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Abstract

The Al doped ZnO thin films were deposited by ultrasonic spray technique. The influence of Al doping on

structural, optical and electrical properties of the ZnO thin films was studied. A set of Al doped ZnO (0–

3.5 wt.%) were deposited at 350 °C. Nanocrystalline films with a hexagonal wurtzite structure with a strong

(0 0 2) preferred orientation were observed after Al doping. The maximum value of grain size (33.28 nm) is

attained with Al doped ZnO at 3 wt.%. Texture coefficient TC(h k l) of the four major peaks where evaluated.

Optically, in visible region the transmissions spectra T(λ) show that the whole doped films exhibit lower

values than the non doped one which has as transmittance more than 80%; whereas in the same region the

optical transmissions of the doped films are affected by the doping ration. The band gap (E ) increased after

doping from 3.267 to 3.325 eV with increasing concentration of doping from 0 to 2.75 wt.%, respectively,

according to the Burstein–Moss effect (blue shift of E ) then beyond 3 wt.% in doping the band gap exhibit a

slight decreasing due to the coexistence of Roth and Burstein–Moss effect. The electrical resistivity of the

films decreased from 20 to 5.26 (Ω cm). The best results are achieved with 2.75 wt.% Al doped ZnO film.

Introduction

During the past few years, wide band gap II–VI semiconductors have attracted the interest of many research

groups due its application in light-emitting diodes (LEDs) and laser diodes. Among the II–VI

semiconductors, ZnO is an important optoelectronic device material for use in the violet and blue regions

because of its wide band gap (3.37 eV) and large exciton binding energy (60 meV) [1], [2]. ZnO thin films are

promising candidates for applications in short-wavelength light-emitting devices, lasers, field emission

devices, solar cells gas sensors, surface acoustic wave and transparent contacts [3], [4], [5].
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ZnO thin films can be produced by several techniques such as reactive evaporation and thermal annealing

[6], molecular beam epitaxy (MBE) [7], magnetron sputtered technique [8], pulsed laser deposition (PLD)

[9], the low-temperature solution method [10], the sol–gel technique [11], chemical vapor deposition,

electrochemical deposition [12] and spray pyrolysis [1], have been reported to prepare thin films of ZnO.

Among these, we will focus more particularly in this paper on the spray ultrasonic technique because of its

simplicity and suitability for large-scale production, it has several advantages in producing nanocrystalline

thin films, such as, relatively homogeneous composition with fine and porous microstructure., a simple

deposition on glass substrate because of the low substrate temperatures involved, easy control of film

thickness. It is possible to alter the mechanical, electrical, optical and magnetic properties of ZnO

nanostructures.

The above discussion has been about ZnO nanostructures, but the same features are seen in the case of ZnO-

based microcavities, which are generally used as active layer facilitate in polariton injection [13]. The Al

doped ZnO thin films have various applications such as transparent conductive, ferromagnetism,

semiconductors, piezoelectric and solar cells, the films have low resistivity and good optical gap energy at

low temperature, and transparent in the visible region [14]. There are several reports on ZnO nanostructures

doped with different elements, such as (Fe, Ga, Li, N, Cu, P, Al, F, Mn, Ni, In, S, Co) [14], [15], [16], [17], [18],

[19], [20], [21]. The films (ZnO:Al) are considered to be an outmost important material due to its high

conductivity, good transparent conducting oxide (TCO) and cost less.

In this paper, we have prepared Al doped ZnO thin films on microscope glass substrate through ultrasonic

spray technique where substrate temperatures are maintained at 350 °C for all experimentation. General

study of the Al doping concentration from 0 to 3.5 wt.% started by 1 wt.% was carried out in other article [22],

around 3 wt.%. Only the effect of the Al doping concentrations of the ZnO films has been studied. The main

goal for this research is to carry out the optimum concentration around 3 wt.% of Al doping which gives

highly semiconducting properties of Al doped ZnO thin films such as transparence and conductivity.

Section snippets

Preparation of spray solution

ZnO solution were prepared by dissolving 0.1 M (Zn(CH COO) , 2H O) in the solvent containing equal

volumes absolute methanol solution (99.995%) purity and bidistilled water, then we have added a few drops

of concentrated HCl solution as a stabilizer, the mixture solution was stirred at 50 °C for 120 min to yield a

clear and transparent solution.

ZnO:Al solution were prepared by adding to the precedent solution an aluminum chloride, 6-

methoxyethanol, such that the ratio of Al/Zn. This Al content can …

The crystalline structure of undoped and Al doped ZnO thin films

The X-ray diffraction pattern of undoped ZnO thin films is presented in Fig. 1a, as it can be seen the

diffraction peaks were observed at 2θ = 31.8°, 34.5°, 36.4° and 47.5° which are related to the following plans

(1 0 0), (0 0 2), (1 0 1) and (1 0 2) respectively. The obtained XRD spectra matched well with the space group

P63mc (186) (No. 36-1451) of the wurtzite ZnO structure [24]. Moreover, single significant (1 0 0) diffraction

peak, with height intensity, was observed for the non doped ZnO film which…

Conclusions
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In conclusion, structural, optical and electrical properties of undoped and Al doped ZnO thin films ultrasonic

sprayed on glass substrate were investigated. All ultrasonic sprayed films, on glass substrate at 350 °C, are

nanoycrystalline under wurtzite structure; significant change in orientation from single (1 0 0) diffraction

peak with a-axis for the undoped film to (1 0 0), (0 0 2), (1 0 1) and (1 0 2) plan for doped films was observed.

The maximum value of crystallite size (33.28 nm) is attained in the …

Acknowledgments

This work was supported in part by the National Project Research (PNR) and VTRS laboratory of El-Oued

University, X-ray diffraction data in this work were acquired with an instrument supported by the University

of Biskra. We thank Prof. S. Rahman and B. Gasmi (Biskra University) for the assistance in XRD data

acquisition.…

References (37)

A. Mhamdi et al.
Optik (2013)

F. Benharrats et al.
Superlattices Microstruct. (2010)

P. Lv et al.
Optik (2013)

A.J. Hashim et al.
Optik (2013)

K. Zitouni et al.
Superlattices Microstruct. (2006)

H. Benzarouk et al.
Superlattices Microstruct. (2012)

D. Vernardou et al.
J. Cryst. Growth (2007)

Y.D. Ko et al.
Superlattices Microstruct. (2012)

E.F. Keskenler et al.
Superlattices Microstruct. (2012)

J. Ramesh et al.
Optik (2013)

View more references

Cited by (50)

https://www.sciencedirect.com/science/article/pii/S092145262100452X


6/14/23, 11:02 AM The Structural, optical and electrical properties of nanocrystalline ZnO:Al thin films - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0749603614000147 4/6

Nonlinear response of sodium and potassium doped ZnO along with improvement in bandgap

structure: A combined physicochemical study

2021, Physica B: Condensed Matter

Citation Excerpt :

…By augmenting the presence of the mobile charge carriers (depend on the accompanied impurity, it may be electron or

hole) into the structure, incident photons can transmit facilely through the sample; hence the absorption values reduce

simultaneously. As another consequence of doping, new electron-hole recombination centers will be introduced into the

structure; thus, introducing dopants fluctuate bandgap energy (Eg) and Fermi level due to Moss-Burstein effect [31].

Moss-Burstein explicit fluctuations of the Eg according to dominant mobile type (n- or p-type) charge carriers.…

Show abstract

The effect of tin doping level on the physical properties and photocatalytic degradation of

cadmium oxide nanostructured film

2021, Materials Today: Proceedings

Show abstract

Newtonian mechanics based hybrid machine learning method of characterizing energy band

gap of doped zno semiconductor

2020, Chinese Journal of Physics

Citation Excerpt :

…Zinc oxide (ZnO) is a novel semiconducting material with many distinct technologically and economically important

properties and features which include large exciton energy, high electron mobility and wide direct band gap energy [1, 2,

3].…

Show abstract

Machine learning optical band gaps of doped-ZnO films

2020, Optik

Show abstract

Solution molarity dependent structural and optical properties of CdO nanostructured thin films

2020, Optik

Show abstract

Comment on “The Structural, optical and electrical properties of nanocrystalline ZnO:Al thin

films” by Boubaker Benhaoua, Achour Rahal, Said Benramache and published in Superlattices

and Microstructures 68 (2014) 38–47

2018, Superlattices and Microstructures

View all citing articles on Scopus

Recommended articles (6)

https://www.sciencedirect.com/science/article/pii/S092145262100452X
https://www.sciencedirect.com/science/article/pii/S221478532102321X
https://www.sciencedirect.com/science/article/pii/S0577907320302616
https://www.sciencedirect.com/science/article/pii/S0030402620306446
https://www.sciencedirect.com/science/article/pii/S0030402620307014
https://www.sciencedirect.com/science/article/pii/S0749603618309340
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-84893923852&md5=ce9091bc626c2c43dde0adf1d5895b5


6/14/23, 11:02 AM The Structural, optical and electrical properties of nanocrystalline ZnO:Al thin films - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0749603614000147 5/6

Research article

Dielectric modulus and magnetocapacitance behavior of Bi Sm Ti Fe O  multiferroic

Physica B: Condensed Matter, Volume 448, 2014, pp. 194-198

Show abstract

Research article

Glass formation and physical properties of chalcogenide glasses in Ge–S–Pb system

Infrared Physics & Technology, Volume 63, 2014, pp. 184-188

Show abstract

Research article

Surface properties of hard protective coatings studied by optical techniques

Optical Materials, Volume 56, 2016, pp. 134-139

Show abstract

Research article

Physical nature and magnitude of optically induced forces derived from laws of mechanics

Optik, Volume 127, Issue 15, 2016, pp. 5976-5983

Show abstract

Research article

Bubble impingement and the mechanisms of heat transfer

International Journal of Heat and Mass Transfer, Volume 71, 2014, pp. 439-450

Show abstract

Research article

Unruly grasses: Affective attunements in the ecological restoration of urban native grasslands in

Australia

Emotion, Space and Society, Volume 10, 2014, pp. 79-86

Show abstract

View full text

Copyright © 2014 Elsevier Ltd. All rights reserved.

3.7 0.3 2.7 0.3 12

https://www.sciencedirect.com/science/article/pii/S0921452614003561
https://www.sciencedirect.com/science/article/pii/S1350449514000048
https://www.sciencedirect.com/science/article/pii/S0925346716301458
https://www.sciencedirect.com/science/article/pii/S0030402616303023
https://www.sciencedirect.com/science/article/pii/S0017931013010582
https://www.sciencedirect.com/science/article/pii/S1755458613001205
https://www.sciencedirect.com/science/article/pii/S0749603614000147


6/14/23, 11:02 AM The Structural, optical and electrical properties of nanocrystalline ZnO:Al thin films - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/S0749603614000147 6/6

Copyright © 2023 Elsevier B.V. or its licensors or contributors.
ScienceDirect® is a registered trademark of Elsevier B.V.

https://www.elsevier.com/
https://www.relx.com/

