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Based on the ion beam sputtering deposition technology, ZnO thin films are deposited on the glass substrate. The four-factor

and three-level L (34) orthogonal experiment is used to obtain the best technological parameters of the deposited ZnO thin

films, which are the discharge voltage of 3.5 kV, the oxygen current capacity of 8 sccm, the coil current of 8 A and the

distance between target and substrate of 140 mm. The purity of the deposited ZnO thin film is 85.77%, and it has good

crystallization in orientation. The experimental results show that research and development of the ion beam sputtering

source are advanced, and the ion beam sputtering deposition technology can be used to deposit the orientation preferred

thin films with good performance.
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ZnO is a semiconductor material with wide bandgap, which
has attracted much attention in recent years, and is one of the
most promising materials for high-speed ultraviolet photo-
detectors (UV-PDs)!'"4 due to its direct wide bandgap of
3.37 eV and high exciton binding energy of 60 meV. In
addition, ZnO has the high transparency at large carrier con-
centration and the high radiation hardness. The simplicity of
fabrication, low capacitance, low dark currents, good noise
suppression, high speed and high sensitivity all contribute to
the advantages of using a metal-semiconductor-metal (MSM)
structure for photodetectors.

ZnO thin films can be deposited by using a variety of
epitaxial growth techniques®'!l. Since the ion beam sputtering
technology has many advantages, such as its little pollution,
easy and precise control of the film-forming conditions, and
precise adjustment of the beam energy, it is usually consi-
dered that the ideal ZnO thin films have high c-axis preferred
orientation, surface roughness, and fewer defects. In this
paper, by using ion beam sputtering source to design the or-
thogonal experiments, the ZnO thin films are deposited un-
der different process parameters, and the influence of them
on the film structures and optical properties is studied.

The ZnO thin films were deposited by ZZX-1100 ion
beam sputtering equipment. The device of ion beam sputter-

ing consists of a target, an additional electromagnetic coil
which can be adjusted and a composition which leads to po-
larization of ions. Sputtering efficiency can be changed by
changing the discharge voltage and the coil current. The dia-
meter of target is 80 mm, and the purity of the ZnO target is
99.99%.

Clean the substrate to be coated, load it to the substrate
holder, and move the substrate holder to the source for sub-
strate cleaning. Vacuumize the chamber to 3.5x10~ Pa. Use
the ion beam cleaning source to clean the substrate for 3 min,
and put the substrate holder on the source for ion beam sputt-
ering. Inject the working gas of pure oxygen into the cham-
ber to deposite ZnO thin films. Deposit the films, then open
the vacuum chamber after cooling, and finally take out the
sample.

External conditions which affect the film quality are dis-
charge voltage, gas flow and target-substrate distance. When
the discharge voltage is lower than 2.5 kV or above 3.5 kV, the
gas flow lower than 6 sccm or above 10 sccm, the ion beam
sputtering would produce much ignition and flash, which
shows the abnormal work of the ion source. So the levels of
discharge voltage are chosen as 2.5 kV, 3 kV and 3.5 kV, and
the gas flow levels are 6 sccm, 8 sccm and 10 scem. To limit
the test-bed structure and working space, we choose the target-
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substrate distance as 140 mm, 160 mm and 180 mm. There-
fore, in the design of the four-factor and three-level L (3%)
orthogonal experiment!'?, with the parameters shown in Tab.1,
if the refractive index in some groups of the experiment rea-
ches a theoretical value, we believe that these groups can be
the better film deposition conditions.

Tab.1 Parameters of the orthogonal experiment

Experiment No. 1 2 3 4 5 6 7 8 9

Discharge
voltage (kV) 25 25 25 3.0 30 30 35 35 35

Gas flowing
(scem) 6 8 10 8 0 6 10 6 8
Target-substrate

distance (mm) 140 160 180 180 140 160 160 180 140

Some better groups of thin films are characterized by using
X-ray photoelectron spectroscopy (XPS) and X-ray diffrac-
tion (XRD) to get a group of process parameters with a bet-
ter refractive index, a higher deposition rate and a higher
content of 002 (c¢) direction of ZnO crystals.

The refractive index of ZnO thin films and the deposition
rate shown in Tab.2 are measured by using the Woollam
Company’s M2000-UlI-type wide-spectrum variable angle
ellipsometer from the United States.

Tab.2 Analysis of optical properties of ZnO thin films

Experiment

No. 1 2 3 4 5 6 7 8 9
Refractive

. 1872 1884 2025 2067 1969 1943 2006 2070 1984
index

Deposition
rate 258 283 361 329 523 176 7.09 233 5.16

(nm/min)

The refractive index of ZnO films in the visible range is
usually close to a constant of about 2.0. From Tab.2 we know
that the samples of Nos.3, 5, 7 and 9 have the better refrac-
tive index close to 2.0 and the higher deposition rate, so we
take them for XRD test.

XRD measurements were recorded by the Shimadzu
XRD-6000 X-ray diffractometer of Japan, and the samples
of O #,3 #, 5 # and 7 # are corresponding to the parameters
of the prepared samples Nos.9, 3, 5 and 7, respectively. XRD
spectra of four samples are shown in Fig.1, and all samples
have a strong peak at about 20 = 34°, which are the results of
the ZnO (002) crystal surface diffraction. Besides the 002
peak, there is no diffraction peak position. It is shown in Fig.1
that the diffraction intensities of 9 # and 3 # are significantly
higher than those of 5 # and 7 #. Therefore, we select the
samples 9 # and 3 # to observe the purity of ZnO thin films.
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Fig.1 XRD patterns of ZnO thin films

In XPS experiments, we used the PE Company’s PHI5400
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X-ray photoelectron spectroscopy of the United States for
testing. Before testing, we used ion beam sputtering for 10
min to clean the impurities on the film surface. The results in
Fig.2 show that the thin films contain the elements of Zn, O
in addition to a small amount of C, which may be caused by
indoor air pollution or by vacuum indoor transmission oil.
After sputtering, the element of C can be basically eliminated.
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Fig.2 X-ray photoelectron spectra

To make a further high-resolution analysis about the O
peaks, we can get the O peak fitting curve shown in Fig.3, and
there are two forms of O in the film. One is in the form of Zn0O,
while the other is a different form. The high binding energy
peak is £=532.14 eV, the lattice oxygen valence of Zn-O (ZnO)
is -2 price, low binding energy peak is £=530.40 eV, and the
relative content of lattice O adsorption of O is about 10% to
30%, which is caused by the growth of ZnO columnar. Al-
though the surface is etched, it is not completely eliminated.
The O elements in two forms are shown in Tab.3. In 9# sam-
ples, O existing as ZnXOy accounts for 85.77%, while the other
form is 14.23%. In 3# samples, O existing as ZnXOy takes up
77.63% , while the other form is 22.37%.
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Fig.3 Peak fitting curve of O element

Tab.3 Proportions of two different types of oxygen

Sample Lattice oxygen Adsorbed oxygen 0/0
0,(%) 0,(%) ron
3# 77.63 22.37 3.47
o# 85.77 14.23 6.03

We continue to analyze the ratio of x and y in the anOy.
The Zn and O in the ZnO exist in the forms of Znp, and O s,
respectively. Analyses of Zn and O contents of these two forms
of ZnXOy can be derived from the ratio of x and y, which are
shown in Tab.4. The ratios of Zn and O in the 9# and 3#
samples are both close to 1:1. We can consider that the com-
bination of Zn and O is in the form of ZnO. The ZnO content
is 85.77% in the 9# samples, and it is 77.63% in the 3# samples.

Tab.4 Relative amounts of Zn,p, and O,_in ZnO thin films

Sample O, (%) Zn,p,(%) Zn:0
3# 50.73 49.27 0.971
o# 50.66 49.34 0.974

By designing a four-factor and three-level L,(3") orthogo-
nal experiment, we use the ion beam sputtering deposition
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technology to obtain the best technological parameters for
depositing ZnO thin films. The optical quality of ZnO films
is studied and we make the XRD analysis on them. We also
choose some samples with high diffraction intensity for XPS
testing. When the discharge voltage is 3.5 kV, oxygen cur-
rent capacity is 8 sccm, coil current is 8 A and the target-
substrate distance is 140 mm, the refractive index of the de-
posited ZnO films reaches 1.9836, and the deposition rate is
5.16 nm/min. In the direction of 002(¢), the crystallized con-
tent reaches 85.77%, and the ratio of Zn and O is 1:1, which
demonstrates that these films deposited by ion beam sputter-
ing are precise in qualification orientation in c-axis, high in
crystallization, smooth in surface and have fewer defects.
They are superior to the films prepared by other means.
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