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ABSTRACT ARTICLE INFO

The ferroelectric thin film material of barium zirconium titanate (BZT) Article history:
on the fluorine-doped tin oxide (FTO) glass substrate was successfully
prepared using the sol-gel method. The purpose of this study was to
determine the effect of crystal size on the variation of holding time.
The lattice parameter data has a value of a = b of 3.918 A and for c it is
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4.01 A. The results of this study indicate that the crystal structure of Keywords:

BZT is tetragonal because the latti(.:e parameter has the same Vglues a Thin film BZT
and b but not equal to c. To obtain the bandgap energy, a thin film Holding time
plpt methoc! of Ba(Zro,sTio,s?Og. was used at a temperature of 700 °C Crystal structure
with a holding time of 30 minutes, 1 hour, 1 hour 30 minutes, and 2 Energy gap

hours. The optical thin layer bandgap energy of Ba(Zro.5Tio.5)O3 was
calculated using the Tauc plot. The absorbance values obtained were This is an open access
3.277 a.u, 3.0654 a.u, 3.323 au, and 3.424 a.u. The maximum article under the CC_BY
transmission (TM) occurs at 1 hour holding time which gives a license.

percentage of TM, 44.477% and TM, 20.568%. While the 2 hour hold @ ®

time gives a minimum transmission (Tm) of Tm, 10.859% and Tm,

7.759%, respectively.
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1. INTRODUCTION

Barium Titanate (BaTiOs3) is a ferroelectric material that is often used for applications in the
electronics field [1]. BaTiOs is a ferroelectric oxide material with a perovskite ABO3 [2] structure
which is widely used for charge storage due to its characteristic variations [3]. The Curie temperature
at BT is 130 °C [4]. To increase the dielectric constant [5,6] and to reduce dielectric losses at low
frequencies [7], Strontium (Sr) or zirconium (Zr) is added.

Barium zirconium titanate (BZT) is a material that replaces BST because Zr** has more stable
chemical properties than Ti**, has a larger ion size and to expand the perovskite lattice. In addition,
the radius of Zr*" is 0.087 nm, which is greater than the radius of Ti**, which is 0.068 nm [8]. The
BZT thin layer has a fine grain structure [9] and dense has good dielectric properties [10]. BZT
material has a high dielectric constant [11], low dielectric loss [12], low leakage current density [13].
A high dielectric constant will increase the capacitance of a higher charge [14,15] so that the load
storage is more [16].

Several methods that can be used in the growth of thin films include: sol-gel process [17,18],
sputtering [19,20], Hydrothermal [21], Chemical Solution Deposition (CSD) [22], Solid State
Reaction [23,24], Metal Organic Chemical Vapor Deposition (MOCVD) [25], Pulsed Laser
Deposition (PLD) [8,26]. In this study, a thin layer of Barium Zirconium Titanate was grown with the
composition Ba(ZrysTigs)Os using the sol-gel method. This research was conducted with annealing
process at 700 °C with variation of holding time 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours in
order to get a good level of homogeneity and a better level of crystallinity. Furthermore, the
characterization test will be carried out including using X-Ray Diffraction (XRD) equipment,
Ultaviolet Visible (UV-Vis) Spectroscopy.
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2. RESEARCH METHODS

Ba(Zr,Ti; )O3 solution grown on the surface of the substrate using the Sol-gel method was
prepared by reacting barium acetate, zirconium dioxide, titanium isopropoxide and solvents for acetyl
acid, acetyl acetone and ethylene glycol. Mixing BaCO3, ZrO, with 8 ml acetyl acid solvent and 2 ml
aqua DM and Ti (OCsH-), with 0.5 ml ethylene glycol and 16 ml ethanol in sample x = 0.5 then the
sample is put into a bottle that has been done sonication stage like the schematic above. Then stirring
in each solution with a magnetic stirrer on a hot plate with a speed of 250 rpm and a temperature of
31.6 °C. Then after the BaCOjs solution is clear, ZrO, and Ti (OC3H-), clear the solution is mixed with
Zr + Ti. After the two solutions are mixed, wait until they clear, then mix with BaCOj; so that it will
become a Ba + Zr + Ti solution then mix 4 drops of acetyl acetone (CsHgO,) for several hours then it
will become BZT solvent.

Ba(Zr,Ti;)O3 solution where x = 5 which has become BZT solvent is then followed by a
spin coating process for 30 seconds at a speed of 3600 rpm. Then the substrate was heated to the
initial pre annealing temperature in an oven at 150 °C for 30 minutes then heated again at 300 °C to
remove various objects such as O2 and CO2 in the sample. After that, it was annealed with a furnace
at 700 °C with a holding time of 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours.

3. RESULTS AND DISCUSSION

3.1. Structure and Lattice Difraction

Characterization using XRD BZT grown on an Fluorine Tin Oxide (FTO) substrate with the
composition Ba(ZrysTigs5)Os shows the measurement results related to the intensity of the diffraction
peak (representing the y axis) with an angle of 20 (representing the x axis). The crystal structure can
be determined by looking at the position of the peaks listed in the graph of the relationship 26 with the
intensity of the diffraction peaks.
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Figure 1. XRD diffraction pattern of Ba(Zrq5Tig5)O5 thin layer at 700 °C holding
time of 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours.

Figure 1 shows the diffraction pattern of the BZT thin film with a holding time variation at
700 °C. dyy data and identified peaks belong to BZT holding time of 30 minutes, 1 hour, 1 hour 30
minutes and 2 hours. Table 1 is the result of data processing of Ba(ZrysTigs)Os thin layer at 700 °C.
Table 1 shows that the peaks found on the graph represent the plane orientation which is assumed to
belong to Ba(Zry5Tip5)O3 with the same plane. At a temperature of 700 °C a holding time of 1 hour 30
minutes with (20) plane (2 0 0) with an angle of 47.73° with an intensity of 427.1 nm produces the
highest intensity peak, the addition of holding time will affect the diffraction angle and intensity. The
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effect of holding time causes the size of the atomic radius to increase so that the density increases
[27]. The rise and fall of the intensity depends on how to prevent the sample from being contaminated
when doing research because the greater the temperature and the holding time, the lower the
diffraction peak the higher the intensity with temperature and holding time.

Table 1. Relationship between intensity and diffraction angle.

Intensity Intensity Intensity Intensity
20 hkl . 1 hours 30
30 minutes 1 hours . 2 hours
minutes
22.76 100 67.9 173.1 184.5 190.0
32.19 110 1000 1000 1000 1000
38.43 111 242.5 273.8 316.5 361.4
47.73 200 366.5 373.4 427.1 386.4

3.2. The Results of the Absorbance Spectrum Measurement

The UV-Vis characterization of the BZT thin layer grown on the FTO substrate with the
composition Ba(Zr,5Tip5)O03 shows the measurement results relating to the absorbance (representing
the y axis) and the wavelength (representing the x axis). BZT thin films were grown using the sol-gel
method with annealing temperature of 700 °C holding time 30 minutes, 1 hour, 1 hour 30 minutes and
2 hours to see the absorbance spectrum peaks at wavelengths. Figure 2 shows the UV-Vis results in
the form of absorbance spectrum of BZT material at 700 °C holding time 30 minutes, 1 hour, 1 hour
30 minutes and 2 hours as shown below:
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Figure 2. Optical absorbance spectrum of sample Ba(Zry5Tig5)Os holding time 30

minutes, 1 hour, 1 hour 30 minutes and 2 hours at 700 °C.

Figure 2 shows that in the UV-Vis spectroscopic measurement with the composition of the
sample Ba(Zry5Tip5)O3 holding time of 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours at 700 °C,
it turns out that it has different absorbance values at temperature. the same one. It can be seen in
Figure 2 where the composition of Ba(ZrqsTip5)O3 has a maximum absorbance value of 3.4244 arbity
unit (a.u) with a holding time of 2 hours with a wavelength of 275 nm. At the same temperature with a
different holding time, a different absorbance value occurs because the heated material becomes
denser and homogeneous [18], so that the light transmitted to the heated material is not completely
absorbed by the material but is scattered [27]. These data provide information that the higher the Zr
composition [28,17] in the thin layer, the lower the resulting absorbance value and vice versa.

3.3. Measurement Results of the Transmittance Spectrum

The UV-Vis characterization of the BZT thin layer grown on the FTO substrate with the
composition Ba(ZrosTips)Os shows the measurement results relating to the transmittance
(representing the y-axis) and the wavelength (representing the x-axis). BZT thin films were grown
using the sol-gel method with annealing temperature of 700 °C holding time of 30 minutes, 1 hour, 1
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hour 30 minutes and 2 hours to see the peak of the transmittance spectrum at wavelengths. Figure 3
shows the UV-Vis results in the form of the transmittance spectrum of the BZT material at a
temperature of 700 °C. Holding time 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours as shown in
figure 3.
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Figure 3. Optical transmittance spectrum of sample Ba(Zr,5Tiy5)O3 holding time 30

minutes, 1 hour, 1 hour 30 minutes and 2 hours at 700 °C.

Figure 3 explains that the curve can be seen the maximum and minimum transmittance value
data with wavelengths, where the transmittance value can be calculated from the absorbance value
obtained in Figure 2 using equation (1).

A=log%=log1—logT 1)

Sample Ba(Zry5Tigs)Os; with a holding time of 30 minutes with a maximum transmittance
value obtained TM; 20.328% and TM, 17.258%, minimum transmittance Tm; 17.418% and Tm,
16.477% with a wavelength of 1 () 575 nm wavelength 2 (A,) 375 nm. Sample Ba(Zr,5Tip5)O3 With
a holding time of 1 hour with a maximum transmittance value obtained TM; 44.477% and TM,
20.568%, minimum transmittance Tm; 39.811% and Tm, 16.753% with a wavelength of 1 (A;) 600
nm wavelength 2 ( A;) 325 nm. Sample Ba(Zr,5Tip5)O3 with a holding time of 1 hour 30 minutes with
a maximum transmittance value obtained TM; 21.953% and TM, 11.279%, minimum transmittance
Tm; 20.342% and Tm, 10.007% with a wavelength of 1 (A;) 625 nm wavelength 2 (A;) 350 nm.
Sample Ba(Zry5Tig )O3 with a holding time of 2 hours with a maximum transmittance value obtained
TM; 10.859% and TM, 7.759%, minimum transmittance Tm; 9.725% and Tm, 7.163% with
wavelength 1 (A1) 675 nm wavelength 2 (A,) 450 nm.

Figure 3 shows the transmittance relationship to the wavelength of the BZT thin layer at 700
°C with a holding time of 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours. A thin layer of
Ba(Zry5Tigs)O3 at a holding time of 1 hour can be seen in Figure 3. The transmittance value is closely
related to the quality of the resulting crystal. The higher the transmittance value [8], the better the
crystal quality [17].

3.4. Bias Index Value and Thickness of BZT Material

Figure 3 explains that in the transmittance spectrum it can be seen that the data for the
maximum transmittance value (TM) and minimum transmittance (Tm) with wavelengths, the
calculation is obtained using equation 2 [29] as follows:

Ty — T n nZ+1

N = 2ng T > (2)

The value of refractive index (n) is obtained using equation 3 and the value of the thickness of
the material (d) is obtained using equation 4 as shown in table 2 below:

n=JN+ N2 — n? (3)
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Table 2. Values of refractive index and thickness of thin films at 700 ° C.

Holding Time A (nm) Twm T n d (m)
o S5 DR S XA g
e 0028 g
L G AT
s B Gm N 0

In Table 2 it can be explained that at a temperature of 700 °C, the values of A, TM, and Tm
are obtained in Figure 3. The value of n can be determined using equation (3). The value of d is
determined using equation (4) as follows:

Mz
= — 4
2(Mnz—hany) “)

As the thickness of the layer increases, the grain diameter of the layers also increases. The
increase in grain diameter [17] of the constituent of this thin film results in an increase in surface
roughness, which in turn increases the scattering of photon waves on the surface of the layer [30].

The BZT thin layer grown by the Sol-gel method produced almost the same optical
transmittance in the visible wavelength range. That is, at this thickness limit the thin layer does not
produce a significant increase in photon scattering [18].

3.5. Absorption Coefficient Value and Energy Gap
The thin film absorption coefficient (o) is obtained using equation (5) as follows:

a=—=In(T) ()

The method used to determine this energy bandgap is the Tauc Plot method, which is a
method for determining the energy bandgap by extrapolating the linear region of the graph between
photon energy (hv) as the x-axis and the absorption coefficient of photons (ahv) 2 as the y-axis. to cut
the energy axis and the energy bandgap value is obtained. This energy bandgap graph was made using
a sigma plot to determine the energy bandgap value in the BZT thin layer. The energy band gap
(energy gap) is the energy required for electrons to break covalent bonds so that they can move from
the valence band to the conduction band. This energy band gap determines a material including
conductors, insulators and semiconductors. Figure 4 explains that (ahv) 2 (representing the y-axis) to
(hv) (representing the x-axis).

Figure 4 (a) shows that on curve (ahv) 2 to (hv) thin layer Ba(Zr,5Tip5)O3 holding time 30
minutes for wavelength (200-800) nm after making a line with the Touc method plot of the value
(ahv) 2 Until the line intersects with the x-axis, the energy gap value is obtained from the intersection
of 3.95 eV. Figure 4 (b) shows that the curve (ahv) 2 towards (hv) thin layer Ba(Zry5Tio5)O3 holding
time 1 hour for wavelengths (200-800) nm after making a line with the Touc method plot of the value
(chv) 2 Until the line intersects with the x axis, the energy gap value is 3.98 eV from the intersection.
Figure 4 (c) shows that the curve (ahv) 2 towards (hv) thin layer Ba(ZrysTios)O3 holding time 1 hour
30 minutes for wavelength (200-800) nm after making a line with the Touc method plot of the value
(ohv ) 2 until the intersection of the line with the x-axis, from the intersection, the energy gap value is
3.94 eV. Figure 4 (d) shows that the curve (ahv) 2 against (hv) thin layer Ba(Zrq5Tig5)O3 holding time
2 hours for wavelengths (200-800) nm after making a line with the Touc method plot of the value
(ahv) 2 Until the line intersects with the x axis, the energy gap value is obtained from the intersection
of 3.92 eV.
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Figure 4. Curve (ahv) 2 against (hv) thin layer Ba(Zry5Tip5)O3 holding time (a) 30 minutes; (b) 1
hour; (¢) 1 hour 30 minutes; and (d) 2 hour at 700 °C.

Table 3. Value of energy gap at holding time temperature 700 °C.

Holding Time En(zgg/l?ap
30 minutes 3,95
1 hours 3,98
1 hours 30 minutes 3,94
2 hours 3,92

Table 3 can be explained that in the thin layer Ba(Zry5Tigs)O3 with different holding times
using the Tauc plot method, namely extrapolating from the relationship graph (hv) as the x-axis
abscissa and (ahv) 2 as the y-axis ordinate. to cut the energy axis so that the energy bandgap value is
obtained. Cavalcante et al (2013) reported that the Ba (Zry2sTip75) thin layer of O; was synthesized
using the complex polymer method, the energy gap value was 3.78 eV at 700 °C for 2 hours under air
pressure [18]. Lin et al (2012) reported that the thin layer Ba(ZryTiy)Os.x (Bag7Cag3) TiOs used the
sol-gel method by looking at the structure, dielectric, ferroelectric and optical properties [17]. At a
temperature of 700 °C heated for 1 hour aims to get a crystalline structure with x = 0.5 with a gap
energy of 3.90 eV. Xin et al, (2011) reported that the structure and optical properties of thin layer
Ba(Zr,Ti,)O3 were grown on the MgO substrate with the Pulsed Laser Deposition method where x =0
to 0.4 with the largest energy gap of 3.92 eV [8]. Souza et al, (2016) explain the photoluminescence in
Ba(Zr,Tiy)O; crystals using the hydrothermal method x = 5 with an energy gap of 3.7 eV [28]. This is
proven that in research conducted using various methods it has an energy gap as shown in Table 3,
because the BZT material is an insulating dielectric material (conductor or semiconductor). So the

energy gap generated in this study is a semiconductor material where the energy gap ranges from 1 eV
to 4 eV.
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4. CONCLUSION

The preparation of a thin layer of BZT with the composition of Ba(Zr,5sTiy5)O3 at annealing
temperature of 700 °C has been successfully carried out. The variation of the holding time affects the
size of the lattice crystal, the higher the anneling temperature or the holding time, the larger the lattice
crystal size. The lattice parameter has a value of a = b = ¢, a value of a = b of 3.918 A and a value of ¢
of 4.102 A. This shows that the crystal structure of BZT is tetragonal. Sample Ba (Zr0.5Ti0.5) O3 has
a maximum absorbance value of 3,4244 arbity units (a.u) with a holding time of 2 hours with a
wavelength of 275 nm. So the Zr composition affects the resulting absorbance, the lower the Zr
composition in the thin layer, the higher the resulting absorbance and vice versa. Sample
Ba(Zry5Tigs)Os with a holding time of 1 hour with a maximum transmittance value obtained TM;
44.477% and TM, 20.568%, minimum transmittance Tm; 39.811% and Tm, 16.753% with a
wavelength of 1 (A;) 600 nm wavelength 2 (A;) 325 nm. The transmittance value is closely related to
the quality of the resulting crystal. The higher the transmittance value obtained, the better the crystal
quality. The energy band gap width obtained from the thin layer Ba(Zry5Tiy5)O3z with a holding time
of 30 minutes, 1 hour, 1 hour 30 minutes and 2 hours at 700 °C respectively is 3.95 eV, 3.98 eV, 3.94
eV and 3.92 eV. Thus the energy band gap of the Ba(Zry5Tigs)O3 thin layer includes the conductor
material.
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