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      Abstract— ZnO thin films have been deposited on Si (111) 

substrate by ultrasonic spray pyrolisis (USP) with various growth 

temperatures. The polycrystalline of ZnO thin films have 

preferred plane (002) and relatively low donor concentrations 

comparing with GaN. Optically, photoluminescence (PL) spectra 

show the UV emission increased with increasing growth 

temperature. Nevertheless, green emission does not increase 

monotonically with increasing temperature. We believed that the 

ZnO thin films quality improved by increasing growth 

temperature. 

 

       Keywords— ZnO thin films, Growth temperature, XRD, Hall 

measurement, PL 

I. INTRODUCTION 

    Recently, ZnO has been received much attention for 

optoelectronics application due to its superior advantages over 

GaN.[1] Instead of wide band gap energy (3.36 eV) and large 

exciton binding energy of 60 meV, the quality of ZnO thin 

film also believed to be improved optoelectronic devices such 

as UV LEDs and light diodes (LDs) at room temperature.[2] 

The ZnO thin film quality generally depends on crystallinity, 

degree of preferred orientation, grain size, morphology, and 

surface roughness.[3]  Some substrates with different lattice 

constants also used to improve crystalline film quality.[4] 

However, ZnO suffers from the doping-asymmetry problem, 

in that the n-type conductivity can be obtained rather easily, 

but p-type doping proved to be formidable challenge.[5] This 

doping-asymmetry problem of the wide band gap 

semiconductors is still the main challenge at the present 

research. In order to realize applications in optoelectronics 

technolog, alot of efforts to growth ZnO films on top of a 

variety of substrat as p-type, such as GaN, Si, SiC, SrCu2O2 

and CuGaS2. Among these attempts, ZnO thin film on top of 

Si have stirred-up considerable interest for integrating ZnO 

onto Si technology. 
In this paper, the ZnO thin films grown on Si (111) 

substrate using ultrasonic spray pyrolisis (USP) technique by 
various growth temperatures. USP is chosen, due to low cost 
for fabricating thin films comparing with other technique. X-
ray diffraction (XRD), Hall effect, and photoluminescence 
(PL) measurements were employed to investigate structure, 
electrical, and optical properties of ZnO thin films.  

II. EXPERIMENTAL METHODS 

     Undoped ZnO was deposited on p-type silicon (111) 

substrate using USP. The Zinc acetate dehydrate 

(Zn(CH3COO)2.2H2O) was chosen as precursors for undoped 

ZnO . The Zinc acetate 0.02 mol/ml diluted in de-ionized 

water. The aerosol of precursor’s solution was generated by 

commercial ultrasonic spray pyrolisis (USP). Then it was 

transported to the heated Si substrate. Each substrates heated 

at various growth temperature 400
 o

C, 450
 o

C, up to 500
o
C. 

Heated substrate is intended to increase the density of atom on 

film deposition, minimize the oxidation, govern the prefer 

growth orientation, and generally improve the mechanical 

properties of film.[6] After deposition the ZnO thin film 

thickness of about 200 nm were characterized by XRD, Hall 

measurement, and photoluminescence (PL) spectrometer. 

III. RESULTS AND DISCUSSION 

X-ray diffraction (XRD) was performed to characterize 
crystal structure of the ZnO thin films.  
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Fig. 1. XRD pattern of ZnO thin films at various growth temperatures 

  
Fig. 1. XRD pattern of ZnO thin films at various growth temperatures 

    Fig. 1 shows the typical XRD patterns of as grown ZnO 

films at various different temperatures which ranging from 

400
o
C to 500

o
C with the increment of 50

o
C. There is no 

shifting peak of 2 angles when growth temperature increases. 

Nevertheless, the peak (002) of 2 angles increases by 

increasing growth temperature. 

    By using Scherrer’s formula, the grain size for 

crystallographic plane at (002) can be estimated.[7]  

 

  
    

     
    (1) 

 

Where D, B,  , and  are the average grain size, the full width 

at half maximum (FWHM), wavelength, and Bragg difraction 

angle, respectively. Furthermore, the grain size estimation for 

crystallographic plane (002) can be seen in the table 1. The 

grain size increased monotonically with temperature. 

Nevertheless, other reported that the grain size does not 

increase monotonically with temperature.[7] 

 
Table I. The ZnO thin films grain size estimation for crystallographic plane 

(002) at various growth temperatures 

Growth Temperature (
o
C) Grain size (nm) in 

Crystallographic plane (002) 

400 10.57 

450 13.63 

500 15.49 

 

     In general the electrical properties of bulk ZnO are 

excellent. Figure 2 show the room temperature Hall 

measurement of ZnO thin films. Hall measurement predicted 

that the conduction type is n. 

 

 
Fig. 2. The room temperature Hall measurement of ZnO thin films (a) 

resistivity, (b) Hall mobility, (c) Carrier density 

 

    As can be seen from the fig. 2 (a), the resistivity of the films 

decreased with increasing temperatures. It indicates that ZnO 

thin films relatively have high resistivity which is predicted 

due to the presence of higher concentration of O vacancies.[8] 

On the other hand, figure 2 (b) shows that Hall mobility 

increased with increasing growth temperatures. The Hall 

mobility of ZnO thin films generally are influenced by 

scattering from the ionized impurities (μi) and grain 

boundaries (μg). Therefore, linearly Hall mobility increased 

with growth temperatures, mainly due to the grain boundary 

scattering.[9] Meanwhile, figure 2 (c) shows that the carrier 

density values are 1.18E+16, 8.59E+15, and 9.06E+15 at 

temperatures 400
o
C, 450

o
C, and 500

o
C, respectively. It is 

proper with other reports that the ZnO films have relatively 

low donor concentrations comparing with GaN.[10] Normally, 

the dominant donor in ZnO is usually assigned to oxygen (O
-2

) 

vacancy or zinc (Zn) interstitial atoms.[10] 

 

 
Fig. 3. PL spectrum of ZnO thin films at various growth temperatures 

 

     Fig. 3 shows the room-temperature photoluminescence 

(PL) spectrum of ZnO thin films deposited on to Si (111) 

substrat. In undoped ZnO thin film the ultraviolet (UV) 

emission peak which is ascribed to the free exciton emission 

observed around 375 nm. Then, the strong green band due to 

the presence defect which originates from deep level emission 

(DLE) observed as broad peak at 530 nm. The intensity of UV 

emission increased distinctly with the increasing the growth 

temperatures (400-500
o
C). Nevertheless, the others claimed 

that the UV emission of ZnO thin films which was grown by 

laser ablation increased by increasing substrate temperature. 

While, the green band emission are not be uniform and the 
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estimated value of the intensities may not be linear with 

increasing temperature.[11]  

 

IV. CONCLUSIONS 

     In conclusions, we have deposited ZnO thin films on Si 

(111) substrate by ultrasonic spray pyrolisis (USP) with 

various growth temperatures ranging from 400
 o

C, 450
 o

C, and 

500
o
C. The polycrystalline of ZnO thin films have preferred 

plane (002) and relatively low donor concentrations 

comparing with GaN. The UV emission increased with 

increasing growth temperature. Nevertheless, green emission 

does not increase monotonically with increasing temperature. 
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