
International Journal of Engineering Science Invention (IJESI) 

ISSN (Online): 2319 – 6734, ISSN (Print): 2319 – 6726 

www.ijesi.org ||Volume 7 Issue 2 Ver. V || February 2018 || PP. 26-29 

www.ijesi.org                                                                         26 | Page 

Fabrication and Characterization of Y Doped Zno Thin Films 
 

Deepak Chaudhary
1 
,Tarun Kumar

2
 And  

 
Dr. Amit Kumar

3 

Ph.D Scholar, Department of Physics,SRU Alwar(Raj.),India
1
 

Lectuture , Department of Physics,Government Polytechnic,Sutawali,Amroha(UP),India
2
 

Professor, Department of Physics ,IET  Alwar,(Raj.),India
3
 

Corresponding Author: Deepak Chaudhary 

 

ABSTRACT: no thin films were deposited on glass substrates at different Zinc concentration and their effects 

on structural properties were investigated. Zinc acetate dehydrate was used as the solvent. The molar ratio of 

Monoethanolamine to Zinc acetate was maintained as 1. The crystal structure and orientation of the films were 

analyzed by XRD. The XRD patterns show that the ZnO films are polycrystalline with wurtzite hexagonal 

structure. The film with 0.5 m/l concentration has the better crystallinity. The thickness of the films was 

determined by thickness Profilometer. The surface morphology of the films was observed by Scanning electron 

microscope. The SEM images show that they are homogeneous, continuous and spindle like shape.  
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I. Introduction 

Zinc oxide (ZnO) is one of the II-VI oxide semiconductors with hexagonal wurtzite structure. It is an 

attractive candidate instead of GaN for short wavelength optoelectronic devices because of its wide band gap 

(Eg= 3.37 eV) and high exciton binding energy (60 MeV). In addition, ZnO can be extensively studied in 

surface acoustic wave devices, non-linear optical devices and photovoltaic equipment[1]. 

ZnO thin films were fabricated, using the spray pyrolysis method, on glass substrates at different 

temperatures deposition varying from 350 to 550°C. SEM analysis revealed that the surface morphology of the 

so-obtained films is uniform and evolves with the substrate temperature during the growth. Mainly, the grain 

size increases and the surface of the films become rougher with the increase of the substrate temperature to 550 

°C. The optical properties were discussed from the effect of substrate temperature[4]. All ZnO films show a 

high average transmittance above 80% in the visible range of the optical spectrum. The optical band gap value 

of the films increases when substrate temperature increases, attributed to the decrease of the disorder in the 

material[8]. For all samples, the photoluminescence emission spectra shows a narrow and sharp peak around 

383nm, assigned to the exciton recombination, and a broad band emission in the visible range, attributed to 

defects forming deep energy levels in the band gap. The intensity of the UV peaks of ZnO thin film increased 

whereas the visible emission decreased with the increase of the substrate temperature in the growth process. 

This phenomenon corroborates the highest quality of the ZnO thin film achieve when the film is prepared at an 

optimized temperature equal to 550 °C . 

Crystal structure of Zinc oxide[2] . 

Zinc oxide naturally crystallizes in Wurtzite structure which belong to the space groupP63mc. The 

Wurtzite structure is a hexagonal lattice in which each Zn2+ ion is tetrahedrally bonded to four O2- ions and 

vice–versa; this is shown in below figure. In this structure the Zn terminated face (0001) and O terminated face 

(0001) are the polar faces while the non-polar faces are (1120) and (1010) which contain equal number of Zinc 

and Oxygen atoms. The plane perpendiculars to the c-axis are called basal planes. Thus there is a polar 

symmetry along the hexagonal axis[11]. This gives rise topie zoelectricity in ZnO and also plays key role in its 

crystal growth. The tetrahedral coordination of ZnO indicates the presence of sp3 hybridized covalent bonding, 

but the strong ionic character of the Zn-O bond, makes ZnO behave like both  covalent and ionic compound. 

The lattice parameters of hexagonal unit cell area = 3.2495Å and c = 5.2069Å [7]. 
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Figure1: Basic structure of ZnO 

 

II. Experimental 

Further structural analysis of ZnO films grown on graphene layers was performed using TEM. A cross-

sectional TEM image of epitaxial ZnO films grown on graphene layers, which was taken near the 11̄00 zone 

axis with g=112̄0. Although this two-beam dark field (DF) image clearly shows edge-type threading 

dislocations within ZnO films, similar to those of the ZnO layers grown on single crystalline sapphire 

substrates,16,17 the ZnO films have no significant microstructural defects, such as voids or cracks. Furthermore, 

the corresponding selective area electron diffraction (SAED) pattern exhibited a regular spot array, indicating 

the ZnO films were single crystalline at the measured area of 800 nm in diameter [13]. 

Because the deep-level emission is usually ascribed to oxygen vacancy defects, a weak deep-level 

emission signifies the high crystalline quality of the ZnO film. X-ray diffraction (XRD) relies on the dual 

wave/particle nature of X-rays to obtain information about the structure of crystalline materials. A primary use 

of the technique is the identification and characterization of compounds based on their diffraction pattern[17]. 

The dominant effect that occurs when an incident beam of monochromatic X-rays interacts with a 

target material is scattering of those X-rays from atoms within the target material. In materials with regular 

structure (i.e. crystalline), the scattered X-rays undergo constructive and destructive interference. This is the 

process of diffraction. The diffraction of X-rays by crystals is described by Bragg’s Law, n(lambda) = 2d 

sin(theta)[14]. The directions of possible diffractions depend on the size and shape of the unit cell of the 

material. The intensities of the diffracted waves depend on the kind and arrangement of atoms in the crystal 

structure. However, most materials are not single crystals, but are composed of many tiny crystallites in all 

possible orientations called a polycrystalline aggregate or powder. When a powder with randomly oriented 

crystallites is placed in an X-ray beam, the beam will see all possible interatomic planes. If the experimental 

angle is systematically changed, all possible diffraction peaks from the powder will be detected[15]. 

 

III. Results  And Dissustion 

(i) SEM results of Y doped ZnO thin films  
FE-SEM images of the surface and cross-section of yttrium-doped ZnO thin films prepared during 

thefirst post-heat treatment with different doping concentrations. It is found that the Y doping concentration has 

a significant in fluency on the surface morphology of the ZnO thin films. The pure ZnO thin film (a) is 

composed of close-packed an oparticles, arrayed regularly on the substrate with a narrow distribution of grain 

sizes. For the doped ZnO thin film, some agglomerated grains and a porous structure were observed; moreover, 

the similar morphology was more obvious with increasing yttrium doping concentration. This may be due to the 

formation of stresses by the difference in the ionize between zinc and yttrium. Columnar ZnO crystals, which 

grew together between layers and layers and formed a seriatewhole, and the film’s thickness of about 300 nm 

were observed in the cross-section image of the film ( f ) show in Figure2 . 
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Figure2: FE-SEM images of the surface and cross-section of yttrium-doped ZnO thin films prepared 

during the first post-heat treatment with different doping concentrations 

 

(ii) XRD results of Y doped ZnO thin films 
XRD patterns of the pure and yttrium-doped ZnO thin films with the first post-heat treatment. The inset 

shows the values of the lattice constant c of the samples at different doping concentrations. The unit of the 

lattice constant c is Angstrom. Figure(3)  shows XRD patterns of the pure and doped ZnO thin films prepared 

during the first post-heat treatment with different yttrium concentrations (0.5, 1, 3 and 5 at%) on glass 

substrates. All the ZnO thin films exhibit the preferred(0 0 2) orientation. This indicates that the c-axis of the 

grains becomes uniformly perpendicular to the substrate surface, suggesting that the surface energy of the (0 0 

2) plane is the lowest in ZnO crystal [16]. No yttrium oxide phases were observed, which means that some Y3+ 

ions would uniformly substitute into the Zn2+ sites or interstitial sites in the ZnO lattice. The peak intensities of 

those films decreased with increasing doping concentrations, which indicates that an increase in doping 

concentrations deteriorates the crystalline of films. In addition, compared with the pure ZnO thin film, 

increasing yttrium concentrations caused the position shift ofthe doped ZnO thin films’ (0 0 2) peak to lower 

diffraction angles. Correspondingly, the c-axis lattice constants of the thin films increased from 5.205 to 5.247 

Å with increasing yttrium concentration, as shown in the inset of figure 3. This may be due to the fact that the 

ionic radius Y3+ (0.89 Å) is larger than that of Zn2+ (0.74 Å). The variation of the c-axis lattice constant further 

suggests that Y3+ ions replace the Zn2+lattice sites or interstitial sites in the films. 
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Figure3: XRD results of Y doped ZnO thin films 

 

IV. Conclusion 

ZnO thin films were prepared with different Zinc concentration and their effects on structural, 

morphology and optical properties were studied. The XRD results show that the films are polycrystalline 

wurtzite hexagonal structure and have no preferred orientation. The film with0.5 m/l concentration has 

minimum value of strain and has larger particle size compared to other concentrations Zinc oxide is one of the 

most important n-type semi-conductor intensively utilized in solar cells, transparent conducting electrodes and 

opto-electronic devices.  
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