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Abstract 

Studying atomic and molecular structure of LiNbO3 are very important in order to 

studying the LiNbO3 character itself. ARIMA model could be used to analyzed. The 

research result showed that FTIR and XRD value on the heated LiNbO3 thin films could 

be modelled well by ARIMA.  

 ARIMA models for Lanthanum Oxide (0 %, 5%, 10 %) doped Lithium Niobate 

were high accuracy models, since R2 exceeds than 80 % (99 %, 98 %, 99 % for FTIR data 

and  

90 %, 89 %, 87 % for XRD data), all ARIMA model parameters were significant, and 

predicted data from ARIMA model followed behaviour actual data. FTIR data  on 

Lanthanum Oxide (0%, 5%, 10%) Doped Lithium Niobate  could be well predicted by 

ARIMA (3,0,0) with the equation models are                                  

          ,                                           ,           

                                 ,  respectively. XRD data  on Lanthanum Oxide 

(0%) Doped Lithium Niobate  could be well predicted by ARIMA (4,0,0) with the 

equation model are                                                       

and  XRD data  on Lanthanum Oxide (5%, 10 %) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation models are                      
                                                                  
respectively. 

ARIMA model l for FTIR data is more accurate than ARIMA model for XRD data, 

since R2 of ARIMA model of FTIR data is greater than R2 of ARIMA model of XRD data 

and MAPE of ARIMA model of FTIR data is lower than MAPE of of ARIMA model of 

XRD data.  Lanthanum oxide doped to Lithium Niobate Increasing of  FTIR value that 

indicated adding Lanthanum Oxide to Lithium Niobate (LiNbO3) can increase absorbing 

of LiNbO3 and has lowered the XRD  that indicated parameter hints of LiNbO3 decreases 

which influenced by the radius of its contituuent ions. 

  

Key word: ARIMA, Fourier Transform Infrared, X-Ray Diffraction, LiNbO3, Lanthanum 
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1. Introduction 

Mastery of basic science and thin film technology are essential in the development 

of materials science in the future. The role of ferroelectric /pyroelectric / piezoelectric of 

LiNbO3, LiTaO3, BST, PZT and HgCdTe photon sensor materials, GaAs/AlGaAs are very 

interesting to examine because they can be applied to DRAM, automatic switching, 

temperature sensors and solar cells. The pyroelectric and piezoelectric materials are sub-

groups of ferroelectric materials.  Because of these properties, the ferroelectric material 

through hysteresis and high dielectric values can be applied to automatic switching [1 - 5] 

switches, dynamic random access memory (DRAM) [6], non-volatile random access 

memory (NVRAM) 7] and solar cells [8]. 

While the operating area of the ferreoelectric sensor (which is also pyro electric) 

at ambient temperature is below the Curie temperature  (Tc = 490oC) [9]. In addition, the 

way of making this ferroelectric materials easier than superconductors. Although these 

ferroelectric materials have weaknesses such as the response time is not as fast as the 

photovoltaic sensors of HgCdTe, GaAs / AlGaAs and superconductors, but ferroelectric 

materials have advantage which do not require liquid nitrogen for cooling in ambient 

temperature, meaning they are easily made at laboratories of campus in Indonesia and 

world  [1 – 5]. Ferro electricity is a symptom of spontaneous electrical polarization 

without the material receiving an electric from outside the material [1, 2, 10]. 

Ferroelectrics show that a group of dielectric materials can be polarized internally at a 

range of temperatures. 

Polarization occurs within the dielectric as a result of the external electric field 

and symmetry on the crystallographic structure inside the unit cell. If the ferroelectric 

material is subjected to an electric field, certain atoms undergo a shift and generate an 

electric dipole moment. This dipole moment causes polarization [1, 11 – 12]. 

The most widely used of ferroelectric materials are LiNbO3 [5] LaTiO3 [4], 

PbZrTiO3 [1], PbZrO3, BaxSr1-xTiO3 (BST) [2], and BST doped metal oxide (BST 

derivative) [6]. A thin layer of LiNbO3, BST and its derivatives can be prepared by various 

methods such as sputtering [7, 10, 13-15], chemical solution deposition (CSD) [2 - 5, 16 - 

20], pulsed laser deposition (PLD) 21], chemical vapor deposition (CVD) [22 - 23]. CSD 

method is relatively cheaper and easier compared to sputtering method, PLD, and CVD, 

then we in this research using CSD method [2 – 5]. 
Chemical Solution Deposition (CSD) method is one of the method of making thin 

film by using solution which is placed on the substrate, then rotated with certain speed 

with spin coating tool. Theoretical model and experiment for improving the quality of 

ferroelectric thin films by chemical solution deposition (CSD) and spin coating methods 

based on research done by previous researchers (24-26), were then modified by taking 

into account factors including surface tension, film viscosity, solution density, fluid flow 

rate, rotational speed, growth time, substrate form, and solvent evaporation process  [27 – 

30].  

The perovskite structure of LiNbO3, lithium ion (Li2 +) is located at the tip of the 

cube ribs, the titanium ion (Nb4 +) is located in the diagonal of space and the oxygen ions 

is located in the diagonal of the cube plane. Addition of lanthanum into LiNbO3 will 
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obtain a ferroelectric / pyroelectric / piezoelectric material resembling a p-type 

semiconductor (doping acceptor), since the Lanthanum (La3 +) ion will occupy the 

position of lithium ion (Li2 +) meaning that the structure has excess a positive ion (type- p) 

called hard dopant ions or dopant acceptor. Hard dopant ion can produce stronger 

ferroelectric materials, such as higher elastic conductivity, lower coercive field properties, 

higher mechanical quality factors and higher electrical current quality Dopant acceptors 

plays an important role in the formation of vacant space in the oxygen ion position (O2-) 

of the perovskite structure due to electrostatic processes, and causes Li ions to not easily 

leap into the oxygen ion space (O2) due to blocked niobium ionic bonds. [31].  

LiNbO3 characteristic was closely related to the composition, its mineral structure, 

and its molecular shape. Thus, LiNbO3 detection is crucial to understand the material 

characteristic deeper.  There are several LiNbO3 detection method such as X-ray powder 

diffraction (XRD), and also Fourier-transform infrared spectroscopy (FTIR).  

X-ray powder diffraction (XRD) is a fast analysis method that mainly used for 

identificating crystal material phase and retrieving information about individual cell 

dimension. Analyzed material is  homogenysis and composition. X-ray diffraction was 

based on constructive disturbance of monochromatic X-ray and crystal sample [32]. X-ray 

was emitted by catoda ray tube, filtered to creat monochromatic radiation, collimated for 

concentrating, and aimed at the sample [33 – 35]. Interaction between the X-ray and the 

sample create constructive interference (and the ray diffracted) if the condition meets the 

Bragg Law (nλ = 2d sin θ) yang menggunakan panjang gelombang 10 nm- 100 pm dan 

frekuensi : 3 x 1016 – 3 x 1018 Hz. The law explain the correlation between electromagnetic 

radiation wavelength with diffraction angle and grid distance on the cystal sample [36]. 

Diffracted X-ray is then detected, proceed and calculated. By scanning the sample with 

range of 2θ angles, all possible direction grid diffraction should be achieved due to the 

random orientation of the powder material. Conversion diffraction peak to distance-d 

enables the identification of mineral since each mineral has its unique set of distance-d. 

Usually, this is achieved by ratio of distance d and the standard benchmark pattern [37].  

Fourier-transform infrared spectroscopy is a method used for retrieving infared 

spectrum in absorbtion or emission of solid-gas, solid or gas which was identified by 

vibration movement. Molecular vibration was unique for each molecul and usually called  

finger print vibration. Molecular vibration could be splitted into two groups; stretching 

vibration and bending vibration. A FTIR spectrometer could simultaniously collect high 

resolution spectrum data through wide spectrum range. In infrared spectroscopy, infrared 

spectrum was in the wavelength range from 0.75 to 1000 μm or wavenumber ranges from 

1300 to 1 cm-1 with frequency of 3 x 1012 – 3 x 10 14 Hz. From the application and 

instrumentation point of view, infrared spectrum divided into three radiation type which 

are near infrared (wavenumber of 12800-4000 cm-1), mid infrared (wavenumber 4000-200 

cm-1), and far infrared (wavenumer of 200-10 cm-1). This gives significant advantages over 

dispersive spectrometer which measure the intensity on the narrow range of wavelength 

over period of time. Name of Fourier-transform infrared spectroscopy comes from the 

fact that Fourire transformation (mathematical process) was needed to change raw data 

into the actual spectrum [38 – 40].  
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From the aforementioned explaination, studying atomic and molecular structure 

of LiNbO3 are very important in order to studying the LiNbO3 character itself. Analyzing 

X-ray Diffracton spectrum data usually with Rietveld model or General Structure 

Analysis System (GSAS). Both methods are based on reference as benchmark. The XRD 

data are compared with the reference data which then identified its characteristics [41]. 

ARIMA model could be used as alternative. ARIMA model does not need any reference 

pattern as benchmark. The research result showed that FTIR and XRD value on the 

heated LiNbO3 thin films could be modelled well by ARIMA [42]. Thus, LiNbO3 study 

through atomic and molecular structure could be studied through reflectant function 

which generated from XRD [43 – 53] and FTIR [54 – 63] value with ARIMA approach. 

 

2. Research Objectives 

1. Obtain LiNbO3 ARIMA function from XRD and FTIR data,   

2. Compared LiNbO3 ARIMA function with XRD and FTIR data which doped by 

Lanthanum Oxide (0 %, 5 % dan 10 %) 

 

3. Research Methodology  

LiNbO3 thin films manufacturing was conducted in two stages using chemical 

solution deposition method. In the first stage, substrate was prepared by cutting the p-

type Si (100) with the size of 8 mm x 8 mm then cleaned by aqua  and dried. In the next 

stage, the LiNbO3 powder (precursor) was manufactured. There were three prepared 

prescursors i.e undoped precursor, 5% lanthanum doped precursor, and 10% lanthanum 

doped precursor. Precursors were obtained by mixing LiCH3COO powder, Nb2O5, and 

lanthanum oxide and then dissolved in 2.5 ml 2-methoxy methanol. The mixing process 

was conducted using ultrasonic of Branson 2210 for 90 minutes and then deposited on the 

substrate by using spin coating at speed of 3000 rpm, 2 times. The next step was annealing 

process using the furnace of VulcanTM3–130. The annealing process for each substrate 

was started from room temperature with the increasing rate of 1.7 oC/min to temperature 

of 550oC and than held constantly for 8 hours. After that, cooled until room temperature 

[5].  

FTIR spectrum characterization from LiNbO3 thin film used FTIR tools type ABB 

MB 3000. In this research, FTIR spectrum used belongs to the mid infared radiaton 

category (wavenumber of 4000-500 cm-1) with step of 16 cm-1. XRD spectrum 

characterization used the XRD tools type GBC EMMA. In this research XRD spectrum 

used belongs to angle range of 100 to 800 with step of 0.020 [2 - 5]. 

ARIMA model exploration for FTIR and XRD data was done by Box and Jenkin 

procedure [64]. Initial step was done to identify the data was stationary or not in mean 

and in variance. Augmented Dickey-Fuller will be used. Augmented Dickey–Fuller test 

(ADF) tests the null hypothesis that a unit root is present in a time series sample. The 

alternative hypothesis is different depending on which version of the test is used, but is 

usually stationarity or trend-stationarity. It is an augmented version of the Dickey–Fuller 

test for a larger and more complicated set of time series models [64]. If it was not 

stationary in mean then differencing need to be done, and transformation needs to be 

https://en.wikipedia.org/wiki/Null_hypothesis
https://en.wikipedia.org/wiki/Unit_root
https://en.wikipedia.org/wiki/Time_series
https://en.wikipedia.org/wiki/Sample_(statistics)
https://en.wikipedia.org/wiki/Alternative_hypothesis
https://en.wikipedia.org/wiki/Stationarity_(statistics)
https://en.wikipedia.org/wiki/Trend_stationary
https://en.wikipedia.org/wiki/Dickey%E2%80%93Fuller_test
https://en.wikipedia.org/wiki/Dickey%E2%80%93Fuller_test
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done if it was not stationary in variance. If the data was stationary, then ACF 

(Autocorrelation Function) plot and PACF (Partial Autocorrelation Function) plot were 

done to get possible assumption model [42]. Next step was to get estimated parameter 

model and to test the parameter to the models until significant model parameters were 

obtained. Selected model was then calculated its coefficient determination (R2), Mean 

Absolut Percentage Error (MAPE), and plotted with the XRD data and FTIR to determine 

the accuracy of the model [42]. In this research, we used SPSS 15.0 for windows and 

Lenovo Computer 2 GB 64 Bit. 

 

 

4. Result and Discussion  

4.1. Raw Data of on LiNbO3 FTIR value 

Plot between infrared wavelength value as x-axis and absorbed, reflected, and 

transmitted percent of infrared as the y-axis on control Lanthanum Oxide (0%) doped 

Lithium Niobate was showed in Figure 1. Meanwhile in Figure 2 and Figure 3, it showed 

Plot between infrared wavelength value and absorbed, reflected, and transmitted percent 

of infrared Lanthanum Oxide (5%, 10%, respectively) doped Lithium Niobate. For 

ARIMA model, X-axis of FTIR data be changed to with integer number 1, 2, 3,.. which 

were consistent with wavelength value 1, 2, 3,.... Thus, Figure 1, 2, and 3 could be 

substitued with Figure 4, 5, and 6.  

 

 
Figure 1. Plot FTIR data of  

Lanthanum Oxide (0%) Doped 

Lithium Niobate 

Figure 2. Plot FTIR data of  

Lanthanum Oxide (5%) Doped 

Lithium Niobate 

Figure 3. Plot FTIR data of  

Lanthanum Oxide (10%) 

Doped Lithium Niobate 

 
Figure 4. Plot FTIR data of  

Lanthanum Oxide (0%) Doped 

Figure 5. Plot FTIR data of  

Lanthanum Oxide (5%) Doped 

Figure  6. Plot FTIR data of  

Lanthanum Oxide (10%) 
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Lithium Niobate for ARIMA 

Model 

Lithium Niobate for ARIMA 

Model 

Doped Lithium Niobate for 

ARIMA Model 

From  Figure 4, 5, 6 and Augmented Dickey–Fuller test (ADF) with p-value < 

0.0001, those FTIR data of Lanthanum Oxide (0 %, 5 %, 10 %) Doped Lithium Niobate 

are stationary in average. Non differensing of ARIMA model will be developed for FTIR 

data of Lanthanum Oxide (0 %, 5 %, 10 %) Doped Lithium Niobate. 

 

4.2. ARIMA model on LiNbO3 FTIR value  

 

Partial Autocorrelation Function and Autocorrelation Function calculation of  

FTIR data  of   Lanthanum Oxide (0 %) doped Lithium Niobate was presented at Figure 7. 

ACF calculation tails off and PACF calculation cuts off at lag-3.  From Figure 7,  FTIR 

data suggest that the suitable model was ARIMA (3,0,0). 

 
 

Figure 7. Plot ACF and PACF of  FTIR data  of   Lanthanum Oxide (0%) Doped Lithium 

Niobate  

 ARIMA (3,0,0) parameters were estimated, those all parameters are significant 

with R2 of 99 % and  MAPE of 0,44 % which was presented in Table 1. Plot of actual data 

and the predicted data of ARIMA (3,0,0) on FTIR data of Lanthanum Oxide (0%) Doped 

Lithium Niobate is at Figure 8. Predicted data of ARIMA (3,0,0) on FTIR data of 

Lanthanum Oxide (0%) Doped Lithium Niobate followed actual data. 

 

Table 1. ARIMA (3,0,0) model parameters for FTIR data  of   Lanthanum Oxide (0%) 

Doped Lithium Niobate  

ARIMA 

(3,0,0) 

Lag Estimate SE t Significant 

Constant 95.785 5.404 17.724 0.000 

 Lag1 2.085 0.054 38.555 0.000 

 Lag 2 -1.679 0.099 -16.985 0.000 

 Lag 3 0.589 0.054 10.888 0.000 
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Figure 8. Plot of actual data and  predicted pata of ARIMA (3,0,0) on FTIR  data of 

Lanthanum Oxide (0%) Doped Lithium Niobate 

 

From the process above, it could be concluded that FTIR data  on Lanthanum 

Oxide (0%) Doped Lithium Niobate  could be well predicted by ARIMA (3,0,0) with the 

equation model is (1):  

                                          . 

 

Partial Autocorrelation Function and Autocorrelation Function calculation of  

FTIR data  of   Lanthanum Oxide (5 %) doped Lithium Niobate is presented at Figure 9. 

ACF calculation tails off and PACF calculation cuts off at lag-3.  From Figure 9,  the 

suitable model for FTIR data of  Lanthanum Oxide (5 %) doped Lithium Niobate was 

ARIMA (3,0,0). 

 
Figure  9. Plot ACF and PACF of  FTIR data  of   Lanthanum Oxide (5%) Doped Lithium 

Niobate  

 

ARIMA (3,0,0) parameters were estimated, those all parameters are significant 

with R2 of 98 % and MAPE of 0.693 % which was presented in Table 2. Plot of actual data 

and the predicted data of ARIMA (3,0,0) on FTIR data of Lanthanum Oxide (5%) Doped 
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Lithium Niobate  was presented at Figure 10.  Predicted data ARIMA (3,0,0) of FTIR data 

of Lanthanum Oxide (5%) Doped Lithium Niobate followed  followed actual data. 

 

Table  2. ARIMA (3,0,0) parameters for FTIR data  of   Lanthanum Oxide (5%) Doped 

Lithium Niobate  

ARIMA 

(3,0,0) 

Lag Estimate SE t Significant 

Constant 94.924 2.354 40.321 0.000 

 Lag1 2.168 0.053 41.233 0.000 

 Lag 2 -1.806 0.095 -18.940 0.000 

 Lag 3 0.612 0.052 11.679 0.000 

 

So, it could be concluded that FTIR data  of Lanthanum Oxide (5%) Doped 

Lithium Niobate  could be well predicted by ARIMA (3,0,0) with the equation model is 

(2):  

                                          . 

 

 
 

Figure 10. Plot of actual data and the predicted data of ARIMA (3,0,0) on FTIR  data of 

Lanthanum Oxide (5%) Doped Lithium Niobate 

Partial Autocorrelation Function and Autocorrelation Function calculation of  

FTIR data  of   Lanthanum Oxide (10 %) doped Lithium Niobate was presented by Figure 

11. ACF calculation tails off and PACF calculation cuts off at lag-3.  From Figure 11,  the 

suitable model of FTIR of   Lanthanum Oxide (10 %) doped Lithium Niobate was ARIMA 

(3,0,0). 
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Figure  11. Plot ACF and PACF of  FTIR data  of   Lanthanum Oxide (10%) Doped 

Lithium Niobate  

 

 ARIMA (3,0,0) model parameters were estimated and was presented at Table 3. 

From Table 3 showed  those ARIMA (3,0,0) model parameters were siginificant. 

 

Table  3. ARIMA (3,0,0) model parameters for FTIR data  of   Lanthanum Oxide (10 %) 

Doped Lithium Niobate  

ARIMA 

(3,0,0) 

Lag Estimate SE t Significant 

Constant 96.031 2.798 44.320 0.000 

 Lag1 2.124 0.054 39.167 0.000 

 Lag 2 -1.716 0.099 -17.257 0.000 

 Lag 3 0.581 0.054 10.717 0.000 

 

ARIMA (3,0,0) model for FTIR data  of   Lanthanum Oxide (10 %) Doped Lithium 

Niobate  has Coefficient Determination of  99 % and MAPE of 0.403 %.  Predicted  data 
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Figure 12. Plot of actual data and the predicted data of ARIMA (3,0,0) on FTIR  data of 

Lanthanum Oxide (10%) Doped Lithium Niobate 

 

So, it could be concluded that FTIR data  on Lanthanum Oxide (10%) Doped 

Lithium Niobate  could be well predicted by ARIMA (3,0,0) with the equation model (3):  
                                          

 

4.3. Raw Data of on LiNbO3 XRD value 

 

Plot between angle value as x-axis and and reflected intensity value (XRD) as y-

axis on Lanthanum Oxide (0%, 5%, 10%) doped Lithium Niobate (Figure 13, 14, 15).  For 

ARIMA model, X-axis of  XRD data be changed by integer number 1, 2, 3,.. which were 

consistent with wavelength value 1, 2, 3,.... Thus, Figure 13, 14, and 15 will be substitued 

with Figure 16, 17, and 18.  

 

 
Figure 13. Plot XRD data of  

Lanthanum Oxide (0%) 

Doped Lithium Niobate  

Figure 14. Plot XRD data of  

Lanthanum Oxide (5%) 

Doped Lithium Niobate 

Figure 15. Plot XR data of  

Lanthanum Oxide (10%) 

Doped Lithium Niobate 
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Figure 16. Plot XRD data of  

Lanthanum Oxide (0%) 

Doped Lithium Niobate  

for ARIMA Model 

Figure 17. Plot XRD data of  

Lanthanum Oxide (5%) 

Doped Lithium Niobate  

for ARIMA Model 

Figure  18. Plot XRD data of  

Lanthanum Oxide (10%) 

Doped Lithium Niobate  

for ARIMA Model 

 

From  Figure 16, 17, 18  and Augmented Dickey–Fuller test (ADF) with p-value < 

0.0001, those XRD data of Lanthanum Oxide (0 %, 5 %, 10 %) Doped Lithium Niobate 

were stationary in average.  Non differensing of ARIMA model will be developed for 

XRD data of Lanthanum Oxide (0 %, 5 %, 10 %) Doped Lithium Niobate. 

 

4.4. ARIMA model on LiNbO3 XRD value  

 

Partial Autocorrelation Function and Autocorrelation Function calculation of 

XRD data  of   Lanthanum Oxide (0 %) doped Lithium Niobate was presented by Figure 

19. ACF calculation tails off and PACF calculation cuts off at lag-5, that means 

nondifferencing ARIMA model was AR(5) and MA (0).  Thus, From Figure 19, the model 

for XRD data of Lanthanum Oxide (0 %) Doped Lithium Niobate  was ARIMA (5,0,0). 

 
 

Figure 19. Plot ACF and PACF of  XRD data  of   Lanthanum Oxide (0%) Doped Lithium 

Niobate  
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ARIMA (5,0,0) model parameters were estimated. Hopefully those all parameters 

of ARIMA (5,0,0) model were significants with R2 of 90 % which be presented in Table 4.  

Table 4 showed  that not All ARIMA (5,0,0) model parameters were significant, they are 

only four parameters of model were significant. Thus, XRD data  of   Lanthanum Oxide 

(0%) Doped Lithium Niobate better to be modelled by ARIMA (4,0,0) model (Tabel 5). 

All ARIMA (4,0,0) parameters were significant,  with R2 of 90 % and MAPE of 42,972 %. 

Figure 20 showed that predicted  data of ARIMA (4,0,0) model on XRD data of 

Lanthanum Oxide (0%) Doped Lithium Niobate followed actual data (Figure 20). 

 

Table 4. ARIMA (5,0,0) model parameters for XRD data  of   Lanthanum Oxide (0%) 

Doped Lithium Niobate  

ARIMA 

(5,0,0) 

Lag Estimate SE t Significant 

Constant 20.723 -2.498 8.295 0.000 

 Lag1 0.759 0.017 45.104 0.000 

 Lag 2 0.436 0.021 20.667 0.000 

 Lag 3 -0.193 0.022 -8.700 0.000 

 Lag 4 0.034 0.021 1.589 0.112 

 Lag 5 -0.102 0.017 -6.074 0.000 

 

Table 5. ARIMA (4,0,0) model parameters for XRD data  of   Lanthanum Oxide (0%) 

Doped Lithium Niobate  

 

ARIMA 

(4,0,0) 

Lag Estimate SE t Significant 

Constant 20.707 2.764 7.492 0.000 

 Lag1 0.763 0.017 45.188 0.000 

 Lag 2 0.461 0.021 22.064 0.000 

 Lag 3 -0.240 0.021 -11.497 0.000 

 Lag 4 -0.044 0.017 -2.631 0.009 
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Figure 20. Plot of actual and the predicted data of ARIMA (4,0,0) on XRD  data of 

Lanthanum Oxide (0%) Doped Lithium Niobate 
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From the process above, it could be concluded that XRD data  on Lanthanum 

Oxide (0%) Doped Lithium Niobate  could be well predicted by ARIMA (4,0,0) with the 

equation model (4):  
                                                      

 

Partial Autocorrelation Function and Autocorrelation Function calculation of 

XRD data  of   Lanthanum Oxide (5 %) doped Lithium Niobate were presented at Figure 

21. ACF calculation tails off and PACF calculation cuts off at lag-4, that means 

nondifferencing ARIMA model were AR(4) and MA (0).  Thus, From Figure 21, the 

model for XRD data of Lanthanum Oxide (5 %) Doped Lithium Niobate  was ARIMA 

(4,0,0). 

 
Figure 21. Plot ACF and PACF of  XRD data  of   Lanthanum Oxide (5%) Doped Lithium 

Niobate  

 

ARIMA (4,0,0) model parameters were estimated. Hopefully those all parameters 

of ARIMA (4,0,0) model were significants with R2 of 89 % which be presented in Table 6.  

Table 6 showed  that not All ARIMA (4,0,0) model parameters were significant, they are 

only three parameters of model were significant. Thus, XRD data  of   Lanthanum Oxide 

(5%) Doped Lithium Niobate better to be modelled by ARIMA (3,0,0) model (Tabel 7). 

All ARIMA (3,0,0) model parameters were significant which R2 of  89 % and MAPE of 

51.237 % . Figure 22 showed that predicted  data of ARIMA (3,0,0) model on XRD data of 

Lanthanum Oxide (5%) Doped Lithium Niobate followed actual data (Figure 22). 

 

Table 6. ARIMA (4,0,0) model parameters for XRD data  of   Lanthanum Oxide (5%) 

Doped Lithium Niobate  

ARIMA 

(4,0,0) 

Lag Estimate SE t Significant 

Constant 17.277 2.339 7.385 0.000 

 Lag1 0.835 0.017 49.351 0.000 

 Lag 2 0.340 0.022 15.725 0.000 
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 Lag 3 -0.244 0.022 -11.293 0.000 

 Lag 4 0.006 0.017 0.350 0.725 
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Table 7. ARIMA (4,0,0) model parameters for XRD data  of   Lanthanum Oxide (5%) 

Doped Lithium Niobate  

ARIMA 

(3,0,0) 

Lag Estimate SE t Significant 

Constant 17.277 2.326 7.429 0.000 

 Lag1 0.833 0.016 50.751 0.000 

 Lag 2 0.342 0.021 16.419 0.000 

 Lag 3 -0.239 0.016 -14.584 0.000 

 

 
Figure 22. Plot of actual and the predicted data of ARIMA (3,0,0) on XRD  data of 

Lanthanum Oxide (5%) Doped Lithium Niobate 

 

From the process above, it could be concluded that XRD data  on Lanthanum 

Oxide (5%) Doped Lithium Niobate  could be well predicted by ARIMA (3,0,0) with the 

equation model is (5):  
                                           

 

Partial Autocorrelation Function and Autocorrelation Function calculation of 

XRD data  of   Lanthanum Oxide (10 %) doped Lithium Niobate were presented at Figure 

23. ACF calculation tails off and PACF calculation cuts off at lag-5, that means 

nondifferencing ARIMA model were AR(5) and MA (0).  Thus, From Figure 23, the 

model for XRD data of Lanthanum Oxide (10 %) Doped Lithium Niobate  was ARIMA 

(5,0,0). 
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Figure 23. Plot ACF and PACF of  XRD data  of   Lanthanum Oxide (10%) Doped Lithium 

Niobate  

ARIMA (5,0,0) model parameters were estimated, but  they were  only three 

parameters of model were significant. Thus, XRD data  of   Lanthanum Oxide (10 %) 

Doped Lithium Niobate better to be modelled by ARIMA (3,0,0) model (Tabel 8). All 

ARIMA (3,0,0) model parameters were significant which R2 of  87 % and MAPE of 50,882 

% (Table 9). Figure 22 showed that predicted  data of ARIMA (3,0,0) model on XRD data 

of Lanthanum Oxide (5%) Doped Lithium Niobate followed actual data (Figure 24). 

 

Table 8. ARIMA (5,0,0) model parameters for XRD data  of   Lanthanum Oxide (10%) 

Doped  Lithium Niobate  

 

ARIMA 

(5,0,0) 

Lag Estimate SE t Significant 

Constant 15,173 1,721 8,818 0,000 

 Lag1 0.717 0.017 42.980 0.000 

 Lag 2 0.361 0.021 17.517 0.000 

 Lag 3 -0.020 0.021 -0.924 0.355 

 Lag 4 0.027 0.021 1.314 0.189 

 Lag 5 -0.168 0.017 -10.087 0.000 

  

Table 9. ARIMA (3,0,0) model parameters for XRD data  of   Lanthanum Oxide (10%) 

Doped  Lithium Niobate  

 

ARIMA 

(3,0,0) 

Lag Estimate SE t Significant 

Constant 15.151 2.237 6.772 0.000 

 Lag1 0.748 0.017 44.762 0.000 

 Lag 2 0.342 0.020 16.986 0.000 

 Lag 3 -0.155 0.017 -9.279 0.000 
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Figure 24. Plot of actual and the predicted data of ARIMA (3,0,0) on XRD  data of 

Lanthanum Oxide (10%) Doped Lithium Niobate 

 

From the process above, it could be concluded that XRD data  on Lanthanum 

Oxide (10 %) Doped Lithium Niobate  could be well predicted by ARIMA (3,0,0) with the 

equation model is (6):  
                                           

 

4.5. Effect of Lanthanum Oxide to FTIR, and XRD value of Lithium Niobate 

 

Lithium Niobate was doped by lanthanum oxide with three concentrations such as 

0%, 5% and 10 %.  The effect of  Lanthanum Oxide were measured by FTIR and XRD 

value. The mean of FTIR value of Lanthanum Oxide (0%, 5%, 10 %) doped Lithium 

Niobate are 92.4538, 94.2459, 94,7088, respectively. 

To compare effect of Lanthanum Oxide doped to of Lithium Niobate was used by 

comparing mean of FTIR values of Lanthanum Oxide (0%, control) doped Lithium 

Niobate control versus Lanthanum Oxide (5%) doped Lithium Niobate and Lanthanum 

Oxide (0%, control) doped Lithium Niobate control versus Lanthanum Oxide (10%) 

doped Lithium Niobate, with null hypothesis : mean of FTIR value of  Lanthanum Oxide 

(0%, control) doped Lithium Niobate same with FTIR value of  Lanthanum Oxide (5%) 

doped Lithium Niobate and mean of  FTIR value of  Lanthanum Oxide (0%, control) 

doped Lithium Niobate same with FTIR value of  Lanthanum Oxide (10%) doped Lithium 

Niobate. 

By using t-test with assumption independent population and equal variance 

between Lanthanum Oxide (0%, control) doped Lithium Niobate and Lanthanum Oxide 

(5 %) doped Lithium Niobate, t-value of mean of FTIR values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate control versus Lanthanum Oxide (5%) doped Lithium 
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Niobate is 2.447 (456 degrees of freedom) with p-value =0.014. We can say there is 

difference  of mean of FTIR value between Lanthanum Oxide (0%, control) doped 

Lithium Niobate and Lanthanum Oxide (5 %) doped Lithium Niobate. Lithium Niobate 

was doped by Lanthanum Oxide 5% can make increasing of FTIR value from 92.4538 to 

94.2459, significantly (Table 10). Also, with the same assumption,  t-value of mean of 

FTIR values of Lanthanum Oxide (0%, control) doped Lithium Niobate control versus 

Lanthanum Oxide (10 %) doped Lithium Niobate was 3.382 (456 degrees of freedom)with 

p-value =0.001. We can say there is difference  of mean of FTIR value between 

Lanthanum Oxide (0%, control) doped Lithium Niobate and Lanthanum Oxide (10 %) 

doped Lithium Niobate. Lithium Niobate was doped by Lanthanum Oxide 10 % can make 

increasing of FTIR value from 92.4538 to 94,7088, significantly (Table 11). Increasing of  

FTIR value from 92.4538, 94.2459, 94,7088 that indicated adding Lanthanum Oxide to 

Lithium Niobate (LiNbO3) can increase absorbing of LiNbO3. That process caused by 

increasing of activities energy structure molecul of  LiNbO3 to infrared spectral energy 

[5]. 

 

Table 10. Group Statistics and Samples test of FTIR values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate and Lanthanum Oxide (5 %) doped Lithium Niobate 

 
Group N Mean of FTIR Assumption t-value p-value 

Lanthanum Oxide (0%, 

control) doped Lithium 

Niobate 

229 92,4538 Equal 

variance 

2,447 0.014 

Lanthanum Oxide (5 %) 

doped Lithium Niobate 

229 94,2486 
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Table 11. Group Statistics and Samples test of FTIR values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate and Lanthanum Oxide (10 %) doped Lithium Niobate 

 

Group N Mean of FTIR Assumption t-value p-value 

Lanthanum Oxide (0%, 

control) doped Lithium 

Niobate 

229 92,4538 Equal 

variance 

3.382 0.001 

Lanthanum Oxide (10 %) 

doped Lithium Niobate 

229 94,7088 

The mean of XRD value of Lanthanum Oxide (0%, 5%, 10 %) doped Lithium 

Niobate were 20.8061, 17.3256, 15.2168, respectively. 

 

Table 12. Group Statistics and Samples test of XRD values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate and Lanthanum Oxide (5 %) doped Lithium Niobate 

 

Group N Mean of XRD Assumption t-value p-value 

Lanthanum Oxide (0%, 

control) doped Lithium 

Niobate 

3501 20.8061 Equal 

variance 

5.007 0.000 

Lanthanum Oxide (5 %) 

doped Lithium Niobate 

3501 17.3256 

 

Table 13. Group Statistics and Samples test of XRD values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate and Lanthanum Oxide (10 %) doped Lithium Niobate 

 

Group N Mean of XRD Assumption t-value p-value 

Lanthanum Oxide (0%, 

control) doped Lithium 

Niobate 

3501 20,8061 Equal 

variance 

8.406 0.000 

Lanthanum Oxide (10 %) 

doped Lithium Niobate 

3501 15.2168 

 

By using t-test with assumption independent population and equal variance between 

Lanthanum Oxide (0%, control) doped Lithium Niobate and Lanthanum Oxide (5 %) 

doped Lithium Niobate, comparing mean of XRD  values of Lanthanum Oxide (0%, 

control) doped Lithium Niobate control versus Lanthanum Oxide (5%) doped Lithium 

Niobate had t-value of  5.007 (7000 degrees of freedom) with p-value =0.000. We can say 

there is difference  of mean of XRD value between Lanthanum Oxide (0%, control) doped 

Lithium Niobate and Lanthanum Oxide (5 %) doped Lithium Niobate.  Lithium Niobate 

was doped by Lanthanum Oxide 5% can make  decreasing of  XRD value from 20.8061 to 

17.3256, significantly. Also, with the same assumption,  t-value of mean of XRD value of 

Lanthanum Oxide (0%, control) doped Lithium Niobate and Lanthanum Oxide (10 %) 

doped Lithium Niobate was  8.406 (7000 degrees of freedom) with p-value =0.000. We 
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can say there is difference  of mean of XRD value between Lanthanum Oxide (0%, 

control) doped Lithium Niobate and Lanthanum Oxide (10 %) doped Lithium Niobate. 

Lithium Niobate was doped by Lanthanum Oxide 10 % can make decreasing of XRD 

value from 20.8061 to 15.2168, significantly. Decreasing of XRD value from 20.8061, 

17.3256, 15.2168 that indicated parameter hints of LiNbO3 decreases which influenced by 

the radius of its contituuent ions. Ionic radii of Li+, Nb5+ and La3+ are 0.90 Å, 0.78 Å and 

1.172 Å, respectively. It can be seen that the Ionic radius of La3+ is closer to Ionic radius of 

Li+ so that La3+ can occupy the positions of Li+ in the crystal structure. The difference of 

ionic radii between the dopant and the replaced ion affects the formation of spinel phase, 

which leads to crystal size decreasing to its existence of dopant’s cations in the structure 

of LiNbO3 [5]. 

 

5.  Conclusion 

 ARIMA model can be used to model for FTIR and XRD values of Lanthanum 

Oxide (0%, 5 %, 10 %) doped Lithium Niobate and Lanthanum Oxide with high 

accuracy, since it has R2 greater than 80 % and predicted values from ARIMA 

model followed behaviour actual data. 

 FTIR data  on Lanthanum Oxide (0%) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation model :  

                                                      . 

 FTIR data  on Lanthanum Oxide (5%) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation model :  

                                          . 

 FTIR data  on Lanthanum Oxide (10%) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation model :  
                                          

 XRD data  on Lanthanum Oxide (0%) Doped Lithium Niobate  could be well 

predicted by ARIMA (4,0,0) with the equation model :  
                                                      

 XRD data  on Lanthanum Oxide (5%) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation model :  
                                           

XRD data  on Lanthanum Oxide (10 %) Doped Lithium Niobate  could be well 

predicted by ARIMA (3,0,0) with the equation model :  
                                           

 ARIMA model l for FTIR data is more accurate than ARIMA model for XRD data, 

since R2 of ARIMA model of FTIR data is greater than R2 of ARIMA model of XRD 

data and MAPE of of ARIMA model of FTIR data is lower than MAPE of of 

ARIMA model of XRD data. 

 Lanthanum oxide doped to lithium niobate Increasing of  FTIR value that 

indicated adding Lanthanum Oxide to Lithium Niobate (LiNbO3) can increase 

absorbing of LiNbO3 and has lowered the XRD  2168 that indicated parameter 

hints of LiNbO3 decreases which influenced by the radius of its contituuent ions. 
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