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ABSTRACT





	



	


Analysis of the effect of the varied aluminum doping concentration and annealing at varied temperature on the morphological and structural properties of  as- deposited and aluminum  doped ZnO thin films using Chemical bath deposition technique has been carried out in this  work, whereby the concentration of the aluminum was varied from 0.1M, .2M  to 0.3M after which they were subsequently annealed at the temperatures of 100oC, 150oC to 200oC. The morphological and structural properties were  characterized using XRD and SEM, while other parameters were deduced from the theoretical equations and from  the result, it is observed that there is a glaring  effect of the variation of concentration of aluminum doping and  varied annealing temperature on the properties of the thin film as revealed by the morphological surface structure, grain size, lattice parameters  such as crystallites size, micro strain, intermolecular spacing, dislocation density, lattice constants as obtained at preferred plane (101) and at the same diffraction angle. . Just as depicted by the X-ray pattern characteristics.





	



	














	INTRODUCTION





The applications of oxide based nanomaterial in optoelectronics and solar energy harnessing has rejuvenated interest and focus on the study of ZnO thin film which is one of the oxide based nanomaterial due to its response to modifications when it is doped with group two elements such as aluminium, copper etc. Also a study has also been carried out on how the properties of these material are affected when they are subjected to annealing at various temperature.[1-2], after having carried out work on the influence of deposition technique on their properties.  This thin film material, AlZnO being a group   II−VI compound properties semiconductor with a hexagonal wurtzite crystal lattice structure [3-4] is found to be a better replacement for Indium tin oxide which is widely used as a transparent conducting oxide TCO because it is more abundant and non-toxic in nature. The structural properties [5] made it amenable to adaptability to so many applications as it can be tailored various applications by doping / annealing at various temperature because effect of doping and annealing on the   properties [6-10] invariably influences optical and solid state [11-12] which are the major determinant of energy band gap. Generally, zinc oxide (AlZnO) thin films is an inexpensive n-type semiconductor having large and direct band gap of about 3.3 eV and is one of the most potential materials for used as a TCO/perovskite oxide nanocrystal with good electrical and optical properties coupled with its abundance in nature and the ability to deposit these films at relatively low substrate temperatures using a simple technique, CBD.

However, as it clear that pure  ZnO thin films are not stable against corrosive environment as adsorption of dioxygen in the films decreases the electrical conductivity and also modifies the surface morphology, then the films become more stable by doping it with trivalent metal cations  especially with aluminium  Al doped ZnO [14-16] which is also  cheap, more abundant, non-toxic and has good stability in hydrogen plasma  can be used to influence the properties of the material  including optical and electrical property   apart from the aforementioned above, which in addition can be improved  upon or modified by controlling their doping concentrations [17-19] both of which creates a  criteria that critically  lead in achieving functionalization and tenability of the material devices. Therefore, it is useful to investigate the correlation between morphological and structural properties of Al-doped ZnO films and the concentration of Al doping and annealing in the enhancement [20-24] of the applications of the material as these also affected the band gap as well. In such type of materials whose band gap is reasonable for use in optoelectronics, apart from the dependence of band gap on the electronegativity of the constituent atoms in the lattice of the crystal plays a role, it is also found  that the microscopic inter-atomic spacing and the macroscopic differences of electronegativity of the component atoms contribute on  the optical properties  and solid state  properties of materials such as  the refractive index plays which also plays an important role in choosing the materials for the optical application purpose. parameters can be calculated like optical conductivity, real and imaginary parts of the complex dielectric constant which helps to design and frame new material devices. Numerous techniques have already been used to deposit both doped and undoped ZnO thin films on different substrate including spray pyrolysis, organ metallic chemical vapour deposition  pulsed laser deposition, sputtering and sol-gel process, SILAR, low pressure process  Among these, Chemical bath deposition, (CBD) which  is relatively chemical vapour deposition, spray pyrolysis Pulse laser ,radio frequency magnetron sputtering, chemical spray etc.[25-31] deposition but less expensive deposition mechanism  and also the one  being accredited with several advantages, such as deposition of high purity, homogeneous, large-area films  and at the same time being achieved at relatively low temperature is being  opted  for use in  doping  ZnO with Al and anneal  it in order to ascertain how the modification of  its properties based on the Al dopant and annealing could affect its properties for the applications  we used  Chemical Bath Deposition, (CBD) technique which seems , proves  to be simpler, reproducible and inexpensive as compared to other growth techniques to develop our material and carry out our study on the influence of  aluminum doping and annealing on morphological and  solid state properties on  AlZnO thin film. 





2. MATERIAL /METHOD







Prior to the deposition, the slides were first washed with water and detergent, further washing was done with acetone and after 30 minutes with ethanol, this is to remove the oily surface from the substrates. The substrates were thoroughly rinsed with distilled water and then dried using ambient temperature before use. The degreased, cleaned surface has the advantage of providing nucleation centers for the growth of the films, hence yielding highly adhesive and uniformly deposited films.




The substrates were dipped vertically into the center of the reaction baths in such a way that they do not touch the bottom or walls of the bath containers. Different concentrations of Al were used to dope ZnO and in each case the substrates were heated in the bath for 2hours at 70oC to allow the film to deposit on the glass slides. 




 Preparation of ZnO thin films by CBD method is based on the heating of alkaline bath of zinc salt containing the substrates immersed in it. 0.1M of zinc sulphate` was used as a source of zinc, to make the solution alkaline, aqueous ammonia solution was added with constant stirring. Firstly, the solution became milky-turbid due to the formation of zinc hydroxide Zn (OH)2-. Further addition of excess ammonia dissolved the turbidity and made the solution clear and transparent. The pH value of the resultant solution was ~11.0. The substrates were immersed in the bath at room temperature and the bath was heated at a temperature of 343K for 2hours, heterogeneous reaction occurred and the deposition of ZnO took place on the substrates. The ZnO coated substrates were removed from the bath washed with distilled water, dried in air and preserved in an air-tight container. These procedure leads to deposition on undoped ZnO on the glass substrate.




In order to study the effect of doping and annealing on the structural and optical properties of Aluminum doped ZnO (ZnO:Al) thin film, three different concentrations of Al doped ZnO were prepare by adding (0.1M, 0.2M &0.3M) of Al to the starting material. After deposition, the films were washed in distilled water, dried in air and three of them were annealed at different temperatures while one was left un-annealed to serve as control.




 




2.1; Equation of Reaction.









ZnSO4.7H2O → Zn2+ +SO42- +7H2O                      (1)




C6H12N4+6H2O → 6HCH2+4NH3




NH3+H2O → NH4++OH-




2OH-+Zn2+→ZnO+H2O









Al (NO2)3.9H2O → Al3+ +3NO3-          (2)









ZnO+Al3+ →Al ZnO                                               (3)





2.2; Deduction 



All the structural values, the grain size, D, micro-strain,[image: img3.png], dislocation density,[image: img4.png]and intermolecular spacing,[image: img5.png] were deduced from the well-known mathematical as outlined in equations 4 to 8 below and the data presented in table 1 in the  result and discussion session 



[image: img6.png]                                                       (4)



Where D is the grain-size, λ is the wavelength of X-ray used, where (λ = 1.54184Å) gotten from the XRD data, β is the diffraction peak’s FWHM and ϴ is the Bragg’s diffraction angle. The estimated grain-size and some other structural data are presented in Table 1. The micro-strain of the films can be calculated using the equation. 



            [image: img7.png]                                             (5)



Where ɛ is the micro-strain, β is the diffraction peak, ϴ is the Bragg’s angle.

The dislocation density of the films was calculated using the equation below     

 

[image: img8.png]                                                          (6)



Where δ is the dislocation density and D is the grain-size as obtained from equation 4, the constants was also determined using the equation below



[image: img9.png]                                   (7)



Where (d) is the interlunar distance or lattice spacing, (h, k, l) are the miller indices, (a) and (c) are the lattice constants for the film structure. Inter planar spacing can be calculated from Bragg’s law 



as:     [image: img10.png]                                          (8)


 




2.3; Annealing









All the samples of the deposited thin films were annealed at temperature of 100oC, 150oC and 200oC for one hour in an oven. In order to ascertain how the morphology and the structures  of samples would be  affected when they are exposed to temperature higher than room temperature without damaging the features and also to investigate the effect of temperature on the morphological and structural properties of the films as whole.













  3. RESULT/ DISCUSSION
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Fig 1: SEM Image of pure ZnO annealed @ 100°C.   
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Fig 2: SEM Image of ZnO doped with 0.1M of Al and annealed @ 100°C.
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Fig 3: SEM Image of pure ZnO annealed @ 150°C.
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Fig 4: SEM Image of ZnO doped with 0.1M of Al and annealed @ 150°C.
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Fig 5: SEM Image of pure ZnO annealed @ 1500C
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Fig 6:  SEM Image of ZnO doped with 0.2M of Al and annealed @ 1500C
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Fig 7: SEM Image of ZnO annealed @ 150°C.
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Fig 8: SEM Image of ZnO doped with 0.3M of Al and annealed @ 150°C.
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Fig 9: SEM Image of ZnO doped with 0.2M of Al and annealed @ 150°C.





[image: img16.jpg]

Fig 10: SEM Image of ZnO doped with 0.3M of Al and annealed @ 150°C.
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Fig 11: SEM Image of pure ZnO annealed @ 200°C.
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Fig 12: SEM Image of ZnO doped with 0.1M of Al and annealed @ 200°C.
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Fig.13: X-ray diffraction (XRD) Pattern
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Fig.14: X-ray diffraction (XRD) Pattern
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Fig 15; EDX image for as-deposited and AlZnO Samples



 

Table 1: The Computed values of crystallites size, micro strain, intermolecular spacing, and dislocation density, lattice constants at preferred plane (101) and at the same diffraction angle.[image: img22.png] for all the cases studied.



	
S/N


	
2θ (o)


	
hkl


	
FWHM (β)


	
Lattice parameter, (nm)


	
d (nm)


	
D (nm)


	
δ (nm)−2


	
Ε


	
N 1018






	



	
A


	
c


	



	
1


	
20


	
(101)


	
0.49


	
5.80


	
9.48


	
4.44


	
3.000


	
0.333


	
0.1206


	
1.6843


	



	
2


	
20


	
(101)


	
0.41


	
5.80


	
9.48


	
4.44


	
3.589


	
0.279


	
0.1009


	
0.9837


	



	
3


	
20


	
(101)


	
0.38


	
5.80


	
9.48


	
4.44


	
3.873


	
0.258


	
0.0936


	
0.7828


	










Scanning electron microscopy (SEM) was carried out and the corresponding SEM micrographs are shown in Figure 1- 12. The SEM micrograph of as deposited thin film in fig1 reveals good smooth surface morphology as the film possesses uniform distribution of particles with no particulates on the surface for as-deposited case as the  shape of the particles on the surface of as deposited thin film is not  so visible a the magnification is very low but when ZnO thin film  is doped  and annealed  at various temperatures, the surface morphology of this thin films seems to be  affected  because the  grain size of morphology  become rough as compare to previous ones,  as observed. The micrograph that is the size of the grains become denser and larger and this is enhanced more as the annealing temperatures is increased. [32] This could be attributed to the effects of evaporation of absorbed water and reorganization of the grain, On the other, further increase in temperature up to 150°C, the effect of annealing temperature has appeared to be very interesting as the grain appears in form of  flower like structures is observed on the surface of  thin films morphology. These flowers like structures are not well separated from one another although some boundaries can be clearly seen in them. Finally, as the annealing temperature gets to temperature of 200°C, these flower like structures are very well separated from each other. Each flower like structure looks as a nucleation center for growth of structures that can be seen at the center of these flowers and the coarseness of the grain structure become very prominent. 

From  the above results, it is seen  from  the morphologies as obtained from SEM for the  all the cases considered  were  influenced by  the aluminum  and other doping element-[33-34] [22]concentration  and annealing on the  structure of the grain  size of the of the thin films  including the X-ray diffraction pattern.[33] These were affirmed by the computation of  the Computed values of crystallites size, micro strain, intermolecular spacing, and dislocation density, lattice constants at preferred plane (101) and at the same diffraction angle.[image: img22.png], as presented on the table 1 above because the lattice parameters varied with variation in dopant concentration and annealing at the same diffraction angle with the same preferred plane of orientation. From the observation, it is clear that the deposited thin film contains some impurities though the major constituent elements maintain higher percentage with other impurity elements having lower percentages and in minority.



4. CONCLUSION



Chemical Bath Technique has been used to deposit ZnO and AlZnO thin films effectively with concentrations of aluminum doping varied and the films annealed at various temperature. It was seen from the EDX result that there was contamination or impurities in deposited films samples for both as-deposited and aluminum doped as-deposited ZnO thin film aluminum doped ZnO. The evaluated and studied on the impact of aluminum doping on the structural and morphological properties of the deposited films as obtained from X-Ray Diffraction (XRD) and scanning electron microscopy (SEM) revealed that the morphology and the structure of the deposited films as analyzed hereby indicated that the morphological and structural properties of thin films are significantly influenced by the concentration of the dopant and annealing temperature. This was manifested in the variations in the structural properties as analyzed from the XRD analysis coupled with the computed parameters from the equations. For instance, there is variation in grain-size, grain boundary, dislocation density, micro-grain, lattice parameters and crystalline nature with the Aluminum doping concentration and annealing temperature  coupled with the with the  micrographical structure variations  as displayed in the morphology. Invariably, such effect on the structure and morphology on thin film could definitely affect other parameters of the materials such absorbance, transmittance and energy band gap which on the other hand can influence the applications of the materials to various areas in optoelectronics, solar cells etc and as such can be concluded that the properties of ZnO could be modified by Al dopant and annealing for device applications as outlined in the literature.
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