Eng. & Tech. Journal, Vol. 29, No. 1, 20

Effect of Substrate Temperature on the Structural ad
Morphological Properties of Nano-structure ZnO films by
Pulsed Laser Deposition

Afnan k. yousif* & Adawiya J. Haider**

Received on: 1/9/2009

Accepted on:30/6/2010
Abstract

In this work, ZnO thin films were grown on sapghif0001) substrate by
Pulsed Laser Deposition using SHG with Q-switchedYM\G pulsed laser operation
at 532nm in @ gas ambient 5xTbmbar at different substrate temperatures varying
from room temperature to 500°C. The influence & #ubstrate temperature on the
structural and morphological properties of the filmere investigated using XRD and
SEM. As result, at substrate 400°C, a good quality crystalline films were deposited
that exhibits an average grain size (XRD) of 22m2nwith an average grain size
(SEM) of 21.31nm.
Keywords: PLD; ZnO films; Substrate temperature; Crystal gyalGrain size;
Optical properties, Nanostructures, Nd: YAG Q-$hihg (SHG)
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Introduction

century, various methods have

been employed to prepare ZnO
flms such as chemical vapor
deposition (CVD)™, RF magnetron
sputtering?, sol-gel procesd, metal
oxide chemical vapour deposition
(MOCcvD) ™ molecular beam

I n the early of 80's of the last

epitaxial (MBE) ™, and pulsed laser
deposition (PLDJ®®.

Pulsed laser deposition has
become a widely used deposition
technique for thin film growth. PLD
presents several advantages with
respect to other deposition techniques.
In fact, due to the high energetic
content of the ejected species, it allows
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low temperature deposition process.
Moreover, its ability to congruently
transfer the stoichiometry from the
target to the film, allows the growth of
complex materials. The technique is
based on the vaporization process
induced by focusing a high energy
pulsed laser on the surface of the
material. When the energy laser density
is higher than a threshold value, which
depends both on the material and the
laser wavelength, a stream of atoms,
molecules, and clusters is ejected from
the target surface. Such a stream,
known as a plume and being also
composed of excited neutral and
ionized species, emits radiatioh.

Zinc oxide (ZnO) belongs to
[I-VI compound semiconductor and
crystallizes in hexagonal wurtzite
structure. At room temperature, ZnO
films exhibit very strong emissions by
excitons because of the large excitonic
binding energy of 60 meV.
Furthermore, ZnO has been recognized
as a promising photonic material in the
UV region due to its wide band gap of
3.37 eV at room temperaturée’

Sapphire has been widely used
as the substrate for the growth of ZnO
films and high-quality films have been
obtained "*. The mechanism for
Zn0O/ -Al,0O; epitaxial growth is
characterized by domain-matching
epitaxy. ZnO thin films on sapphire are
used in light-emitting diodes in which
emission from both sides is desiréd

In this work, we report the
fabrication of ZnO films on single
crystalline Sapphire (0001) using the
ns-PLD technique and investigate the
effects of substrate temperature on the
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structural and surface morphological
properties of the films.
1. Experimental Work

A ZnO target of high — purity
99.99% was mounted in a locally
designed vacuum chamber and ablated
by a second harmonic generation
(SHG) with Q- switched Nd: YAG
pulsed laser operated at 532 nm. Pulse
width of 10 ns, repetition rate of 6Hz
and operated at 1.6 J/€menergy
density was focused by positive lens
with focal length 5 cm on the target to
generate plasma plume as showifign
1. Prior to deposition, both polished
sapphire substrates were etched in
H,SOy:HPO=3:1 followed by
ultrasonic cleaning in deionized water,
and finally dried. In order to get a
uniform film thickness, substrates were
kept rotating during the deposition. All
samples were grown at an optimal
oxygen background pressure of 5%10
mbar. The substrate temperature was
varied from RT to 500°C. The film
thickness is measured by using optical
interferometer method and its found
(150nm). The film morphology was
investigated by a Scanning Electron
Microscopy (SEM- FEL Quanta 200,
Netherlands). X-ray diffraction (XRD)
measurements were performed by a
Rigaku diffractometer with
Cu K 1radiation ( =1.5405A).

2. Results and Discussion

Fig. 2, shows XRD patterns for
the ZnO thin films grown on sapphire
substrate at different  substrate
temperatures. The peak at about 34.4°
and 41.6° corresponding to the
diffraction from the zZnO (002) and
Al,O; (006) planes, respectively. The
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ZnO (002) peaks are observed for all
the sample temperatures.

This indicates that ZnO films
with a good c-axis preferred orientation
can be obtained by PLD at substrate
temperatures from RT to 500°C. In
addition, there is one weak peak
appearing at 2=31.8° as shown iRig.
(2b, d);which is corresponding to ZnO
(100). The intensity, full-width-at-half-
maximum (FWHM) and position of the
(002) diffraction peak are shown in
Fig. 3 It is found that the intensity of
(002) orientation is weak for the films
grown at RT, but it increases with
increasing substrate temperature to
400°C. However, the intensity
decreases when ZnO is deposited at
500°C, the intensities of ZnO (002)
peaks in XRD spectra are different due
to the diverse crystallization quality
and various substrate temperatures in
spite of the same deposition condition.
The FWHM of 2 values reveals the
crystalline structure of the film. The
atomic kinetic energy is mainly
determined by substrate temperature.
Therefore, at a relatively high
temperature, the atoms on the film
surface can move quickly to look for
the lowest energy sites and form the
low energy structuré”. As a result,
the structural quality of the ZnO film
deposited at high substrate temperature
is better than at low temperature.
Meanwhile, in the films deposited at
high substrate temperature, the number
of grains with the c-axis orientation is
large. So the XRD curve becomes
smooth and the intensity of ZnO (002)
peak becomes strong with the increase
of substrate temperature. The
crystalline structure of the specimens
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becomes good. But when the substrate
temperature is too high (for example
500°C), the adatoms are decomposed
and re-evaporated from the surface.

By using the Scherrer
equation, the grain size along the (002)
orientation can be evaluated, and the
values have been listed imble 1.
Since the grain size is inversely
proportional to the FWHM, the grain
size steeply decreases from the largest
value of 40.87nm to the smallest of
22.42nm as the substrate temperature
increases from RT to 400°C, and it
gradually increases to 28.05nm with a
further increase in substrate
temperature to 500°C.

Fig.4; shows the SEM images of the
surface morphologies of the ZnO films
deposited at substrate temperature of
RT°C, 100°C, 200°C, 300°C, 400°C
and 500°C, respectively. The non-
dense ZnO films are obtained at RT.
When the substrate temperature is
100°C, 200°C, and 300°C the grain
size is smaller (29.25, 27.40, 25.31)
respectively, and the films become
relatively dense compared with films
grown at RT°C as shown in fig.4 (b-d).
But in Fig.(4e) the size of the particles
is small, some holes appear and the
surface of the thin film becomes
coarse. The particles can crystallize
easily and there are few defects in the
films.

At higher substrate
temperature increases to higher
temperature, dense ZnO films are
obtained, and their grain size obviously
increase, especially the films at 500°C
which have coarse grains. The surfaces
of ZnO thin films were more planer
and compact as the mobility of
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adsorbent atoms increased at higher
temperatures. There are some bright
spots on the surface of ZnO thin films
that are considered to be micro
particles and drops. Which are
produced by ZnO target due to the
large energy density of laser. The grain
size observed from SEM pictures is
also listed inTable 1.From Table 1,
the average grain size obtained by the
XRD method is different from that
found by SEM.
Conclusion
In  summary, we have

discussed the effect or temperature on
the structural and morphological of
ZnO thin films, which prepared by ns-
pulsed laser deposition on sapphire
substrate in chamber with oxygen
pressure 5xI® mbar and 1.6 J/cm
laser fluence energy density. The
analysis of XRD and SEM results
indicate that the structure and
crystalline quality of the ZnO thin
films improved when the deposition
temperature increases from 100 to
400°C, but degrades when the
temperature reaches over 400°C. The
film deposited at an optimum substrate
temperature of 400°C exhibited single
phase of zZnO with preferred (002)
orientation with an average grain size
of (21.42) nm. From SEM was found
that the size of the particles is small
(21.31) nm and the surface of film
becomes coarse with low defect.
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Table 1; Grain size of the ZnO films depositedaiaus substrate temperatures

Substrate temperature (¢
RT 10C 20C 30C 40C 50C

Grain size (XRD) (hn 40.87 33.5¢ 29.47 26.67 22.4: 28.0%

Grain size (SEM) (nn 38 29.28 27.4C 25.8¢ 21.31 76.4<

3. Stainless steel Flange. 7.Variac
devices
3. Vacuum system 8.

Nd:YAG laser Power supply

Figure (1): Pulsed laser deposition (PLD) system
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Figure 2; XRD patterns of pulsed laser deposition ZnO fiims grown
on sapphire substrate at various substrate tenupesat
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Figure 3; Intensity, position and FWHM of (002) diffractiqgueak for
the ZnO films deposited at different substrate terafure
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Figure 4; SEM images of ZnO films deposited at various salsttemperatures

a)RT°C, b)100°C, c) 200°C, d) 300°C, €) 400°C, f) BDO
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