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ABSTRACT
To the best of our knowledge, this is the first time that Al-doped ZnO films
grown by solid-state chemical vapor deposition (SSCVD) have been
reported. Al-doped ZnO films have been synthesized on p-type silicon
substrates by solid-source chemical vapor deposition using AlCl3 (99%) and
Zn(O2CCH3)2(H2O)2 (99%) as the precursor. This is the first time that AlCl3
has been introduced as dopant source. The XRD patterns of nanostructure
films reveal the crystalline behavior and are hexagonal structure.
Observations of the microstructure of Al-doped ZnO were performed by
scanning electron microscopy (SEM). The structure of the films persisted
unchanged by doping. The influence of doping on the optical characteristics
of the films was studied. Blue shift of the band gap because of the doping is
perceived. This recognized blue shift designates an improve in the band gap
and is related to the Burstein-Moss influence.
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INTRODUCTION
Zinc oxide (ZnO) is an n-type metal oxide with a wide energy (3.6 eV) bandgap, which has
been intensively investigated for utilizations for example varistor, sensors and electrodes [13]. In particular, n-type semiconductors for example SnO2, TiO2, and Fe2O3 have extensively
been applied for the detection various toxic gases for example H2, CO, CH4, NO, and alcohol
[4-8].
Doping is basic to restraint the characteristics of the semiconductors and to get new
multifunctional materials. When ZnO films are doped with the suitable metal atoms, for
example Al, Cd, Sn, Ga, In, their conductivity can be altered from values as low as 10−10 (Ω
cm)−1 to values as high as 104 (Ω cm)−1. The wide range of conductivities and conductivity
alters upon various environmental situations make ZnO films suitable materials for oxidant
gas sensing layers [9–11]. Dopant occupancy ascertains notable changes of film physical
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characterizes as crystal structure, surface morphological, optical characteristics (associated
with photoconductivity) which reveal directly on film sufficiency to perform as a sensing
layer [12, 13]. In addition, doped ZnO has many advantages over indium tin oxide (ITO)
involving low cost, non-toxicity, which make it an assuring nominee material for transparent
conducting oxide of silicon thin film solar cells.
A variety method has been applied to synthesis aluminum-doped zinc oxide (AZO) thin
films. These comprise chemical vapor deposition (CVD), reactive thermal vacuum
evaporation, sol-gel, magnetron sputtering, spray pyrolysis, and pulsed laser deposition
(PLD). In comparison with these techniques, CVD has many advantages for example (i) can
be deposited with very high purity, (ii) high deposition rates, (iii) simplicity, and (iv)
capability to grow films at a low process temperature [14-19]. Solid state chemical vapor
deposition (SSCVD) is a beneficial approach for the synthesis of films, contributing the
choice of yielding good quality films, larger area uniformity, and availability of various
ambient in situ doping processes.
In this paper, we will present the development of microstructural characteristics of the Aldoped ZnO grown onto the p-type Si substrates using solid state chemical vapor deposition
(SSCVD) method. Their characterizations using X-ray diffraction (XRD), and optical and
transport measurements. Crystallinity quality and surface morphology of the ZnO films were
correlated with their optical properties.
EXPERIMENT
Al-doped ZnO films have been synthesized on p-type silicon substrate by solid-source
chemical vapor deposition. AlCl3 (99%) and Zn(O2CCH3)2(H2O)2 (99%) were used as the
precursor and air from atmospheric as the oxygen source. The boat was loaded into a
furnace. The source temperature and substrate temperature fixed at 430°C. The deposition
time was 2 min. After the furnace cooled down to room temperature naturally, silicon
substrates were removed for inspection.
The surface morphology of samples was studied utilizing a scanning electron microscope
operating at low voltage (15kV) to minimize charging effects. SEM digitized micrographs
were obtained with a magnification 30,000 X. The structural properties of the as-grown Aldoped ZnO films were investigated by X-ray diffraction (XRD) with Cu Kα radiation. The
optical transmittance spectra for Al-doped ZnO films were recorded using a UV-Visible
spectrophotometer in the range of 300-800 nm.
Firstly, gold (Au) with 200 nm thickness was sputtered onto the ZnO thin film through a
metal mask, followed by 200 nm capping layer of nickel (Ni) with thermal evaporator. For
the measurement of electrical properties, the current-voltage (I-V) characteristics were
measured by using high-voltage source/measure unit [20]. The applied voltage was varied
from 0 to 10 V.
RESULTS AND DISCUSSION
From figure 1, the XRD patterns of the Al-doped ZnO thin film on p-type Si (111) reveal
reflection from the (100), (002), (101), and (110) planes of ZnO for 2θ values of 26.7°,
34.0°, 38.1°, 51.9° and 65.4°, respectively. The Al-doped ZnO films displayed
polycrystalline hexagonal structure. For Al-ZnO on p-Si , we obtained amorphous ZnO. No
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metallic zinc (Zn) or aluminium (Al) characteristic peaks are detected. No signal of their
oxides can be viewed, which is related to the good crystal formation of the ZnO films during
deposition. For Al-doped ZnO, the intensities of (100) and (101) planes are less than the
intensity of (002) planes indicating the preferred grain growth along the (002) plane.
For estimate the particle size of the deposited films, the Debye-Scherrer formula was used on
the XRD pattern of the doped ZnO thin films which is given as d = (0.9λ / β cos θ) where, λ
is the wavelength of the X-ray employed which in this case is 0.15418 nm for Cu-kα. β is
the FWHM (full width at half maximum) and θ is the usual Bragg’s angle (deg) [21-24].
Estimating ‘d’ from the premium two XRD patterns, it has been detected that the mean
particle thickness of the prepared Al-doped films on Si(111) is about 38.0 nm.

Fig.1. X-ray diffraction patterns of the Al-doped ZnO films
Surface morphologies gained throughout Scanning Electron Microscope (SEM) of Al-doped
ZnO films are revealed in Figure 2. It can be seen that both SEM have same grains size. The
optical transmittance (300-800nm) spectra for undoped and Al-doped as deposited ZnO films
are shown in Figure 3. All the data are collected at room temperature. It can be seen that
average optical transmittance in the visible light wavelength range which is vital for its
utilizations for example transparent conductive films and solar cell windows. The low
transmittance for the undopes and Al-doped ZnO films could be because of the excess Zn
ions exist in the interstitial sites and they absorb light. The absorption edges for the Al-doped
ZnO films shift towards lower wavelengths compared with that of the undoped sample. This
observed blue shift represents an increase in the band gap and is related to the Burstein-Moss
effect. According to the Burstein–Moss effect, the increase of the Fermi level in the
conduction band leads to the bandgap energy broadening with increasing carrier
concentration [25]. Assuming the absorption coefficient corresponding to the direct band gap
of the wurtzite structure, we have made a plot of (α* (hv))2 against the energy hv (see Figure
4). The values of optical band gap energies Eg were obtained by extrapolating the straight
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portion to the hυ axis at (αhυ) = 0. The obvious absorption edge can be precisely confirmed
for the high quality films by the linear fit.

(a) Al-doped ZnO on p-Si(111)

(b) Al-doped ZnO on p-Si(100)
Fig.2. SEM images of Al-doped ZnO thin films on silicon substrate. Magnification was 30
kX and accelerating voltage was 30kV for the SEM measurements

Fig.3. The optical transmittance spectra for undoped, as deposited, and annealed Al-doped
ZnO films
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Fig.4. Optical transmittance spectrum of the pure ZnO and Al doped ZnO thin films
Figure 5 shows typical I-V characteristics of Au/Ni on Al-doped ZnO/p-Si(111) films as a
function of the annealing temperature. All samples showed rectifying I-V characteristics.
Nevertheless, the IV curves enhanced with increasing annealing temperature. Schottky
behavior was obtained for the Au/Ni contact deposited after annealed at 400 °C with a clear
turn-on voltage around 2.5V and low reverse leakage.

Fig.5. Typical I–V curves of Au/Ni contacts on Al-doped ZnO/p-Si (100) films annealed at
different temperatures.
CONCLUSION
In summary, Al-doped ZnO films have been synthesized on silicon substrates by SS-CVD
with the substrate temperature of 430°C. The structure of the films remained unaffected by
doping.
The energy bandgap value of the undoped ZnO film is 3.24 eV, and the value increases when
doped with Al. The optical observations on the films indicate a blue-shift in the absorption
edge, improved emission in the UV region.
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