
                              VOL. 11, NO. 8, APRIL 2016                                                                                                                    ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
4974

STRUCTURAL PROPERTIES AND SURFACE MORPHOLOGY 
ANALYSIS OF NANOPHOTONIC LINBO3  

 
Makram. A. Fakhri1,2, Y. Al-Douri1, Evan. T. Salim3, Uda. Hashim1, Yushamdan Yusof4, Ee Bee Choo4, Zaid T. 

Salim1 and Yaseen N. Jurn5 
1Institute of Nano Electronic Engineering, University Malaysia Perlis, Perlis, Malaysia 

2Laser and Optoelectronic department, University of Technology, Baghdad, Iraq 
3Laser science branch, University of Technology, Baghdad, Iraq  

4School of Physics, USM, Penang, Malaysia 
5School of Computer and Communication Engineering, University Malaysia Perlis, Perlis, Malaysia 

E-Mail: mokaram_76@yahoo.com  
 
ABSTRACT 

Lithium niobate (LiNbO3) nanostructures are prepared on n-silicon substrate by spin coating technique. The 
mixture was prepared with stirrer times; 8 h, 24 h and 48 h. They are characterized and analyzed by Atomic Force 
Microscopy (AFM) and X-ray diffraction (XRD). The measurements show that as stirrer time increases, the structures start 
to crystallize to become more regular distribution, which helps to use in optical waveguide and other optoelectronics 
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INTRODUCTION 

Lithium Niobate (LN) is a very important optical 
material which is widely used by the Photonics industry, 
mainly due to its excellent electro/acousto-optical 
properties (E. Marenna and C.Aruta, 2009)( Makram A. 
Fakhri, Y. Al-Douri, 2015). Lithium niobate (LiNbO3) is 
an important ferroelectric material because of its excellent 
piezoelectric, electrooptical, pyroelectrical and photo-
refractive properties (M. Aufray and S. Menuel, 2009). It 
is a widely used as polar material for Photonic 
applications (Ch. Fan and B. Poumellec, 2012), in 
addition, its employed in nonlinear optics for frequency 
conversion and in telecommunication for electro-optic 
modulation (L. Cao and A. Aboketaf, 2014). It is a very 
attractive material for the fabrication of optical waveguide 
devices (J. Li, Dan-feng Lu, 2014). Recently for optical 
devices due to their mechanical robustness, good 
availability, optical homogeneity (P. Galinettoa and M. 
Marinonea, 2007), integrated optics with lasers, 
modulators (W-K. Kim and S-W. Kwon, 2009), and 
filters on a single LiNbO3 wafer (J. Guo,  and J. Zhu, 
2013) are especially promising. Thin films of 
nanophotonic  LiNbO3 have been studied for use in an 
integrated form with unique pyroelectric, piezoelectric (H. 
Chen,  and T. Lv,2013), and nonlinear optical properties, 
which would make it an ideal material for the fabrication 
of surface acoustic wave (SAW) (H.K. Lam and J.Y. Dai, 
2004), Optoelectronic and optical devices (T. Zhang and 
B. Wang, 2004), (Makram A. Fakhri, Y. Al-Douri, 2015).  

LiNbO3 Photonic crystal was prepared using 
various experimental techniques such as sputtering (V. 
Iyevlev and   A. Kostyuchenko, 2011), liquid phase 
epitaxial (LPE) (Yi Lu and Peter Dekker , 2009), metal 
organic chemical vapor deposition (MOCVD) (Y. 
Akiyama and K. Shitanaka, 2007), soft- chemistry (M. 
Nyman and T. M Anderson, 2009), hydrothermal methods 
R. Ageba and Y. Kadota, 2010), and pulsed laser 
deposition (PLD) (Y-J. Kang and S-Y.Jeong, 2006). 

This paper reports on the production of LiNbO3 
nano and micro photonic crystal by utilizing the Pechini 
route (Sol-gel). The phase evolution with the molarities 
concentration was also studied by using XRD because it is 
the important part of our work and application on Optical 
waveguides from thin film nanoparticals LiNbO3 nano 
and micro photonics   
 
EXPERIMANTAL PROCESS 

The preparation procedure for LiNbO3 films by 
using Nb2O5 (ultra-purity, 99.99%), and citric acid (CA.) 
are used without further purification. The solution is 
prepared by mixing Li2CO3, Nb2O5, citric acid and 
Ethylene Glycol. The molar ratio between Li2Co3 and 
Nb2O5 was 1:1 in order to maximize the formation of 
LiNbO3 stoichiometry phase. Firstly, the LiCo3, Nb2O5, 
and citric acid were dissolved in Ethylene Glycol with 
heating and stirring at 90 oC for (8 h, 24 h, 48 h) hours, 
then mixed all  together, with continued  heating and 
stirring at the 90 oC  for (8 h , 24 h, 48 h ) hour. To obtain 
homogeneous and crack-free films of LiNbO3, the 
precursor was deposited by spin coating technique on 
silicon substrates at a spinning speed of 3000 rpm for 30 
sac. Seven layers were prepared, the film was dried at 120 
oC for 5 min and calcined at 250 oC for 30 min in static air 
and oxygen atmosphere to remove the organics then it 
was annealing at 500 oC.  
 
RESULTS AND DISCUSSION 
 
Structural properties 

      The XRD of LiNbO3 nanostructures 
deposited on Si substrates grown by a sol–gel method is 
shown in Figure-1. The crystalline structure of LiNbO3 
nano and micro structures is found to have hexagonal 
structure. It is observed from Figure. 1 that the peaks at 2θ 
= 23.634, 32.637, 34.674, 48.355, 53.106, and 55.879 
correspond to (012), (104), (110), (024), (116) and (122) 
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planes. So, the crystalline structure will be more 
crystalline and more purity for LiNbO3 with increasing 
the stirrer time as shown in Figure-1. The measured 
structural properties of LiNbO3 nanostructures are listed 
in Table-1. Crystallite size (D) was calculated using 
Scherrer’s formula (A.S. Ibraheam , Y. Al-Douri, 2015). 
 

                                                     (1) 
 

Where K is a constant taken to be 0.94, λ is the 
wavelength of X-ray used (λ = 1.54 Å), β is the full width 
at half maximum of XRD pattern and θ is Bragg’s angle, 
around 26.41o. 

In addition, the dislocation density (δ) and strain 
(ε) of LiNbO3 nanostructures were determined using the 
following relations (Makram A. Fakhri, Y. Al-Douri, 
2015). 
 

        (2) 
 

       (3) 
 

The interplanar distance (d) is calculated for all 
set of LiNbO3 nanostructures using Bragg’s formula 
(Makram A. Fakhri, Y. Al-Douri, 2015). 
 

       (4) 
 

Where h is a different value because we have a 
hexagonal Crystal system then the lattice parameters a and 
c were calculated by using hexagonal Miller indices 
equation. Figure-1 shows the XRD pattern obtained from 
LiNbO3 thin films deposited on N-type Si substrates. All 
the reflection peaks could be indexed to the hexagonal 
structure with lattes parameters a = 5.145, c= 13.858, 

which were very close to the reported data in the A.Z. 
Simo˜es et al(A.Z. Simo˜esa and M.A. Zaghete , 2004). 
The thin film was a polycrystalline structure after 
annealing at 500 oC for 2 h in static air, tow phase of 
Lithium niobate could be recognized, it is Δ and δ phases. 
We find a preferred phase that’s who Δ phase was 
observed .However. And in the performed phase have a 
performed orientation that who 012.  The XRD clearly 
indicates the presence of a small amount of secondary Li 
deficient phase (LiNb3O8) at all of molarities 
concentrations’. This phase is originated from an interface 
reaction between the Oxygen and LiNbO3 then this  phase 
could be detected by XRD is due to its high crystallization 
temperature and already this phase will be decrees 
detection with increase the time of stirrer because the 
increased hours of mixing increases the possibility for 
total interaction between the chemicals and thus improves 
the purity of the final solvent mixture, and is found  at 
peaks 2θ = 24.407 and 30.262  correspond to (400) and  
(410)  planes at higher stirrer time ,and more than one 
peak its  35.981 at (212) plane at lower stirrer time , this is 
attributed to annealing effect in static air and oxygen 
atmosphere and total interaction between the chemicals, 
There is no impurities like Nb2O5, were detected in high 
stirrer time Because the increased hours of mixing 
increases the possibility for total interaction between the 
chemicals and thus improves the purity of the final solvent 
mixture, but in low of stirrer time we find in results a 
Nb2O5 is shown at peaks 2θ = 24.433 and 31.623 
correspond to (-105) and (014) planes,  the planes for 
using the Nb2O5 was shown  as a raw material any way 
they not effect on our structure because it’s a minority . 
The measured lattice constants have showed good 
accordance with experimental values as given in Table-1. 
 

 

 
 

Figure-1. XRD patterns of LiNbO3 nanostructures with different stirrer time. (a) 8 h , (b) 24 h , and (c) 48 h. 
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Table-1. Structural parameters of LiNbO3 nanostructures at different stirrer times. 
 

 
 
Morphological studies 

The grain size and root meant square could be 
affected by molarity concentration. Figure-2 shows AFM 
images of the LiNbO3 nanostructures with a uniform 
density surface and exhibits a decrease in grain size with 
increasing the stirrer time. The surface topography of 
LiNbO3 nanostructures as observed from the AFM 
micrographs proves that the grains are uniformly 
distributed within the scanning area (5 μm x 5 μm), with 
individual columnar grains extending upwards. This 
surface characteristic is important from the topographic 

images that found at 48 hours to be uniform, smooth and 
homogeneous than others. 

In association with the increase of the average 
diameter of grain size from 18.53 to 92.64 nm, large grains 
appear on the proportion of solvent Figure-2(a). On the 
other hand, we note that the surface roughness increases 
with stirrer time because of the lack of solubility, so the 
roughness are ranging between 5.5-20.9nm. 
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Figure-2.  AFM images of LiNbO3 nanostructures with different stirrer time. (a) 8 h , (b) 24 h, and (c) 48 h. 
 
CONCLUSIONS 

The LiNbO3 nanostructures have been chemically 
prepared by spin-coating technique. SEM explains the 
samples will be smoother and better distribution with 
increasing the time of mixing. Based on XRD results, the 
LiNbO3 nanostructures have polycrystalline in nature. The 
intensity is (780) peak showed at orientation (012) at 2θ = 
23.634, a significant increasing as the spin coating speed 
at 3000 rpm. As expected, the structure is more crystalline 
as the time of stirrer increases. Also, AFM shows diameter 
of gain size (from 19.6 to 95.3) nm, and roughness ranging 
between 5-20 nm. Then from this results can used the 
optimum conditions (48 h) stirring time for the optical 
waveguide application. 
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