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Abstract 
This research was focused on structure, nano scale grain size, and band gap of 
LiTaSiO5. LiTaSiO5 thin films were manufactured by using chemical solution 
deposition (CSD) at annealing temperature of 800 oC for 1, 8, 15, and 22 hours, 
then reacted with p-type Si (100) substrates. The X-Ray Diffraction (XRD) results 
at 800 oC for 1, 8, 15, and 22 hours showed phase transformation from LiTaO3 into 
LiTaSiO5. The XRD and Atomic Force Microscopy (AFM) analysis were utilized 
for calculating nano scale grain size. The AFM can show more detail data than the 
XRD. The band gap energy which was resulted from Tauc plot, showed that 
LiTaSiO5 thin films belong to semiconductor materials. 

1. Introduction 

Lithium Tantalate (LiTaO3) and Lithium Tantalum Silicate (LiTaSiO5) are 
attractive materials for nonlinear and integrated optics [1,2]. They are well known 
multifunctional material, widely used in the fields of piezoelectric, ferroelectric, 
acoustooptic, electrooptic and nonlinear optic devices [3]. LiTaO3 and LiTaSiO5 are 
materials with high sensitivity to heat. LiTaO3 is a ferroelectric crystal which 
undergo high Curie temperature of 608 oC and has high melting point of 1650 oC 
[4]. 

LiTaO3 and LiTaSiO5 can be manufactured by various methods, such as chemical 
solution deposition (CSD) [5-8], metal organic chemical vapor deposition 
(MOCVD) [9,10], rf sputtering [11,12] and Pulsed Laser Ablation Deposition 
(PLAD) [13]. In this research, thin film is manufactured by CSD with reacting 
lithium acetate, tantalum oxide, 2.5 ml 2-methoxyethanol solvent 1.0 M and SiO2 at 
temperature of 600 oC. Advantages of CSD process are good quality, easy 
procedure, low cost and can be produced at room temperature [14].  

LiTaSiO5 thin films can be applicated as a infrared sensor due to their frequencies 
are in the infrared region where LiTaSiO5 in this region can be vibrated, bending  
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and stretching. The nanoscale surface roughness and grain 
size of the thin films were analyzed by using AFM. Instead 
of tunneling current, the AFM detects interatomic forces 
that occur between a cantilever probe tip and sample. 
Normal imaging forces in the range of 1 - 50 nano Newton 
and cantilever deflections of less than 0.1 nm can be 
detected (nano scale) [15,16]. 

2. Methods 

LiTaSiO5 thin films were manufactured by CSD at 
annealing temperature of 800 oC for 1, 8, 15, and 22 hours, 
then reacted with p-type Si (100) substrates using lithium 
acetate, tantalum oxide, and 2.5 ml 2-methoxyethanol 
solvent 1.0 M inside Ultrasonic chamber for 2 hours which 
produced a clear liquid. After 20 minutes at room 
temperature, this solution was spin coated on p-type Si 
(100) substrates of 10 mm x 10 mm at a speed of 3000 rpm 
for 30 seconds. 

Annealing process was conducted in a Furnace Model 
Nabertherm Type 27. The nano scale surface roughness and 
grain size of thin films, which were described by AFM 
Model SPA 300 (Seiko Instruments Industry, Co., Japan) on 
2000 nm x 2000 nm area at room temperature, were 
conducted in School of Microelectronic Engineering, 
Universiti Malaysia Perlis, Jalan Bukit Lagi, 01000 Kangar 
Perlis, Malaysia. This analysis was conducted for 
measuring surface topography. 

In addition, Shimadzu XRD-7000 of 2θ range from 10o 
to 80o with step of 0.02o was used in this research for 
identifying crystallite structure of LiTaSiO5. 

For calculating crystallite size, Scherres equation was 
used in this research which has derived an expression for 
broadening of x-ray diffraction peaks due only to small 
crystallite sizes : 

���������	�
 � �

� ��� �                      (1) 

Where � is the wavelength of x-ray used, � is the Bragg 
angle, L is the “average” crystallite size measured in a 
direction perpendicular to the surface of the specimen, and 
k is a constant. However this equations is now frequency 
used to estimate the crystallite size of both cubic and non 
cubic materials. The constant k in equation (4) has been 
determined to vary between 0.89 and 1.39, but is usually 
taken at close to unity. Since the precision of crystallite-
size analysis by this method is, at best, about ±10%, the 
assumption that k = 1.0 is generally justifiable. 

In the observed x-ray has a width B0, and the width do to 
instrumental effects is Bi, then the remaining width Br is 
due to the combined effect of crystallite size and lattice 
strain : 

Br = B0 - Bi                                 (2) 

This expression is true only when the peak has a 
Lorentzian (Cauchy) profile. However, if it has a Gaussian 

profile, better expression is 

Br
2 = B0

2 - Bi
2                                        (3) 

In the absence of clear-cut evidence for the exact nature 
of the peak, the geometric mean was used to get a more 
nearly correct expression : 

�� � ���� � �	����� � �	�               (4) 

In the analysis, however, equation (2) was used to 
subtract the instrumental broadening from the observed 
broadening. 

The lattice strain in the material also causes broadening 
of the diffraction peaks, which can be represented by the 
relationship 

�����	� � � tan �                       (5) 

where � is the strin in the material. 
The width, Br, of the diffraction peak after subtracting 

the instrumental effect can now be considered as the sum of 
widths due to small crystallite sizes and lattice strains : 

Br = Bcrystallite + Bstrain                     (6) 

and from equations (4) and (5) 

�� � �

� ��� � " � tan �                  (7) 

Multiplying equation (7) by cos � 

�� tan � � �

� " � sin �                (8) 

Thus, it was clear that when Br cos � was plotted against 
sin  � , a straight line was obtained with slope �  and 
intercepts k�/L, the crystallite size L can be calculated from 
the intercept by using the appropriate values of k (generally 
taken to be = 1.0) and � [18]. 

According to the Bragg law of diffraction: 

2d sinθ=nλ                              (9) 

Where d is plane distance,  � is diffraction angle and � is 
wavelength (Cu = 1.50546 Å). 

Lattice parameters, which were found by Cohen method, 
were eliminated by choosing right extrapolation function 
and random errors which were reduced by least quadratic 
method so that it can be very accurate24. 

To find monoclinic lattice parameter with several peaks, 
the plane distance,d24. 
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Lattice parameter values are given by: 
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and 

sin�� � ��
45� 6 7�

sin�89 " ��
4:� �;�� " ��

4<� 6 =�
sin� >sin�2� 

From those equations 

sin�� � @A " >B " CD " �E
Where 

@ � ��
45�  , A � 7�

sin�8 , > � ��
4:�  ,

D � =�
sin�8 , � � � ��

25< , E � 7=<GH8
sinand   τ � 10sin�2θ 

The value of E, D, C, B, and A are given by
 ΣAsin�� � @ΣA� " >ΣAB " CΣAD "
ΣBsin�� � @ΣAB " >ΣB� " CΣBD "
ΣDsin�� � @ΣAD " >ΣBD " CΣD� "

ΣEsin�� � @ΣAE " >ΣBE " CΣDE "
ΣOsin�� � @ΣAO " >ΣBO " CΣDO "

3. Results and Discussion

LiTaO3 thin films were characterized at annealing 
process of 800 oC for 1, 8, 15, and 22 hours. According to 
the XRD data, can be seen several peaks which were 
correspond to Si (100), SiO2 (040; 030), LiTaO
LiTaSiO5, where the dominance phases were Si and 
LiTaSiO5 [17,18]. LiTaSiO5 was formed from reaction 
between LiTaO3 and silicon substrates which occured 
due to its annealing temperature (800 
higher than literature (600 oC) [19].
speed of 500 rpm and polymeric organic solution method 
(Pechini method) with annealing temperature of 600 
3 hours acquired LiTaO3 peaks at hkl (012), (104
(006), (202), (024), (116), (122), (018), (214), (300) [19]. 
Annealing temperature of 800 
enhancement of thermal vibration energy which was 
responsible for the phase transformation of LiTaO
LiTaSiO5. Figure 1 shows the XRD pat
thin films after annealing temperature of 800 
15, and 22 hours. There were peak intensity differences 
that formed on each graphic. 

Heat treatment affected the nano scale grain size films 
which leads to denser, more compact, an
homogenous films. In monocrystallite orientation, the 
quality degree of crystallite was determined by high 
peak intensity. The higher intensity films leads to the 
better crystallite quality. The crystallite structures have 
sharp peak due to their long range order. On the contrary, 
the amorf structures have slightly slope peak due t
short range order. Film layer crystallity is proportional to 
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Results and Discussion 

thin films were characterized at annealing 
C for 1, 8, 15, and 22 hours. According to 
can be seen several peaks which were 

(040; 030), LiTaO3 and 
, where the dominance phases were Si and 

was formed from reaction 
and silicon substrates which occured 

nealing temperature (800 oC) which was 
C) [19]. Spin coating at a 

speed of 500 rpm and polymeric organic solution method 
(Pechini method) with annealing temperature of 600 oC for 

peaks at hkl (012), (104), (110), 
(006), (202), (024), (116), (122), (018), (214), (300) [19]. 

ealing temperature of 800 oC will cause 
enhancement of thermal vibration energy which was 
responsible for the phase transformation of LiTaO3 into 

. Figure 1 shows the XRD pattern of LiTaSiO5 
thin films after annealing temperature of 800 oC for 1, 8, 
15, and 22 hours. There were peak intensity differences 

Heat treatment affected the nano scale grain size films 
which leads to denser, more compact, and more 
homogenous films. In monocrystallite orientation, the 
quality degree of crystallite was determined by high 
peak intensity. The higher intensity films leads to the 
better crystallite quality. The crystallite structures have 

ng range order. On the contrary, 
the amorf structures have slightly slope peak due to their 
short range order. Film layer crystallity is proportional to 

the grain size. This means that the bigger grain size from 
film morphology, the better crystallite qual
treatment also affected the material microstructures. The 
higher annealing temperature leads to the larger grain size. 
Increasing in temperature can increase the thermal 
vibration energy for accelerating the atom diffusion in the 
grain which impact to the grain size. The nano scale grain 
size calculation was given in Fig 2.

According to Table 1, the annealing times did not affect 
the lattice parameter, however, annealing times affected 
intensity and FWHM peaks. LiTaSiO
monoclinic crystallite structure within space group P2
(14) (JCPDS file 45-0644) (a = 7,514 Å, b = 7,929 Å, c = 
7,445 Å) [47]. 

Fig 1. The XRD 

Fig 2. The Nano Scale 

Table 1. Lattice parameter of LiTaSiO5 after annealing process of 80

(monoclinic). 

Lattice 

parameter 

Annealing time (hour)

1 8 

a (Å) 6,2478 6,2478 

b (Å) 7,2785 7,2785 

c (Å) 6,1087 6,1087 

Nanoscale surface roughness of the films w
by section analysis of the height image [49]. The section 
analysis of the height image indicated increase in nanoscale 
roughness for films with additives. AFM phase image can 
be used to map stiffness difference on the surface. The 
effect of growth, annealing temperature and times of 
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the grain size. This means that the bigger grain size from 
film morphology, the better crystallite quality. Heat 
treatment also affected the material microstructures. The 
higher annealing temperature leads to the larger grain size. 
Increasing in temperature can increase the thermal 
vibration energy for accelerating the atom diffusion in the 

ct to the grain size. The nano scale grain 
size calculation was given in Fig 2. 

According to Table 1, the annealing times did not affect 
the lattice parameter, however, annealing times affected 
intensity and FWHM peaks. LiTaSiO5 films have 

allite structure within space group P21/c 
0644) (a = 7,514 Å, b = 7,929 Å, c = 

 

XRD Pattern. 

 
Nano Scale Grain Size Calculation. 

Lattice parameter of LiTaSiO5 after annealing process of 800oC 

Annealing time (hour) JCPDS 

Data 

[47] 15 22 

 6,2478 6,2478 7,5140 

 7,2785 7,2785 7,9290 

 6,1087 6,1087 7,4450 

Nanoscale surface roughness of the films was calculated 
by section analysis of the height image [49]. The section 
analysis of the height image indicated increase in nanoscale 
roughness for films with additives. AFM phase image can 
be used to map stiffness difference on the surface. The 

rowth, annealing temperature and times of 
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LiTaSiO5 on the surface morphology were carried out by 
using the AFM images [20-26]. Figure 3,4, and 5 show 
surface, nano scale grain size, three dimension analysis on 
2000 nm x 2000 nm area at 800oC. Those figures also show 
surface roughness, mean grain size, grain diameter with 
various annealing times [27-34]. The RMS surface 
roughness for LiTaSiO5 thin films on 2000 nm x 2000 nm 
area at 800 oC for 1, 8, 15, and 22 hours were 4.989 nm, 
10.7 nm, 9.684 nm, 50.73 nm, respectively, whereas the 
grain size (mean diameter) for 1, 8, 15, and 22 hours were 

357.6 nm, 675.1 nm, 414.5 nm, and 214.7 nm, respectively. 
From Table 2, can be concluded that the AFM can show 
more detail data than the XRD [35-38]. Both of methods 
have several advantages, strain scores can be acquired from 
the XRD analysis, while RMS roughness and mean size 
scores can be acquired from the AFM analysis. Some 
information about the relative surface tensions of different 
crystal planes can be obtained by observing the relative 
development of various facets in field ion microscopy [39].  

Table 2. The results of the XRD and AFM analysis. 

Annealling 

Time (h) 

XRD AFM 

Grain 
Size (nm) 

Strain 
Grain 

Size/ Mean Diameter (nm) 
RMS Roughness (nm) 

Mean Size 
(nm2) 

1 41.63700 0.00220 357.6 4.989 100400 

8 70.02500 0.00006 675.1 10.7 358000 

15 256.76000 0.00700 414.5 9.684 134900 

22 96.28500 0.00002 214.7 50.73 36210 

 

 

Fig 3. Surface analysis using the AFM method at 800 oC of 2000 nm x 

2000 nm area for LiTaSiO5 thin films. 

 

 

Fig 4. Grain analysis using the AFM method at 800 oC of 2000 nm x 2000 

nm area for LiTaSiO5 thin films. 
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Fig 5. Three dimension analysis using the AFM method at 800 oC of 2000 

nm x 2000 nm area for LiTaSiO5 thin films. 

The band gap energy, which is the separation between 
the energy of the lowest conduction band and that of the 
highest valance band [48], can be found by extrapolating 

�A7X�& �Y  to 0 (Tauc plot method). The vertical and 

horizontal axis represent hv and �A7X�& �Y , respectively, 
where A  is absorbance coefficient (cm-1).  The optical 
absorbance coefficient A (E) was obtained from reflectance 
spectrum [24] of film thickness using volumetric method. 

At the previously, the band gap energies of LiTaSiO5 
thin films were in the range of 1.3-3.5 eV [40,41], while the 
band gap energies in this research were around 2.62-3.43 
eV as shown in Table 3. These ranges can be caused by 
annealing times, solid cystallite structure, surface 
roughness, and interatomic space of LiTaSiO5. By 
comparing band gap energies of LiTaSiO5 and 
semiconductor material (1-6 eV) [42-46], can be concloded 
that LiTaSiO5 films in this research have semiconductor 
property. 

Table 3. Band gap energy of LiTaSiO5 thin films. 

Number 

Film sample 
Band gap 

Energy (eV) 
Temp (oC) Time (hour) 

1 

800 

1 2.62 

2 8 3.43 

3 15 2.71 

4 22 3.10 

 

Fig 6. Band gap of LiTaSiO5. 

4. Conclusions 

The annealing process of 800 oC could affected 
LiTaSiO5 thin films structure (monoclinic structure). Nano 
scale grain size of LitaSiO5 can be calculated using the 
XRD and AFM. The XRD and AFM gave different results 
on nano scale grain size. Both of methods have several 
advantages, strain scores can be acquired from the XRD, 
while RMS roughness and mean size scores can be 
acquired from the AFM. Band gap can be calculated using 
Tauc plot method. The band gap energies were in the range 
of 2.62-3.43 eV which means that LiTaSiO5 thin films 
have semiconductor property (1-6 eV). Therefore, this 
material can be developed as infrared and colour sensors. 
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