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Abstract  In this work, we investigate experimentally the different properties of ZnO thins films deposited by 
radio-frequency magnetron with Zinc target (sputtering method) and we calculate the frequency peaks in ZnO/SiO2/Si 
structure. We study the effect of the power and the pressure deposition on the thin films properties. We characterized by 
X-ray diffraction the film crystalline quality and by scanning electron microscopy (SEM) the film morphology. The X-ray 
diffraction analyses has revealed that the ZnO film is polycrystalline in nature having a hexagonal wurtzite type crystal 
structure and (002) orientation. The SEM showed that the structure of the films is columnar. The thickness of the films is 
measured by profilometer apparatus (Dektak3 ST). The principal application of ZnO thin films is the SAW (surface acoustic 
wave) devices. We realized experimentally  the ZnO/SiO2/Si structure with the optimal parameters. The frequency response 
of the device is measured by the network analyzer. We obtained the frequency of 476 MHz for a phase velocity of 5712 ms-1.  
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1. Introduction 
Zinc Oxide is one of the most used thin film piezoelectric 

material. It belongs to the hexagonal wurtzite crystal type, 
having 6mm symmetry. Th is structure can be considered as 
two inter-inserted hexagonal structures (zinc and oxygen) 
spaced by (3/8) c from each other, where c is the main 
symmetry axis of the crystal. It is generally treated as a 
semiconductor as a result  of excessive zinc. ZnO is very 
versatile and due to its high coupling coefficient, many 
applications exist, like SAW devices[1], bulk acoustic wave 
devices, gas sensors, infrared detectors, tactile sensor 
arrays[2]. 

ZnO can  be deposited using various physical and chemical 
vapour deposition techniques (pu lsed-enhanced chemical 
vapour deposition, pulse laser deposition, ion-beam assisted 
depos it ion , molecu lar beam ep ita xy , s pu t tering…). 
Radio-frequency magnetron sputtering technique is one of 
the most widely  used to its reproducibility and efficiency[3, 
4, 5]. The growth methods of ZnO films are compatib le with 
a wide range o f s ubs t rates  (pyrex,  quartz, s il icon , 
sapphire…). ZnO is a wide-bandgap oxide semiconductor 
with  a d irect energy gap  of about 3.37 eV. The zinc oxide has 
emerged as one of the most promising materials, due to its  
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optical and electrical properties associated with the high 
chemical and mechanical stability.  

The physical properties of the films depend on the 
sputtering parameters, such as the substrate temperature, the 
oxygen partial pressure and the sputtering power[6]. 
Therefore, it is mean ingful to report in this paper, the effects 
of the pressure and power on ZnO thins films  structural and 
morphological p roperties using r.f. magnetron sputtering. 
We investigate experimentally with the optimal parameters 
the ZnO/Si and ZnO/SiO2/Si structures. 

The ZnO c-axis with respect to the surface normal was 
showed to be a necessary requirement towards shear wave 
mode excitation in  SAW. The sensing mechanis m consists 
of a perturbation of the surface along which the waves 
propagate. The frequency characterization of the SAW 
devices is obtained with a network analyzer and using 
equation (1)  

f = v

λ
                    (1) 

where f is the measured centre frequency, λ the considered 
used wavelength (μm) and v the phase velocity calculated. 

2. Experimental Details 
Various deposition techniques have been for ZnO thin 

films. Two types are predominant: chemical vapour 
deposition CVD and physical vapour deposition PVD. 
Many different kinds of thin films  are deposited by 
evaporation and sputtering, both of which are examples of 
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PVD. This processes for deposition of ZnO thin films use 
the generation of gaseous phase ZnO molecu les from a 
solid ZnO target and the condensation of these molecules 
on a substrate. During sputtering, the target (Zn or ZnO) at 
a high negative potential, is bombarded  with positive inert 
gas ions (mostly Ar) created in plas ma. The target material 
is sputtered away by momentum transfer and the ejected 
surface atoms are deposited (condensed) onto the substrate 
placed an anode. Sputtering is preferred over evaporation in 
many applications due to a wider choice of materials to 
work with and better adhesion to the substrate[7]. 
Sputtering is employed in laboratories and production 
settings. Most sputtered ZnO films are polycrystalline and 
grow preferentially with their crystallographic c-axis 
perpendicular to the substrate on any material[8]. 

2.1. Effect of the Deposition Power and Pressure 

The ZnO thin  films were deposited by r.f. magnetron 
system on silicon Si (100) substrates. The Zinc target (purity 
99.99%) d iameter was 100 mm (4 inch) and 6.35 mm th ick. 
The distance between the cathode and the substrate holder 
was 70 mm. The deposition chamber was pumped down to a 
base pressure of 5.10-7 mbar by a turbomolecular pump prior 
to the introduction of the argon-oxygen gas mixture for ZnO 
thin films production.  

The RF power delivered by the RF generator was fixed  at 
20 watts and 100 watts. The pressure was fixed at 2.10-2mbar, 
2.10-3 mbar and 6.10-3 mbar. 

All these conditions were summarized in table 1 and table 
2.  

Table 1.  Deposition conditions of ZnO/silicon structure by magnetron 
sputtering. Variation of the RF power 

Samples Temp.  
(°C) 

Power 
(W) 

Pressure 
(mbar) 

Ar/O2 
(%) Time (s) 

Si1  
31 

20 
 
 

2.10-2 

 
 

50-50 

6000 
Si2 100 3000 
Si3  

200 
20 6000 

Si4 100 3000 

Table 2.  Deposition conditions of ZnO/silicon structure by magnetron 
sputtering. Variation of the pressure 

Samples Temp.  
(°C) 

Power 
(W) 

Pressure 
(mbar) 

Ar/O2 
(%) Time (s) 

Si5 
 

31 
 

100 

2.10-2 

 
50-50 

 
3000 Si6 2.10-3 

Si7 6.10-3 

The crystallographic structure of films were analysed by 
X-ray Diffract ion using the Cu Kα (with λ  = 1.5405 A°) 
radiation. The morphology of the films is obtained by using 
scanning electron microscopy. The profilometer apparatus 
allows the measurement of the thickness and the growth rate 
of the ZnO thin films. 

3. Results and Discussion 
3.1. Structural Properties 

 
Figure 1.  X-ray diffractograms of ZnO thin films as function of r.f. power 
with 2.10-2mbar of pressure 

The XRD analyses of the ZnO thin films on silicon are 
shows in fig.1 As can be seen the samples Si1and Si3 shows 
a low quality of the crystalline structure of ZnO thin films. 
It could be attributed to the low RF power delivered by the 
RF generator. Further increasing substrate temperature and 
time deposition don’t give a better result. The samples Si2 
and Si4 shows on the XRD analyses an important peak (002) 
oriented ZnO crystallites. These samples have a good 
crystalline quality. As can be seen the crystalline quality is 
very sensitive to the RF power[5, 9]. 

 
Figure 2.  X-ray diffractograms of ZnO thin films as function of pressure 
with 100 watt of power 

Fig.2 shows the XRD patterns for samples deposited at 
several pressures (2.10-2mbar, 2.10-3 mbar and 6.10-3 mbar). 
We observe at low pressure of 2.10-3 mbar only one strong 
peak at 2θ~34.4°, which can be attributed to the (002) line 
of the hexagonal ZnO wurtzite phase. This sample Si6 is 
highly textured, with c-axis perpendicular to the substrate 
surface[10]. It  can be exp lains that the zinc atoms and 
oxygen atoms undergo fewer collisions, and thus have more 
kinetic energy, allowing them to arrange to form the plan 
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(002). The intensity of the (002) peak decreases at high 
pressure of 2.10-2 mbar. The three peaks at the higher 
pressure of 2.10-2 mbar correspond to (100), (002) and (101) 
orientations and their relat ively low intensities indicate a 
poor crystalline quality because the atoms suffer more 
collisions and therefore have less kinetic energy. Moreover 
the peak intensity decreases while its full width at half 
maximum (FW HM) increases. 

 
(a) 

 
(b) 

Figure 3.  Typical image of c-axis ZnO film on silicon. (a) : at  100watts RF 
power and 200°C temperature substrate Si4. (b) : at a pressure of 2.10-3mbar 
Si6 

The cross sectional micrograph of c-axis ZnO thin  films 
shows a columnar growth structure, fig.3. The image 
presents polycrystalline ZnO thin films growth with their 
c-axis perpendicular to the silicon substrate. 

3.2. Thickness and Growth Rate 

The thickness of the films and the growth rate are 
summarised in the table 3. For each sample, we have 
measurements the thickness of the ZnO thin films using the 

(Dektak3 ST) apparatus.  

Table 3.  Thickness and deposition rate for different samples Si1, Si2, Si3 
and Si4 

Samples Power (w) Thickness (nm) Growth rate (nm/s) 
Si1 20 60 1.00 10-5 

Si2 100 693 2.31 10-4 
Si3 20 65 1.08 10-5 

Si4 100 687 2.28 10-4 

As can be seen when the RF power decreases, the 
thickness of the thin films decrease, which  exp lains the 
decreasing of the growth rate. We observe that at 100 watts 
RF power, we obtained a bigger growth rate so an important 
flow of Zinc, consequently, the decrease of the time for 
reaction of the oxygen on the surface o f the thin  films.  We 
conclude that increasing the RF power can density the ZnO 
thin films. All these characterizat ions have permitted us to 
choose good deposition parameters, which are summarized 
in table 4. 

In order to increase the roughness of the silicon substrate 
for ZnO th in films growth, we use an amorphous SiO2 film. 
The SiO2 deposition conditions were: the chamber pressure 
at 6×10–3 mbar, the substrate temperature at 39 °C, the 
argon-oxygen gas mixture at  (20 sccm/20 sccm), the r.f 
power at 100 W and the time of deposition was fixed at 720 
s. 

Table 4.  Deposition conditions of Zinc Oxide by magnetron sputtering 

Samples Temp.  
(°C) 

Power 
(W) 

Pressure 
(mbar) 

Ar/O2 
(%) Time (s) 

Si8 200 200 4.10-3 50-50 7500 

4. Application as SAW Devices 
4.1. Frequency Peak Determination 

 
Figure 4.  SEM image of a completed IDTs 
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Figure 5.  The frequency response of the SAW device fabricated on a 
structure ZnO/SiO2/Si 

To check the piezoelectricity of the ZnO thin films, a  
SAW device was performed on a structure ZnO/SiO2/Si. Fig. 
4 shows SEM image of a completed IDTs (inter-d igital 
transducers). We have used the network analyzer for the 
frequency response of the device[11]. We have obtained the 
result shows in Fig. 5, which presents the insertion loss (dB) 
versus frequency (MHz). 

Fig. 5 shows the frequency response of the SAW device 
taken between 300 and 600 MHz. The two peaks correspond 
to the mode of propagation. The first peak corresponds to a 
frequency of 384 MHz for a phase velocity equal to 4608 
m.s-1 and the second peak corresponds to the frequency of 
476 MHz for a phase velocity of 5712 ms-1. 

5. Conclusions 
In summary, we have deposited ZnO films by r.f 

magnetron system on silicon (100) substrates. We have 
observed that the crystalline quality improves with the 
increase of the injected RF power because there is more to 
create reactive species, such as argon ion. We have observed 
that increasing the power is used to obtain a good crystalline 
quality of  the thin films because the atoms undergo fewer 
collisions and can have a better kinetic energy. The 
crystalline quality of the sample is small, in v iew of low 
power and even if you double the deposition time and 
increases the deposition temperature.  

The crystalline orientation of ZnO films is strongly 
influenced by the deposition pressure. So, the ZnO film 

deposited at low operating pressure of 2x10-3 mbar shows a 
single orientation (002) corresponding to the c-axis 
perpendicular to the substrate. With the optimal deposition 
conditions, we have fabricated a SAW device with a 
ZnO/SiO2/Si structure. The best frequency of 476 MHz is 
obtained for a phase velocity of 5712 ms-1 and 12 μm 
wavelength. 
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