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ABSTRACT: 

In the future MOSFET generations, scaling Si Technology will force the replacements of SiO2 as 

the gate dielectric. Among the various requirements of gate dielectric materials, the most 

important are good insulating properties and capacitance performance. To continue the 

downward scaling, dielectrics with a higher dielectric constant (high-k) are being suggested as a 

solution to achieve the same transistor performance while maintaining a relatively thick physical 

thickness. Many candidates of possible high-κ gate dielectrics have been suggested to replace 

SiO2 and they include nitrided SiO2, Hf-based oxides, and Zr-based oxides. This work focuses on 

preparation of superior quality Zirconium oxide (ZrO2) thin films, a high-κ dielectric material by 

a different synthesis approach of sol-gel technique. The precursor was Zirconium (IV) Propoxide 

added in proper proportion with Iso Propyl Alcohol. Acetyl acetone in Iso Propyl Alcohol was 

used as a gelating agent. The ZrO2 is coated on the flexible ITO PET substrate. Then, a 

semiconducting ZnO layer is coated above the ZrO2 layer. high-κ ZrO2 gate dielectrics thin films 

are deposited on ZnO films to form metal-oxide semiconductor (MOS) capacitors [4]. The 

terminals are soldered using silver paste. Thus, the thin film MOS capacitors are fabricated using 

high-κ dielectric ZrO2 on a flexible PET substrate. Finally, the fabricated thin film MOS 

capacitor is characterized. 
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INTRODUCTION: 

In view of the fact that the dawn of the metal-oxide-semiconductor (MOS) system over 50 years 

ago, the SiO2 gate oxide has been serving as the key enabling material in scaling silicon CMOS 

technology. Nevertheless, sustained SiO2 gate oxide scaling is becoming exceedingly difficult 

since (a) the gate oxide leakage is increasing with decreasing SiO2 thickness, and (b) SiO2 has 

reached atomic layer limitation level disallowing further reduction. As Moore’s law widens 

scaling and device performance into the 21st century, high-κ gate dielectrics and metal gate 

electrodes will be required for high-performance and low-power CMOS applications in the 45 

nm nodes and beyond. In addition to facilitating standard Si CMOS capacitors, the high-κ 

dielectric/metal gate combination is also important for enabling future high-performance and low 

gate-leakage emerging thin film MOS capacitor built upon non-silicon high-mobility materials 

e.g. Ge, carbon nanotubes, and III-V substrates [1]. The facilitating of high-performance and low 

gate-leakage silicon and non-silicon capacitor nanotechnology research via use of high-κ gate 

dielectrics and metal gate electrodes is attempted in this thesis work. Insulating films play an 

important role in semiconductor devices operation [2] and solar cells. Hence, an insulating 

substrate chosen in this work is PET substrate. 
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EXPERIMENTAL: 

 

This present work focuses on preparation of high quality Zirconium oxide(ZrO2) thin films, a 

high-κ dielectric material by a modified sol-gel technique. The MOSFET capacitor includes 

three layers that is: the substrate layer or the metal layer, the oxide layer and the semiconductor 

layer. 

 

 

  

 

 

 

 

 

 

Fig.1: Block Diagram of the Experimental Procedures 

 

The precursor was Zirconium (IV) Propoxide added in proper proportion with Iso Propyl 

Alcohol. Acetyl acetone in Iso Propyl Alcohol was used as a gelating agent. The prepared 

Zirconia was coated onto a glass plate and found that there was poor adhesion after firing (100
o
C 

for 5h). Hence a coating of Poly ethylene terephthalate (PET) was used before ZrO2 film 

formation on a glass plate, which results in better adhesive and uniform distribution. Since it is 

unable to peel off, the ZrO2 film is coated on the flexible ITO PET substrate. Then, a 

semiconducting ZnO layer is coated above the ZrO2/PET layer. The terminals are soldered using 

silver paste. Thus, the thin film MOS capacitors are fabricated using high-κ dielectric ZrO2 on a 

flexible PET substrate. Finally, the fabricated thin film MOS capacitor is characterized. 

 

Table 1.: Dielectric Materials With Charecteristics 

 

HIGH-K 

MATERIALS 

DI-ELECTRIC 

CONSTANT 

VALUE 

LEAKAGE 

CURRENT 

REDUCTION 

THERMAL 

STABILITY 

Tmax
o
c 

ZrO2 23 *10
4 

-10
5 

1000 

HfO2 20 *10
4 

-10
5
 950 

Y2O3 15 *10
4 

-10
5
 Silicate formation 

Al2O3 10 *10
2 

-10
3
 1000 

 

With the above tabulation it is decided that usage of ZrO2 results in a moderate dielectric value 

thereby reducing the leakage current. Moreover when compared to other materials ZrO2 is found 

to have a better thermal stability. Besides, the ZnO capacitors can exhibit high thermal and 

electronic stabilities [3]. 
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Fig. 2: Structure Of Thin Film MOS Capacitor 

 

RESULTS AND DISCUSSION: 

The SEM image of the prepared Zirconia Nanoparticle is shown below in fig.3. 

   
Fig.3: SEM image of Nano Zirconia 

 

The MOS Capacitor using high-κ dielectric ZrO2 on a flexible ITO PET substrate is fabricated. 

Then, fabricated field effect capacitor is characterized at room temperature. 

 

 
Fig.4 C-V Characteristics of the MOS capacitor 

 

CONCLUSION: 

From the C-V characteristics, the capacitance is constant at the accumulation mode, then the 

capacitance reaches a minimum at a threshold voltage of 0.7V, and the capacitance recovers at 

higher bias [4] & [5]. Thus, Zirconia is suitable for replacement of SiO2 in MOS devices such as 

MOSFET.  
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