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Abstract - The present paper reports the thickness dependent resistivity measurement studies in undoped ZnO thin films. 

The ZnO thin films were grown by physical vapor deposition technique. During the film growth the nano crystalline films 

accumulated a considerable amount of oxygen vacancies. The results demonstrate the oxygen vacancy controlled resistive 

behavior of ZnO thin films. These surprising findings are very important and crucial for developing ZnO based sensors and 

will help in related areas of research. 

 

Keywords - AFM, ZnO, Resistivity 

 

I. INTRODUCTION 

 
In recent times the nano scaled Oxide Semiconductor 

Materials have gain tremendous scientific interest due 

to their versatile applications in sensors and 

optoelectronic devices. The nano scale reduction in 

the dimension as well as drastic changes in the 

electrical behavior make these materials more 

interesting and can lead to a more faster and cheaper 

electronic devices. The main challenge of these 

materials is to control their electrical behavior when 

undergone the severe size reduction for technological 

applications. In the last few years several groups were 

involved in extensive research to develop method to 

control the electrical behavior of ZnO nano structures 

and thin films by various methods, mainly by minute 

(5%) doping of transition metal magnetic impurities 

into the ZnO crystals. Such behavior were also 

observed for other oxide thin films such as TiO2, 

SnO2, CeO2 etc. which are popularly known as Dilute 

Magnetic Semiconductors (DMS)[1]. These materials 

were also show ferromagnetism behavior which was 

thought to be due to the magnetic doping [2] caused 

by the segregation of metallic clusters [3] and double 

exchange interactions in different valance states of 

the impurities [4]. However, the electrical behavior in 

these thin films and nanoparticle systems does not 

exclusively depend on the doping but strongly 

depends on the defects created during the growth 

process. Thus controlling the growth, and defects in 

these materials is highly required for better 

utilizations. Zinc oxide (ZnO) being a semiconductor 

with a direct wide band gap of 3.37 eV and a very 

large exciton binding energy of 60 meV is an 

attractive material as is thus searched for. 

 

II. EXPERIMENTS 

 
A mixture of ZnO powder (99%) and graphite(C) in 

1:1 weight ratio was heated at 900
o
C in a Physical 

Vapor Deposition system with base pressure of 1x 10
-

5
 mbar.  The thin films of zinc oxide (ZnO) were 

grown on polished Si(100) wafer and the thickness of 

the as grown film was monitored by a thickness 

monitor conjugated with the system. Two thicknesses 

of thin films nearly 1000nm and 500 nm were grown 

on Si by this technique. Post deposition the films 

were annealed to remove ambient oxygen settled on 

these thin films. The thin films were characterized by 

Atomic Force Microscope (AFM) and temperature 

dependant resistivity techniques. AFM studies were 

performed using a Nanoscope III-A (Bruker) in 

tapping mode using a FESP tip. The resistivity of the 

films were measured using a DC two/four-probe 

resistivity measurement system. 

 

III. RESULTS AND DISCUSSION 

 
Figure 1(a) represent the AFM topography image of 

the 500nm ZnO thin film. Topography shows a well-

organized ZnO nano structure distribution on top of 

the thin film. The average grain size of the 

nanostructures are estimated to be ~100 nm in size. 

The AFM topography of the thin film of 1000nm is 

shown in Figure 1(b). The nano structures developed 

on the surface of this thin film show an average size 

of 300nm in dimension. This shows clearly a 

development of bigger size nanostructures onto the 

surface of the 1000nm thin film, which is the biggest 

source of the defect sites as was observed in 

Photoluminescence (PL) studies. 
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Figure 1: AFM topographies of (a) 500nm and (b) 1000 nm 

ZnO thin films 

 

The electrical property of semiconductor material is 

characterized by the resistivity behavior follow 

according to the relation, 

ρ = ρ
0 

exp(
Ea

KT
) 

Where, ρ is the resistivity at temperature T, K is 

Boltzmann’s constant and Ea  the activation energy 

required for conduction. Variation of resistivity of 

500 nm ZnO thin film with temperature is shown in 

Figure 2(a). It is found the resistivity of the thin film 

behaves like semiconductor in the low temperature 

region, and as the temperature grows beyond 50K the 

resistivity increases consistently, but around 200K, 

the resistivity again decreases with T. The behavior 

shows the activation energyEa is low for the films. 

The decrease in Ea with increase in substrate 

temperature may be attributed to change in inter-

crystalline barrier height caused by the grain size 

variation. 

 

 
Figure 1: Temperature dependent resistivity of (a) 500nm and 

(b) 1000 nm ZnO thin films 

The behavior of resistivity for 1000nmthin film is 

shown in Figure 2(b). The behavior is very strange of 

its kind. The oxide surface of 1000nm thin film is 

accumulated with huge number of oxygen vacancies, 

which behaves like trap states. These trap states are 

local charge centers acting as intermediate charge 

diffusers. At low energy, a large of electrons are 

elevated to the conduction band from the valence 

band, turning the resistivity decreases as the 

temperature increases. Whereas, for 500nm thin film, 

due to low level of oxygen vacancies, at low 

temperature, very few electrons could migrate from 

valence band to conduction band, makes the sharp 

fall of the resistivity, and as the temperature 

increases, the metallic conductor behavior prevails. 

The intermediate fluctuations in the resistive behavior 

around 200 K, can be assigned due to the anisotropies 

of the thin films and the local strains. Such 

asymmetry is often observed for films with small 

uniaxial anisotropy. The physical vapor deposition 

method preferentially creates Oxygen vacancies (Vo) 

larger in number than the Zn vacancies (Vzn) [13] due 

to the high diffusivity of Vo, which can create 

asymmetry in the structure. This in turn affects the 

transport behavior of the electrons trapped in these 

charge states of undoped ZnO thin films. 

 

IV. CONCLUSION 

 
In conclusion, the electrical behavior of ZnO 

semiconductor thin films is found strongly depends 

on the fabrication process and the environment during 

the growth of the thin film. The resistivity results 

demonstrate these structures are semiconducting in 

nature and the electrical characteristics depends on 

the thickness of the ZnO thin film. The strange 

conduction behavior is correlated to the presence of 

oxygen vacancies at surface and interface of the film. 
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