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Abstract Improved properties of aluminum zinc oxide
(AZO) thin films deposited by the magnetron sputtering at
room temperature are reported. AZO is one of the most
promising transparent conducting oxide materials, which
widely used in thin film solar cells. In this study the opti-
mization process of the DC magnetron sputtered AZO films
was carried out at room temperature by studying its
structural, optical, electrical and morphological properties
at different deposition times (5, 10, 15, 20 and 25 min)alt
can be utilized as a front contact for the cadmium tel*uridg
(CdTe) based thin film solar cells. The structuzal Sy
shows that the preferred orientation of grains igf'ong plai:
(002), with a hexagonal structure of the grdins. " e elec-
trical and optical characteristics show thdt tite films{ is an
average transmission of 70 % and a res stivity of the order
of 107* Q cm. The morphology analysi. gugggsts the for-
mation of packed grains with a I &@ageneous surface.
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1 Introductfen

Aluminum ¢ hed z:inc oxide (AZO) is a highly insoluble
thes#har ) stable Aluminum source suitable for glass, optic
afia" pef 7 applications. Oxide compounds are not
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conductive to elactricity. <\ Mgwever, certain perovskite
structured oxidles {re electronically conductive finding
usage in the sG ¥ OawcC fuel cells cathode and oxygen
generatige, systems JThey are compounds containing at
least onefoXy_Mpanion and one metallic cation. They are
typically Whsoluble in aqueous solutions (water) and

emely sidble making them useful in ceramic structures
as sti_ple as producing clay bowls to advanced electronics
and i1/ light weight structural components in aerospace and
el Ltrochemical applications such as fuel cells in which
they exhibit ionic conductivity. Metal oxide compounds are
basic anhydrides and can therefore react with acids and
with strong reducing agents in redox reactions. AZO is also
available in pellets, pieces, powder, sputtering targets,
tablets, and nano-powder. The transparent conductive
oxide (TCO) thin films are semiconductor materials with
low resistivity and high transparency over a large spectral
range, from visible to near infrared. The interest about
these materials has been increased in the last years because
they play an important role in a variety of usages such as
flat panel displays, solar energy cells, and opto-electronic
devices [1-5]. The TCO films must have wide band gap,
low resistivity and high transmittance in the particular
spectral region where the device operates. AZO is a TCO
material, which shows several advantages towards the
more commonly used tin-based oxide films such as wide
availability of its constituent rude materials, low cost, and
easier formation of its textured surface. Therefore the
research in this field (the influence of the growth parame-
ters) is intensively conducted so far [6, 7], sol-gel [8],
spray pyrolysis [9], and magnetron sputtering [10]. It is
known that magnetron sputtering is relatively cheap and
the use of toxic gases is avoided [11-15]. In this contri-
bution, the results of the optimization of AZO thin films
deposition on soda lime glass substrates will be presented.
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Fig. 1 Schematic of magnetron sputtering setup _
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Table 1 Thicknesses of the AZO thin films prepared at different g
deposition times 3
Thickness (nm) Deposition time (min) a
o
210 5 £
350 10
520 15
710 20 20 (min)
1150 » 6'0 8'0 100

This was performed by varying film thic
studying its influence on the optical, st
logical, and electrical characteristics forfac
est transparency and lowest resistivity [\lms. T
suggested its use as a window laye
structure.

outcome
solar cell

2 Experimental Se

ameter target consisting of 96 %
5 % wt Al,O3. A Dektak profilometer

3 Resuits and Discussion

AZO thin films were prepared at different depositions
times while keeping other experimental conditions constant
were used for studying their physical properties such as
structural, optical, electrical and morphological properties.
Table 1 gives the thickness of the AZO thin films which

260 ()

Fig. 2 XRD spectra of AZO films deposited at a various deposition
times b 20 min

prepared at various deposition times of 5, 10, 15, 20 and
25 min. Figure 2a shows the X-ray diffraction (XRD)
spectra of AZO films grown at various deposition times. A
film, which is grown for 5 min does not shows any AZO
peak, which means 5 min is not enough for formation of
the crystalline AZO film. Due to increase of the deposition
time, (002) peak appears. Films which grown at the
deposition time of 20 min shows peak (002) with high
intensity which becomes much stronger, sharper and nar-
rower. Figure 2b shows that the (004) peak intensity is very

Table 2 Calculated grain sizes and FWHM for AZO films grown at
different deposition times for (002) peaks

Time (min) D-spacing (A) FWHM (°) Grain size (nm)
5 2.659 0.59 14.483

10 2.656 0.96 8.725

15 2.654 0.72 11.680

20 2.618 0.44 19.231

25 2.673 0.6 14.053
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Fig. 3 FWHM and grain size of (002) and (004) XRD peaks
corresponding to the AZO thin film as a function of crystal planes

low in comparison with (002) peak intensity. Both peaks
belong to AZO structures with two different planes.
Moreover, a higher XRD intensity corresponds to
improved film crystallinity for 20 min. It is clear that all
the polycrystalline AZO thin films coated on the glass
substrate exhibit (002) crystallographic orientation [12].
The crystalline quality of the AZO films becomes worse for
higher deposition times (25 min). From the XRD data, the
average size of grains of AZO film can be evaluated by
Debye—Scherrer equation as follows [10]:
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where A is th
angle, and f is th

ngth (0.154 nm), 6 is the Bragg
width at half maximum (FWHM) of

the diffr: eak) The FWHM of (002) peaks are given
in Table aximum grain size is around 19.231 nm
for 20 min\\deposition time. Figure 3 shows the graph of

Table 3 Calculated crystal size

and FWHM for (002) and (004) Crystal orientation gpacing (A) FWHM (°) Grain size (nm)
peaks for a sample prepared at (g 2.618 0.44 19.231
20 min deposition time
(004) 1.314 0.48 21.125
20.178

Table 5 Average roughnesses of the AZO thin films deposited at
different deposition times

Deposition time (min)

Roughness (nm) Deposition time (min)

9.8 x 1072 5
3.6 x 1072 10
32 x 1073 15
4.1 x 107 20
12 x 1072 25

28.4 5
334 10
48.7 15
493 20
384 25
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Fig. 6 AFM images of AZO thin films deposited at different deposition times
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