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ABSTRACT

In a low supply voltage CMOS technology, it is desirable to scale threshold
voltage and gate length for improving circuit performance. Therefore, a project has been
carried out inside KUITTHO’s microelectronic cleanroom to produce a method that has
better low power/low voltage current concentrate on p-channel (PMOS). An experiment
was also done to determine the right parameter value to be used for fabrication process
such as oxidation process thickness rate, sheet resistance and metal thickness. From the
parameter value obtained, 0.3 mm and 0.5 mm PMOS transistor had been successfully
produced. Fabrication simulation was performed to produce a 0.1pum and 0.3um PMOS
transistor by using the ISE-TCAD software. The trade off between threshold voltage
(Vrn), gate length (Lg) and thin oxide thickness (tox) are discussed to determine the
characteristics of the transistors. It shows that for 0.3mm (tox = 860A) PMOS transistor
the value of Vg =-3.33V and 0.5 mm (tox = 9104A), V1 value =-4.3V. From the
simulation result show for 0.1pm (tox = 200A), Vg = -0.314V and for 0.5um (400A)
Vru =-0.634V. The result shows that, with decreasing gate length and oxide thickness
will produce lower value of threshold voltage. Minimum value of threshold voltage can
result in a better performance of transistor. Another parameter must be taken into
consideration such as leakage current, resistivity and conductivity to get a better design

of PMOS transistor in future research.
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ABSTRAK

Untuk menghasilkan sumber voltan yang rendah dalam CMOS teknologi,
penskalaan voltan ambang, Vry dan lebar gate, Lg untuk menghasilkan litar yang
berkeupayaan tinggi ,merupakan isue yang sangat penting. Oleh itu, projek ini telah
dijalankan di dalam makmal mikroelektronik bilik bersih KUITTHO untuk
menghasilkan resepi bagi PMOS transistor dengan saiz yang minimum dan berprestasi
tinggi. Eksperimen juga telah dijalankan untuk menentukan nilai parameter yang sesuai
untuk digunakan dalam proses fabrikasi iaitu proses pengoksidaan untuk mencari kadar
ketebalan oksida get, rintangan keping dan ketebalan metal. Daripada nilai parameter
yang diperolehi, 0.3mm dan 0.5mm PMOS transistor telah berjaya dihasilkan. Fabrikasi
secara simulasi juga telah dijalankan untuk menghasilkan 0.1um and 0.3um PMOS
transistor dengan menggunakan perisian ISE-TCAD. Perubahan antara voltan ambang
(V1h), lebar gate (Lg) dan ketebalan lapisan oksida (t,y) telah dibincangkan untuk
menetukan ciri-ciri bagi PMOS transistor tersebut. Hasil dapat daripada fabrikasi
sebenar menunjukkan untuk transistor bersaiz 0.3mm (to,= 860A) PMOS transistor
V1 =-3.33V dan 0.5mm(tox = 910 A), nilai Vi =-4.3V. Dapatan hasil simulasi
menunjukkan untuk 0.1pm (tee = 200A), Vi = -0.314V dan 0.5um (tox = 400A), nilai
Vru=-0.634V. Daripada keputusan yang diperolehi menunjukkan bahawa dengan
kelebaran get yang minima dan ketebalan oksida yang lebih nipis akan menghasilkan
PMOS transistor dengan nilai voltan ambang yang lebih rendah. Nilai voltan ambang
yang lebih rendah akan mempengaruhi keupayaan transistor. Parameter-parameter lain
perlu diambil kira seperti arus bocor, kerintangan dan kekonduksian untuk menghasilkan

PMOS transistor yang berprestasi tinggi untuk kajian akan datang.
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CHAPTER I

INTRODUCTION

1.1 General

The MOSFET circuit technology has dramatically changed over the last three
decades. Starting with a ten-micron PMOS process with an aluminum gate and a single
metallization layer around 1970, the technology has evolved into a tenth-micron self-
aligned-gate CMOS process with up to five metallization levels. The transition from
dopant diffusion to ion implantation, from thermal oxidation to oxide deposition, from a
metal gate to a poly-silicon gate, from wet chemical etching to dry etching and more
recently from aluminum (with 2% copper) wiring to copper wiring has provided vastly
superior analog and digital CMOS circuits. The choice and centering of target transistor
parameters- modeling (such as threshold voltage, gate length, gate oxide thickness, etc)
for high speed low-power/ low voltage CMOS technologies is a current concern (Chang,
2000){7]. If proper CMOS scaling rules are utilized, high speed CMOS technologies can
be achieved even in conjunction with reduced supply voltage requirements. The

dynamic power dissipation in CMOS inverter circuits is given by



P=fCL Vo (1.1)

where f is operating frequency, Cp. is the loading capacitance, and Vp is the supply
voltage. Clearly, reducing the supply voltage is the simplest approach in reducing the
dynamic power consumption. The time delay, tp in a CMOS gate is approximately

given by

~ C,LI/D 0 CLLGtoxVD

T (1.2)
? [D (VD—VTH)Z

where Lg is the transistor gate length, t, is the gate oxide thickness, Ip drain current and
Vy is the MOS transistor threshold voltage. Equation 1.2 demonstrates the need for
reducing the gate oxide thickness, the gate length, and the transistor threshold voltage in

order to preserve the high-speed in a reduced voltage supply technology.

1.2 Problem Statement

Since the semiconductor industry growth rapidly, competition among companies
to fulfill market demands has become increasingly intense. Therefore, many data and
parameters obtained from researches were not published and kept confidential. Hence,
each fabrication laboratories have created their own technologies. KUITTHO as an
education institution is also making an effort to produce a MOSFET technology
transistor with the equipment provided in the KUITTHO’s Microelectronic Cleanroom.
Therefore, the purpose of this project was to build a first MOSFET technology
transistor, which was aimed for better low power/low voltage current concentrate on

p-channel (PMOS) transistors.



1.3

Project Objectives

The objectives of this project are:

1.4

. To produce a recipe of MOSFET devices (PMOS transistor).

. To determine the minimum mask design that can be fabricated in KUITTHO’s

cleanroom to produce transistor with minimum gate length.

. To determine transistor region operation which are very important in low-voltage

and low-power application from the I'V characteristics of PMOS transistor.

. To determine the trade-off between threshold voltage (Vy) and the minimum

gate length (Lg) for optimizing the performance of PMOS transistors for low

voltage/low power high-speed digital CMOS circuit.

Project Scope

. The project was done with the process equipments in Microelctronic Cleanroom

at KUITTHO. The data that was obtained might be different with other clean-

room. It depends on the equipment capability and the class of the cleanroom.

. The project concentrated on PMOS transistor device, including the effect of

threshold voltage(Vry) thin oxide thickness (tox) and gate length (Lg) to Ip-Vp

characteristics.

. There were 4 steps that were taken in this project which were:

1. Establishing process module, process parameters, process flow and
process run card.

il. Optimizing and characterizing process module.



1il. Integrating the process module and starting the fabrication process of
MOSFET (PMOS) device.

iv. Analyzing and testing product.

1.5 Project Flow

A

Problem Statement

A

Theoretical/ Parameter Definition

\ 4

Process modules development

!

Fabrication Process

y

Simulation Fabrication Process Real Fabrication Process

Inspection

Y

Testing and Analysis

Figurel.l: The project flowchart




CHAPTERII

LITERATURE REVIEW

2.1 Introduction

This chapter will highlight on the understanding of transistor device mainly
MOSFET (Metal Oxide Semiconductor Field Effect Transistor). This project focuses on
the fabrication process of MOSFET devices. Prior to that, the characteristics and

physical structure of PMOS transistor was studied.

2.2 The MOS Transistor

These devices are known as FET’s (Field effect transistors), which consist of
three regions; source, drain and gate. The resistance path between the drain and source
is controlled by applying a voltage to the gate. This varies the depletion layer under the
gate and thus reduces or increases the conductance path. The FET input impedance
(unlike the BJT which is a few kQ) is very high (~M£2’s) and as a result the gate current

can be considered as zero.



