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 Lithium niobate (LiNbO3) nano and micro structures are deposit on glass substrate by 

sol-gel method. The nanostructures are deposited by spin coating at 3000 rpm for 30 

sec and annealed at 400, 500, 600, 700 oC respectively. They are characterized and 
analyzed by Atomic Force Microscopy and Ultre-Violet visible. The measurements 

results show that at increasing of molarity concentration, the structures start to 

crystallize to become more regular distribution 
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INTRODUCTION 
 

 Lithium niobate (LiNbO3) is an important 

ferroelectric materialand it has become a very 

attractive material for integrated optical 

applications because of its excellent piezoelectrical, 

electrooptical, pyroelectrical, photo-refractive 

properties, acousto-optical and nonlinear optical 

devices properties (S. Grilli,2006), (E. 

Marenna et al., 2009). Lithium niobate 

(LiNbO3) is a widely used polar material for 

photonic applications (P. Kumar et al.,2010), (Jian 

Zhang, and Xinping Zhang, 2014). It is 

employed in nonlinear optics for frequency 

conversion and in telecommunication for electro-

optic modulation (Liang Cao et al. 2014), 

(Hongyun Chen et al, 2013). It is a very attractive 

material for the fabrication of optical wave-guide 

devices (Pranabendu Ganguly et al., 2012), (Abd 

El–Naser A et al., 2011). From experimental 

estimation, a direct and indirect energy band gap of 

LiNbO3 is reported to be in the range of 3.5 - 4.7 

eV basing on LiNb3) concentrations. These 

changes are attributed to several parameters like 

grain size, composition and defects (S. Mamoun 

et al., 2013), (C. Thierfelder at al., 2010), (A. 

Tumuluri et al., 2014). There are a lot of work 

has been devoted to fabricate LiNbO3 thin films,by 

various experimental techniques like sputtering (O. 

P. Nautiyal and S. C. Bhatt, 2011) sol-gel process 

(L. H. Wang et al.,2007), liquid phase epitaxy 

(LPE) (k. peithmann et al., 2006), metal 

organic chemical vapor deposition (MOCVD) 

(Kazumi Kato et al., 2009), soft- chemistry 

(Maëlenn Aufray et al., 2009), hydrothermal 

methods (Gaku Isobe et al., 2011), and pulsed 

laser deposition (PLD) (Xinchang Wang et al, 

2013). LiNbO3 is a widely used polar 

material for photonic applications (X. 

Wang,2005), (P.Ganguly, 2012). It is employed 

in nonlinear optics for frequency conversion, 

telecommunication for electro-optic modulation 

(H. Lu et al., 2012) and fabrication of optical 

wave-guide devices (Abd El–Naser A et al. 2011), 

(K. S. Kaur et al, 2011) and Surface acoustic 

wave device (SAW) (H.K. Lam et al., 2004). 

LiNbO3 waveguides are already widely used in 

many functional electro-optic and acoustooptic 

devices (H. Chen et al. 2013) Waveguide 

structures are essential for many integrated-optic 

devices. 

 This work reports the preparation of LiNbO3 

nanostructures by utilizing the spin-coating 

technique. The characterization and analysis have 

been elaborated as a function of molarity 

concentration. The refractive index is the main 

work on optical waveguides for LiNbO3 because 

of refraction coefficients between the base and 

deposit samples will ensures access to total internal 

reflection that give us better realizing of optical 
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waveguide. The refractive index is measured and 

calculated to fit best application of optical 

waveguide , then we prepared the thin film and 

enhanced it to get a high quality film have an 

optical properties exactly like single crystal 

LiNbO3 wafers . 

 

Experiment process: 
 The preparation procedure for LiNbO3 films 

by using Nb2O5 (ultra-purity, 99.99%), and 

cetric 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 C for 48 

hours, then mixed all together with continue 

heating and stirring at 90 C for 48 hour. To 

obtain homogeneous and crack-free films of 

LiNbO3,the precursor were deposited by spin 

coating technique on glass substrates at a spinning 

speed of 3000 rpm for 30 sac. Seven layers were 

prepared, the film was dried at 120 
o

C for 5 min 

and calcined at 2500 
o

C for 30 min in static air 

and oxygen atmosphere to remove the organics 

then it was annealing at 400, 500, 600, 700 
o

C 

respectively . The thickness of the annealed samples 

was studied using Scanning Optical Reflectometer 

model (Filmetrics F20, China). The Atmoic Force 

Microscopy (AFM) (SPM-9600, Scanning Probe 

Microscope, Shimadzu, Japan) for investigating 

the roughness of LiNbO3. The optical properties 

were investigated using the double-beam Ultr-

Violet (UV-vis) spectrophotometer (Shimadzu UV-

Vis 1800, Japan) 

 

RESULTS AND DISCUSSION 

 

Morphological studies: 
 The grain size and root meant square could be 

affected by Annealing temperatures. Figure 1 

shows AFM images of the LiNbO3 nanostructures 

with a uniform dense surface and exhibits a 

increase in grain size with increasing the annealing 

temperatures. 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 500 
o

C 

to be uniform, smooth and homogeneous than 

others.  

 In association with the increase of the average 

diameter of grain size from 64.327 to 167.539 nm, 

Small grains appear on the lower annealing 

temperature (Fig. 1a). On the other hand, we note 

that the surface roughness decrease with annealing 

temperature increases because of the particles be 

increased results effects of temperature on it , 

so they roughness is ranging between 10.6-16.0 

nm. 

 The thickness was determined using an optical 

reflectometer. In the same time, the thickness of 

film decrees with increasing the annealing 

temperatures, which leads to increase the 

deposition process and number of atoms as shown 

in Fig.2. The increasing of is followed by  

increasing of the annealing temperatures affect 

positively on the size of grain that guide to 

tarnished the surface to become more smooth. 

 

 
 

Fig. 1: AFM images of LiNbO nanostructures at different annealing temperature (a) 400 
o

C , (b) 500 
o

C, (c) 

         600 
o

C and (d) 700 
o

C. 
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Fig. 2: Thickness of LiNbO3 nanostructures at room temperature. 

 

 

Optical properties: 
 The transmission spectra of LiNbO3 

nanostructures at different annealing temperature 

is shown in Fig. 3a, it was found that the 

transmission increase as annealing temperature 

increases due to increasing the grain size and 

decreasing in structure thickness. These values of 

transmission are about 89.25 – 95.99% with 

annealing temperature (400 700) 
o

C. The 

deposited samples were white to brown in color 

and show high transmittance; this is due to 

excessive LiNbO3 atoms in the structure (I.-K. 

Jeong et al., 2011). The high value of 

transmittance is attributed to these excessive 

(LiNbO3) ions existing at interstitial sites that 

probably transparent for light. 

 

 
 

Fig. 3a: Transmission spectra of LiNbO3 nanostructures in different molar concentrations. 

 

 The wide direct band gap makes LiNbO3 

good material for potential applications in 

optoelectronic and photonic devices such as 

multilayer dielectric filters, optical waveguides, 

SAW and solar cell due to decreasing the window 

absorption loses and that will improves the short 

circuit current of the cell. The energy band gap 

(Eg) is found by plot (αhv)
2 

vs hν as shown in 

Fig. 3b, as given in Table 2 with good accordance 

with experimental value (E.T. Salim et al., 2014) 

 
Table 1: The energy band gaps, refractive index and optical dielectric constant correspond to moalrity concentration of LiNbO3    

          nanostructures. 

Annealing temperature 

 

Eg (eV) 

 

Eg (eV) Exp (N.S.L.S. 

Vasconcelos 

et al .,2003) 

n 

 

n Exp (David E. Zelmon 

and D. L. Small , 1997) 
 

T% 

 

Grean size (nm) 

 

400 4.2 

2.66 - 4.22 eV 

 

2.43 

2.4272 

89.26 64.327 

500 4 2.47 92.33 88.912 

600 3.85 2.52 94.23 102.714 

700 3.6 2.54 95.99 167.539 
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Fig. 2b: Energy band gap of LiNbO3 nanostructures in different molar concentrations. 

 
 The optical reflectance (R%) of LiNbO3 
nanostructures was measured using double-beam 
UV-vis and it can be calculated from the absorption 
and the transmittance spectrum using the relation; 
R+T+A = 1. Figure 3c shows the reflectance of 
LiNbO3 nanostructures in the wavelength range 

250-800 nm at room temperature. 
 The refractive index (n) was determined from 
a transmittance spectrum as a function of the 
wavelength in the range 250-700 nm. The n 
can be determined from the transmission 
spectrum. There is a decreasing in the refractive 
index in the visible range; it was estimated 2.43 – 

2.54 at 330 nm as shown in Fig. 3d and given in 
Table 2. The refractive index changes slightly and 
steadily after 330 nm to 800 nm (T.GHOSH et 
al., 2012), (D.L. Zhang et al. ,2014) as given in 
Table 2. We can notice from that the refractive 
index increases as annealing temperature 
increases. This behavior may be attributed to 
increasing of grain size and decreasing of thickness 
as a result of the annealing temperature. All the 
highest values of refractive index is a suitable for 
optical waveguide. 

 

 
 

Fig. 3c: Reflection spectra of LiNbO3 nanostructures in different molar concentrations.  

  

 
 

Fig. 3d: Refractive index of LiNbO3 nanostructures in different molar concentration. 

 

 
Fig. 3e: Refractive index with concentration of LiNbO3 nanostructures in different annealing temperature 
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 Figre 3e shows the relationship between n 

and the molality concentration that justifies the 

direct correlation between n and M to big grain size 

affects directly on the refractive index. 

 

Conclusion: 
 The LiNbO3 nanostructures have been 

chemically prepared by spin-coating technique. 

AFM shows diameter of gain size (from 64 to 167) 

nm, and roughness ranging between 10.6-16.0 nm. 

Optical properties give high values of 

transmission that is about 89 - 96% and the 

measured energy band gaps are 3.6, 3.85, 4, 

4.2 eV, We found an approximate match 

between the energy band gap in the values 

calculated using the transmission. Refractive 

index is determined from the transmission 

spectrum and found that the highest value is an 

appropriate for optical waveguide. 
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