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Abstract

Al/ZnO films, which are ZnO doped with aluminium, were created by radio-frequency magnetron sputtering in this instance.
Polyethylene terephthalate was used as a substrate to prepare Al/ZnO films. The radio frequency (RF) magnetron sputtering
power varied from 120 to 140W. Through the use of ultraviolet (UV), field emission scanning electron microscopy (FE-SEM), and
X-ray diffraction (XRD), this article investigates the effects of varying the radio frequency power during magnetron sputtering
while film production is underway. The XRD confirmed the (002) and (102) planes specific to the hexagonal wurtzite structure. We
also found that the average crystallite size decreased from 25.56 to 24.11 nm with the change of RF power in the deposition. In
addition, the energy band gap shrank from 3.58 to 3.56 eV. As spherical grains become visible, SEM images show that the surface
morphology of the produced films has changed preferentially. The refractive index, film surface roughness, and energy band gap

decreased as the RF magnetron sputtering power increased.
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1.0 Introduction

Zinc oxide is known as a potential candidate for transparent
conductive oxide (TCO) due to its direct energy band-gap in
the range of 3-3.37 eV and significant excitonic binding
energy of 60 meV. It also has quite impressive and distinctive
structural and optical properties.[1,2] It is a n-type
semiconductor having a wurtzite crystal structure. It is
thermally and chemically stable, less expensive, abundantly
available, and non-toxic [3,4]. Therefore, the preparation of
ZnO thin films for various applications such as chemical and
bio-sensors [5], catalysts [6], UV photodetectors [7],
Schottky diodes8, and light-emitting diodes9 is currently in
use. It is transparent to visible light and can be made highly
conductive by doping. The TCO that is now in use is indium
tin oxide (ITO); however, it is not a good option because it is
poisonous, brittle, expensive, and less stable for H, plasma
[10]. TCO film's excellent transparency and conductive
qualities have led to their widespread use as flexible
electrical devices [11]. TCO is frequently employed in
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piezoelectric transducers, solar cells, photodetectors, and
light-emitting diodes because it produces excellent electrical
conductivity when doped with aluminium. However, most of
the aforementioned devices are made with Silicon wafers as
substrates limiting their potential application of flexible
electronics. In this work, we studied the structural,
morphological, and optical properties of Al/ZO thin films on
polyethylene terephthalate (PET) substrate. Here, we used
2.5% Al-doping by weight of ZnO. The film's thickness
significantly impacts the deposited thin films, which are
highly crystalline and aligned. We will investigate the
structural, morphological, optical, and electrical aspects of
the Al/ZnO films deposited using RF magnetron sputtering
powers.

2.0 Experimental procedure

Al/ZnO thin films (unit model: 12 "MSPT) were deposited
on an ITO-coated PET substrate using RF magnetron
sputtering). ZnO: Al (2.5 wt. % ALO,) was used as the target
material for the deposition of film. The substrates were
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Figure 1. Schematic setup of RF Magnetron Sputtering

ultrasonically cleaned in acetone and deionized water for 10
minutes before thin film deposition. Sputtering gas, or argon,
was added into the vacuum chamber after it had been
evacuated and pushed down to 4.0x10° Torr. The thin film
deposition technique involved maintaining a pressure of
3.0x10? Torr throughout and using two radio frequency
magnetron sputtering powers, 120 W and 140 W for 20
minutes.

2.1 X-ray Diffraction Pattern (XRD)

Fig. 2 shows the XRD spectrum for Al/ZnO thin films
deposited by the RF magnetron sputtering method on PET as
substrates with different power, 120W and 140W. ZnO thin
film patterns exhibited diffraction planes at (002) and (102)
corresponding to the hexagonal wurtzite structure of Zinc
oxide, and other diffraction patterns at (222) and (113)
represented the mixed phase of aluminium oxide and
aluminium oxide (indicated by * and by $ respectively)
[11,12]. Abroader PET substrate pattern, indicated by #, was
also acquired. Equation 1, where d is the interplanar spacing
for the plane (hkl), and hkl are miller indices, was used to
compute the lattice parameters 'c' given in Table 1 from (002)
peaks.

Lot 2 2y 4 B 1
— =13 (h" +hk+ k%) + (1
The Debye Scherrer formula was applied to find the

crystallite size,

B )
Fcosd

Where A is the X-ray wavelength (1.54 A), 0 is Bragg's
diffraction angle, and B is the full-width half-maximum of
(002) peak of the XRD pattern [13]. It was observed that
there was no independent peak for aluminium doping in the
ZnO thin films. Itis since there is a difference in ionic radii of

Zn*+(0.74A) and AI'+(0.54A). Because of the small ionic

radii of aluminium, it gets induced in the interstices of the
ZnO structure without altering the wurtzite structure of ZnO
[14].

Table 1. Showing the various parameters of A/ZnO films

Position Lattice |Crystallite bglll) (t;c:l
Sample FWHM| Parameter size sap

(eV)

120W | 3443 | 0.323 5.220 25.56 3.56

140 W | 3433 | 0.345 5.203 24.11 3.58

The tabular data observation indicates that as the RF
magnetron sputtering power increases, the crystallite size
and the band gap decrease, showing that aluminium is being
absorbed into interstices suitably.
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Fig. 2 XRD Spectrum of the Al/ZnO thin films at
different Radio Frequency magnetron sputtering powers.
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2.2 Field Emission Scanning electron microscopy (FE-
SEM)

The surface morphology of Al/ZnO thin films on PET
substrate was analyzed by FE-SEM as shown in fig 3(a) &
(b). Both films showed signs of spherical grain growth.
Surface roughness and Grain size were increased rapidly
with the increasing sputtering power from 120W to 140W
[15,16]. Spherical grains were uniformly distributed on the
substrate, confirming the good adhesion to the substrate. It
also considers that grain growth occurs because of the
annealing of the thin film, which results in a significant
driving force for internal atomic diffusion for grain growth.
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Fig. 3SEM imagesat (a) 120W; (b) 140W.(c) Optical
transmittance as a function of wavelength (d) Tauc's plot
for the optical energy band gap of the Al/ZnO thin films

at various substrate RF magnetron sputtering powers.
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2.3 Optical Study

Fig. 3(c) & (d) displays the optical transmittance of the
Al/ZnO thin films deposited at various RF magnetron
sputtering powers. The transmittance spectra of Al/ZnO thin
films were measured between 250 and 800 nm in
wavelength. It was observed that both the thin-film samples
showed 80% average transmittance in the visible wavelength
range. [17]

The optical energy band gap of Al/ZnO thin films was
calculated using (ahv)’ versus hv plots, which resulted in a
straight-line fit to the absorption edge of the glass and
extrapolation to the (ahv)’ = 0 axis. It gives a way to produce
an optical energy band gap. As for allowed direct transition,
the variation of (cthv)’ with photon energy obeys Tauc's plot
method.

(cthu)? = A(hv — Eg} .......................... 3)

Where A is the equation constant, Eg is the optical band gap,
his Planck's constant, and o is the absorption coefficient. The
value for optical band gaps for both films is given in Table 1.
The Eg values were found to be 3.58 and 3.56eV for 120 W
and 140 W, respectively. The energy band gap was found to
be inversely proportional to the power of Radio Frequency
magnetron sputtering. It decreases the carrier concentration,
moderating the wide optical band gap [17].

3.0 Conclusion:

This study successfully deposited Al/ZnO thin films on ITO-
coated PET substrates with Radio Frequency magnetron
sputtering. Hexagonal wurtzite structure with (002) and
(102) orientation for ZnO structure was confirmed from
XRD patterns. The morphological studies showed that the
growth of spherical grains in Al/ZnO thin films was more
uniform with the increasing power of Radio Frequency
magnetron sputtering in film deposition. The decrease in
energy band gap and crystalline size of Al/ZnO films with the
increasing of substrate Radio Frequency magnetron
sputtering power indicate that control of deposition power is
an excellent tool to change the properties of Al/ZnO films.
Varying the Radio Frequency magnetron sputtering power of
the substrate during film deposition makes the materials
developed in this study suitable for use in solar cells, TCO,
and flexible/wearable electronics.
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DSC : Differential scanning calorimeter (DSC) is a method of thermal
analysis that determines the temperature and heat flow associated with
material transitions as a function of temperature or time.

Some ofthe importantapplication of DSC are

1) Glass Transition 4) Specific Heat

2) Melting Point 5) Curing Kinetics

3) % Crystallinity 6) Oxidative Induction Time (OIT)

We have DSC 8000 with high pressure assembly in which we can go

Contact for more details :
upto maximum 500psi. It is very useful for studying high pressure g ;il: info@btrainida.com

Oxidation Induction Time (HPOIT) of oils, Polyolefin Geosynthetics = Tel.: +91-22-6202 3636
etc.under pressure.




