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ZnO films of different thicknesses have been formed on quartz and oxidized Si substrates using a magnetron 

sputtering technique. RS and PL spectroscopy as well as measurements of absorption and reflectance spectra were 

used in order to investigate a phase composition and optical properties of deposited films. RS data confirmed the 

wurtzite structure of ZnO as well as the presence of Zni, VO, or defect complexes containing Zni and VO in ZnO. 

Thin ZnO films (14 and 40 nm) revealed an optical reflectance lower than that of bare SiO2/Si substrates in the visi-

ble and IR range. Annealed ZnO films exhibit strong emission in blue and red spectral range. It indicates a potential 

application of them as antireflection coatings for silicon based solar cells and light-emitting structure. 

Keywords: SiO2/Si wafers; magnetron sputtering; ZnO thin films; structure and optical properties; oxide elec-

tronics. 

 

Introduction 

Zinc oxide (ZnO) has received widespread 

attention due to its remarkable properties in 

several fields that extend from optoelectronic 

devices up to pharmaceutical applications. 

ZnO is characterized by good transparency 

and such interesting properties as high elec-

trical conductivity [1, 2], diluted ferromag-

netism, multiferroic properties above room 

temperature [3, 4] and resistive switching 

behavior [5-7]. These properties make ZnO a 

promising candidate for applications as non-

volatile resistive memory [8], spintronic de-

vices with high energy efficiency and inte-

grated photonic devices [9, 10]. Semicon-

ducting metal oxides with large bandgap 

(thus transparent to the visible range of radia-

tion, such as ZnO with a bandgap of 

~3.37 eV) can be used to fabricate thin-film 

transistors with high channel mobility [11]. 

In view of possible technological applica-

tions, it is interesting to explore the growth 

of thin ZnO films on Si wafers. 

Here we present an investigation of struc-

tural and optical properties of thin ZnO films 

formed on Si and quartz wafers by magne-

tron sputtering. 

 

Experiment 

There were two sets of samples. For the 

first set, the initial samples of 1×1 cm2 were 

cut from the thermally oxidized n-type Si 

wafer with SiO2 thickness of 40 nm. The 

second set included the samples of quartz 

glass. All samples were ultrasonically 

cleaned in isopropanol for ten min prior to 

deposition. The ZnO deposition was carried 

out at 300 °C using magnetron sputtering of 

2.00’’ ZnO target with 50 W applied power in 

an Ar atmosphere at pressure of 10-3 mbar. 

The thicknesses of deposited ZnO films (d) 

were 14, 40 and 100 nm. After deposition a 

part of samples was annealed at 500 °C for 1 

hour in oxygen. 

To investigate ZnO phase composition 

Raman measurements were performed in 

backscattering geometry with Nanofinder 

High End micro-Raman spectrometers 

(LOTIS TII) using a 532-nm (2.3 eV) laser 

beam, far from the resonance condition of 

ZnO. Optical spectra (transmission (T) and 

reflectance (R)) were studied at room tem-

perature in the spectral range of 190–

2500 nm by means of Lambda 1050 spec-

trometer (Perkin Elmer). Absorption coeffi-

cients (α) were calculated by the formula: 
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A room-temperature photoluminescence 

was studied using the He-Cd laser beam at 

the wavelength λ = 325 nm as excitation 

source. 

 

Results and discussion 

Fig. 1 shows the Raman spectra of ZnO 

films on quartz and Si substrate. 
 

 
 

Fig.1. Raman spectra of ZnO (100 nm) films formed 

on quartz substrate (1) and on SiO2/Si substrate before 

(2) and after annealing (3). The dashed lines are corre-

sponding normalized spectra of SiO2/Si substrate 
 

Raman spectra of ZnO films deposited on 

SiO2/Si as well as on quartz substrate exhibit 

band at 99 cm-1. The presence of E2 (high) 

peak at 443 cm-1 confirms the wurtzite struc-

ture of ZnO. The shift this peak from tabular 

value (437 cm-1) is possibly caused by the 

compressive strain in the film. The presence 

of band at 585 cm-1 in ZnO is commonly as-

signed to zinc interstitials (Zni), oxygen va-

cancies (VO), or defect complexes containing 

Zni and VO. The band at 584 cm-1 (LO-quasi-

mode) related to Zni and VO defects exhibits 

only for the samples on quartz substrate. One 

can conclude, the film deposited on SiO2/Si 

substrate contains lesser defects in compari-

son with film on quartz substrate. Unfortu-

nately, the ZnO characteristic band at 

~437cm-1 overlaps with signal from Si (at 

432 cm-1). However, on closer inspection, 

one can see weak increase and shift of this 

band after annealing. Besides, annealing re-

sults in an increase of ZnO band at 90 cm-1. 

Thus, annealing improves crystalline quality 

of ZnO films deposited on SiO2/Si substrate. 

It should be noted that the position of E2 

(high) band for films on SiO2/Si substrate is 

closer to standard one at 437cm-1. So, the 

ZnO film on SiO2/Si substrate is not stressed, 

unlike the film on quartz substrate. 

Fig. 2 depicts optical spectra of ZnO films 

on quartz substrates. 
 

 

 
 

Fig.2. Transmittance, reflectance (а) and absorption 

(b) spectra of ZnO films with thicknesses 14 (1), 40(2) 

and 100 nm (3) deposited on quartz substrates 

One can see from Fig. 2 that ZnO films are 

characterised with high transmission in the 

range of 400-2500 nm. The thicker ZnO 

films exhibit higher reflectance than the thin-
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ner ones in the IR wavelength range. The 

thinner films exhibit higher absorption in UV 

range maybe due to more free charge carri-

ers. 

It is known, the absorption coefficient is re-

lated to the photon energy (E) as given by 

Tauch’s equation:  

2
1

)( gEEAE −= . 

Fig. 3 presents photon energy (E) versus 

(αE)2
 

for ZnO thin films with different thick-

nesses. The optical band gap determined by 

extrapolating the straight portion to the ener-

gy axis is about of 3.23 eV for ZnO films on 

quartz substrates. For bulk crystalline ZnO 

this value is 3.8 eV. This suggests the exist-

ence of stress effect and/or shallow levels in 

band gap. 

 
Fig. 3. Photon energy (E) versus (αE)2

 

for ZnO thin 

films with different thicknesses on quartz substrates 

Fig. 4 depicts the reflectance spectra of as-

deposited and annealed ZnO films on SiO2/Si 

substrates which opaque in visible range. 

Thin ZnO films (14 nm) reveal an optical 

reflectance lower than that of bare SiO2/Si 

substrates in the visible and IR range. It indi-

cates a potential application of them as anti-

reflection coatings for silicon based solar 

cells. By varying the thickness, a reflection 

minimum can be achieved at different spec-

tral range: 600 and 1070 nm for 40 nm and 

100 nm ZnO films, respectively. 

Annealing doesn’t result in notable change 

in reflectance spectra of ZnO films on 

SiO2/Si substrate. However, it should be not-

ed, that thick ZnO(100 nm) film exhibits the 

typical maximum of reflectance of ZnO at 

365 nm. Annealing results in increase and 

blue shift of the maximum up to 370 nm. It 

can indicate increase of optical band gap via 

annealing. 

 
Fig. 4. Reflectance spectra of bare SiO2/Si structure 

and ZnO films with thicknesses 14 (1), 40(2) and 

100 nm (3) deposited on SiO2/Si substrates before and 

after annealing (dashed lines) 

Fig. 5 presents PL spectra of ZnO films 

(100 nm) on SiO2/Si substrates as well as for 

bare SiO2/Si structure. The band with maxi-

mum at 2.85 eV is registered for as-deposited 

ZnO film as well as for bare SiO2/Si struc-

ture. Therefore, the emission at 2.85 eV can 

originate from the silica layer mainly by ox-

ygen-deficiency centres. One can see UV 

emission peak at 3.24 eV in the PL spectra of 

as-deposited and annealed ZnO film. It is 

near band edge emission of ZnO attributed to 

free or bound exciton radiative recombina-

tion. It indicates a high crystalline quality of 

ZnO. Increasing UV emission after annealing 

indicates further crystal structure improve-

ment. Increasing red emission (1.7 – 2.3eV) 

after annealing in oxygen can be explained 

via an increase of concentration of Zn vacan-

cies or O interstitials due to increase of oxy-

gen content in film. 

 

Conclusions 

Structure and optical properties of ZnO 

films deposited on quartz and oxidized Si by 

magnetron sputtering have been studied. RS 

data confirms the wurtzite structure of ZnO  
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Fig. 5. PL spectra of annealed SiO2/Si substrate (1) 

and ZnO (100 nm) film deposited on SiO2/Si substrate 

before (2) and after annealing (2a) 

as well as the presence of Zni, VO, or defect 

complexes containing Zni and VO in ZnO. 

Analysis of RS data reveals, too, that the 

films deposited on SiO2/Si substrates contain 

less defects in comparison with the films on 

quartz substrates. 

ZnO films are characterized with high 

transmission in the range of 400 – 2500 nm. 

The optical band gap for ZnO films on quartz 

substrates is about of 3.23 eV. For bulk crys-

talline ZnO this value is 3.8 eV. A decrease of 

the band gap value in our experiment can be 

explained via an existence of stress effect or 

shallow levels in the band gap. Thin ZnO 

films (14 nm) on SiO2/Si substrates reveal an 

optical reflectance lower than that of initial 

SiO2/Si substrates in the visible and IR elec-

tromagnetic range. It indicates a potential 

application of ZnO films as antireflection 

coatings for silicon based solar cells. Change 

in reflectance spectra of thick ZnO film 

(100 nm) after annealing indicates improve-

ment of its crystal quality. 

PL data confirm a high crystalline quality 

of ZnO (100 nm) film annealed in oxygen at 

500 °C for 1 hour. Increasing red emission 

(1.7 – 2.3eV) after annealing can be ascribed 

to an increase of concentration of Zn vacan-

cies or O interstitials due to increase of oxy-

gen content in film. 
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