J. Mater. Environ. Sci. 3 (3) (2012) 585-590 Djouadi et al.
ISSN : 2028-2508
CODEN: JMESCN

Amplification of the UV Emission of ZnO: Al Thin Films
Prepared by Sol-Gel M ethod

D. Djouadi*, A. Chelouche, A. Aksas

Laboratoire de Génie de I'Environnement, Route dey@ Ouzemour, University of Bejaia, Algeria

Received 31 Dec 2011, Revised 30 Jan 2012, accéptEdb 2012.
*Corresponding author: Emaiiameldjouadi@yahoo.fiTel. +213772 38 01 62

Abstract

Pure ZnO and Al doped ZnO (1%) thin films werepam@d by sol-gel process using zinc acetate, ethano
diethanolamine (DEA) and aluminum nitrate, respedyi, as precursor, solvent, catalyst and sourcief
doping element. The films deposition was carriedaduoom temperature by dip-coating technique lasgy
substrates. The obtained samples were dried at 20f@r 40 min and then annealed at 500 ° C for lum.
The X-ray diffractometry (XRD), scanning electroricroscopy (SEM), transmittance spectrophotometry
and luminescence spectroscopy (PL) were used éosdmples characterization. XRD results showed tha
ZnO nanocrystallites phase had a wurtzite structute a preferred orientation along c-axis. The SEM
micrographs revealed a homogeneous ZnO cristallitigpersion within the layer. The optical transamice
spectra showed that the Al presence improves theabpransmittance in the visible. The room tengpere

UV photoluminescence revealed that the ZnO: Al (E¥h)ssion intensity is three times greater thah dha
pure ZnO. In addition, the Al doped ZnO emissiosh#ted to larger energies of 0.2 eV relativehattof
pure ZnO. These results show that the doping of Zwith a proportion of 1% aluminum is of great
importance for applications in optics and optoetsdts.
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Introduction

Al doped ZnO thin films have a significant optidehnsmission in the visible which makes them highly
sought in the photovoltaic industry [1]. In recgetrs, the zinc oxide thin films deposition witlceptable
quality has been achieved by several techniquel ascchemical vapor deposition [2], laser ablation
deposition [3], RF magnetron sputtering [4]...., étgt these methods require sophisticated equipr@her
developed techniques, simple and easy to implenagatbased on the chemistry principles (sol-ge][5
and are mostly used in nanotechnology. The teckenidwhemical deposition by the sol-gel processery
attractive because it can be easily performed énldboratory to synthesize semiconducting thin dikwith
controllable thickness and overall dimensions, With costs and find many technological applicatiafrsO
can be used in components of micro-and opto-eleicsosuch as field effect transistors [9], photdé®
[10], light emitting diodes [11] and laser diodd®]. This material, with an important binding enerf
excitons (60 meV), has the property to interaarggty with light and, therefore, it has become teptal
candidate for the realization of a new very lowesirold class of lasers. It is also characterized kgrge
transmittance coefficient that exceeds 90% in tisbie. Because of its wide gap (3.37 eV), ZnO ban
doped or codoped to improve its optical propertlenong the doping elements, aluminum can be a good
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candidate to excite the photoluminescence (PLhénUV-visible spectral range. This is due to its/men-
linear optical properties, the room temperaturdteric emission and the quantum confinement effegL

In this work, pure ZnO and ZnO: Al (1%) thin filmeere prepared by the sol-gel process and depoited
glass substrates by dip-coating technique. Thectsiral and optical properties of the obtained thilims
were investigated.

Experimental Procedures

The precursor solution was prepared by sol-gelggedy mixing, in appropriate proportions, zinctaise
dihydrate, ethanol, diethanolamine (DEA) and aluminnitrates as dopant source. The solution was
prepared using 0.6 M of zinc acetate dihydrate.aBbh and DEA were used as solvent and catalyst,
respectively. The prepared solutions for the purd doped ZnO were kept under continuous magnetic
stirring for 1 hour at 40 ° C. Glasses used astraties were strongly washed and dried at 200 rQ4d at
ambient air before utilization.

The thin films deposition was performed using a K@p-coater type with a pulling speed of 20 mm hmi
The as-prepared thin films annealing was carrigdroambient atmosphere in a muffle furnace at 5@0

The prepared thin films were characterized by X-dé#ffractometry (XRD) at grazing incidence using a
diffractometer type PanAnalytical whose X-rays preduced from a Cud radiation source (wavelength
1.54 A) and an acceleration voltage of 40 kV ammiaent of 30 mA. FTIR spectra were recorded with a
Shimadzu spectrometer Iraffinity type-1. The ogdticansmittance spectra were obtained using a UsBlé
Jobin-Yvon HR460 spectrophotometer. The SEM miaphbs were taken with a Zeiss microscope type.
The PL spectra were obtained using a 244 nm |aseagon.

Results and discussion

The pure ZnO and Al doped ZnO (1%) annealed at°3D@hin films X-ray diffraction patterns are shown
Figure 1. The two spectra show a dominant peak4d 3 reflecting the preferential orientation okth
prepared films along the crystallograplagis [002]. This is explained by (002) plane surface low free
energy which makes the growth along the ¢ axigfakian those of the others crystallographic divest
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Figure 1. XRD patterns of pure ZnO (a) and Al doped ZnOtfin films annealed at 500 ° C.
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The ZnO crystallites have a hexagonal wurtzitecstme. The peaks broadening and their low intensity
indicate respectively the crystallites nanometize and the small thickness of the elaboratedftimirs
[14]. The average grain size is calculated usirtge8er's formula:

0.94

D -
£ cos,

WhereA is the X-ray wavelengtis is the maximum of the Bragg diffraction peak ghds the full
width at half maximum (FWHM) of the XRD peak. Theesage grain size of the ZnO crystallite,
calculated for the peak (002), is about 2.51 nmgainO) and 2.52 nm (Al doped ZnO). The calculated
lattice parameter ¢ is almost constant (c = 5.2@#) shows that the Al atoms did not affect the ZnO
crystal lattice.

The pure ZnO and ZnO: Al (1%) thin films SEM micraghs are shown in Figure 2. They indicate that
the aggregates of pure ZnO and Al doped ZnO ciitsgabre homogenously dispersed in the elaborated
thin films.

EHT = 5.00 kv Mag = 40.00 KX WD = 6.3 mm Signal A = SE2 EHT = 2.00 kv Mag = 40.00 KX WD = 6.2mm Signal A = SE2

Figure 2: SEM micrographs of pure ZnO (a) and ZnO: Al (biptliims

To confirm the ZnO semiconductor formation in them§, the elaborated samples were characterized by
Fourier transform infrared (FT-IR) spectroscopy ethspectra are shown in Figure 3. The absorption
bands located at 1024 ¢nand 540 cr are due to the deformation vibrations of Si-O gg)aand Al-O
bonds respectively. The two bands centered aro68dad 420 cihare assigned to ZnO [15].

The optical transmittance spectra for two sampteshown in Figure 4. That indicate that the slope

the transmittance curve and the visible transmigssie increase (> 80%) after the aluminium
introduction in the films. Increasing Al doped Zidn film visible transmittance is due to the widgi

of the optical bandgap which is always explainedh®y Burstein-Moss theory [16]. Aluminum atoms
doped into ZnO lattice elevate the free chargderarand broaden the optical bandgap [17].
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Figure 3: FT-IR spectra of pure ZnO (a) and ZnO: Al (1%) tflih films
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Figure 4: Optical transmittance spectra of pure ZnO (a) &n®: Al (1%) (b) thin films

The pure ZnO and Al doped ZnO (1%) elaborated filims UV photoluminescence spectra , recorded at
room temperature, are shown in Figure 5. They sthaivthe doped ZnO emission intensity is thiees
higher then that of pure ZnO and a large enerdy €h2 eV) towards high energy is observed.
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Figure5: PL spectra of pure ZnO (a) and ZnO: Al (1%) (bip films

The observed shift is due to the broadening of dpfical gap after the introduction of aluminum het
sample as shown in the optical transmittance speckt8]. The amplification of the UV emission indtes
that the crystalline defects in the ZnO film haveaged after Al doping. It is well known that the P
spectrum depends strongly on the crystal defeatsth® other hand, at moderate doping (1%), aluminum
atoms acts as a surfactant and changes considengbBn and O diffusion coefficient of the film sace
during deposition. The reaction rate of oxidatiaith the contribution of O atoms on the surfacedkto

the formation of a ZnO layer containing a low cameation of intrinsic defects (such as defects Oi).
Therefore, the decrease in the defects concenirédivors the band to band transition which leadsh&o
amplification of this emission [18-20]. Also, thédening of the gap contributes to the shift of thisission

to the high energy.

Conclusion

Pure ZnO and Al doped ZnO (1%) thin films weregamed by the sol-gel method associated with dip-
coating technique. The obtained samples were diiethg 40 mn at 200 ° C and then annealed at 500 °
for one hour. The XRD results show that ZnO nanstetiites have hexagonal wurtzite structure with a
preferred orientatiomlong the axis [002]The ZnO crystallites distribution is homogenedlise optical
transmission spectra showed that the presence of 2hO lattice improves the transmission in theible
and increases the optical gap. The introductioalwhinum atoms in the solution greatly enhanced e
emission with a shift to high energies of abouté/2
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