band gap energy increases when composition (x) increases, and the
highest band gap energy for composition x = 0.5 is about 3.54 eV.
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1. INTRODUCTION

Researchers mostly use lead-free materials in
ferroelectric research on thin film technology, and the
closest material is BaTiOs [1]. The Zr** doped with BT
material can improve ferroelectric and piezoelectric
properties [2]. Chemically, Zr*t has a higher level of
stability than Ti4" because Zr** inhibits conduction by
electrons moving between Ti*" ions [3]. BaTiOs
material can reduce the curie’s temperature by doping
the Zr*. The Tc¢ reduction optimum value in
BaZr,Ti1 - 03 material is at composition x=0.6, as
reported by Muhsen et al., in 2020 [4]. However, a
large composition will cause a phase change from
tetragonal to cubic. Therefore, it is necessary to vary
the Zr composition in order to have a good level of
tetragonality [5]. Many researchers have developed
BZT ferroelectrics, one of which is the BZT capacitor in
the form of a thin film. Because the thin film will form
a very thin layer in micro size which is able to make
the surface area larger, and the charge storage will be
larger in quantity, which results in the larger
capacitance value of the capacitor [6]. The increase in
the capacitance value of the capacitor can also be
increased by adding a dielectric material to the
capacitor. The BZT is a ferroelectric dielectric material
with spontaneous polarization in the absence of an
external electric field [7].

In this study, the preparation of BaZr,T1-:03 thin
films with x=0.30, and 0.50 used the sol-gel method,
and the samples were spin coated at a speed of 3600
rpm to obtain an optimum thinness level. As reported
by Priya et al. (2020), a speed of 3600 rpm was able to
make better and flatter thin film level [8]. Samples
that have been spin-coated will head to the furnace
stage with 600 °C annealing temperatures for 1 hour.
Furthermore, it is known that the heating conditions
using the furnace greatly affect the phase formation,
crystal structure, and optical properties of these BZT
thin film samples. The crystal size increases, and the
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particle morphology changes from spherical to cube
with increased annealing temperature [9].

In this paper, we report the optical properties of
Ba(Zr,Ti1 - x)Os thin film, with x = 0.30 and 0.50 at FTO
substrates with XRD and UV-vis spectroscopy in the
wavelength range 300 — 800 nm.

2. EXPERIMENT

The BZT solution preparation using the sol-gel
method can be carried out with the following chemical
equation:

BaCOs + ZrCO2¢ + Tig - 02 - BaZrxTiq -»0s3 + 2CO

Therefore, BaZr.Tii-.0s with with x=0.30, 0.55,
0.60, and 0.50 in the form of a solution dripped on a
glass substrate and then spin-coated at a speed of 3600
rpm for 30 seconds. Further, heated in an oven at
150 °C for 30 minutes and pre-annealed at 300 °C for
30 minutes. The following step was the annealing
process. Samples were annealed with 600 °C
temperature variations for 1 hour, and then, the
samples were characterized using XRD and UV-vis
Spectroscopy.

3. RESULTS AND DISCUSSIONS

XRD characterization is carried out to see the
formation of the BZT crystalline phase or a new phase on
the surface of the FTO substrate, as well as to determine
the influence of variations in composition (x). The crystal
plane indexing is based on the Crystallography Open
Database (COD) database No. 96 —210-7060 using
match 3! software. Fig. 1 shows the BZT thin-film XRD
spectrum for the x = 0.3 composition having a crystalline
orientation plan (100), (110), (111), and (200) with a
reflection angle of 20=22.78°, 32,17°; 38.42° and 47.73°
while for compositions x=0.5 it also has a crystalline
orientation plan (100), (110), (111) and (200) with slightly
different diffraction angles of 20=22.58°; 31,98°; 38.22°
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and 47.53°. Our study showed that the XRD peaks of thin
film BZT were similar as reported by the literature [10].
The increase in Zr percentage content results in the angle
of 26 shifting on the same plane. The shift in reflection
angle 20 due to Zr will occupy Site-B in the ABOs3
perovskite structure so that site-B changes phase from
cubic to tetragonal [10]. From empirical data, Zr atoms
have atomic radii of 155 pm, while Ti has an atomic
radius of 140 pm. The large Zr atomic radius of Ti
increases site-B size in the perovskite structure, which
results in the scattering of X-ray Diffraction undergoing a
shift received by the detector in the XRD characterization
process [11].
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Fig. 1 — XRD spectra of BZT thin films with composition at
x=0.3and 0.5

The BZT thin films for composition x=0.3 and 0.5
crystal structure obtained is tetragonal as shown in
Table 1, where lattice parameters a = b is not equal to
c. Increasing Zr content increases the d space, where
the diffraction peak shifts towards the lower diffraction
angle [12]. The lattice parameters and the volume of
cell units increase with decreasing diffraction angles.
Cubic phase and tetragonal angle diffraction are
almost similar, the calculated lattice parameters and
crystal size are listed in Table 1.

Table 1 — The BaZr,Tii-Os crystal parameters and size with
composition at x=0.3 and 0.5 at the 600 °C annealing
temperature

x Lattice Parameters Crystal Size (nm)
ad | c@) a (A)

x =0.30 4.00 424 | x=0.30 4.00

x = 0.50 3.95 4.14 | x=0.50 3.95

A good degree of crystallinity is indicated by the
large value of the crystal size in the BZT thin films has
been reported by ref [13]. As shown in Table 1, the
crystal size at the 600 °C annealing temperature with
composition x=0.30 and x=0.50 has a crystal size
decreases with the increased Zr. BZT crystal size can
be calculated using Debye Scherrer equation; the full
width half maximum (FWHM) value is taken from the
highest diffraction peak in the crystal plane (110) with
an FWHM value of 0.24 (x = 0.3) and 0.36 (x = 0.5). The
crystal size of the BZT sample was 344.5 and 349.3 nm.
Peak shift at a lower diffraction angle 26=0.2°
indicates an increase in lagtice parameters due to ionic
radii  Zr* (»*"=0.86A) > ionic radius Ti**
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(rri**=0.74 A) and, therefore, replacement of Ti** with
Zr** may increase BZT thin film lattice parameters
[12], as seen in Fig. 2. From the width of the peak
(110), which is more intense, a Gaussian fitting is used
to determine the FWHM.

——raw data x=0.5 | (110) peak of BZT
—— raw data x=0.3
—— fitting data x=0.5
—— fitting data x=0.3

Intensity (a.u)

3198 | 32.18

\E 4
310 312 314 316 31,8 320 322 324 326 328 330
20 (deg.)

Fig. 2 — XRD spectra of BZT thin films peak shift (110) at a
lower diffraction angle

UV-vis spectra of ZnO BZT thin films with
composition at x=0.3 and 0.5 at a wavelength of
300 — 800 nm. The absorbance spectrum is shown in
Fig. 3. This BZT thin film has an absorbance value at
300 — 375 nm wavelength. The maximum absorbance
value is at the smallest wavelength, having a minimum
value at a wavelength of 400 — 800 nm.
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Fig. 3 — Absorban spectra of BZT thin films with composition
atx=0.3and 0.5

The absorbance value increases with the increased
Zr composition at a wavelength of 300 — 375 nm. Zr
atom has a radius larger than the Ti atom and can
absorb more light [14]. Therefore, a large composition
has a large concentration, so the absorbance value also

increases because the absorbance is directly
proportional to the concentration of Zr.
The transmittance value in Fig.3 is inversely

proportional to the absorbance value. The maximum
transmittance value is at a wavelength of 400 — 800 nm.
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Fig. 4 — Transmittance spectra of BZT thin films with
composition at x = 0.3 and 0.5
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The transmittance value increases with the
decreased Zr composition at a wavelength of
400 — 800 nm. The increased Zr composition causes
more Zr atoms than Ti [15]. A large number of atoms
makes it difficult for light to pass through because of
the absorption of the amount of light, as described [16].
Therefore, the transmittance value increases with the
decreased Zr composition. The relationship between
transmittance and sample concentration 1is also
inversely proportional, as explained in the "Lambert
Beer" formula. Therefore, a large composition has a
large concentration, so the transmittance value will
decrease due to the amount of light absorption
compared to the transmitted light [17].

Fig. 4 shows the band gap energy value obtained
using the tauc plot method. The energy obtained is a
graph between (ahv)? versus (hv). The BZT energy
band gap was 3.37 and 3.54 eV for x=0.3 and x=0.5
calculated using the Tauc plot, which results similar
to the BZT energy gap band reported in the literature
[18]. The small energy gap at the composition x = 0.3
is influenced by the grain size and crystal size of the
BZT samples. The grand crystal size will indicate that
the crystal structure is uniform. The density of the
arranged atoms causes the conduction band to
approach the valence band [17]. Therefore, the BZT
energy band gap for the composition x = 03 is smaller
than x=0.5 at the 600 °C annealing temperature.
This BZT thin film has an increasing optical band
energy gap with an increase in Zr content from 3.37 to
3.54 eV. However, the BZT optical band gap obtained
is more than the barium titanate (BaTiOs) thin films
by the CBD method, the optical band gap value is
3.31 eV [19]. As reported by ref [16] this smaller
energy band gap explained that Zr doping into the BT
structure causes stress relaxation of the lattice
parameters so that the energy band gap becomes
lower. It is also stated in reference [20] higher Zr
dopant in the perovskite phase can cause defects such
as oxygen vacancies.
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Fig. 5 — Tauc Plot of absorbance spectra of the BZT thin films
with composition at x = 0.3 and 0.5
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Table 2 shows the thickness, refractive index,
and energy gap of the BZT thin films. The BZT thin
at the composition x=0.3 has a thickness larger
than the composition x =0.5. The Zr composition
effect on the BZT thin film thickness is inconsistent.
The thickness inconsistency may be due to the BZT
liquid unevenly dripping on the glass substrate. One
of the optical properties of thin films is the refractive
index (n). Then for the calculation of the value of n,
we use the following empirical formula by Herve and
Vandamme [21].

Table 2 — The thickness, refractive index, and band gap
energy of BZT thin films with composition at x = 0.3 and 0.5

x Thickness (m) Refractive index Eg (eV)
0.30 3.37 x 107 2.24 3.37
0.50 3.06 x 107 2.41 3.54

The BZT thin film refractive index for x=0.3 is 2.24
and x=0.5 is 2.41, and the difference is not significant
with the increase in Zr content. In this study, it was found
that there is a difference in the refractive index between
BaZro3Tio.703 and BaZrosTi0503 films. The BaZrosTio.7O3
film refractive index is smaller than the BaZrosTi050s3. Lie
et al. [13], reported that the substitution of Zr in the
BaTiOs structure would drive a decrease in the extinction
coefficient of the thin film BZT, which corresponds to the
chemical stability of Zr*" ions. The BaZrosTio7O3 and
BaZro5Tio503 thin film refractive indices are about 2.24
and 2.41, while that value near the single crystal
refractive index BaTiOs is about 2.3 [21].

4. CONCLUSSIONS

Current work is devoted to understanding the
structural and optical properties of Ba (Zr.Tii-x)Os
(BZT) thin films with (x=0.30 and x=0.5) prepared
with the sol-gel method. BZT perovskite phase has a
relatively high structural stability level. Substitution
using Zr** cation is possible. Furthermore, the lattice
parameter Ba(ZriTii-)Os thin film, with x=0.30
(4.24A) and x=0.50 (4.14 A) more significant than
BaTiOs (~3.99 A), prompted engineering to create this
film thickness grown on FTO substrates. Finally,
analysis of structural and optical properties BZT is a

potential ferroelectric material for piezoelectric
applications.
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CTpyKTypHi Ta ONITHUYHI BJIACTUBOCTI TOHKUX WIiBOK Ba(Zro.3Ti0.7)Os Ta Ba(Zro.5Ti0.5)0s,
OTPUMAHUX 30JIb-Te€JIb METOA0M

Rahmi Dewi, T.S. Lugman, Krisman, A.S. Rini, H. Yanuar

Department of Physics Universitas Riau, 28132 Pekanbaru, Indonesia

Tonki mwmsku BaZr,Ti-x03 (BZT) 3 x=0.30 i 0,50 Oy BuroToBjeHi Ha ckiaaHii migkiaamm FTO sza
JIOIIOMOTOI0 30JIb-TeJIb MeToay 3 Temmeparypoio Bimmany 600 °C mporsrom oxmiei rommmau. s amamisy
CTPYKTYPHHX 1 ONTWYHMUX BJjacTuBocTe¥ TOHKHX IUIiBok BZT 3acrocoByBasm meromgu XRD ta UV-vis.
OrprMaHa KpHUCTAJIIYHA CTPYKTYPa IIEPOBCKITY 3 TETPATOHAJIBHOI PEIIITKOK. BiH Mae XOpoIr KpHCTAJIH,
TOAl AK KyT mudpakririi 26 301abmuThesa 3i 30iabimenHaM Bmicry Zr. Takosx Oy mpoaHasidoBaHl ONTHYHIL
BJIACTUBOCTI TOHKUX IUTIBOK BZT, me 3HAUYeHHS MOTTMHAHHS 3POCTAJIO0 31 30LIBIIIeHHAM KOHIIeHTpaIi Zr Ha
mosskmHl xBuy 300-375 uMm. Enxepris 3aGopoHeHol 30HHM 301IbIIyeThCSA 31 301IBIIEHHAM KOHIIEHTPAINl X, 1
HaNO1IbIIa eHeprisa 3a00pOHeHO1 30HM A1 ckiranxy x = 0.5 craHoBUTE O0/3bKO 3,54 eB.

Knrouoei cnosa: Touri mmiekm BaZr,T:-:0s, 3omb-rens meron, Kpucramiuma crpyrrypa, lupuma

3a00POHEHO1 30HMU.
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