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Abstract: Zinc oxide (ZnO) thin films are deposited on glasbstrates by sol-gel method. A homogeneous
and stable solution is prepared by dissolving Zi#\the solution of monoethanolamine (MEA). The 8lm
after the deposition, are annealed in air at diffetemperatures.

The structural characteristics of the films and geware studied using X-ray diffractometer (XRD3h&er’'s
formula is used to calculate crystalline size adpgared films. Scanning electron microscopy (SEM)sed to
describe the surface morphology. Photoluminesc@Pte measurements are used to find the energy gapd

of the films. Optical Characteristics were studisthg Transmittance and Absorption Spectra. ThatreBows
that we are successful to fabricate ZnO films im@e and low cost method with high quality.
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I ntroduction

ZnO is a special characterized semiconductor wigmynpotential applications[1-4]. The tetrahedral
coordination indicates the covalent bonding of ZneO bond with a very strong ionic character. Zig€used
as conducting compounds in many opto electroniicéey(solar cells, gas sensors, varistors, and digfitting
diodes)5]. Thin films made of ZnO has a high transmitm@nd conductivity which are used in solar celld an
energy efficient window display. ZnO films are thexdly and chemically stable with an wide band g&y37
eV at RT) and large excitation energy (60 meV),cllis in the visible spectrum.

ZnO Films can be prepared by different methods lthemical vapor deposition, sol—gel, spray-
pyrolysis, molecular beam epitaxy, pulsed lasemd#jon, vacuum arc deposition, and magnetron spag.
The sol-gelprocess is a simple and less expensive method wiitbh coating can be obtained at room
temperature.[6] There are some factors that effeicrostructures and properties of thin films , suwh
concentration ,precursor, solvent the aging timsoddition, temperature and heat treatment etg] [7,

In present work we used sol- gel method to obtai@® Zilms and the studies have reported ZnO thin
films using monoethanolamine (MEA) as a complexaggnt. The thin film deposition was achieved bydipe
coating method is obtaining ZnO thin films. Theiogt and structural properties of the thin filmgrfed are
analyzed by UV and XRD analysis.

Experimental Procedure

The preparation of ZnO films by sol gel technique ¢he characterization methods are introduced. The
preparation of ZnO films consist of three steps
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Preparation of solution
Film coating
3. Heat treatment

The solution was prepared using Zinc acetate disdah 10 ml of isopropyl alcohol (99.7 % sigma-
aldrich, CHCHOHCH;) and 5 ml Monoethanolamine (MEA) solution at rommperature.

The concentration of Zinc Acetate (ZnAc) was 1 B3 M of MEA. MEA was added drop by drop.

The mixture was mixed well with stirrer at room fmature (30 C) until clear and transparent solution was
formed.

The substrates of glass were cleaned with Distiléater, NaOH and Acetone respectively. The
substrates were cleaned ultrasonically with dunatib15 min. Film deposition was carried out in @irroom
temperature. The dipping was done mechanically sotation. Each deposition time 5cm /minute 5 difise
deposited films were annealed at temperatures 8)00° C and 500 C.
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The samples were characterized by XRD, Morpholdgthe samples were examined by SEM and AFM.
Optical absorption was studied by UV — Vis AbsarptSpectrometer. PL and excitation spectra weresuaned
at room temperature.

Results and Discussion
Structural Analysis

The crystal structure of Zno Films were studiechgdhigh resolution X- Ray Diffraction technique.
The XRD pattern Zno films, annealed at differemhperature is shown in figure (1,2,3).The diffrantjpeaks
obtained for Zinc Oxide at 30@ are (100) ,(002), (101), (102), (110), (103} A)Lrespectively.

It was found that the quality of thin films prepdrey sol gel- dip coating process and crystallorati
was influenced by annealing temperature. The aiimt of crystallites is random which was clearidicated
by the several peaks obtained in XRD patterns lothal ZnO films. The XRD patterns were compared to
powder diffraction data of zincite (wurzite) stru (JCPDS) 36-1451 the XRD patterns of all thedil
indicates intensities for the peaks correspondingl©0) (002) (101) (102) (110) (103) (112) respecplanes
which indicates orientation along z-axis. The hgjhmeak (101) plane of all the tilus indicates, shreicture is
wurtzite. The intensities of the film increaseshwihe increase in annealing temperature whichdated by
the increasing FWHM values.
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Higher peak intensity is obtained due to anneatiegtment of the film. Increasing the annealing
temperature increases intensity and particle Jike.particle size were calculated and arel4nm, 28min34

nm for 300C, 400C and 500C respectively.

In order to attain the detailed structure informiatigrain size along z-axis was calculated by the
Scherrer formula

0.9
D= 1)
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where\ - wavelength of x-ray (0.154 x )
0 - Bragg angle of peaks
B - FWHM value
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Fig. 1. XRD pattern of ZnO thin films annealed at (a) 30@h) 400°C (c) 500°C

Fig. 22 SEM images of ZnO thin films annealed at (a) 30(5C400°C (c) 500°C

Figure 2 shows the surface morphology of ZnO thing annealed at different temperature. The SEM
image shows a uniform compact surface. The ZnOftlms are porous and the average crystallite eizihe
films is about 14-34 nm, which matches with XRDaditentified in that range. The crystallite sizergases
with increase in annealing temperature. The surédie thin film, annealed at 38D, contained some cracks
while no crack was observed after annealing af@pand 508C. The highest density thin film was achieved
after annealing at 560. As the annealing temperature of ZnO films insesafrom 308C to 500C, the

crystallite size is increased and the films becdemeser.

The grain boundary decreased with increasing diigstthon of thin films, and the electrical resisty
decreases with increase in crystallization anchéaitéon with increasing heat-treatment temperatOrg.results

are in good agreement with other worfgs.10, 11]
Optical Studies

The optical transmittance spectra of ZnO anneated08°C was shown in figure 3. The average
transmittance in the visible range was measurde tmpproximately 60%.
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Fig. 3: Transmittance spectra of ZnO thin Figure. 4: Optical absorption spectra of ZnO thin
films annealed at 400°C films annealed at 400°C

The optical properties of synthesized differentiged zinc oxide nanostructures were examined via
UV vis spectroscopy at room temperature was demateskinFig. 7. UV vis spectroscopy is the measurement
of the absorption of near and visible ultraviolght by using semiconductor zinc oxide nanostruegur

In our differently shaped nanostructures’ samplehsas needle, flowers composed with nanorods,
pencil and microparticles give an electronic traosiat a specific wavelength that is absorbedtaadntensity
of the absorption gives us an information aboutdletronic spectra of the sample. All the nanastmes
wavelength were found in the range of 358-360 nhickvis a characteristic peak of wurtzite hexagqtese
ZnO, demonstrating that the synthesized produetpare Zn(J12-14]. The obtained band gap from the room
temperature UVevis spectra is well matched withstamdard bulk Zn@12-14]. We found that the band gaps
(3.27 eV) of our synthesized nanostructures ang rear to the available band gap of bulk ZnO (28Y[12-
14]. Due to the presence of a broad peak in the adldifi/ vis spectra, one can conclude that the grém@
nanostructures exhibited good optical properties.
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Fig 5: Photoluminescence of ZnO thin films annealed mptratures (300°C, 400°C, 500°C)

Fig.5 shows the temperature dependence of the &dtrsim of a sol-gel ZnO film. The main peak was
positioned at 425 nm with a FWHM of 14 — 34 nm. Sdwwalues were comparable to those of the ZnO film
fabricated by laser ablation. [15, 16] No visibtaigsion bands related to defects of ZnO crystakvedaserved.
With the increase of annealing temperature thengity of the peak were found decreasing.
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Conclusion

In summary, nanocrystalline ZnO thin films on mixeopic glass substrate has been deposited with the
help of simple dip coating method. These thin fiWwesre annealed in different temperature (in agion of
300-500C. Obtained XRD pattern of ZnO thin fims has poysgtalline wurtzite structure with a (101)
orientation. Increasing annealing temperaturecia®ed the grain size of the thin film. The annedle@ thin
films are highly transparent in the visible regi@85nm) and have a sharp absorption edge in thavidtet
region. The optical band gap energy (Eg), of Zn@ titms were between 3.27 eV-3.34eV through U\dsts.
SEM analysis has given a completely different sigrfenorphology for different annealed ZnO thin filmBL
studies proved that increase in annealing temperalecreases the intensity of the peak. Thesetsesuggest
that the nano-crystalline ZnO thin films preparedthis sol-gel process have good c-axis orientatiod
optical properties.
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