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The Highly transparent and conducting aluminum doped zinc oxide thin films deposited on glass substrate held
at 450°C using spray pyrolysis method. The structural analysis by X-rays diffraction showed that the films are of
structure wurtzite with a preferential orientation according to the direction (002) for oxide zinc ZnO undoped, on the
other that ZnO: Al has a direction (101). The crystallite size was varied from 34 to 36 nm with dopant concentration.
The scanning electron microscopy results depicted that the microstructure of ZnO: Al films highly influenced by the
aluminum doping. The measures optical showed that ZnO: Al layers have a transmission of about 85% and energy
gap of 3.2 eV, 3.4 eV for ZnO:Al and ZnO respectively. The resistivity of the films decreased as increase the dopant
concentration and it is 3 X 102 Q cm for 1 at.% Al beyond which it increased.
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1. INTRODUCTION

Due to the excellent electrical, optical and structural
properties, Zinc oxide (ZnQO) thin films have wide
applications as ultraviolet (UV) sensors, photodetector
sensor [1-2]. So far, the focus of most of the studies has
been to extend their practical applications. The ZnO films
showed a good chemical stability [3], what is important in
the photodetection. I also believe that the structural
defects of ZnO play a very important role in UV
photosensitivity [4]. The ZnO is also used in radiation
detection [5-8]. Generally, in undoped ZnO, the n-type
conductivity has been attributed to hydrogen impurities,
on the other hand, doping with Al increases the impurities
in ZnO especially with the production methods. On the
other hand, aluminum (Al) doping is a common method
used to modify the conductivity type. There are different
methods to prepare zinc oxide, such as RF magnetron
sputtering [9], chemical vapor deposition [10], sol-gel [11]
and spray pyrolysis [12-16] Among these methods, spray
pyrolysis is better for large area thin film formation and
easy doping. In this work, thin films of ZnO undoped and
Al doped were prepared by spray pyrolysis onto glass
substrates. The Microstructural, electrical and optical
characterizations of thin films is studied.

2. EXPERIMENTAL PROCEDURE

Doped ZnO thin films have been deposited onto the
glass substrates at 450 °C. 0.2 M solution of zinc acetate
dehydrate (Zn (CH3COO) 2-2H20) diluted in methanol
was used for all the films, and aluminum chloride (AlCl3),
were added to starting solution as a dopant. The Al/Zn
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ratio were 0 to 2%. The starting solution was mixed
thoroughly and final solution was sprayed. The nozzle
substrate separation used was of 25 cm. During the
spraying process, the substrates were heated by
electrically heating plate. The flow of the solution was
2 ml/min and gaseous nitrogen was used as a carrier gas.
Substrate temperature was controlled by means of
thermocouple. After depositing the film, it was allowed to
cool to room temperature. The films thickness was
0.5 ym, which was measured by Scanning electron
micros-copy FEG, the Structural properties of the ZnO:
Al thin films were performed through X-ray diffraction
(XRD), using the Cu-Ka (1 =1.54056 A°) radiation. The
electrical sheet resistance of the ZnO: Al thin films was
measured with the four-point, the measurement of
transmittance taking air as the reference and ranging
from 300 to 1100 nm was made by a UV-Visible
spectrophotometer.

3. RESULT AND DISCUSSION
3.1 X-ray Diffraction

The X-rays pattern spectra of pure and ZnO: Al were
displayed in Fig. 1. All the peaks of the thin films
correspond to the peaks of standard ZnO (JCPDS N°:00-005-
0664). The as-grown films were identified as polycrystalline
ZnO with a hex-agonal crystal structure. For all the
samples, (100), (101) and (002) diffraction peaks are
observed in the XRD pattern, showing the growth of ZnO:Al
crystallites along different directions. Strong preferential
growth is observed along (002) plane indicating that the
films ZnO pure are oriented along c-axis [10] and orientation
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for (101) for ZnO:Al 0.5, 1, 1.5 % and 2 % wt. The calculated
structural parameters such as the grain size (D), the lattice
parameters (a) and (c), the textural coefficient (TC) and the
dislocation density (6), reported previously, are gathered in
Table 1.

The lattice parameters (a) and (c) were deter-mined from
the expression 1 according to (200) direction.

1 h2+k2 12
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The grain size of crystallites was calculated using a well-
known Scherrer’s formula [12]:

(09N @
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Where D is the grain size of crystallite, 1 (1.54059 A) the
wavelength of X-rays used, 8 the broadening of diffraction
line measured at half its maximum intensity in radians and
0 is the angle of diffraction. The textural coefficient (T'C) of
the thin films is estimated using the Eq. 3:
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Fig. 1 — XRD patterns of ZnO and Al-doped ZnO films by spray
pyrolysis deposition

The dislocation density (0), defined as the length of
dislocation lines per unit volume, are estimated using the
Eq. 4:

1
§ = E (4)

The grain size is estimated at 36.09 and 36.21 nm
according to (101) direction of undoped ZnO and ZnO: Al
1% respectively. Therefore, the crystallites are nanosized.

We noticed that the lattice parameters (a) and (c)
changed with Al doping levels, in comparison with ZnO
Standard (a=3.2490 A and ¢=5.2050 A (JCPDS N°:00-
005-0664). The results were consistent with the
improvement of the grain size and shape of the films
depicted in the SEM images.
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3.2 Surface Morphologies and EDX Analysis

Fig. 2 shows the scanning electron micrographs for
Zn0O films deposited at 450 °C with different
concentrations Al. All micrographs show surface covered
by uniformly grains distributed, with nanometric sizes
[8]. It can also be noticed that the microstructure of the
films is influenced by the variation in the Al doping
concen-tration. For [Al/Zn] =0 and 0.5 wt % ZnO: Al thin
film, the surface is covered by plane hexagonal flake-like
(Fig. 2 a-b), whereas for [Al/Zn] =1, 1.5 and 2 wt % films
(Fig. 2 c-d-e), the surface is covered by grains with
elongated poles. This change was discovered by Larbah et
all in his works [12]. This explanation was con-firmed by
the change in orientation from 002 to 101. So, the
hexagonal-shaped particles have an orientation of 002,
and the other shape has an orientation of 101.

As an example, the film thickness (500 nm) of ZnO:Al
2 wt % thin film is observed by ESEM image in Fig. 2 f.
The composition of ZnO and ZnO: Al is detected by EDS
(Fig. 3). The 0.76 % at Al in pure ZnO is representing the
Al concentration in the substrate. The difference between
the concentration of Al in substrate and thin film
represents 1.19 % at, so the Al content of the film is
nearly the same as that in the solution.

3.3 Optical Properties

Fig. 4 presents the optical transmittance in the
wavelength range (300-1100 nm) for the ZnO and ZnO:Al
thin films deposited at T = 450°C. All thin films exhibit a
high transmittance about (80 —90) % in the visible. To
determinate the gap energy of direct transition (Eg) of the
ZnO thin films, optical method was used. The gap energy
value is estimated using Tauc plot (any)? against the
photon energy for ZnO. The linear intercept at the (hv)
axis gives the value of the direct band gap. The optical
energy band gap of the films presents in Fig. 5. The band
gap values were in the order of 3.29 eV for ZnO and
2.23eV, 3.25eV to 1% and 2 % Al respected, these
values of the optical gap are comparable with those found
by A. Ashour and al. [17]. This reduction in gap with the
rate of doping is primarily due to distortions caused in
the network following the introduction of impurity
(doping) and with the increase in concentration of the
free electrons.
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Fig. 4 — Transmittance spectra of ZnO as function of [Al]/[Zn] %

05024-2



PROPERTIES OF ZNO AND AL DOPED ZNO THIN FILMS...

o W T TF ,ar
&

#f \:\jﬁ(ﬁ?

J. NANO- ELECTRON. PHYS. 16, 05024 (2024)

Det WD 1 1um

SE 101 Zn0O:Al

AccV SpotMagn Det WD —— 1m

200kvV 30 25000x SE 74 ZnOAlL2

f

Fig. 2 — SEM photographs of the surfaces of a) ZnO, b-c-d-e) ZnO:Al films with different concentration and f)thickness of ZnO:Al 2 % thin film

Label A: Analyse globale ZnO

Elem Wt% At%
OK 3157 57.27
Zn Ak 071 076
5K 1892 1855
Cak 2.67 1.54
Znk 4613 20.48
si Total 100.00 100.00

Zn

710 .10 910 1010

Label A: Analyse globale Zn0O1

Elem Wt % At%
OK 3121 57.47
” AK 109 1.19
SiK 17.07 17.81
CaK 2.16 159
ZnK 48.46 21.84
Total 100.00 100.00

Fig. 3 — Energy dispersive X-ray spectrum (EDS) of ZnO and ZnO: Al (1 %)
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Table 1 — Structural parameters of Al-doped ZnO thin film

J. NANO- ELECTRON. PHYS. 16, 05024 (2024)

Planes 2Th [] FWHM [°] |Crystallite size D [nm] |TC a [A] ¢ [A]
ZnO pure (100) 31.685 0.297 31.61 0.08 [3.258 5.229
(002) 34.277 0.372 34.29 0.50
(101) 36.106 0.334 36.09 0.35
Zn0 0.5%Al (100) 31.774 0.300 31.72 0.14 [3.249 5.203
(002) 34.443 0.305 34.42 0.19
(101) 36.196 0.297 36.22 0.30
Zn0 1 % Al (100) 31.693 0.260 31.74 0.06 |3.380 5.204
(002) 34.438 0.297 34.44 0.09
(101) 36.192 0.297 36.21 0.47
Zn0 1.5% Al (100) 31.541 0.260 31.53 0.10 [3.272 5.238
(002) 34.209 0.297 34.20 0.20
(101) 36.039 0.3348 36.00 0.34
7Zn0 2 % Al (100) 31.696 0.2604 31.66 0.13 [3.25706 [5.22636
(002) 34.288 0.6696 34.30 0.16
(101) 36.118 0.3348 36.07 0.35
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Fig. 5 — A Tauc plot for pure and Al-doped ZnO thin films as a
function of photon energy

3.4 Electrical Studies

The electrical resistivity p of pure and Al-doped ZnO
was shown in Fig. 6. The resistivity has been found to
vary from 0.03 to 64 Q-cm, the minimum value of
3x10-2Q-cm for the films ZnO 1 %Al. This is due
because Al, which occupied lattice sites of zinc, resulting
in more free charges It is found that the mobility and the
carrier concentration n increase with the Al
concentration. When a small amount of Al was
introduced into ZnO films, the Al was ionized into Al3*+
and substituted for Zn2*. Also, a larger grains size
induced a reduction in the film resistivity. Our results
corroborate with those found in literature, for the ZnO: Al
layers prepared at 450 °C, M. de la L. Olvera et al. have
found the resistivity of 3x10-2Q-cm [18]. The
thermoelectric determination of the type of conductivity
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Baacrusocri Toukux mwiriBok ZnO, serosanux ZnO ta Al, orpuMaHuX PO3MUIIOBAJIBHUM
nipoJsisom

Y. Larbah, M. Taibeche, B. Rahal, H. Brahimi

Nuclear Research Center of Algiers, 16000 Algiers, Algeria

Bucokomposopi Ta eJIeKTpOIpoBiaHI TOHKI IUNBKM OKCHAY IIMHKY, JIETOBAHI AJIOMIHIEM, HAHECEHI Ha CKJIIHY
MOKIAIKY, M0 BUTpUMYyeThest mpu 450 °C MeTomoM po3IIoBAJIBHOTO Miposmsy. CTPpYKRTYpHUI aHAI3 3a JIOIIOMOIOI0
PEHTTeHIBCHKOI Au(PAKIIi IT0Ka3aB, 110 IUIBKU MAIOTh CTPYKTYPY BIOPIIATY 3 IIEPEBASKHOI0 OPIEHTAITIEN0 BIIIIOBIIHO 10
"anpaMmry (002) mis HesmeroBaHoro okcuay ImHKY ZnO, 3 immoro 6oky, ZnO:Al mae mampsmor (101). Posmip
KPHUCTAITIB 3MIHIOBABCA Bif 34 10 36 HM 3aJIe/KHO Bl KOHIIEHTpAIIl JormanTy. PesybraTi CKaHyouol eJIeKTPOHHOL
MIKPOCKOMII I0Ka3asH, I0 Ha MIKPOCTPYKTYpy ILNBok ZnO:Al crybHO BILMBae JieryBaHHA aymomidieM. OmrTudHi
BUMIPIOBAHHSA MOKA3aJIH, 1o mapu ZnO:Al MaoTs mpomyckanssa 0ymsbko 85% 1 eHeprermunuii 3asop 3,2 eB, 3,4 eB
st ZnO:Al 1 ZnO signosigso. [Turomuii omip IUHBOK 3MEHIIIyBaBCA 31 301/IbIIEHHAM KOHIIEHTPAII] JIETYI0UOl JTOMIIITKI
i cranoBuTh 3 x 10-2 Om-em it 1 at.% Al, 3a MexxamMu STKOro BiH 3pOCTaB.

Kmiouosi cnosa: ZnO, ZnO:Al, Cupeir, MikpocTpykTypHuit anasi3, EJqekTpuyHi Ta ONTHYHI BJIaCTUBOCTI.
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