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ABSTRACT

Film fabrication of LiTaOs has been successfully prepared with 0%, 2%, 4%, and 6% Iron
containing variations using the Chemical Solution Deposition (CSD) method. Each sample
was characterized using FTIR and the wavenumber and transmittance values were
obtained. This value was analyzed using the Kramers-Kronig (KK) method and obtained the
Transverse Optic (TO) and Longitudinal Optic (LO) values. The results show that TO value is
in wave numbers 462.25 cm'! - 556.00 cm1. While the value of LO is in the range of wave
numbers 478.50 cm1 - 571,00 cm1. The results show an increase in both TO and LO values
as the Iron Oxide percentage increases. Based on the analyses of TO, LO, &; and &, film
fabrication of LiTaOs has the potential as light, pressure and temperature sensors.
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1. INTRODUCTION

Research on semiconductor ferroelectric materials has garnered significant attention from
physicists. This is due to the high potential of these materials for advancing new generation
devices, given their unique properties [1]. Furthermore, driven by their wide-ranging
applicability, ferroelectric materials have captured the interest of researchers. Applications of
ferroelectric materials include capacitors, transducers, switches, memory devices, and sensors

[2][3][4].

Previous researchers have developed both LiTaOs films and bulk LiTaO3 materials, characterizing
them to establish their potential as ferroelectrics [5]. LiTaOs is a non-hygroscopic crystal,
preserving its optical properties and making it superior to other materials [6].

LiTaO0; films can be produced through various methods, including Pulsed Laser Deposition (PLD)
[7], Metal Organic Solution Deposition (MOSD), Sol-Gel Process, and RF Magnetron Sputtering [8].
However, these three methods are relatively costly. Alternatively, the Chemical Solution
Deposition (CSD) method, developed since the 1980s for growing perovskite thin films, can be
employed [9].

In this study, LiTaOs films will be fabricated using the Chemical Solution Deposition (CSD) method
with a lithium tantalate (LiTaOs) sol-gel on a silicon p-type (100) substrate. The spin coating
technique at a rotational speed of 8000 rpm will be used, with varying percentages of the
material's dopant Iron (0%, 2%, 4%, 6%). This method offers several advantages, including its
feasibility in a simple laboratory setup without vacuum requirements and its cost- effectiveness.
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This paper addresses the analysis of the influence of Iron Oxide doping (0%, 2%, 4%, 6%) within
thin LiTaOs films on TO and LO values using the Kramers-Kronig method.

2. MATERIAL AND METHOD

The materials utilized in this research consist of lithium acetate Li(CH3COO) powder 99.6%,
Tantalum Oxide (Taz0s5) 99.9%, Iron Oxide dopant (Fe;03), ethanol, ethylene glycol, p-type Silicon
(100) substrate, and deionized water. The instrument employed for characterization is the
Shimadzu Type IR Prestige 21 Fourier Transform Infrared Spectrometer (FTIR).

2.1 Substrate and Solution Preparation

Using a diamond blade knife, the p-type silicon substrate (100) was cut into square pieces
measuring 1 cm x 1 cm. Subsequently, the substrate was cleaned with deionized water and dried.
In the first stage, 0.3103 grams of Lithium Acetate Li(CH3COO0) powder 99.9% were mixed with
0.9375 ml of acetic acid, stirred with 7 drops of ethanol using a magnetic stirrer set at 800 rpm
and a temperature of 60°C for 60 minutes. In the second stage, 1.043 grams of Tantalum Oxide
(Taz20s) 99.9% were added to the solution (ethylene glycol and acetic acid) and stirred using a
magnetic stirrer at 800 rpm for 60 minutes. In the third stage, 2%, 4%, and 6% of Iron Oxide
(Fe203) were introduced into the solution from the second stage and stirred using a magnetic
stirrer at 800 rpm for 60 minutes. In the fourth stage, 0.3125 ml of ethylene glycol and acetic acid
were added to the solution from the third stage and stirred using a magnetic stirrer at 800 rpm
for 30 minutes, resulting in a LiTaO3 solution with a concentration of 2 M. Table 1 illustrates the
chemical composition of the LiTaO3 solution doped with 0%, 2%, 4%, and 6% Iron Oxide (Fe203).

Table 1 Chemical Composition of Each LiTa0s3 Solution

Tantalum .
. Lithium . Acetate | Ettileneglycol | LiTaO;

Material |, o ate () 0’(‘;‘)19 Acid (ml) (ml) @ |Tore
LiTa03+0%Iron 0.3103 1.043 0.9375 0.3125 0.589 0
LiTa03+2%Iron 0.3103 1.043 0.9375 0.3125 0.589 | 0.01178
LiTaO3;+4%]lron 0.3103 1.043 0.9375 0.3125 0.589 0.02356
LiTa03;+6%lron 0.3103 1.043 0.9375 0.3125 0.589 0.03534

2.2 Film Growth

Film Growth Using CSD Method on Spin Coater Reactor Surface. The film was grown using the
CSD method on the surface of a spin coater reactor. A cleaned p-type Si (100) substrate was placed
on the spin coating reactor platter. Half of the p-type Si (100) substrate was treated with 2 drops
of the LiTaO3 precursor solution. Then, the spin coater reactor was activated, set to rotate at 8000
rpm for 60 seconds with a 60-second pause interval. This deposition process was repeated three
times to obtain three layers on the p-type Si (100) substrate. Following this, the p-type Si (100)
substrate was annealed using a furnace at a temperature of 850°C, with a heating rate of
100°C/hour, and held at this temperature for 8 hours [10][11].

2.3 FTIR Characterization Stage

Using FTIR ATR (Attenuated Total Reflectance) spectrophotometer was characterized to examine
the optical properties of the thin LiTaO3 film samples before and after doping with Iron Oxide.
The obtained values include the wavenumber (w) and transmittance (T) values of each thin
LiTaO3 film.
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This test was conducted within the wavenumber range of 400-1500 cm-t. The FTIR data was
characterized using the Kramers-Kronig (KK) method, resulting in TO and LO values [12][13].
Figure 1 illustrates the transmission measurement scheme under different conditions (normal
and inclined angles) [14].
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Figure 1. (a-b) Schematic for transmission measurement with (a) normal incidence and (b) oblique
incidence. (c) FTIR transmission spectra of Co304 film on Si with three incident angles of 0°, 60° and 80°
[14].

Based on the transmittance values and wavenumber from the FTIR measurement data, the values

of TO and LO, as well as the dielectric function values, can be calculated using equations (1) to (7)
[12][13][14].

The transmittance value (T) is processed using equations (1) and (2) to obtain the absorbance
(A) and reflectance (R) values.

A(w) = 2 — log[T (w)] (1)
R(w) =100 — [T(w)] + A(w)] (2)

The reflectance value (R) is substituted into equations (3) and (4) to obtain the real refractive
index and imaginary refractive index values.

1-R(w) (3)
1+R(w)—2/R(w)cosp(w)

n(w) =

_ 2 sin ¢ (w)4/R(w)
k(w) - 1+R(w)—2/R(w)cosp(w) (4)

Where the phase difference ¢@(w) represents the photon reflection after interacting with the
sample. The value of ¢(w) is calculated using equation (5).

In
~Po? (5)

dwj Vv (R(w))
p(w)= ——Aw ¥ —5—
J
Where the index j represents the series of wavenumbers, with the condition that if j is an odd
wavenumber value, then index i is an even wavenumber value. Conversely, if i is an odd
wavenumber value, then j is an even wavenumber value.
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The intersection values of the refractive indices n and k at low wavenumbers are referred to as
TO, while the intersections at high wavenumbers are referred to as LO.

The dielectric function value is the square of the refractive index [10]. The values of the real
dielectric function (&;) and the imaginary dielectric function (&;) are calculated using equations
(6) and (7).

g =n?(w) — k?(w) (6)

&2 = 2n(w)k(w) (7)

3. RESULTS AND DISCUSSION

3.1 Optical Properties of LiTaO3 Film

The results obtained from the characterization using the FTIR instrument consist of wavenumber
values and transmittance values, which will be further processed in the subsequent stage to

determine the comparison of the influence of the dopant percentage on the LiTaOs film. The effect
of the Iron Oxide dopant percentage on the LiTaOs film is illustrated in Figure 2.
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Figure 2. Effect of the percentage of Iron Oxide on the reflectance value of LiTaOs3 thin films.

Figure 2 is based on the previous research [13]. Based on Figure 2, it depicts the graph of
reflectance values for each percentage of Iron Oxide dopant within the LiTaOs3 thin film. A higher
percentage of Iron Oxide dopant leads to an increase in the reflectance values.

The transmittance values for each LiTaO3 thin film are processed using the Kronig-Kramers
method based on equations (1) to (7) to obtain refractive index values, consisting of the real
refractive index (n) and the imaginary refractive index (k). The intersection values of the real and
imaginary refractive indices are referred to as TO and LO properties, respectively. The
intersection at lower wavenumbers indicates TO property, while LO property is observed at
higher wavenumbers. TO and LO values for each LiTaOs3 thin film are shown in Figure 3.



International Journal of Nanoelectronics and Materials
Volume 16 (Special Issue) December 2023 [1-8]

—_—k
n
=
<
455 465 475 5
wavenumber (cm1)
()
=
=
5 505 510 515 520 525
wavenumber (cm1)
(b)
=
<
54 548 549 550 551

wavenumber (cm1)

(c)

wavenumber (cm1)

(d)

Figure 3. L.O and TO values in the LiTaOs films doped with Iron Oxide are as follows: (a) 0%, (b) 2%,
(c) 4%, and (d) 6%.
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Table 2 TO and LO Values of Iron Oxide Doped LiTaO3 Thin Films based on Figure 3

Iron Oxide (%) TO (cm™) LO (cm™) A (LO-TO) (cm™)
0 462,25 478,50 16,25
2 503,50 519,75 16,25
4 547,90 551,00 3,10
6 556,00 571,00 15,00

Table 2 shows TO and LO values of Iron Oxide doped LiTaO3 Thin Films based on Figure 3. The
larger the percentage of Iron Oxide dopant added to the LiTaOs3 thin film, the greater the values

of LO and TO. This result is presumed to be due to the increase in reflectance values as shown in
Figure 2.

el

1 ).

w

—

w

500 550 600 650 700
wavenumber (cm1)
(a)

N

w

—

w

450 500 550 600 650 700
wavenumber(cm1)
(b)
N
w
—
w
500 550 600 650 700

wavenumber(cm-1)

(c)

6



International Journal of Nanoelectronics and Materials
Volume 16 (Special Issue) December 2023 [1-8]

€l, €2

550 650 750 850

wavenumber(cm-1)

(d)

Figure 4. The values of real dielectric function (¢;) and imaginary dielectric function (&;) in LiTaOs3 films
doped with Iron Oxide are as follows: (a) 0%, (b) 2%, (c) 4%, and (d) 6%.

Based on Figure 4, the values of £; and ¢, are obtained, as indicated in Table 3.

Table 3 The value of &, intersects with &, in the thin LiTaOs3 film doped with Iron Oxide

Iron Oxide (%) £1 intersects £2
0 515
2 485
4 520
6 625

Table 3 presents the values of €; intersecting with ¢, in the Iron Oxide doped LiTaO3; Thin Films
based on Figure 4. As the percentage of Iron Oxide dopant added to the LiTaOs thin film increases,
there is a tendency for the values of ¢, to intersect with €, to become larger. Similarly, with the
real refractive index (n) and imaginary refractive index (k), this result is presumed to be due to
the increase in reflectance values as shown in Figure 2.

The intersections of £; and ¢, are associated with conditions when €; = 0 and &; # 0, indicating the
decay of electromagnetic waves that are related to optical phonons. (Note that these intersections
are related to the &; = 0 and &, # 0 conditions, indicating the decay of electromagnetic waves
associated with optical phonons. FTIR ATR devices electric field are set from 0° until 180° causes
the values of TO, LO, €; and ¢, diferent to add lon Oxide doped to LiTaO3 thin film). Figure 3 also
demonstrates that the real and imaginary dielectric function graphs have a phase difference of
180°. The dielectric function of the real (g;) and imaginary (&;) parts have a phase difference of
180°.

4. CONCLUSION

By analyzing the optical-phonon parameters of TO and LO, we have successfully characterized
the features of LiTaOs thin film doped with Fe;03. We have determined that the TO and LO are
affected non-monotonously by the variation of Fe»03 doping, which was determined by studying
the optical-phonon wavelengths. FTIR ATR devices electric field are set from 0° until 180° causes
the values of TO, LO, &; and ¢, diferent to add Ion Oxide doped to LiTaOs3 thin film. Based on the
analyses of TO, LO, €1 and &,, film fabrication of LiTaO3 has the potential as light, pressure and
temperature sensors.
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