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The capacitive properties and performance of ZnO (TFT) thin film transistors prepared at 100°C were 

studied. The ZnO thin films were deposited by rf magnetron sputtering on silicon substrates. The frequen-

cy dependence of the conductivity and the capacity of the ZnO thin films was studied in the frequency 

range from 5 kHz to 13 MHz. Shown that total conductivity increases with frequency and decreases with 

temperature. This shows that the thermally activated conduction mechanism maintains the correlated 

barrier of the charge carrier on the localized states as a function of the experimental data. Activation ener-

gy is in the range of literature. ZnO-based transistors (TFTs) show non-linearities in both the current volt-

age and the transfer characteristics which are explained due to the presence of trap states. These traps 

cause a reversible threshold voltage change as revealed by low frequency capacitance voltage measure-

ments in metal insulating semiconductor (MIS) capacitors. Thermal degradation experiments in hetero-

junctions confirm the presence of a trap state at 0.32 eV. 
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1. INTRODUCTION 
 

As the thicknesses of several nanometers are nar-

rowed, silicate oxides which carry contemporary MOS 

components, indispensable quantum-mechanical cur-

rents through the gate oxide film severely interfere 

with the operation of the Component. Materials with 

high dielectric constant have been considered as poten-

tial substitutes for silicon oxide. Compared to the low 

dielectric permittivity, more charge is induced for the 

same gate voltage applied. As a result, they can be 

thicker, which would reduce tunnel currents. As a re-

sult, ZnO has a dielectric constant of 8.8 versus 3.9 for 

SiO2 [1]. In addition, polycrystalline ZnO has been 

found for many interesting applications, such as piezoe-

lectric transducers and transparent conductive films, 

due to many useful properties, such as high mobility, 

large exciton binding energy, and good transparency [2-

6]. Although ZnO-based electronics is promising, there 

are still many disadvantages that prevent a successful 

introduction to the market, namely the stability of the 

device in the presence of atmospheric agents and other 

adverse effects Caused by the presence of deep traps. 

Indeed, there have been many reports on native point 

defects in ZnO, for example, interstitial zinc, intersti-

tial oxygen, and oxygen vacancy. These defects can be 

the reason for the low quality of ZnO. It is necessary to 

develop a growth method which can decrease the native 

point defects in ZnO. At present the main objective of 

the research to develop new materials for transparent 

conductivity oxide films consist in obtaining a higher 

transmittance and a lower resistivity in the visible 

range of the spectrum. Recently a combination of die-

lectrics, semiconductors and metal has been used to 

produce transparent conductive oxides [7-10]. The pur-

pose of this work is to study the capacitive properties 

and the associated loads, both in the material and at 

the interface with other materials. ZnO thin films were 

deposited by rf magnetron sputtering on silicon sub-

strates. The advantage of sputtering is that it can de-

posit uniform films over a large area. Thermally oxi-

dized silicon substrates have been used for the fabrica-

tion of fully transparent thin film transistor (TFT) 

devices and MIS capacitors. TFT should show good 

turn-off behavior as well as high mobility. Mobility 

always increases as the film thickness increases, but it 

is difficult to achieve good turn-off characteristics in a 

thicker layer TFT. Therefore, there is an optimum 

thickness for good TFT characteristics. 

 

2. EXPERIMENTAL METHODS 
 

Magnetron sputtering method was used to deposit 

the ZnO thin films. Indeed, a target of zinc (99.99%) 

with a diameter of 51 mm and 6 mm of thickness al-

lowed us to realize these deposits. Silicon substrate 

used is of the p type with orientation (100). The latter 

were carefully cleaned with organic products. Magne-

tron sputtering is carried out in a gas/argon mixture 

atmosphere. Power supply r.f at frequency of 

13.56 MHz is supplied to the system. RF power was 

about 50 W. Argon and oxygen flow rates were moni-

tored using a flowmeter (ASM, AF 2600). The spraying 

pressure was maintained at 3.35  10 – 3 Torr controlled 

by a Pirani gauge. Deposition rates ranged from 0.35 to 

0.53 m/hr. The thin films ranging from 50 nm to 

200 nm in thickness were deposited on silicon sub-

strates consisting of a heavily doped silicon gate elec-

trode coated with an insulating SiO2 thin films at 

460 nm. Platinum metal electrodes were then deposited 

on the ZnO film by thermal evaporation through a 

shadow mask. The channel had width (W) and a length 

(L) of 4000 m and 200 m, respectively. For the heter-

ostructure, ZnO was deposited above the n-doped sili-

con. After deposition of the zinc oxide, silver dot elec-

trodes were evaporated on the Pt/ZnO/Ti /Pt/Si sample 

using an electron weapon evaporation system to render 

the insulating structure Metallic semiconductor useful 

for electrical measurements. These were carried out in 

a vacuum chamber evacuated at about 10 – 3 Torr. 

Measurements of frequency and temperature depend-

encies of conductivity and capacity were performed 
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using a laboratory configuration for AC-based electrical 

test properties. The samples obtained were tested us-

ing an alternating current in the frequency range of 

5 Hz to 13 MHz (using a capacitance bridge technique) 

using measurement temperatures of Tp  30-300 °C, 

with A Hewlett-Packard LF 4192 A impedance analyz-

er between silver points and the bottom of the Pt elec-

trode. The temperature was measured with a Doric 

thermometer (Trendicator 400 K/°C). 

 

3. RESULTS AND DISCUSSION  
 

The both frequency and temperature dependence of 

conductivity provide at least qualitatively the infor-

mation about the nature of defect centers in disordered 

systems and thereby a transport model. This approach 

uses the notion of carrier hopping between localized 

sites. This type of theory has helped to explain the 

conduction phenomenon in a large number of crystal-

line or noncrystalline materials for which the disper-

sion behavior in terms of angular frequency of the total 

measured conductivityt is the sum of two contributions: 

the ac conductivity and dc conductivity. 

 

3.1 Conductivity Measurements 
 

To search existing design models or study an avail-

able new design model with required specifications and 

to establish the topological structure of these models 

are the first step of the methodology. The goal of this 

step is to select some of these models for researching 

their equivalent mechanism skeleton and kinematic 

chain for developing the new designs. A different 

mechanism has been proposed to explain the conductiv-

ity () in chalcogenide glasses [11-13], Scandium ox-

ide [12] and glasses [12], zinc oxide [14], ceramic [15] 

and cobalt ferrite [16]. This mechanism is based on the 

classic jump of charge carriers between the states lo-

cated above a potential barrier. This process usually 

involves phonons, due to the height of the barrier. Con-

sider WM as being the energy difference between the 

ground state of the potential and the ionized (extended) 

state distant from R. Then, W the potential barrier 

height of the coulombian type is given by the relation-

ship [12]:  
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where e is the effective dielectric constant. In the fol-

lowing, only the cases where the jumps between very 

close sites are the most important were considered. 

The correlated barrier hopping (CBH) model [12] is 

essentially based on the idea of hopping of the charge 

carriers between the localized sites over a potential 

barrier WM: 
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where WM represents the maximum barrier height (the 

energy expended by an electron to skip from one site to 

the nearest one). 

In the small polaron tunneling (SPT) [17, 18] 
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r
 is the polaron hopping energy, p the 

effective dielectric and pr  the polaron radius. According 

to these relations, we note that for the QMT model, the 

exponent s is almost independent of the temperature 

but there is a frequency dispersion, whereas for CBH 

model, the value of s is rather less dependent on the 

frequency but temperature-dependent. By against, for 

the SPT models increases as T increases. 

The measurements of conductivity as a function of 

temperature can still be exploited by studying the vari-

ation     versus 1000/T which provides an indica-

tions about the transport mechanism. This study can 

be done with the Arrhenius equation expressed by: 
 

 0 exp ,ac
ac

B

E

K T
 

 
  

 
 (4) 

 

where 0 is the pre-exponential factor and acE the 

activation energy for the thermally activated process. 

Under the action of an electric field applied to a mate-

rial, the response depends on the type of charge carri-

ers: the electrons for conductors, the ions for ionic con-

ductors, and for insulating material characterized by 

the local displacements of electrons and the orientation 

of the dipoles, the response is treated in terms of polar-

ization. Dipolar relaxation in the Debye model is purely 

a viscous process without elastic restoring force be-

tween dipoles (orientation polarization under the alter-

native electric field. In this model [19] the dielectric 

function which depends on frequency can be written as: 
 

       1 2 ,j         (5) 

 

 1   and  2  are respectively the real and imagi-

nary dielectric parts. From these parts, we define the 

dielectric loss tangent  tan   which is represented as 

dissipated energy in a dielectric system (dissipation 

factor) specially in resonance domain: 
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The dielectric constant  1   and the loss  2 

can be evaluated using the following relations: 
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       2 1 tan ,       (8) 

 

where C is the measured sample capacitance and 0 the 

free space permittivity. The loss tangent  tan   can 



 

ELECTRICAL PERFOMANCE OF ZINC OXIDE THIN FILMS… J. NANO- ELECTRON. PHYS. 9, 06002 (2017) 

 

 

06002-3 

be also calculated either by the relation (6) or meas-

ured directly throw the phase angle Φ using the same 

described set-up according the relation:

 tan 90    . 

 Using the Eqs. (4) and (8), it comes: 
 

        0 2 0 1 tan .ac            (9) 

 

It is this last relation that we used for the calcula-

tion of  acσ ω knowing the dispersion of  1ε ω and

 tanδ ω . The frequency dependence of the capacity for 

the sample grown at 100°C. For different tempera-

tures, Fig. 1. While Fig. 2 shows the frequency depend-

ence of the dielectric losses. The C-F characteristics of 

the deposited ZnO thin films are shown in Fig. 1.  
 

 
 

Fig. 1 – The frequency dispersion of capacitance 
 

The capacity at low frequencies is considerably 

higher than at high frequencies. The capacitance as a 

function of the frequency has a well-defined plateau in 

the low Fig. 1, this plate with different capacity values. 

Indicate the presence of interfacial fault states. The 

value is constant up to 105 Hz is usually labeled C0 in 

the literature. This can be explained as follows. Below 

105 Hz, the interfacial states which are responsible for 

the transitions between the valence or conduction 

bands follow the modulation of the applied voltage. 

Above 105 Hz, their response is greatly reduced. The 

cutoff at 107 Hz corresponds to the cut-off frequency RC 

of the junction. These curves approach the ideal for a 

ZnO/Si-free defects structure that resembles a straight 

line with a constant capacity up to the cut-off frequency 

RC. Our data indicate that interfacial states are par-

tially eliminated. The decrease of the C0 values with 

the increase in temperature shows that more fault 

states are eliminated when the temperature is high 

while the cut-off frequency remains unchanged.  

The results observed in Fig. 2 shows the same be-

havior as the frequency dependence of the capacitance. 

We observe, at low temperature, that the dielectric 

losses are approximately constant as a function of fre-

quency and has a value of the order of 10  4. 

At high temperatures, the losses increase with the 

temperature at low frequencies. The variation of the  
 

 
 

Fig. 2 – The frequency dispersion of  tan   at different 

temperatures 
 

capacitance and the dielectric losses as a function of 

the frequency at different temperatures does not exhib-

it a relaxation peak. The absence of a relaxation peak 

in the field of study is due to the fact that dielectric 

losses are low in our sample. Sign of a good quality 

sample. Thus, the contribution of the imaginary part to 

the total permittivity is negligible. The measured C-V 

characteristics of the studied Pt/ZnO/Ti/Pt/Si struc-

tures are typical for an MIS structure.  

This, in order to obtain more information on the es-

tablishment of the accumulation channel as well as on 

the loads trapped on the ZnO/Si interface. Figs. 3 and 4 

illustrate this assertion, wherein the C-V characteris-

tics of the MIS structure with ZnO thin films deposited 

at 100°C at different frequencies and temperatures. 

The characteristics measured at 10 kHz and 10 MHz 

clearly revealed the regions of accumulation, depletion 

and inversion in the C-V plots of these figures. The C-V 

parcel of 10 MHz measured at room temperature was 

moved to more positive voltages than the ideal C-V. 

This offset showed that there was a fixed dielectric 

fixed charge in the ZnO thin films with a density of the 

order of 1017 cm – 2, which has a low tendency to in-

crease with increasing temperature. Bound defects 

were negatively charged, while the fixed oxide charge 

was always positive in a ZnO-Si MIS structure. In 

Fig. 3, it can be seen that by decreasing the measure-

ment frequency, the capacity values become larger in 

the accumulation, depletion and inversion regions. The 

10 kHz C-V characteristics showed maximum capacity 

in the depletion region, while the capacity of the accu-

mulation region increased little. The increase of nearly 

an order of magnitude with respect to the correspond-

ing capacitance measured at 10 MHz in the depletion 

region indicates the presence of interface traps at the 

ZnO-Si interface and of deep Si-levels The increase in 

capacity in the accumulation region indicates the pres-

ence of deep levels in the mass of ZnO thin films which 

capture and emit charge carriers during voltage scans.  

 

3.2 Transistor Characteristics 
 

The title of the article should concisely and fully de-

scribe the content of the article. In the title the following 

is undesirable. 
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Fig. 3 – C-V characteristics of MIS structure with ZnO films 

dependence of measurement frequency 
 

ZnO thin films were deposited by rf magnetron 

sputtering on silicon substrates. Thermally oxidized 

silicon substrates have been used for the fabrication of 

fully transparent thin film transistors (TFT) and MIS 

capacitors, see Fig 4.  

TFT structures have been used to estimate charge 

mobility and capacitors have been measured Using low 

sensitivity impedance techniques to evaluate interface 

states. TFT shows good deactivation behavior as well 

as high mobility. 

Mobility always increases as the film thickness in-

creases, but it is difficult to get a good trigger charac-

teristics in a thicker TFT. Therefore, there is an opti-

mum thickness for good TFT characteristics. The thin 

film transistors (TFTs) used in this study have good 

electrical characteristics with low current, charge mo-

bility of 4.13 cm2/Vs and modulation ratio 104. The IDS-

VDS curves of Fig. 5. 

Present an n-channel operation, a current saturation 

and negligible non-linearities in the linear region. In-

deed, this TFT operates as an n-channel enhancement 

mode device, as evident from the fact that a positive gate 
 

 
 

Fig. 4 – Schematic diagram of the device structure 

 
 

Fig. 5 – Drain current for gate voltages 
 

voltage is required to induce a conducting channel, and 

that the channel conductivity increases with increasing 

positive gate bias. Enhancement mode is preferable to 

depletion mode behavior, in which application of a gate 

voltage is required to turn the transistor off, since circuit 

design is easier and power dissipation is minimized 

when normally-off, enhancement-mode transistors are 

employed. Second, this device exhibits ‘‘hard’’ saturation, 

as witnessed by the fact that the slope of each IDS curve 

is flat for large VDS. Hard saturation indicates that the 

entire thickness of the ZnO channel can be depleted of 

free electrons. Hard saturation is highly desirable for 

most circuit applications, since transistors exhibiting 

this property possess a large output impedance. The 

transistor is activated with a film of ZnO having a thick-

ness of about 80 nm. By comparing these characteristics 

with other ZnO data in the literature, it is important to 

note that the thickness of the dielectric used is excep-

tionally large, of the order of 500 nm. If a typical dielec-

tric of 100 nm thickness was used, a similar current 

modulation with a 20 V gate polarization would be ex-

pected. As in many other materials, the transistor trans-

fer characteristics are not linear in a linear plot. Indeed, 

it is difficult to obtain a single slope and the interception 

from which the mobility () and the threshold voltage 

(Vth) can be extracted. This problem is well known and 

has been addressed in a-Si TFT technology [20] as well 

as in devices based on organic compounds [21]. This 

behavior occurs when there is a high density of traps 

relative to the density of free carriers. Particular care is 

then required when estimating the values of mobility. 

Usually, load mobility is assumed to increase with the 

gate voltage such that VGS is the gate-source voltage 
and ɤ is an empirical parameter defining the variation in 

mobility with VGS. The drain current in the linear re-

gion, ie for a low drain voltage and for VGS  Vth is then 

given by: 
 

  
 

1
,DS GS th DSI k v V V


    (10) 

 

with 0 0C Wk
L


 , 0  empirical parameter, 

0C oxide 

capacity per unit area and the threshold voltage.  

The linear transfer curve plotted is shown in Fig 6. 

The measured drain current at drain-source voltage of 

30 V. Obtained mobility at 4.13 cm2/Vsec, 4×106 On-off  
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Fig. 6 – Transistor current-voltage characteristics 
 

ratio and threshold voltage of – 6 V. This is an im-

portant figure of-merit for AMLCD applications; a ratio 

of greater about 106 is typically required. The gate 

leakage current magnitude is quite respectable and can 

be significantly reduced by decreasing the gate area; 

note that the gate leakage current scales directly with 

gate area, while the drain current is established by the 

transistor width-to-length ratio, not by absolute device 

dimensions. In addition, curves become clearly linear 

for small, often referred to as contact effects. It can also 

be explained by the hypothesis of Poole and Frenkel 

field-assisted field excitation from abundant deep lev-

els. In summary, the characteristics of ZnO TFT show 

nonlinearities, both in I-V and transfer characteristics, 

both effects are known to be caused by the presence of 

abundant deep localized levels. 

 

4. CONCLUSSION  
 

The electrical characterization of ZnO thin films in 

metallic insulating semiconductor structures revealed 

that the traps strongly affected the electrical character-

istics. Indeed, the capacitance and conductivity de-

pendencies were tested for ZnO thin films prepared at 

a substrate temperature of 100°C. The frequency de-

pendencies of the capacitance and the electrical losses 

indicate that an appreciable overlap on the Small Po-

laron Tunnel (SPT). The measured C-V characteristics 

of the Pt/ZnO/Ti/Pt/Si structures studied at 10 kHz and 

10 MHz clearly revealed regions of accumulation, de-

pletion and inversion in the plots. This offset showed 

that there was a fixed dielectric charge in the ZnO thin 

films with a density of the order of 1017 cm – 2, and 

therefore a low tendency to increase with increasing 

temperature. Particular care is required for the inter-

pretation of TFT parameters and the use of conven-

tional models to extract the parameters of the device 

such as load mobility. The oxygen content during the 

deposition of ZnO has a remarkable effect on the con-

ductivity of the thin film by changing the density of the 

trap. The TFT devices are deposited under a low oxy-

gen content which gives us non-linear I-V and transfer 

characteristics, typical behavior of devices having a 

high density of trapping states. The mobility of loads is 

also considerably reduced due to a high density of 

traps. 
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