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ABSTRACT 

 

 

 

Silicon-On-Insulator (SOI) is a unique and attractive technology for the chip 

making process and it also give benefit in low power, low voltage and high speed 

processing. This technology was introduced to the semiconductor production in year 

1960 using the name of Silicon-On-Sapphire (SOS). In this project, the process of 

modeling, optimization and characterization of Silicon-On-Insulator using Silvaco 

software are proposed. The optimized silicon-On-Insulator trapezoidal waveguide 

components are aimed to be implemented in future photonic devices such as planar 

lightwave circuit. Both anisotropic wet etching and dry etching are considered to 

evaluate the effect of etching techniques on the waveguide structure and for this 

project anisotropic wet etching is used. In addition, the Taguchi methods are 

employed to study the influence of fabrication parameters on fabrication 

performance such as etch rate and waveguide structure. Four fabrication parameters 

are considered includes phosphorus doping concentration, boron doping 

concentration, phosphorus diffusion time and boron diffusion time. The study 

involved both N-type and P-type waveguide structure with silicon orientation of 

<100>. The Silicon-On-Insulator fabrication process has been done through their 

level process with the use of Silvaco software and the optimization of the silicon 

optical waveguide modulation efficiency has been analyzed with the parameters 

value variation. 
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ABSTRAK 

 

 

 

Silicon-On-Insulator (SOI) adalah teknologi yang unik dan menarik untuk 

proses membuat cip dan ia juga member manfaat dalam kuasa yang rendah, voltan 

rendah dan pemprosesan kelajuan tinggi. Teknologi ini telah diperkenalkan kepada 

pengeluaran semikonduktor pada tahun 1960 menggunakan nama Silicon-On-

Sapphire (SOS). Dalam projek ini, proses pemodelan, pengoptimuman dan pencirian 

Silicon-On-Insulator menggunakan perisian Silvaco. Silicon-On-Insulator trapezoid 

struktur ini dioptimunkan untuk kegunaan Planar Lightwave Circuit. Kedua-dua 

punaran sama ada basah atau kering memberikan kesan yang tertentu kepada 

Silicon-On-Insulator dan untuk projek ini punaranan isotropic basah digunakan. Di 

samping itu, kaedah Taguchi digunakan untuk mengkaji pengaruh fabrikasi pada 

parameter fabrikasi seperti prestasi kadar punaran dan struktur pandu gelombang. 

Empat parameter fabrikasi yang dipilih ialah phosphorus doping concentration, 

boron doping concentration, phosphorus diffusion time and boron diffusion time. 

Kajian ini melibatkan kedua-dua jenis-N dan Jenis-P struktur silicon pandu 

gelombang dengan orientasi <100>. Silicon-On-Insulator proses fabrikasi telah 

dilakukan mengunakan perisian Silvaco dan pengoptimuman silicon pandu 

gelombang modulasi kecekapan optic telah dianalisis dengan perubahan nilai 

parameter. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Project Introduction 

 

Massive development of microelectronics technology nowadays has contribute 

huge impact to this modern age and also to the future, the microelectronic has been 

used in many applications such as computer, mobile phone and other electronic 

device. The high demand of microelectronic make is as an important technology to 

the world. This technology always evolves from another stage to another stage and 

become more sophisticated and compact. Silicon is the main material used in 

microelectronic. Silicon offer great advantage such as low cost, easy to implement 

and practical temperature range. Silicon was applied to microelectronic to achieve a 

great performance including Silicon-On-Insulator (SOI). 

 

Silicon-On-Insulator (SOI) is a unique and attractive technology for the chip 

making process and it also give benefit in low power, low voltage and high speed 

processing. This technology was introduced to the semiconductor production in year 

1960 using the name of Silicon-On-Sapphire (SOS). Until now, the SOI has been 

used in many applications such as integrated optic, high speed microprocessor and 

low-power integrated circuit.   
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Silicon-On-Insulator was chosen as a platform to mould Planar Lightwave 

Circuit (PLCs) because of the great performance in high speed, low power and low 

voltage. Planar lightwave circuit is actually optical Integrated Circuit (ICs) or also as 

optical circuit board. Silicon-On-Insulator waveguide acts as a vital role for the basic 

structure of Planar Light wave Circuit (PLCs). Silicon waveguide selected for 

this Silicon-On-Insulator (SOI) is trapezoid waveguide based on silicon orientation. 

The waveguide can be etched using three major techniques; wet, dry and laser 

etching, among the technique the anisotropic wet etching were chosen. Reason for 

wet etching selection is because it is low cost, simple and proven to maintain low 

surface roughness.  

 

In silicon fabrication process, computer modeling and simulation has become a 

major part in predicting the performance of the waveguide due to fabrication 

parameter. Cost is the main problem why the real fabrication process should be 

limited besides complicated process in orders to see the change of the result and the 

time constant.  Silvaco ATHENA software was chosen to modeling and simulates the 

fabrication process.  Athena provides the entire tool needed in fabrication process 

such as etching, oxidation and very friendly user interface. With this tool the 

optimum fabrication parameters can be estimated and the time required in fabrication 

process is reduced. 

 

The aim of this project is to model and simulate SOI trapezoid waveguide 

structure using anisotropic wet etching and improve the waveguide characteristic by 

Taguchi method in order the achieve the optimize and excellent  SOI result for planar 

light wave circuit. 

 

 

1.2 Objectives 

 

The main objective to this project is to model and achieve the excellent 

fabrication process for the Silicon-On-Insulator Trapezoid waveguide using 

anisotropic wet etching. The objective will be supported by the following sub 

objective:- 
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 To model a simple, cost-effective and scalable fabrication process of a 

Silicon-on-insulator using Silvaco software. 

 To investigate the influence of fabrication parameters variations on silicon-

on-insulator waveguide based on wet etching technique performance. 

 To obtain the optimized fabrication parameter using Taguchi method 

 

 

1.3 Problem Statement 

 

For this project, silicon fabrication process is modeled using Silvaco ATHENA 

software which plays a vital role to this project. Silvaco ATHENA provides all the 

tools we needed in modeling and simulate the silicon waveguide.  

 

The implementation of Taguchi method in order to improve the silicon 

waveguide performance has been applied to the process. In this tough design of 

fabrication processes the Taguchi methods help reduce the variance with optimize 

setting for the parameter. Orthogonal array method is applied to this method which 

provides the information about the influence of the selected fabrication parameter to 

the waveguide performance such as silicon orientation, etch rate and temperature. 

Using this method the performance of the fabrication parameter can be evaluate 

before real fabrication process in order to reduce the time needed and lower the cost 

in real fabrication process. The optimization of the fabrication parameter is to 

improve the performance of the SOI when current is injected based on modulation 

efficiency and absorption loss.  

 

 

1.4 Scope of Project 

  

In this project, the used of Silvaco simulation tools software to model and 

simulate the silicon-on-insulator trapezoid waveguides has aid user. N-type and P-

type waveguide structure was modeled in the fabrication process with silicon 

orientation of <100>. From simulation of the fabrication process the effect of the 

fabrication parameter was analyzed in order to meet the requirement needed in actual 

fabrication process. The design process has be done using Silvaco ATHENA 2D 
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which is widely used in semiconductor technology to design and modeling the 

fabrication process. Anisotropic wet etching was selected in the etching process and 

dry oxidation was use in oxidation process. 

 

 

1.5 Methodology Used In The Project 

 

The project consist several process in the fabrication process up to the 

optimization using the Taguchi method. The main process of the project is to model a 

silicon waveguide. The modeling process contains a few main steps. Wafer cleaning 

is the first step to the fabrication process. In this step, standard wafer preparation 

technique was used to clean the wafer followed by the oxidation process. The wet 

oxidation was selected because it has higher growth rate than dry oxidation. The 

process happens to expose the silicon surface to the oxidized agent. The third step is 

the photolithography process where the positive photoresist was applied on the 

silicon wafer. Next process is the etching process where the anisotropic wet etching 

was selected and KOH solution was used as the etchant. 

 

Once the structure of the waveguide has been modeled, the performance of the 

silicon waveguide was analyzed. The optimized fabrication parameters were 

determined by applying the Taguchi method. 

 

 

1.6 Outline of Report 

 

This thesis consists of five parts. The first chapter consists of the introduction 

to the Silicon-On-Insulator. Objectives of the project, scope of project and the 

problem statements are also included in this chapter. 

 

Second chapter is mostly discussing about the literature review. This section 

contains the theories related to the project which is mostly about the fabrication 

process of the SOI. 
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Third chapter is on the methodology applied on device design and simulation. 

This chapter shows the chronology and the process flows from the beginning and the 

methodology used for the project.  

 

The fourth chapter is focus on the results obtained from the software 

simulation. The device performance will be improved and analyzed using Taguchi 

method in order to achieve the objectives of the project. The fifth chapter is the 

conclusion of the project and some recommendation for the future works 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

This chapter will discuss about the research from other researcher and theories 

related to the project. 

 

 

2.1 Silicon-On-Insulator (SOI) 

 

The amazing term of SOI attracts a lot of attention in the development of the 

high-performance circuits. SOI's performance parameters such as speed, reliability 

and toughness beyond the traditional technology can be attributed largely to overall 

capacitance reduction as well as lower SOI device leakage [1]. Due to this benefit, 

SOI was proposed as the one good material to be implemented in the Integrated 

Circuit design process in order to build more advanced semiconductor technology 

devices.  

 

Figure 2.1, shows the basic structure of the SOI using N-P-N type. SOI was 

used in chip making process since it was introduced in lately 1960. In the 

semiconductor process SOI replaced the bulk silicon wafer with three layers [2]. The 

first is the thin layer of silicon and then the underlying layer of insulating material 

shown in the Figure 2.1.  
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Figure 2.1 SOI basic structures 

 

 

SOI has become the important part to the semiconductor technology because of 

many reasons. The major reason is SOI has proved that it is able to increase the chip 

and transistor functionality by improving the speed of integrated circuit (IC) device 

and also lowering the voltage used in IC circuit [3]. 

 

 

2.2 Silicon Fabrication Process 

 

In silicon fabrication process there are several step need to be done in order to 

produce the silicon waveguide as shown in Figure 2.2. 
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Figure 2.2 Fabrication process 

 

The whole process must be done step by step and correctly neither in virtue 

fabrication process or real fabrication process due to the high cost and time 

consuming of the real fabrication process. The fabrication process performance is 

estimated promptly using Silvaco ATHENA 2D which is used by many 

semiconductor industry all over the world [4]. 

 

Silvaco ATHENA 2D is tools provide by Silvaco TCAD tools used in 

modeling and simulate the design process. ATHENA design process is based on 

command line which is provided by the ATHENA itself.  

 

 

2.2.1 Wafer Cleaning 

 

In silicon fabrication process, before the major step of the fabrication such as 

oxidation, lithography and etching process is started, silicon wafer need to be cleaned 

first. Wafer cleaning is about contamination control or in other words it leaves the 

surface in a control condition. The process is performed in order to remove unwanted 

particles, metallic contaminants, organic residues, micro roughness and also native 

oxide [5].  

 

Step 1  

Wafer Cleaning 

Step 2 

Oxidation Process 

Step 3 

Diffusion 

Step 4 

Ion 
Implamantation 

Step 5 

Photolitography 
Process 

Step 6 

Etching Process 
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2.2.2 Oxidation Process 

 

The first basic processing step is silicon fabrication oxidation process or also 

called as oxide growth. Oxidation is the process by which a layer of silicon dioxide 

(SIO2) is formed on the surface of the silicon wafer [5].  The oxide growth both on 

the silicon surface as indicated in Figure 2.2. Typically, about 56% of the oxide 

thickness is above the original surface while about 44% is below the original surface. 

The oxide thickness, designated tox, can be grown using either dry or wet techniques, 

with the former achieving lower defect densities. Typically, oxide thickness varies 

from less than 150Å for gate oxides to more than 10000Å for field oxides. Oxidation 

takes place at temperature ranging from 700 -1100°C with the resulting oxide 

thickness being proportional to the temperature at which it is grown (for a fixed 

amount of time). 

 

 

Figure 2.2 Silicon dioxide growths at the surface of the silicon wafer 

 
 
2.2.3 Diffusion 

 

The second basic processing step is diffusion [5]. Diffusion in semiconductor 

material is the movement of impurity atoms at the surface of the material into the 

bulk of the material. Diffusion takes place at temperatures in the range of 800-1400 

°C in the same way as a gas diffuses in air. The concentration profile of the impurity 

in the semiconductor is a function of the concentration of the impurity at the surface 

tox 

0.44tox 




