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ABSTRACT

Undoped and aluminum-doped ZnO thin films are pregaby ultrasonic spray pyrolysis at 400 °C on glass
substrates were investigated. In this prepara#imc acetate dihydrate is used as precursor, megtéitranol is used
as solvent and mono-ethanolamine is used as stahillhe dopant solution is taken at the atomiceetage of 1
to 5. The electrical and optical properties of Zfilins were investigated when Al is doping on Znfe optical
properties of Al doped ZnO thin films were investtgl using a UV-VIS spectrophotometer and the alptic
parameters have been calculated by spectroscoljps@metry. By using X-ray diffraction (XRD) ancbmiic force
microscopy (AFM), the crystallographic propertiesdasurface morphology of the films were charactstizThe X-
ray diffraction results show that the pure ZnO tfilms had that thin films have polycrystalline mig and possess
typical hexagonal wurtzite structure. Itéemparedo pure ZnO thin film, the grain size in the Al-édpthin film is
increases.They are well crystallized and the grain sizeés=(0.13um) for Al-doped ZnO andeE 0.1 pm) for
undoped ZnOFrom the previous reports, grain size of the Zn@ tfilm also increases with the increasing
annealing temperaturéd 2 at.-% of Al doped with the thin film a minimussistivity of 3.3x10°Q-cm was
obtained and carrierconcentration as high as 5.52x0cm®. The optical transmittance spectra of the films
showed a very good transmittance, between 85% &fa @ithin the visible wavelength region. For puheO, the
value of bandgap is 3.229 eV and it increases 29 8V in ht.-% of Al doped ZnO. The bandgap value decreases,
when 2 at.-% of Al doped in ZnO film. The increimsleandgap can be explained by the Burstein —Misste
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INTRODUCTION

Generally pure ZnO is amtype semiconductor. But its electrical and optigadperties seem to be not very stable,
especially at high temperaturdsor practical purposes, dopeetype ZnO is usually preferred. Doped ZnO thin
films have been extensively studied because ofdt®us properties, such as ultraviolet photo dete¢ blue and
ultraviolet light emitters, gas sensors, surfaceuatic devices, liquid crystal displays, photovigltdevices, heat
mirrors, multi layer photo conversion layers, tq@e®nt electronics, solar cells and catalysers,letthe form of
thin film, ZnO is a very potential alternative flat display screensompared to tin-doped indium oxides (ITO)
which is a delineate natural resouré&hen it is doped with Al, ZnO film presents auspis second-order
nonlinear optical properties, which achieve the lemponlinear optical effects about 50 pm/Many different
deposition methods, such as the sol-gel technigBe(@puttering(4), pulsed laser deposition (PL9)5molecular
beam epitaxy (MBE)(7), spray pyrolysis(8-10), metafyanic chemical vapor deposition (MOCVD)(11), and
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chemical vapor deposition (CVD)(12), have beenagti for the growth of ZnO films on distinct sulag's. Among
these methods Spray pyrolysis, is an astonishinthaodefor the deposition of thin films of metallixides. For
turning ZnO to an electronic material, doping ig thery useful wayMany dopants are taken from rare earth
elements and group | and V. From those materialsing) with Al elements can conclude in fascinatstigictural,
optical and electrical properties.

In this work, to upgrade the optoelectronic projgsrtof ZnO thin film, spray pyrolysis is usedZinc acetate
dihydrate, 2 Methoxy ethanol and Monoethanolaminerewused as the precursor, solvent and stabilizer
respectively. Undoped and aluminium doped zinc @XichO) thin films have been prepared on glasstetes by
spray pyrolysis techniqu&/e have investigated the influence of doping cotre¢ions ranging from O to 5 at.-&f
structural, optical, and electrical properties ofZthin films. This Al content region is ideal fgood achievement

of n-type ZnO.

EXPERIMENTAL SECTION

By spray pyrolysis (SP) technique, Al-doped zinéadex(AZO) thin films have been prepared of zinctateand
aluminium nitrate. Zinc acetate dihydrate (Zn(GBOO)-2H,0) (ZAD) is used as starting material, 2-
methoxyethanol (CkD (CH;)20H) (2-ME) is used as solvent and monoethanolarfifHOCHCH,) NH,) (MEA)

is used as a stabilizer. The dopant source was iwm nitrate [AI(NQ),-9H0]. Zinc acetate dihydrate
(Zn(CH,COO), 2H,0) was first dissolved in a mixture of 2-methoxyaethl and MEA solution. The molar ratio of
dopant in the starting solution was varied to givAl/Zn] ratio of 1-5at.-% The molar ratio of MEA to zinc
acetate was maintained at 1.0 and the concentratipimc acetate was 0.6 M/L. The resultant soluti@s stirred at
60 ° C for 2 h to yield a clear and homogeneous solutignich perform as the coating solution after coglio
room temperaturerinally the solution was allowed to age for 24 matm temperature under constant agitation.
The uncoated quartz substrates were carefully etbavith distilled water, acetone and ethanol inusege. Then
they were rinsed with distilled water and lastliedrwith N, (99.99999%) gas.

The spray solution was prepared from a 0.1M satutid zinc acetate dihydrate dissolved in mixture 3of
isopropyl alcohol and de-ionized water. A small amioof acetic acid was added to increase the dijubf zinc
acetate. The films were deposited by spraying 50ofrthe solution through a glass nozzle onto heafeds
substrate kept at about 400° C. A PID temperatargraller controlled planar heater was used to tieatglass
substrates. The compressed air was used as ar gasi@nd spray rate of the solution was maintaatesinl/min.
The nozzle to substrate distance was 28 cm anddhele oscillated to and from with constant frequeif 30
cycles/min.

Thickness and refractive index of the films are suead by an Ellipsometer (Holmarc opto mechatrgnirsng
DPSS laser (532 nm) beam. The optical absorptiansinission studies were carried out using UV-Vis
spectrophotometer (Shimadzu, model UV-1808pan) in the wavelength range 300-1100 nm witlh Gut
resolutions. The structural characterization @ flms was made by X — ray powder diffraction (XR& room
temperature using Rigaku MiniFlex 600 X — ray difftometer Cu-Ka radiation). Resistivity and Hall measurement
of the Al doped ZnO thin films are measured by den Pauw method using Keithley 236 source measuiteRor
electrical characterization, high conducting silpeste (Ag) was used to make ohmic contacts on did#s of the
ZnO thin films. The contacts were properly heated allowed to dry.

RESULTSAND DISCUSSION

Structural Properties:

The XRD spectra of pure ZnO film and ZnO films dopdth different Al content are presented in figure. (1
Nanocrystalline ZnO powder with wurtzite structunas synthesized through a wet chemical methibe
crystalline quality of the grown ZnO films was irstiggated by powder XRDl'he observed XRD pattern is found to
match with the ICDD Reference Pattern using X'Pgh Score software; zinc oxide, 01-070-80TRBese spectra
indicate that the films have polycrystalline natwith a hexagonal wurtzite structure and the peaite Miller
indices given belong to the ZnO (JCPDS card file361451). All the doped ZnO thin films have (00&}lection
as the preferred orientation along with the otd€0f, (101), (102), (110) and (103) reflections.a&pfrom ZnO
characteristic peaks, no phase corresponding toialum or other aluminium compounds was observeatiénXRD
patterns. This observation suggests that the flmsot have any phase segregation or secondarg fitvasation as
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well as Al incorporation into ZnO lattice. The (QQ#ak appears with maximum intensity in undopeti Alrdoped
ZnO films indicating preferred orientation of theystals along c-axis that is perpendicular to thbstrate. The
other peaks corresponding to (100), (101), (1a2)0), and (103) are present with low relative istées.

The surface morphology of ZnO thin films preparemhf solution containing 0, 1, 2, 3, 4 and 5 at.4mahum as
dopant are shown in figure (2). The concentratibaleminum drastically varies the surface morphglo§the film
and it shows from the SEM image. Uneven surface damse microstructure are observed in figure (2)ttie
undoped ZnO film.

In the 1 at.% doped film shows a porous microstmgctand the spherical crystalline particle sizéjcl is
approximately 30 nm. When the doping concentraisomcreases to 2 at.%, particle size decreaseghrenfiim
becomes denser. The surface morphology of 3 atgédiéim is similar to that of 2 at.% doped filmuBwhen the
doping level increases 4 at.% the particle sizeeim®es. The change of particle size is due to fa diifference in
ionic radius between zinc (0.074 nm) and alumin@m@7 nm).. It is comparedo pure ZnO thin film, the grain
size in the Al-doped thin film is increasekhey are well crystallized and the grain sizeds 0.13um) for Al-
doped ZnO ande(= 0.1um) for undoped ZnOFrom the previous reports, grain size of the Zn® fim also
increases with the increasing annealing temperature

Optical Properties:

The optical transmission was measured by a UV-gecsophotometer. The UV-visible absorption speofréhe
Al doped ZnO thin films are shown in Fig. (3) anarismittance spectra are shown in Fig. (4). Thetdltion in the
spectra is principally due to the interference @ffewing to the reflection at interfaces. Sharp damental
absorption edges are observed in all the spectraspmnding to the ZnO, AZO films in the range @5 at.-%.
These films have a high transmittance about 90%sible regions and a high absorption near 10044\iregions.

A blue shift in the optical band edge was obsetveth in optical absorption as well as in transmitta spectra,
with Al doping. As shown in Fig (4), the opticahtrsmittance of the films initially increases wititieasing Al
doping up to 4-5 at.-% and transmittance increasee than 80 % in the visible region. Further éage in Al
doping leads to decrease in transmittance. Theowgonent of transmittance and blue shift in theagbtspectra of
Al doped ZnO thin films may be due to the presentel,0; and Zn-O-Al phases in the thin films, and/or
formation of nano-structured films due to Al dopirithe decrease in transmittance of the films grémem high
atomic percentage of Al may be due to the degradéti the crystallinity of the thin films.

The fundamental absorption which corresponds tcetbetron excitation from valance band to conductand is

usually used to determine the value of optical bgal. As direct bandgap semiconductor, ZnO hasrptiso co-
efficient (@) obeying the following relation for high photonseegies (ly).

ahy) = c(hy-E9)™"

Here c is constant ands the photon frequency. The absorption coefficieis defined as .

| =lgexp (at)

Where | anddare intensities of transmitted and incident ligtgpectively and t is the film thickness. Considgrin
interfaces related to the film and the film thickaén practical experiments, the transmittanceafig reflectivity R
of the film obey the following relation.

T = (1-RYexp (ot)

Thusa couldlbe calculated from the above relation.

= tma-n?

With increasing Al content from O to 4 at.-%, thend gap of AZO films first increases and then dzses. It
reached the maximum value of 3.52 eV at 4 at.-%whiich coincides with the highest electron concaidn. The
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movement of the band gap is explained by the cafiffee Burstein-Moss shift™> an energy band widening (blue
shift) effect resulting from the increase of therRielevel in the conduction band of degenerate senductors.

Electrical Properties

The electrical properties were investigated by Héfiect measurements. The figure (5) shows howetketrical
resistivity(p), Hall mobility (i) and carrier concentrationjrof Al doped ZnO films are related to the Al camte
ranging from 0 to 5 at.-%. The resistivity is ab@@t7Q cm for the undoped ZnO film. By introduction of A
ZnO, the electrical resistivity is greatly reducedr example, the resistivity is about 1.45 X1Q cm at 1 at.-% Al,
and then decreases to 8.21 X*1Q cm at 4 at.-% Al, which is the minimum value obtad for AZO films, six
orders of magnitude lower than that of undoped $esn@\s the Al content is up to 5 at.-%, the filesistivity is
3.03X10° Q cm. The resistivity of the Al doped ZnO thin filis related to the Al-doping concentration. The
electrical resistivity ) is proportional to the reciprocal of the prodo€tthe carrier concentration Jnand Hall
mobility (py).

The carrier concentration of Al doped ZnO thin fiisnshown in figure (6). The electron concentratidrundoped
ZnO film is about 3.6 X18 cm®, which could be enhanced drastically by the Abmporation. As the Al content
increases from 1 to 5 at.-%, the electron concgatrdirst increases and then decreases. The eftectincentration
reached a maximum value of 6.2 X4@m™ in 4at.-% Al. It is noted that the electron cortcations are always
more than 18 cm-3 in the 1-5 at.-% doping content range. Thealtehavior of electron concentration suggests
that not all the Al atoms in the film contributedonor dopants.

Resistivity | Carrier concentration
Sample p (Q-cm) ne (cm®)
ZnO 0.1612 4,05 x 10
1%Al:ZnO | 0.1794 353 x 16
2 % Al:ZnO 0.1556 4.24 x 10
3 % Al:ZnO 0.1763 3.61x 10
4 % Al:ZnO 0.1725 3.71x 10
5% Al:ZnO 0.2119 2.86 x 1H
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Fig. 1. XRD patterns of the spray pyrolysis Al-doped ZnO thin film
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Fig 2. Absor ption spectra of the spray pyrolysis Al doped ZnO thin films
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Fig 3. Transmittance spectra of the spray pyrolysis Al doped ZnO thin films
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Fig 1 Undoped lat-%

4. at-% 5.at-%

Fig. 4. Plain-view FE-SEM micrographs of the spray pyrolysis Al doped ZnO thin films
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Fig. 5. Resistivity of the spray pyrolysis Al-doped ZnO thin filmsas a function of the Al impurity concentration
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Fig. 6. Carrier concentration and Hall mobility of the spray pyrolysisderived Al-doped ZnO thin film asa function of the Al
concentration
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CONCLUSION

Aluminium doped ZnO thin films with hexagonal wuitéztype polycrystalline structure and good optigahlity
have been prepared on glass substrates by spralygigrin a range of Al content from 0 to 5 at.-Phe Al doped
ZnO films were systematically examined for havingpanprehensive knowledge of their behaviors. Thsvtr rate
of ZnO films is monotonically reduced with incraagiAl content. The structural analysis confirmed grepared
films to be ZnO. From the above studies The criigalquality of the grown thin films gets degradasl the Al
doping is increased. The transmittance of the filepared from spray solutions with Al atomic petege up to
around 5% was improved from that of undoped Zn@dil All the films exhibit high transmittance (91985%) in
the range of 400 nm to 800 nm, thus making thesfiuitable for optoelectronic devices, for instaasevindow
layers in solar cells. The film has the strong aimis band at 383 nm and also a broad emission ga#ked at 550
nm visible regions.From the above results, we amsid that these films are potentially attractivdé applied as
transparent conductors in thin film solar cellsattdition to that the recent success in creatitgpp-conductivity in
ZnO makes it very promising for use in ultravidl®f and blue optoelectronic devices such as lighiitérg diodes
LEDs and laser diodes LDs. Al doped ZnO thin filare examined commonly as an optimal n-type layetHe
hetero structure device design.
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