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Abstract

In this study, ZnO thin films, with thicknesses of 80-240 nm are prepared by thermal evaporation of ZnO
pellets on glass substrates. Then, these films are annealed in air atmosphere at 300°C for 2 hours. ZnO
formation has been investigated as a function of the film thickness. As deposited films appear to be brown
since they are rich in Zn, whereas Zn phases are replaced by ZnO phases after annealing and the films show
a transparent appearance. In thinner films (80-100 nm) the ZnO phases are not observed, but Zn phase
intensities decrease after annealing. Especially when the thickness is increased in 132-240 nm thick films,
ZnO phases are observed after annealing, and their intensity is increased and polycrystalline structures are
formed. XRD measurements show that Zn (002), Zn (100) and Zn (101) phases are present in our films
before annealing. After annealing, the intensity of these zinc peaks decreases firstly due to the film
thickness, and then at ZnO (100), ZnO (002) and ZnO (101) phases are formed. SEM, AFM analyzes show
that ZnOs are formed in the form of nanorods on the surface and after these anneal the columnar growths
occur and the particle diameters increase.

Keywords: ZnO thin film, thermal evaporation, annealing, XRD, SEM, AFM techniques.

1. INTRODUCTION such as gas sensors, photovoltaic devices, solar
cells, piezoelectric devices, light emitting diodes,
Zinc oxide (ZnO) is a wide band gap (3.37 eV) transparent conducting oxide electrodes (TCOs),
semiconductor. It has a high exciton binding UV photodetectors, spintronic devices, near UV
energy of 60 meV at room temperature [1-3]. It is and blue lasers [6-8]. Several methods have been
an important advantage that ZnO material can be used to synthesize ZnO thin films, such as spray
produced by different methods and the structural pyrolysis, pulsed laser deposition, spraying, sol-
/ optical properties can be adjusted according to gel, and thermal evaporation [9-10].
the desired applications, making it interesting for In this study, ZnO films were obtained by thermal
material science [4-5]. ZnO is also one of several evaporation of high purity ZnO particles followed
optically transparent and electrically conductive by annealing in air atmosphere. Firstly, ZnO thin
metal oxide materials. Due to these superior films, with thicknesses of 80-240 nm are prepared

properties, ZnO material has many applications
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by thermal evaporation of ZnO pellets on glass
substrates. Then, these films are annealed in air
atmosphere at 300°C for 2 hours. ZnO formation
has been investigated as a function of the film
thickness, using XRD, SEM and AFM
characterization techniques. Thus, in this study,
the film thickness and the annealing effect at
300°C were investigated on the growth and
structural properties of ZnO film.

2. EXPERIMENTAL DETAILS

In this study, firstly ZnO thin films were
deposited on glass substrates by thermal
evaporation of ZnO pellets of purity 99.99 %
using an Edward High Vacuum Coater System
with the base pressure of about 1x10°® Torr. The
glass substrates were cut into small pieces of 10
mm X 10 mm size. After then, these substrates
cleaned with the standard chemical cleaning
process. Prior to film deposition, a process called
glow discharge under high vacuum was carried
out to improve film deposition on the substrate.
Then ZnO films with thicknesses ranging from 80
to 240 nm were produced by thermal evaporation
on glass substrates. The thicknesses of the ZnO
films were determined by a quartz crystal
oscillator during the deposition.

Finally, all ZnO films were then annealed in air
for two hours at 300°C. Thickness values of the
as deposited ZnO films were listed in Tablel.

Table 1. Thickness values of the ZnO films

Annealing
Thickness Temperature
ZnO samples

(nm) for two hours
(9
Sample 1 80 300
Sample 2 100 300
Sample 3 132 300
Sample 4 175 300
Sample 5 240 300

The structural investigation of the ZnO films was
performed using X-Ray Diffraction (XRD),
Scanning Elektron Microscopy (SEM) and
Atomic Force Microscopy (AFM). Philips X Pert
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Pro x-ray diffractometer with CuKa line has been
used for the determination of the crystallographic
phases in the XRD analyses. SEM measurements
were analyzed using the Philips XL-30S FEG
scanning electron microscope. AFM
measurements have performed using Ambient
AFM Nanomagnetics Instruments.

3. RESULT AND DISCUSSIONS
3.1 XRD analysis of the ZnO films

XRD spectra of the as-deposited and annealed
ZnO thin films are shown in Figs. 1-6 as a
function of the selected films of 80, 132 and 240
nm thickness.

Sample #1
80 nm
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Figure 1. XRD spectra of the ZnO thin films of 80 nm
(before annealing)
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Figure 2. XRD spectra of the ZnO thin films of 80 nm (after
annealing)

As it can be seen in Fig.1 as deposited sample
with thicknesses of 80 nm show only Zn peaks
which are observed at 20 =37°,20 =39 and 20
=43° they are Zn(002), Zn(100), Zn(101) phases,
respectively. Fig.2 shows that after annealing at
300°C, Zn phases reduction occurs.
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Figure 3. XRD spectra of the ZnO thin films of 132 nm
(before annealing)
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Figure 4. XRD spectra of the ZnO thin films of 132 nm
(after annealing)

On the other hand, when Fig.3 and Fig.4 are
examined, the oxidation behavior is observed in
the annealed samples if the film thickness
increases to 132 nm. Furthermore, Zn phases
disappear and ZnO phases become visible; this
indicates that the Zn phases replaced by ZnO.

But as the film thickness increases from 132 nm
to 240 nm, after annealing process, intensities of
the ZnO phase increases and sharp ZnO phases
are formed. Fig5 and Fig 6 show XRD spectra of
the 240 nm ZnO film before and after annealing,
respectively.
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Figure 5. XRD spectra of the ZnO thin films of 240 nm
(before annealing)
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Figure 6. XRD spectra of the ZnO thin films of 240 nm
(after annealing)

XRD diffraction analysis shows that as deposited
films have three Zn phases correspond to the
(002), (100), (101) directions. After annealing at
300°C for two hours, Zn phases intensities
decrease and also ZnO peaks appear. This
indicated that Zn phase converted to ZnO phase.
In thinner films (80-100 nm) the Zn phase
intensities decrease and ZnO phase doesn’t occur
after annealing. In films with a thickness of 132-
240 nm, when the thickness increases, ZnO
phases are formed after annealing, their intensity
increases, and polycrystalline ZnO structures
occur. Therefore, many phases with zinc oxide
(100), (002), (101), (102) and (110) orientations
have been observed. In other production methods,
most of ZnO thin films have (002) preferential
orientation [3, 6, 7]. This difference may be due
to changes in the growth mechanisms of ZnO.
Because diffusion of oxygen in ZnO formation is
very important. This is particularly dependent on
composition, structure and thickness. Since all the
deposited films in this study are rich in Zn, they
appear brown first. Due to the entering of oxygen
to the structure after the annealing, ZnO phases
are formed depending on the film thickness and
the films show a transparent appearance.

ZnO structures produced by thermal evaporation
preferred  polycrystalline  orientation  in
accordance with the literature [7, 11, 12]. We
have used thermal evaporation method and
obtained ZnO thin films which have
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polycrystalline hexagonal wurtzite structure, in
this study.

3.2 SEM analysis of the ZnO films

The SEM images obtained from ZnO films
annealed at 300 °C are shown in Figs. 7-9 for the
selected films of 80, 132, and 240 nm thickness
values. SEM studies reveal that nanorods were
formed on the surface of all ZnO films after
annealing. It has been observed that these
nanorods on the surface have a random
distribution.
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Figure 7. SEM micrographs of the ZnO films of 132 nm
after annealing
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Figure 8. SEM micrographs of the ZnO films of 132 nm
after annealing
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Figure 9. SEM micrographs of the ZnO films of 240 nm
after annealing

As the film thicknesses increase from 80 nm to
240 nm, after annealing, these nanorods grow
columnar way. As seen from Fig. 7-9, diameters
of nanorods increase and completely cover the
surface. Considering the XRD studies of 132-240
nm thick films, these nanostructures, which show
the transition from Zinc (Zn) weighted phases to
Zinc-oxide (ZnO) phases, depend on increased
oxygen content.
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3.3 AFM analysis of the ZnO films

0.0
(b)

Figure 10. AFM images of the ZnO films with thicknesses
of 80 nm after annealing a) 3D-AFM b) 2D-AFM

AFM images of ZnO films are shown in  Fig.10-
11. These figures reveal that nanorods grow in a
columnar way. In addition, these nanorod
structures come together along the surface to form
nanorod clusters.

AFM analysis shows us mean nanorod sizes
(length) increase from 297 nm to 335 nm for the
film thickness of 80 nm, 240nm, respectively. As
seen from Fig.10 and Fig.11, if the film
thicknesses increase from 80 nm to 240 nm, after
annealing, grain diameters increase, and ZnO
clusters occur. At the same time, the columnar
growths occur in the zinc oxide structures.
Furthermore, the intensity of ZnO phases
increases according to the XRD analysis.
Therefore XRD, SEM and AFM analyzes are
compatible with each other.
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Figure 11. AFM images of the ZnO films with thicknesses
of 240 nm after annealing a) 3D-AFM b) 2D-AFM

4. CONCLUSIONS

In this study, ZnO film samples with different
thicknesses were obtained by thermal evaporation
of high purity ZnO particles followed by
annealing in the air atmosphere. The effect of film
thickness on ZnO formation was investigated.
XRD analysis shows that ZnO structures were not
observed for all the deposited films. These films
have only Zn phases. In thinner films (80-100)
nm, after annealing, Zn phase intensities decrease,
but in thick films (132-240) nm, Zn phases
disappear and ZnO phases visible. This indicates
that the Zn phases replaced by ZnO. This is an
evidence that the film thickness is important as
well as the annealing temperature so that zinc
oxide films can be formed. Moreover, ZnO films
obtained by annealing after thermal evaporation
exhibit a polycrystalline structure.
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SEM and AFM analysis show that all ZnO films
are formed as nanorods, and they completely
cover the surface. If the film thicknesses increase,
after annealing, grain diameters increase and ZnO
clusters occur.

Finally, we can say that from the characterization
results of ZnO samples in the thickness between
132- 240 nm, which were annealed at 300 °C for
two hours, have the best physical properties.
These ZnO nanorod structures with good
structural ~ properties are  preferred in
optoelectronics and sensor applications widely.

5. REFERENCES

[1] A. Zaier, A. Meftah, A. Y. Jaber, A. A.
Abdelaziz, M. S. Aida, “Annealing effects
on the structural, electrical and optical
properties of ZnO thin films prepared by
thermal evaporation technique”, Journal of
King Saud University Science, vol. 27, no.4,
pp. 356-360, 2015.

[2] P.Rai, R. Khan, R. Ahmad, Y. B. Hahn, I. H.
Lee, Y. T. Yu, “Gas sensing properties of
single crystalline ZnO nanowires grown by
thermal evaporation technique”, Current
Applied Physics, vol 13 n0.8, pp 1769-1773,
2013

[3] S. Singh, P. Chakrabarti, “Comparison of the
structural and optical properties of ZnO thin
films deposited by three different methods
for optoelectronic applications”
Superlattices and Microstructures, vol.64,
pp-283-293, 2013.

[4] N.K. Park, Y Lee, S Yoon, G Han, S Ryu, T
Lee, W Lee, and Y Bae, “The Epitaxial
Growth of ZnO Nanowires for Optical
Devices by a Modified Thermal Evaporation
Method”, Scripta Materialia, vol.59, no.3,
pp.328-31, 2008.

[5] N. E. Duygulu, A. O. Kodolbas and A.
Ekerim,  “Influence = of  Deposition
Parameters on ZnO and ZnO:Al Thin
Films”, Physica Status Solidi(C), vol.11
pp.1460-63, 2014.

655



[6]

Gokhan Utlu

Structural Investigation of ZnO Thin Films Obtained by Annealing after Thermal Evaporation

Chongsri, K., and W. Pecharapa, “UV
Photodetector Based on Al-Doped ZnO
Nanocrystalline Sol-Gel Derived Thin
Fims”, Energy Procedia, vol.56, pp.554—
559, 2014.

[7] U. Ozgiir, Ya. I. Alivov, C.Liu, A. Teke, M.

A. Reshchikov, S. Dogan, V. Avrutin, S.-J.
Cho, and H. Morkog, “A Comprehensive
Review of ZnO Materials and Devices”,
Journal of Applied Physics, vo0l.98,
pp-041301-102, 2005.

[8] L. Schmidt-Mende, J. L.MacManus-Driscoll,

[9]

“ZnO-nanostructures, defects, and devices”,
Materials Today, vol.10, no.5, pp.40-48,
2007.

R. Mariappan, V. Ponnuswamy, P. Suresh,
N. Ashok, P. Jayamurugan, and A. Chandra
Bose, “Influence of Film Thickness on the
Properties of Sprayed ZnO Thin Films for
Gas Sensor Applications”, Superlattices and
Microstructures, vol.71, pp.238-249, 2014.

[10] Rusli, Nurul Izni, Masahiro Tanikawa,

Mohamad Rusop Mahmood, Kanji Yasui,
and Abdul Manaf Hashim, “Growth of High-
Density Zinc Oxide Nanorods on Porous
Silicon by  Thermal  Evaporation”,
Materials, vol.5, pp.2817-2832, 2012.

[11] N.Bouhssira, S. Abed, E. Tomasella,

J.Cellier, A. Mosbah, M. S. Aida, M.
Jacquet,“Influence of annealing temperature
on the properties of ZnO thin films deposited
by thermal evaporation”, Applied Surface
Science, vol. 252, pp.5594-5597, 2006.

[12] A.Ghaderi, S. M. Elahi, S. Solaymani, M.

Naseri, M. Ahmadirad, S. Bahrami, A. E.
Khalili, “Thickness dependence of the
structural and electrical properties of ZnO
thermal-evaporated thin films”, Pramana,
vol.77,n0.6, 1171-1178, 2011.

Sakarya University Journal of Science 23(4), 650-656, 2019

656



