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ABSTRACT 

Metal Oxide Semiconductor Field Effect Transistor (MOSFET) is a semiconductor 

device are commonly used for switching and amplification of electronics signal in 

electronic devices. As the technologies growth faster, the MOSFET which allowing 

for compacting of the transistor on a single chip. It is very critical to producing a proper 

work to ultra-small transistors. In this research, the threshold voltage (VTH) and 

leakage current (IOFF) are the aim to meet nominal the best (NTB) and minimum the 

better (STB) according to International Technology Roadmap for Semiconductor 

(ITRS) 2013. Designing a 14nm double gate with added bi-graphene with Hafnium 

Dioxide (HfO2) which performs as the high permittivity material (high-k) dielectric 

in the gate structure of the PMOS device, and Titanium Silicide (TiSix), which acts as 

the metal gate, is deposited on top of the HfO2 high-k layer. By using Silvaco software 

to design and simulate the performance of devices through the ATHENA and ATLAS 

modules. The optimization method in this experimental were use Taguchi L9 

orthogonal array strategy to improve the device process parameters for optimum VTH 

and minimum IOFF according to specifications of ITRS. Target of ITRS 2013 for 

nominal the best VTH is 0.191V ± 12.7% while the 100 nA/μm for smaller the better 

IOFF. The parameter process consists of VTH adjustment implant (A), VTH energy 

(B), VTH tilt (C), and S/D implantation (D), while for the noise factor which is S/D 

energy and S/D tilt. The simulations result shows the VTH adjustment implant and 

VTH tilt are the most dominant and adjustment factor that high possibilities to affect 

the VTH and IOFF respectively. Dominant factor is the unstable value which if there 

are minor changes of the doping value it will affect the majority process. Although, 

the best setting parameter for 14nm PMOS device VTH adjustment implant was 

obtained 9.12E10 Atom/cm3, VTH energy 11 KeV, VTH tilt 6 °C and S/D 

implantation 4.80E11 °C. Therefore, the average findings VTH and IOFF after 

optimization with the initial result has been observed for VTH through optimization 

are moving from 0.190867 V (6.96 % below the ITRS 2013 target) to 0.195049 V 

(2.12 % higher than ITRS 2013 target value) while for the IOFF from 4.35718 nA/μm 

to 4.940935 nA/μm.  



ii 

 

ABSTRAK 

Transistor kesan medan semikonduktor oksida logam (MOSFET) ialah peranti 

semikonduktor yang biasa digunakan untuk menukar dan menguatkan isyarat 

elektronik dalam peranti elektronik. Memandangkan teknologi berkembang lebih 

pantas, MOSFET yang membolehkan pemadatan transistor pada satu cip. Ia sangat 

penting untuk menghasilkan kerja yang betul kepada transistor ultra-kecil. Dalam 

penyelidikan ini, voltan ambang (VTH) dan arus bocor (IOFF) adalah bertujuan 

untuk memenuhi nominal yang terbaik (NTB) dan minimum yang lebih baik (STB) 

mengikut Pelan Hala Tuju Teknologi Antarabangsa untuk Semikonduktor (ITRS) 

2013. Mereka bentuk 14nm pintu berganda dengan tambahan graphene dwilapisan 

dengan Hafnium Dioxide (HfO2) yang berfungsi sebagai dielektrik bahan 

kebolehtepatan tinggi (high k) dalam struktur pintu peranti PMOS, dan Titanium 

Silicid (TiSix), yang bertindak sebagai pintu logam, dimendapkan. di atas lapisan 

HfO2 high-k. Dengan menggunakan perisian Silvaco untuk mereka bentuk dan 

mensimulasikan prestasi peranti melalui modul ATHENA dan ATLAS. Kaedah 

pengoptimuman dalam eksperimen ini adalah menggunakan strategi tatasusunan 

ortogon Taguchi L9 untuk menambah baik parameter proses peranti untuk VTH 

optimum dan IOFF minimum mengikut spesifikasi ITRS. Sasaran ITRS 2013 untuk 

nominal VTH terbaik ialah 0.191V ± 12.7% manakala 100 nA/μm untuk IOFF yang 

lebih kecil adalah lebih baik. Proses parameter terdiri daripada implan pelarasan 

VTH (A), tenaga VTH (B), kecondongan VTH (C), dan implantasi S/D (D), manakala 

bagi faktor hingar iaitu tenaga S/D dan kecondongan S/D. Hasil simulasi 

menunjukkan implan pelarasan VTH dan kecondongan VTH adalah faktor yang 

paling dominan dan pelarasan yang berkemungkinan tinggi untuk mempengaruhi 

prestasi VTH dan IOFF tersebut. Faktor dominan ialah nilai tidak stabil yang 

sekiranya terdapat perubahan kecil nilai doping ia akan menjejaskan majoriti prestasi 

peranti. Tuntasnya, parameter tetapan terbaik untuk implan pelarasan VTH peranti 

PMOS 14nm diperolehi 9.12E10 Atom/cm3, tenaga VTH 11 KeV, kecondongan VTH 

6 °C dan implantasi S/D 4.80E11 °C. Oleh itu, keputusan optimum telah diperhatikan 

untuk VTH 0.191141 V manakala untuk IOFF 4.52747 nA/μm yang kedua-duanya 

hampir dengan ramalan ITRS 2013 yang disasarkan. Oleh itu, keputusan 

menunjukkan prestasi peranti cemerlang dengan nilai VTH 0.191141 V yang dicapai 

kepada sasaran ITRS 2013, juga nilai IOFF 4.52747 nA/μm. 
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CHAPTER 1  

INTRODUCTION 

This chapter presents a brief introduction about the project. Basic introduction of 

Metal Oxide Semiconductor Field Effect Transistor (MOSFET) is a semiconductor 

device are commonly used for switching and amplification of electronics signal in 

electronic devices. The invention of transistor was challenging which to reduce the 

size. This chapter also provided background studies, which was followed by a 

statement of the problem and the project's goals. The scope of the project can be 

determined based on the problem statement and project objectives. Finally, the 

organization of the report is clarified.  
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1.1 Introduction 

MOSFET’s which have been scaled greatly due to Moore’s Law since 1974. As the 

technologies growth faster, the MOSFET which allowing for compacting of the 

transistor on a single chip. It is very critical to producing a proper work to ultra-small 

transistors. For scaling smaller chips has been possible due to the technology that 

encourage potentially lower cost for production than it was, while improved in its 

speed as well as reduced in physical characteristics[1].   

Simultaneously, the smaller devices may be implemented in smaller areas of 

integrated circuit (ICs), which resulting in higher number of transistors per wafer. 

According to earlier research, utilizing a high permittivity (high-k) gate dielectric and 

metal gate can overcome the problems[2]. In order to keep MOSFET devices on track, 

SiO2 and polysilicon (poly-Si) are replaced with high k and metal gate materials, 

respectively, to solve the main issues with downscaling. Furthermore, to lowered size 

of MOSFET has influenced the transistor’s doping as well as the dimensions in term 

of channel length, width, and oxide thickness.   

The control of the VTH is the main challenge in the creation of a nanoscale 

transistor. The entire system of the device will be affected by doping fluctuations if 

the nominal VTH values are not reached. This study explores a variety of process 

variables that may affect the fabrication of 14nm-PMOS devices, including 

source/drain implantation and VTH adjustment implantation, which adjust the profile 

and electrical characteristics of the device by varying the dose, energy, and tilt of the 

implantation. Nonetheless, this project is to find the greatest combination of process 
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parameters that would result in the nominal VTH value which lead to minimum leakage 

current. 

In order to obtain analysis result of nominal VTH and, low IOFF which refer to ITRS 

2013 prediction, by using Taguchi L9 orthogonal array method approach to investigate 

the effect of the process parameters through a small number of experiments. Other 

than that, by using Taguchi method able to significantly reduce time for experimental 

investigation.  

Therefore, few reason that smaller size of MOSFETs are desirable because of the 

small size able to allow high current to pass and it has small gate thus lower the 

capacitance.   

1.2  Problem Statement 

The traditional MOSFET device have dominated the semiconductor industry for 

decades, keeping up with Moore’s Law has become more difficult due to the numerous 

challenges provided by exceeding small feature sizes. The presence of short channel 

effects (SCEs) in ultra-small FETs, scaling of the oxide thickness might result in a 

high tunnelling current and a lower ION/IOFF ratio, resulting in poor power 

consumption. Other than that, Vth decreases as gate length (L) decreases, which is a 

well-known SCE. For shorter channel lengths, the value of VTH reduces[3]. A crucial 

fabrication step that might mitigate SCEs in MOSFET devices is source/drain (S/D) 

implantation[4]. 

Graphene field effect transistors (GFET) still challenging to be used in digital logic 

despite their outstanding electronic properties because graphene does not have a band 

gap in its normal form, making them difficult to turn off. As a result, bilayer graphene 

will be used in this research to measure this problem. With this method, the graphene 
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channel in the transistor is able to induce a band gap leading to higher on-off ratio [5], 

[6]. 

The electrical parameters of the FET device, such as VTH, IOFF may be deteriorated 

by changing the dose, energy, and rotation of these implants. Furthermore, one of the 

most common problems encountered while designing a small sized transistor is the 

switch VTH, which affects the entire implement structure and causes the device to stop 

working. For instance, the statistical methods are often carried out to optimize device 

performance. 

1.3 Objective  

The main objective in this research is:   

i. To design and simulate a double gate Bi-Graphene of HfO2 and TiSiX on 14nm 

PMOS device using Silvaco software. 

ii. To analyze and identify the significant process parameter to obtain nominal 

VTH and minimum IOFF using Taguchi L9 orthogonal array referring to ITRS 

2013. 
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1.4 Scope of work 

 

Figure 1.1 Shows the scope of work for the project. 
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