2021 BARCELONA 28th Int'l conference on Innovations in “Science, Engineering & Technology” (BISET-21) Oct. 13-15, 2021 Barcelona (Spain)

Determination of the Morphological, Optical
and Crystalline Properties of ZnO Thin Film
Grown by Pulsed Laser Deposition (PLD)
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Abstract— We have grown ZnO thin films on SLG substrate at
room temperature in two different thicknesses, using Pulsed Laser
Deposition system. The thicknesses of ZnO (ZnO1, Zn0O2 and Zn03)
thin films were measured to be 41 nm, 70 nm and 197 nm, produced
applying 18000, 36000 and 54000 laser pulses, respectively.
Although ZnO thin films were grown at room conditions, their
structures were formed as polycrystalline. If the laser pulse number
is increased, the thickness of the thin films is enhanced and it was
observed that the crystal structure of semiconductor thin films were
developed. Furthermore, it was observed that as the size of the
particles forming the thin films are increased, their energy band gaps
are decreased. As a result, ZnO2 thin film in 197 nm thickness has
been found suitable for use in piezoelectric application areas, thin
film solar cell, gas sensor, flat panel displays, thin film transistor and
light-emitting devices.

Keywords— ZnO thin film, laser pulse number, polycrystalline,
PLD.

. INTRODUCTION

Zinc Oxide (ZnO) is an n-type semiconductor has some
spectacular properties such as direct wide band gap (3.37 eV),
low electrical resistivity, large exciton binding energy of 60
meV, high transmittance (in visible region), low cost, non-
toxicity [1, 2].
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ZnO material is a perfect candidate for use in application
areas such as flat panel displays, thin film solar cells, thin film
transistor, piezoelectric devices, gas sensors and light-emitting
devices. Many coating processes, such as molecular beam
epitaxy, sol-gel, spray pyrolysis, magnetron sputtering and
Pulsed Laser Deposition (PLD) can be used to grow ZnQO thin
films [3]. PLD technique has a simple setup and very
prominent advantageous for the production of ZnO thin films
with its adjustable parameters. By controlling parameters such
as background oxygen gas pressure, laser energy, laser pulse
number and target-substrate distance as well as substrate
temperature, it can be produced that ZnO thin films with ideal
crystalline, morphological and optical properties. Especially,
the ability to produce polycrystalline and epitaxial thin films at
room temperature by PLD system are very important for
device performance [4, 5].

In this study, ZnO thin films were deposited on soda lime
glass (SLG) at room temperature by 1800, 36000 and 54000
laser pulses. The morphological, optical and crystalline
characteristics of ZnO thin films were investigated using
Atomic Force Microscopy (AFM), UV-vis spectra and X-Ray
Diffraction (XRD) analysis techniques. Thin film thicknesses
were measured by a profilometer device. The characteristic
changes in ZnO thin film depending on increase the laser
pulse numbers have been discussed in detail in this paper.

Il.EXPERIMENTAL

ZnO thin films were deposited on p-Si wafers and soda lime
glass (SLG) substrates at room temperature by PLD system,
using pulses laser beam (at 1064 nm wavelength, 10 Hz
repetition rate, 5 ns pulse width. p-Si wafers have a 500 pm
thickness, 1 Q.cm resistance and (111) orientation. Before run
the experiment, the following procedure was applied for
cleaning the Si wafer and SLG substrates: Si wafers and SLGs
were washed with foamy soap, put into and kept in the mixed
solution (HCI: H,Os: distilled water (1:1:10)) for 10 minutes,
put into and kept in distilled water for 5 minutes and then
washed in acetone and isopropy! alcohol for 10 minutes in an
ultrasonic bath. Si wafers and SLGs were then dried with
nitrogen gas jet.

ZnO sputtering target (%99.99 purity from Kurt Lesker)
was ablated by pulsed laser beam and the thin films were
grown firstly on SLG substrate and then onto p-Si wafers at
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room temperature as a function of the number of laser pulses
applied to be 18000, 36000 and 54000 pulses. Before all
experiments, the vacuum chamber was pumped down to
~8x10°® mbar background pressure and laser fluency was set
to 2.2 Jlem®. The distance between target and substrate was
set to be 5 cm and oxygen gas was allowed in up to that the
background gas pressure was reached to 1.3x10™ mbar.

Fig. 1 Plasma image formed by ablated ZnO particles

I1l. DISCUSSION

A. XRD Analyses

Thin films named as ZnO1, ZnO2 and ZnO3 were grown by
applying 18000, 36000 and 54000 laser pulses in thicknesses
of 41 nm, 70 nm and 197 nm, respectively. While the number
of laser pulses increases, the crystal structure of ZnO thin
films improves, according to XRD spectra given in Fig 2, as
well as the thicknesses of thin films increases since the
deposition rate increases [6]. Thus, ablated particles coming
on the substrate and occupy a suitable vacancy in the crystal
structure. The compatible crystal directions are formed, and
the crystal structure is improved. The important point here is
that the formation of polycrystalline ZnO thin films on the
substrate is taken place at room temperature. Since the ablated
ZnO particles have high kinetic energies and therefore, the
particles quickly diffuse towards each other (similar to high
substrate or annealing temperature) when they come over the
substrate, the particles combine with each other to form a
uniform alignment and crystal structure [4, 5, 7]. All ZnO thin
films have polycrystalline structure and crystallized at
directions of (100), (002), (101) and (110) hkl planes appeared
at 20=32.1° 34.7°, 36.5° and 56.6° respectively. Mother
diffraction peaks of ZnO thin films are in (002) orientation
[8]. It has been examined and carried out that, as ZnO thin
film thickness increases, their crystal structures develops and
the intensity of the mother peak rises.

The main crystalline sizes of the prepared thin films have
been calculated by Scherrer equation:

D = 0.944/Lcos6b €))

where crystalline size is shown as D, the full-width at half-
maximum of diffraction peak exhibits as g, the wavelength
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ofof X-ray is indicated as A and O the Bragg diffraction angle
is demonstrated as 6 [4]. The main crystalline sizes have been
calculated using Scherrer equation for ZnO1, ZnO2 and Zn0O3
thin films to be 6.58 nm, 13.31 nm and 27.4 nm, respectively.
While the thicknesses of ZnO thin films increases, their
crystalline size increases. Thus, the number of defects in the
structure decreases and the crystallite of ZnO thin film
improves as stated above [6].
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Fig. 2 XRD spectra of ZnO1, ZnO2 and ZnO3 thin films

The dislocation density and microstrain of the thin film [9, 10]
are determined by Equation (Eg.) 2 and Eq.3:

1
6=-; 2
_ ,BCZSH 3)

The dislocation density and microstrains of ZnO thin film,
which identify defect and traps in the thin film. The
dislocation density of ZnO1, ZnO2 and ZnO3 thin film have
been founded to be 2.31 x10% (lines/m?), 5.64x10 (lines/m?)
and 1.33x10™ (lines/m?) while their microstrains have been
obtained as 5.5x10%, 2.72x10° and 1.32x107, respectively.
As the thin film thickness increased, the decrease in the
dislocation density and microstrain showed that traps and
defects in the thin film decreased. According to the results
obtained from the XRD results, the most ideal crystalline thin
film to be used in different application areas was determined
as Zn0a3 thin film.

B. Morphologic Analysis

Fig 3. shows AFM images in 10 pm x 10 pum region of
Zn01, Zn02 and ZnO3 thin films. Since the increase in the
laser pulse number rises the amount of ablated and deposited
materials, particles reaching the substrate were deposited on
top of each other causing the grain size to be increased.
Zn01 thin film has the lowest grain size while ZnO3 has the
largest grain size as expected from the increase in the number
of laser pulses [11, 12]. ZnO2 thin film has a relatively
inhomogeneous size distribution. Increase in the grain size as
a function of the laser pulse number applied leads to some
decrease in the number of grain boundaries and passivation of
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defects and traps within these boundaries. This supports the
development of the crystal structure [6]. Therefore, ZnO3 thin
film has the most ideal morphology compared to other thin
films. style.

Fig. 3 AFM images (in 10 pm x 10 pm area) of ZnO1, ZnO2 and
ZnQ3 thin films

C. Optical Properties of ZnO thin films

According to the graph of the absorbance versus
wavelength, as given in Fig 4a, as the thickness of the thin
films increases, the grain sizes increase, so more photons are
absorbed by ZnO thin films [13]. While the photon
transmission in the visible region is performed by ZnO1 and
Zn02 thin films at the lowest thickness, the lowest photon
transmission in this region was obtained with ZnO3 thin film
at the highest thickness. ZnO3 thin film absorbs photons
especially in the range of 400-600 nm, which can be attributed
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to large size grains.
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Fig. 4 Absorption spectra and b) Tauc Plots of ZnO1, ZnO2 and
ZnQ3 thin films

Energy band gap values of thin films have been calculated
using Tauc equation given below:

1/2
(ahv)? = A(hv — E,) @)
where the energy of the photon is shown as hvhv, the

constant of equation is exhibited as A, the energy band gap
value of thin films is presented as Eq and it is definedby

extrapolation of straight line of (othv)z(O(hV)2 versus (hv) in
Tauc ploting and presented in Fig 4b. E, values of ZnO1,
Zn02 and ZnO3 thin films were calculated to be 3.61 eV [14],
3.37 eV [15] and 3.23 eV [16] relating to Tauc plot given in
Fig 4b, respectively, and these are compatible with studies in
literature.  Grain size rises since the thin film thickness
increases and thus, the absorption intensities of thin films
become superior and the energy band gaps of ZnO thin film
reduces [17]. All ZnO thin films with wide band gap include
suitable optical properties for micro electrical devices.

IV. CONCLUSION

In this study, ZnO thin films in three different thicknesses
were produced by applying 18000, 36000 and 54000 laser
pulses and according to the number of laser pulses applied,
thicknesses of thin films were measured to be 41 nm, 70 nm
and 197 nm, respectively. All ZnO thin films were formed in
polycrystalline structure on the substrate at room temperature.
While the thicknesses of ZnO thin films are increased, the
crystal structure of these thin films are improved, and then
their crystalline sizes and particle size increased. In addition,
ZnO thin films absorbs more photons and their band gap
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decreases with increasing thickness. As a result, ZnO3 in 197
nm thickness was determined as the most ideal thin film for
application areas such as flat panel displays, thin film solar
cell, thin film transistor, piezoelectric devices, gas sensors and
light-emitting devices.
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