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ARTICLE INFO ABSTRACT

Keywords: The experiment was carried out by growing BaTiO3 (Undoped or Li-doped) on p-type Si(; ¢y substrates using the
Thin films Chemical Solution Deposition (CSD) method and spin coating at a rotational speed of 3000 rpm for 60 s, followed
B.aTi03/ Sicoo by heating at 850 °C. The characterization results show that the bandgap energy value of the thin film due to
]l;iiftlz f/f)lct):)i)cs lithium doping reduces the bandgap energy value. This is presumably because the donor atom added to a

semiconductor causes the allowable energy level to be slightly below the conduction band. The presence of this
new band causes the thin film bandgap energy to decrease with a five-valent tantalum dip. The morphological
properties showed that the BaTiO3/Si(1 9 0) thin film particles in the deposited lithium had a fairly homogeneous
grain. With the addition of lithium acetate as a binder into barium titanate, the grain size is getting smaller
because it is suspected that the lithium-ion radius is smaller than the barium-ion radius. Measurement of I-V on
the thin film shows that the output voltage value increases with more light intensity hitting the surface of the thin
film. The greater the light intensity, the greater the energy of the photons, so the electrons are easier to jump. The
three things above (both electrical and morphological properties) conclude that the thin films grown have the
potential for photovoltaics.

1. Introduction

The Ferroelectric materials are materials that undergo spontaneous
polarization due to an external electric field [1,2]. The phenomenon of
ferroelectricity was first discovered by Valasek in 1912 in Rochelle salt.
Ferroelectric is a part of a non-centrosymmetric crystal that has spon-
taneous polarization. Materials that have ferroelectric properties, in
general, are materials in the form of perovskite. Perovskite structure is a
simple crystal structure in the form of a cube with the chemical formula
A + 2B + 20%. Atom A represents a cation with a large ionic radius, B is
a cation with a small ionic radius and O is an oxygen atom [3].

* Corresponding authors.

Barium titanate (BaTiO3) or often abbreviated as BT is a material that
has a perovskite structure. The B atom occupies the A position and the Ti
atom occupies the B position in the perovskite crystal structure. When an
electric field is applied to the BT, the total charge distribution is not
equal to zero, resulting in an excess charge on one side of the crystal
which is called polarization. It is characterized by the central atom of the
crystal moving to a position corresponding to the direction of the given
electric field. BT material is polarized (ferroelectric) when it is below the
Curie temperature and is paraelectric when it is above the Curie tem-
perature [4,5].

In addition to having ferroelectric properties, BST thin films have
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sensitivity to light (optoelectronics), sensitivity to temperature stimuli
(pyroelectric), and sensitivity to pressure effects (piezoelectric) [1,6-8].
Pyroelectric properties have been applied as infrared thermal switches
and infrared sensors. The properties of BST have been applied as an
optoelectronic photodiode [9]. In addition, its sensitivity to light has
been applied in automatic drying models in agriculture [1,10].

The dopant is a material that is expected to be able to change the
lattice constant, dielectric constant, pyroelectric properties, optoelec-
tronic properties, and piezoelectric properties of ceramics and BST thin
films for the better. Dopant classification can be distinguished according
to its elements, namely soft dopant and hard dopant. Soft dopant ions
make ferroelectric materials have a high coefficient of elasticity, low
coercive field properties, and lower mechanical quality factor. Hard
dopant ions can produce harder ferroelectric materials such as lower
dielectric loss, lower bulk resistivity, higher coercive field properties,
higher mechanical quality factor, and higher electrical quality factor
[3,11].

BT thin films have been made by several techniques such as sput-
tering, laser ablation, and sol-gel process [12-15], while CuO thin films
can be made by several coating techniques such as dip- coating, vacuum
evaporation, a sputtering process, chemical solution deposition (CSD).
The CSD method is very interesting to develop because it has good
stoichiometric control, is easy to fabricate, and is synthesized at room
temperature [11,16-18].

The CSD method is a method of growing a thin layer using a chemical
solution on the surface of the substrate at room temperature. This
method is cheaper because it does not need a vacuum, has good stoi-
chiometric control, is easy to manufacture, and is very good for research
on a laboratory scale. The main advantage of the CSD method is that the
material or film that can be made is produced at the final mixture
composition at the molecular level so that the diffusion time of the
material after undergoing the pyrolysis process to achieve thermody-
namic equilibrium is quite short and stable. This resulted in the results
obtained were homogeneous mixtures and thick films [18].

The research aimed to synthesize and characterize BaTiO3/Si¢100)
thin films in lithium doped with potential as solar cells.

2. Material and methods
2.1. Research settings

The materials used in this research include p-type silicon (Si) sub-
strate (100), Barium titanate (BaTiO3) powder, Barium oxide (BaO)
powder, Lithium acetate powder [Li(CH3COO), 99%], solvent 2-
methoxy ethanol [C3HgO2, 99%], Aquabides, Methanol, Acetone, and
dish soap. This study uses several equipment, namely insulated boxes,
double-sided tape, solution, paper labels, stationery, scissors, solution
bottles, diamond blades, tweezers, weighing paper, digital balance,
gloves, masks, micropipettes, tissue, aluminum foil, stirrer, spatula,
Ultrasonic cleaner Bransonic 5800 (Branson, USA), X-Ray Diffraction
(XRD) X’Pert PRO (PANalytical, United Kindom), Nabertherm Furnace
Vulcan™ 3130 (Nabertherm, Germany) and Scanning Electron Micro-
scopy (SEM-EDX) Inspect-S50 (FEI, Japan).

2.2. Thin film synthesis

The substrate used in the manufacture of thin films in this study is a
p-type (100) silicon (Si) substrate. The substrate was then cut to a size of
1.2 cm x 1.2 cm using a diamond blade. Next, the substrate was weighed
using a digital balance with 3 repetitions for each substrate. After
weighing, the substrate was washed using aquabides solution with dish
soap, methanol, and acetone. Substrate washing consists of 3 stages with
different solutions with the help of an ultrasonic cleaner. The substrate
washing time for each solution is about 5-10 min. Before washing with
another solution, the Si(100) substrate must be dried on a hotplate.

Preparation of the solution begins with preparing powdered Barium
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titanate (BaTiO3), powdered Barium oxide (BaO) as stoichiometric
equaliser, powdered Lithium acetate [Li(CH3COO), 99%], and solvent 2-
methoxy ethanol [C3HgOs, 99%]. The ingredients are weighed accord-
ing to the composition of the ingredients (1). Thin film growth using The
material that has been weighed is then put into a solution bottle. After
that, the stirring process was carried out using a magnetic stirrer for 60
min. The solution was prepared with a variation of 0% and 1.5% in 4
bottles of different solutions according to the composition in Table 1.

0.985BaTiO3 + 0.015Li(CH3COO) + 0.015BaO + 0.041250; - —>

BaTigossLi,01503 + 0-.0225H,0 + 0.03CO, @

Thin film growth using Chemical Solution Deposition (CSD) method
with spin coating technique. The silicon substrate is placed on a spin
coater plate using double-sided tape. Half of the substrate is then
covered with tape, then the part that is not covered with tape is dripped
with the previously prepared solution. The spin coater is rotated with a
rotating speed setting of 3000 rpm for 60 s.

The annealing step aims to diffuse the thin film solution with a sili-
con substrate. The heating process begins at room temperature and then
is raised to a temperature of 850 °C with an increased rate of 1.67 °C/
minute, then held constant at that temperature for 8 h. Then the tem-
perature is returned to room temperature. The process of raising the
room temperature to 850 °C takes + 8.5 h, while it takes 12 h to lower
the temperature back to room temperature.

2.3. General characterization

X-ray diffraction measurements in this study used an angle of inci-
dence of 26 at an interval of 20° to 80° with an interval of 0.02°/minute.
The lattice parameter analysis of the XRD spectral experimental data
was analyzed using the Cramer and Cohen equations [18-20]. The
resulting XRD data is analyzed to determine the crystal size of each
material phase [21,22]. The XRD has been analysed using ICDD No
05-0626 as comparison.

The SEM test was carried out to determine the surface morphology of
the thin films that had been made using a magnification of 40,000 times.
At the time of this research, we did not have access to better precision
SEM device, which could enable 100,000 magnification. Further
observation is needed. The EDX test was carried out to find out what
elements were contained in the thin film that had been synthesized in
this study [23-25]. AFM testing was carried out to determine the
microstructure of the thin layer. From the AFM test, the RMS value will
be obtained which indicates the smoothness of the film surface [26,27].

Energy gap analysis was carried out using the Kubelka Munk. The
Kubelka Munk is one of the methods used in analyzing the energy gap of
a semiconductor material. The energy band gap values are determined
with the Kubelka Munk method with line drawing straight between
absorption coefficient (hv) and absorption coefficient to photons (ox.
mhv?) [28-31].

Space Charge Limited Current (SCLC) analysis was used to measure
the optoelectronic and charge carrier transport properties of perovskite
crystals. The addition of doped on the thin film will increase the electron
mobility [32].

The Nyquist plot was conducted to determine the strength of the
electrical properties of semiconductor thin films [33].

Photovoltaics Potential Analysis of Diode which Made of Thin Film
BaTiO3/Si(100) with Lithium test was carried out to determine the
sensitivity of the thin film to the response of light intensity (strong).

Table 1
Composition of materials for making BaTiO3 solution at a solubility of 1 M.

Variation BaTiO3/ BaO Li(CH3COO0) 2-metoxy-etanol
Container Siqoo) (&) (€3] (€3] (ml)

0% 0.4664 0 0 2

1.5% 0.4594 0.0046 0.0020 2
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Testing will be carried out at an intensity of 1000 1x and 2000 1x. So that
finally it can be concluded whether this thin film can be potential and
implemented as photovoltaic.

3. Result and discussions

The XRD pattern of the test results describes the splitting of the
diffraction peaks at 31° according to a plane (110) (Fig. 1). The results
show that the thin films (without doping and with 1.5% doping) have a
tetragonal structure.

Based on Fig. 1 and the Cramer and Cohen equations, the BaTiO3
without lithium has a tetragonal structure with lattice parameters a = b
= 3.987 [o\; ¢ = 4.099 A, while BaTiOs with lithium has a tetragonal
structure with lattice parameters a = b = 3.958 A; ¢ = 3.996 A. this
result is close to ICDD No 05-0626.

The BaTiO3/Si(1 00) thin film particles in the deposited lithium have
granulated grain (Fig. 2), which is quite homogeneous. The calculated
particle diameter of the BaTiO3/Si(100) thin film without Lithium is
about 0.2 nm, while with 1.5% Lithium is about 0.16 nm, based on the
particle size distribution in each Figure. With the addition of a
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percentage of lithium acetate dopant as a binder into barium titanate,
the grain size is getting smaller. It is suspected that the lithium-ion
radius (0.8 ;\) is smaller than the barium ion radius (2.22 f\).

The EDX results do not get lithium atoms because the lithium atoms
have a small atomic number so the energy emitted by lithium is not
captured by the EDX (Fig. 2). The composition of the material contained
in the BaTiO3/Si(1 00) thin film in Lithium is 43.03% Ba, 2.01% Si, 8.76
% N, and 46% O. The composition of the material contained in the
BaTiO3/Si(100) thin film with Lithium is 39.71% Ba, 0.94% Si, 6.23 %
N, and 53% O. The results of this EDX analysis show that the BaTiO3/Si
(100) film is not stoichiometric, because the lithium atom has a small
atomic number so the energy emitted by lithium is not captured by the
EDX.

AFM testing on BaTiO3/Si(1 00) thin films doped with 0% and 1.5%
lithium to determine the microstructure of the thin films. The statistical
analysis of the surface roughness without doping and with 1.5% doping
respectively 150 nm, and 109 nm (Fig. 2). Root Mean Squared (RMS)
decreased with additional lithium doping. This shows that the surface of
the thin film with 1.5% doping is smoother. The RMS value has shown
that the surface is quite rough.

0.5
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Fig. 1. XRD and electrical characteristics of BaTiO3/Si(1 o) thin film crystal.
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a. BaTiO5/Si(100) with no dopant material composition.
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b. BaTiO3/Si(100) with 1.5% Li(CH3COO) dopant Material Composition.

d. BaTiO3/Si(100) with 1.5% Li(CH;COO) dopant morphology

424.9 nm
RMS 101 nm

0.2
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19
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Photon energy (V)

h. BaTiOs/Si(100) with 1.5% Li(CH;COO) dopant energy gap

Fig. 2. General characteristics of BaTiO3/Siq o0 thin film crystal.

The addition of Li(CH3COO),) leads to an increase in the electrical
conductivity of the film, thereby decreasing the energy gap value
(Fig. 2). When a donor atom is added to a semiconductor, the permis-
sible energy level will be slightly below the conduction band. The
presence of this new band causes the thin film bandgap energy to
decrease with five-valent lithium doped [17]. The lithium doping
applied to the BaTiOg3 thin film reduces the energy gap of the thin film
because the electrons generated in the conduction band decrease. Based
on previous research, it has been stated that the energy gap can increase
after adding a lithium filler [34].

Increasing the amount of Li doping indicates a significant increase in
electron mobility (Fig. 1). Electron mobility on Li 1.5% showed higher
mobility (3.24 x 10 cm2 V™! s7!) when compared to electron mobility
without doping Li (1.73 x 10° em2 V™! s™1). This is consistent with the
increase in crystallinity shown in Fig. 1. The XRD graph shows a sharp
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peak at (110), associated with the highest degree of crystallinity among
thin films analyzed in this study. In conclusion, in relatively low doping
(Li 1.5%), carrier concentration increases linearly with doping concen-
tration, resulting in increased conductivity.

Nyquist plots for Li 0% and Li 1.5% devices were carried out over the
frequency range from 100 Hz to 1 MHz (Fig. 1), where the imaginary
impedance (Z’*) is plotted against the real impedance (Z’). The mini-
mum Z value in the Nyquist plot indicates the contact resistance at the
electrodes, i.e. is shown as the series resistance (Rs) whereas Rp in-
dicates the equivalent charge resistance (Fig. 1). the amount of Li doping
increased by 1.5% resulting in a 3/4 circle size in our set Nyquist plot
shrinking (Table 2).

Measurement of the I-V curve was carried out to find out whether
BaTiOs can be used as a photosensitive coating. The measurement re-
sults are determined by two index values, namely photocurrent density
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Table 2
EIS parameters of Li(CH3COO)-doped BaTiO3 devices were obtained by fitting
the Nyquist plots with the equivalent circuit.

Sample Rs Rp Cp (nF)
0% (undoped) 151.6 + 15.306 15640 + 3.226 0.651 + 3.839
1.5% (Li doped) 100.3 + 9.4951 3750 + 0.861 0.697 + 1.953

and dark current density (Jlight/Jdark). To observe the trend of illu-
mination of light and dark currents at various voltages. BaTiO3 without
Li doping (0%) was chosen as the reference set, and BaTiO3 with 1.5% Li
doping concentration was used as the comparison set (Fig. 1). This
confirms that Li-doped BaTiOs thin films can be used as photodetectors
or photovoltaics.

Tests of electrical and morphological properties of BaTiO3/Si(100)
thin films with 0% and 1.5% lithium doping showed that thin films with
1.5% lithium doping were the best films, which were then assumed to
have the potential to be implemented as solar cells. The manufacture of
solar cells made of BaTiO3/Si(100) thin film in lithium 1.5% is done by
adding aluminum contacts on a substrate of silicon Si(100) and barium
titanate so that the structure of Ag/BaTiO3/Si(100) is formed. The
arrangement of solar cells formed resembles a sandwich, as shown in
Fig. 1. Then the current and voltage characterization of the solar cell
samples that have been formed is carried out. To measure current and
voltage, an ammeter and voltmeter are used.I-V measurements were
carried out in two conditions, namely when there was no light and when
the solar cell was exposed to light. When a solar cell is exposed to light,
there will be a generation (the emergence of electron-hole pairs). The
photons absorbed by the electrons on the surface cause the electrons to
be excited and then the electrons flow towards the holes through the
metal contact layer.

This metallic contact layer becomes a pathway for electrons to flow
faster toward the holes. Furthermore, electrons flow through the
external load to the counter electrode and will be accepted by the
electrolyte. While the holes formed will diffuse into the electrolyte. This
means that electrons received by the electrolyte will recombine with
holes to form negative charge carriers. In this study, the only thing that
can be measured is the voltage of the solar cell. While the current can not
be measured because the order is still very small. Therefore, it is not
possible to display the I-V curve of each solar cell sample made so the
efficiency is not yet known. Lithium added to the film layer produces an
increasing stress value (Table 3). I-V measurements were carried out in
dark conditions (0 1x), and bright conditions with light intensities of
1000 1x and 2000 1x. The output voltage values of each thin film with
different lithium doping concentrations (0% and 1.5%). The voltage
output increases with more light intensity hitting the thin film surface.
The greater the light intensity, the greater the energy of the photons, so
the electrons are easier to jump. This is in line with what has been done
by previous researchers, and has succeeded in implementing thin films
as light-sensitive sensors [1,7,9,10,35].

The data on the characterization of the BaTiO3/Si(1 00) thin film in
lithium include (i) the results of XRD pattern analysis; (ii) Gap energy
from optical properties test; (iii) SEM/EDAX analyzers; (iv) I-V mea-
surement results of thin-film solar cells from electrical properties test
show that BaTiO3/Si(100) thin films in lithium-ion have potential as
solar cells.

4. Conclusions

The morphology, crystal structure, and electrical and optoelectronic
properties of the devices were studied systematically. Li-doped BTO thin
films exhibit a pure tetragonal perovskite structure. With the introduc-
tion of Li doping, a smoother thin film is achieved and the electron
mobility of BTO is increased. The bandgap energy value of the thin film
due to lithium doping reduces the bandgap energy value. This is pre-
sumably because the donor atom added to a semiconductor causes the
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Table 3
1-V measurement results of thin-film solar cells.

Lithium Container (%) Rated voltage (volt)

0Ix 1000 Ix 2000 Ix
0.000 0.0145 0.0162
1.5 0.000 0.1732 0.1975

allowable energy level to be slightly below the conduction band. The
presence of this new band causes the thin film bandgap energy to
decrease with a five-valent tantalum dip. The morphological properties
showed that the BaTiO3/Si(100) thin film particles in the deposited
lithium had a fairly homogeneous grain. With the addition of lithium
acetate as a binder into barium titanate, the grain size is getting smaller
because it is suspected that the lithium-ion radius is smaller than the
barium-ion radius. Measurement of I-V on the thin film shows that the
output voltage value increases with more light intensity hitting the
surface of the thin film. The greater the light intensity, the greater the
energy of the photons, so the electrons are easier to jump. The four
things above (both electrical and morphological properties) conclude
that the thin films grown have the potential for photodetectors and
photovoltaics.
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