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Abstract
The bulk of semiconductor technology has been based on silicon till today. But silicon has its own

limitations. It is not transparent to visible light and hence it cannot be used in certain applications. ZnO is a
material which is transparent to visible light. In this paper, we compare the electrical performance of ZnO
Thin film Transistors using different gate insulators. Certain performance indices and material indices were
considered as the selection criteria for electrical performance. A methodology known as Ashby’s approach
was adopted to find out the best gate insulators and based on this methodology various charts were
plotted to compare different properties of competing materials. This work concludes that Y2O3 is the best
insulator followed by ZrO2 and HfO2.
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1. Introduction
There has been a rapid advancement in semiconductor technology in recent years.

Most of the semiconductor technology has been based on silicon. Most of the transistors are
made of silicon but silicon is not a transparent material to visible light. It has been found out that
transparent materials have the potential to improve the performance of the electronics currently
used in LCD display screens. ZnO being a wide band gap (3.4 eV) semiconductor is transparent
to visible light and can be used for transparent electronics. ZnO based Thin Film Transistors are
being realized [1]. Also the current scenario involves large number of transistors installed on a
single chip. The numbers of transistors on a single chip are increasing in accordance with
Moore’s Law. Due to scaling, problems of leakage current arise in the device. The electrons
tunnel through the gate insulator leading to leakage current. It is desirable to increase the
capacitance of gate insulator to obtain better drain current. Thus scaling is limited by the
leakage current and therefore to improve the capacitance it is necessary to look for materials
which have high dielectric constant.

The current technology requires low voltage operation transistors with low power
consumption. The gate dielectric affects the performance of the transistors significantly. Hence it
is necessary to understand how the gate dielectric affects the electrical properties of the
transistors. A study was conducted to find out which gate insulators have been used in ZnO
Thin Film Transistors and how they affect the electrical performance of these transistors. Some
of the materials that were studied included SiO2, HfO2, Al2O3, Y2O3, ZrO2, La2O3 and BaSrTiO3.

Each material possess some good material properties to be used as gate insulators but
at the same time it lacks on providing some performance parameters of the device. Therefore a
proper methodology has to be followed to find out the gate insulators with best electrical
performance in ZnO Thin Film Transistors. A well-established method of material selection is
Ashby’s Approach proposed by Ashby [2].

The paper is organized as follows: Section 2 explains the device structure of ZnO TFT,
section 3 covers the criteria for electrical performance of the device, section 4 illustrates the
various steps involved in Ashby’s Approach, section 5 includes results and discussion, section 6
describes the final conclusion and section 7 gives an insight into future scope of work.
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d) Threshold Voltage
It is defined as the minimum voltage required to induce the channel in case of

enhancement mode transistor. In case of depletion mode transistor it is defined as the negative
voltage required to turn-off the device.

Threshold Voltage depends on a number of factors like gate insulator, temperature,
channel doping and impurities at surface. So it is difficult to relate threshold voltage directly with
gate insulator.

e) ION / IOFF Ratio
This ratio must be high as it signifies higher current when transistor is ON and lower

leakage current when transistor is OFF.

Material Indices:
a) Dielectric constant

Dielectric Constant of gate insulator must be high as it reduces leakage current,
increases drain current by increasing capacitance of insulator and also allows better scaling of
transistor.

b) Mobility
Mobility must be high to have higher drain current.

c) Conduction Band Offset
It is required to have high conduction band offset to have lower leakage current.

4. Ashby’s Approach
This approach involves comparing simultaneously the competing properties of various

materials and choosing the material with optimum performance under given constraints. The
four steps involved in this approach are:
(i) Translation of design requirements
(ii) Screening using constraints
(iii) Ranking using objectives
(iv) Seek supporting information and compare with experimental results [3].

Here Ashby’s Approach is used to find out the gate insulator with optimum electrical
performance.

Table 1. Translation of Design Requirements as per Ashby’s Approach
Function Gate insulator

Objective

Constraints

Free Variables

Maximize Dielectric Constant
Maximize Conduction Band Offset

Minimize Subthreshold Slope
High Band Gap

High Dielectric Constant
Choice of Material

Screening is done by plotting various parameters for available gate insulators.

5. Results and Discussion
Based on the data obtained from [4], the interrelationship between material indices are

plotted and shown in Figure 2 and Figure 3. So, Figure 2 shows the variation of band gap with
dielectric constant and Figure 3 shows the variation of conduction band offset with dielectric
constant.
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Drain current can be compared for these materials for similar device structure,
geometry and doping profile. The deciding parameters will be µeff and dielectric constant of the
materials keeping all other parameters same.

µeff can be computed using (4).

µeff=2µoƟ (VG–VT)/(1+Ɵ 2
(VG–VT)

2
)[12] (4)

where µo is low-field mobility and Ɵ  is mobility degradation factor.

Hence we can compute drain current for different materials and find out the best gate insulator.
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