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Abstract 

The lithium tantalate (LiTaO3) material has ferroelectric properties at room 
temperature, which makes it suitable for use as a device in everyday life as it can 
be utilised as a light switch device. The purpose of this study is to determine the 
LiTaO3 diode material which has optimal I-V characteristics for a light switch. 
The I-V characteristics needed to allow the material to be utilized as a light switch 
are decent differences in light and dark graphics. LiTaO3 material is treated with 
niobium (Nb) and Si (100) p-type substrate using the Chemical Solution 
Deposition (CSD) or Sol-Gel method with the Spin-Coating technique with a 
rotation speed of 3000 rpm, and the molarity of a solution of 1.00 M. Four LiTaO3 

photodiodes are prepared with variations of 0%, 2.5%, 5%, and 7.5% Nb. Then 
the photodiode is annealed at a temperature of 1000° C. The annealised 
photodiode was characterized for its I-V characteristics with a Keithley I-V meter 
in dark and light conditions. The results of this study indicate that the provision 
of Nb pendants can affect the I-V characteristic curve of the LiTaO3-based 
photodiodes. From this study, photodiodes made from LiTaO3containing 5% Nb 
has better I-V characteristics compared to photodiodes made from 
LiTaO3without bulk or those containing 2.5% and 7.5% Nb. Giving an alloyed 
Nb of 5% resulted in the best graph differences between dark and light among 
the others. Although the resulting current is quite small, it is not a problem 
considering that the photodiode will be applied to the light switch as the small 
current can be increased by the current amplifier circuit. 

Keywords: Alloying, I-V characteristics, LiTaO3, Niobium, Photodiode. 
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1.  Introduction 
The properties of materials such as piezoelectric and pyroelectric materials have 
the unique ability to generate electricity from voltage and temperature changes. 
They can be called "smart" materials with these capabilities. In this case, the 
material is said to be "smart" and must have a "control" or "process" that is very 
sensitive to changes in environmental conditions, in addition to actuator and 
sensing functions. Ferroelectric materials can exhibit many of these symptoms, so 
ferroelectric materials can be said to be "smart" materials [1]. 

Materials that have ferroelectric properties include BaTiO3 [1], SrTiO3 [2], 
BaSrTiO3 [3], and LiTaO3 [4]. The lithium tantalate (LiTaO3) material has 
ferroelectric properties at room temperature [5], which makes it suitable for use as 
a device in everyday life such as making NVFRAM, DRAM, infrared sensors and 
can also be utilised as a light switch device [1].  

Barium Strontium Titanate (BST) ferroelectric-based materials have been 
widely used as light switches [6-10]. Lithium tantalate (LiTaO3) has a ferroelectric 
character at room temperature [5]. An essential characteristic of ferroelectrics is 
how they can spontaneously generate electrical polarity [11, 12]. Lithium Tantalate 
has a similar configuration of anions and cations to perovskite crystals, and 
spontaneous electrical polarity is easier in the structure of the perovskite crystal.  

To produce a good thin film of lithium tantalate, it can be done by adding a 
niobium probe [4]. This niobium atom will replace the tantalum atom.  

It is known that niobium has a higher electronegativity level than tantalum 
atoms so it can provide better polarity to ferroelectric materials [11]. It is expected 
that the exposure of lithium tantalate to niobium may provide more optimal 
electrical properties of ferroelectric thin film as a photodiode device. 

There are several advantages of LiTaO3 thin films. They can be produced by 
vacuum-free chemical solution (CSD) techniques, the cost of production is low, 
the characterization quality and electrical output also the optical properties and 
crystal properties are equivalent to LiTaO3 thin films created using vacuum 
techniques. However, LiTaO3 has a smaller spontaneous polarization value than 
BST [13, 14]. 

The ferroelectric LiTaO3 thin film can be applied as a reliable light switch 
sensor compared to the ferroelectric LiNbO3 thin film [8, 13, 14]. The quality of 
the characterization and output of the electrical properties, optical properties, and 
crystalline properties of the LiTaO3 material is better than the quality of the 
characterization and output of the electrical properties, optical properties, and 
crystal properties of the previous LiTaO3 material. The LiTaO3 thin film can be 
applied as a reliable light switch sensor [15-17]. 

2.  Methodology  

2.1. Materials 
The materials used in this study are LiCH3COO (lithium acetate) and Ta2O5 (tantalum 
pentoxide), Nb2O5 (Niobium pentoxide), solvent 2- methoxy ethanol [H3COCH2CH2OH, 
99%], Pt (200)/SiO2/Si (100) substrate and p-type Si (100) substrate. 
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2.2. LiTaO3 Film Making 

2.2.1. Creating LiTaO3Solvent 
LiTaO3 solvent is made by utilizing lithium acetate [LiCH3COO, 99%] + tantalum 
pentoxide) [Ta2O5, 99,999%] as precursor and 2-methoxy ethanol 
[H3COOCH2CH2OH, 99,9%] as solvents. Four types of solutions will be made, 
namely without Nb doping, 2.5%, 5% and 7.5% with Nb doping.  The composition 
of the existing materials can be seen in the following Table 1: 

Table 1. The composition of the existing materials. 
No Main material Doping 
1 0.1650 grams of LiCH3COO and 0.5524 

grams of Ta2O5 dissolved in 2.5 ml of 2-
methoxy methanol 

Without Nb2O5 

2 0.1650 grams of LiCH3COO and 0.5524 
grams of Ta2O5 dissolved in 2.5 ml of 2-
methoxy methanol 

0.01475 grams of Nb2O5 
(Niobium pentoxide) 

3 0.1650 grams of LiCH3COO and 0.5524 
grams of Ta2O5 dissolved in 2.5 ml of 2-
methoxy methanol 

0.0295 grams of Nb2O5 

4 0.1650 grams of LiCH3COO and 0.5524 
grams of Ta2O5 dissolved in 2.5 ml of 2-
methoxy methanol 

0.04425 grams of Nb2O5 

All materials are mixed, the solvent is shaken for an hour (as shown in Fig. 1). 
After that, it is heated to make all the materials well-mixed. Finally, the solvent is 
filtered to produce a more homogeneous solvent. 

 
Fig. 1. The process of shaking the solution using a shaking machine. 

2.2.2. Preparing the substrates 
This study used Pt (200)/SiO2/Si (100) and p-type Si (100) substrates. In film 
production, the cleanliness of the substrate surface is an absolute requirement to 
produce it well and efficiently. 

Figure 2 shows Pt (200)/SiO2/Si (100) and p-type Si (100) substrates washed 
by immersing them in methyl alcohol and then vibrating with ultra-sonic for about 



960        A. Hamdani et al. 

 
 
Journal of Engineering Science and Technology               April 2021, Vol. 16(2) 

 

5 minutes (until clean). After this process, it is dried by using nitrogen gas for 1 
minute [18].  

 

 
Fig. 2. Pt (200) / SiO2 / Si (100) and p-type Si (100) substrates. 

2.2.3. Growing the Film 
Figure 3 shows a substrate placed on a spin coating reactor which has been insulated 
in the middle position, then dripped with one drop of the precursor solvent and 
rotated by a spin coating reactor at a rotating speed of 3000 rpm for 30 seconds. 
This process is performed 5 times to obtain 5 layers of the substrate. After that, the 
substrate is removed using tweezers and dried by placing it on the surface of the 
iron which has been heated for 1 hour at an approximate temperature of 120°C. 

 
Fig. 3. Thin-film growth on the substrate. 

2.2.4. Annealing Process 
The annealing process is performed by applying the furnace Naberthem model 
Type 27. The substrates used are Pt (200)/SiO2/Si (100) and Si (100) type-p 
substrate. The annealing process is carried out gradually. The temperature of the 
furnace is regulated by increasing the temperature of 2,5°C per minute to the 
specified annealing temperature. Starting from room temperature until it reaches 
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5500C and held constantly for 12.5 hours. The annealing process is presented in 
Fig. 4. 

 
Fig. 4. Annealing process. 

2.3. Characterization 
The characterization is done using SEM and I-V characterization. The photodiode 
was characterized for its I-V characteristics with a Keithley I-V meter in dark and 
light conditions.  For I-V characterization, the treatment of thin films is to attach 
cable fibres around the sides of the substrate as shown in the following Fig. 5. 

 
Fig. 5. The thin film has been attached with cable fibres. 

The conditions carried out in the I-V characterization are dark and bright 
conditions from the existing light. 

3. Result and Discussion 
In this study, four samples of the LiTaO3-based photodiode with Nb pending 
variations in the manufacturing process are taken to be characterized. 
Characterization performs using the characterization of I-V and SEM (Scanning 
Electron Microscope) characteristics of the photodiode. Figures 6-9 shows the 
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characterization process is intended to determine the electrical properties of the 
LiTaO3-based photodiode with the resulting Nb alloy. 

 
Fig. 6. I-V characteristic curve of a  

LiTaO3 based photodiode without Nb. 

 
 

Fig. 7. I-V characteristic curve of a  
LiTaO3-based photodiode with 2.5% Nb alloy. 
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Fig. 8 I-V characteristic curve of  

a LiTaO3-based photodiode with 5% Nb alloy. 

 
Fig. 9. I-V characteristic curve of  

a LiTaO3-based photodiode with 7.5% Nb alloy. 

From the results of the photodiode characterization, a current-voltage 
relationship curve is obtained that is similar to the characteristics of the diode curve 
for the entire sample made. The sample made is a connection between two different 
semiconductors, namely silicon and LiTaO3 combined with Nb. The silicon used is 
a p-type semiconductor, while the LiTaO3 thin layer combined with Nb is an n-type 
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semiconductor. The p-type and n-type semiconductor junctions are known as p-n 
junctions [11]. With the p-n junction, the characteristics of the photodiode that are 
made are the same as the characteristics of the diode which is a combination of two 
electrodes, namely anode and cathode [12]. 

From the I-V characteristics formed, it can be seen that the application of the 
same voltage to the four photodiodes made shows different current values. The 
current value indicated by the I-V characteristics for the photodiode by giving 2.5% 
Nb is the greatest. However, the difference between light and dark is very subtle, 
so it is not very good to use as a light switch photodiode (Figs. 6 and 7). This is in 
line with the opinion [19] that the behaviour of the light switch is the result of a 
comparison between the energetic factor that supports the dark state and the 
entropic factor that supports the light state.  

For samples with Nb above 5% (Fig. 9) the current is low. This is possible 
because of the increased saturation of the valence electrons in the sample so the 
electrons become difficult to move. From Fig. 8, it can be seen that giving a blend 
of 5% produces the best difference in graphics between dark and light among the 
others [15]. LiTaO3 doped with Nb2O5 and increases optical bandgap values in the 
range of less than 3.5 eV [16]. Although the resulting current is quite small, this is 
not a problem given that the photodiode will be applied to the light switch because 
the small current can be increased by the current circuit amplifier. 

Figures 10 to 13 show the SEM imaging results. From the data, it can be seen 
that the grain size of the samples without Nb alloys and those given an Nb alloy of 
2.5% (Figs. 10 and 11) has a more even distribution than the others, so the mobility 
of electrons in the film can flow better with high conductivity. This is what causes 
the resulting current to be very large compared to other samples. 

 
Fig. 10. SEM results for LiTaO3 without Nb alloy.  

 
Fig. 11. SEM results for LiTaO3 with 2,5% Nb alloy. 
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Fig. 12. SEM results for LiTaO3 with 5% Nb alloy. 

 
Fig. 13. SEM results for LiTaO3 with 7,5% Nb alloy. 

On the other hand, the uneven grain distribution in samples with Nb alloys 
above 5% (Fig. 13) has a positive impact in terms of differences in currents 
generated during dark and light conditions. This can be due to the presence of light 
entering through the gap, as a result, the p-type silicon substrate can absorb lighter 
so the drift current formed from photons on the p-type silicon substrate can be more 
and cause a significant difference compared to when the conditions dark. 

Figure 12, the grain distribution is evenly distributed with a 5% Nb receptacle 
which has the impact of a good difference in lightness. This causes a smaller current 
which makes it optimal considering the photodiode that can be applied as a light 
switch [20]. 

4. Conclusions 
The conclusion obtained from the research that has been done is that the provision 
of Niobium alloys can affect the I-V characteristic curve of the resulting LiTaO3 
photodiode, namely, the LiTaO3 photodiode with 5% Nb absorption can be made 
as a photodiode for light switch applications. This can be indicated by the difference 
in the resulting current in dark and light conditions. 
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