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ABSTRACT

The aim of this research is to optimize the process parameters variations of graphene
field-effect transistor (GFET) device using Taguchi-based grey relational analysis
(GRA). The process of the device was initially stimulated using ATHENA module
of Silvaco TCAD meanwhile the electrical characterization was carried out using an
ATLAS module of Silvaco TCAD. The electrical characteristics that being
calculated were threshold voltage (V;y), drive current (/,y,), leakage current (I,),
current state ratio (I,,,/Io¢f) and sub-threshold slope (SS). The Ly orthogonal array
(OA) method, signal-to-noise ratio (SNR) and analysis of variance (ANOVA) were
used to analyze the effect the process parameters. The process parameters that were
used are halo implant energy, halo implant dose, source/drain (S/D) implant energy
and S/D implant dose with noise factors which were halo implant tilt angle and S/D
implant tilt angle. All the experimental values are converted to grey relational grade
(GRG) and the level of process parameter with the highest GRG are selected as the
most optimal level. The values of Iy, Iyfrf, Ion/ lorr and Vy, after optimization
approaches were 612.21puA/um, 0.69nA/um, 1.04E6 and 0.548V respectively. Most
of the results obtained were within the range and met the requirement of low power
(LP) technology for the year 2015 as predicted by International Technology
Roadmap Semiconductor (ITRS) 2013. As a conclusion, the design of GFET has
successfully been created and through the Taguchi-based GRA, the optimal solution

for the robust design of the devices has successfully been achieved.
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ABSTRAK

Tujuan kajian ini adalah untuk mengoptimumkan variasi parameter terhadap peranti
graphene transistor (GFET) menggunakan kaedah analisis hubungan Grey (GRA)
berasaskan Taguchi. Proses bagi peranti disimulasikan dengan menggunakan modul
ATHENA Silvaco TCAD sementara pencirian eletrikal dijalankan menggunakan
modul ATLAS Silvaco TCAD. Ciri-ciri eletrikal yang telah dikira adalah voltan
ambang (Vth), arus pacu (lon), arus bocor (loff), nisbah arus (I,,,/1,¢f) dan sub-
threshold slope (SS). Kaedah Lo orthogonal array (OA), nisbah isyarat-kepada-bunyi
(SNR) dan variasi analisis (ANOVA) telah digunakan untuk menganalisis kesan
kepada parameter proses. Parameter proses yang telah digunakan adalah halo
implant energy, halo implant dose, source/drain (S/D) implant energy dan S/D
implant dose dengan faktor bunyi adalah halo implant tilt angle dan S/D implant tilt
angle. Semua nilai eksperimen ditukar kepada grey relational grade (GRG) dan
paras parameter proses dengan GRG tertinggi dipilih sebagai tahap paling optimum.
Nilai bagi Ion, loff, Ion/lops dan Vyp, selepas dioptimumkan adalah 612.21pA/um,
0.69nA/pm, 1.04E6 dan 0.548V masing-masing. Kebanyakan keputusan adalah
didalam julat yang dibenarkan dan memenuhi keperluan yang telah ditetapkan oleh
teknologi kuasa rendah (LP) untuk tahun 2015 yang telah ditetapkan oleh
International Technology Roadmap Semiconductor (ITRS) 2013. Sebagai
kesimpulan, reka bentuk GFET telah berjaya direka dan melalui kaedah GRA
berasaskan Taguchi, penyelesaian optimum untuk reka bentuk yang teguh bagi

peranti telah berjaya dicapai
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CHAPTER 1

INTRODUCTION

1.1 Background

Moore’s law is predicated on shrinking the critical features of the planar process
which is the smaller these features, the more the bits that can be packed into the
given area. The most critical feature size is the physical gate length as shrinking it
not only makes transistor smaller, it makes it faster. Simply, Moore’s law postulates
that the level of chip complexity that can be manufactured for minimal cost is an
exponential function that doubles in a period of time [1]. Where Ct = Component

count in a period t, Ct-1 = Component count in the prior period.

Ct=2-Ct—1 (1.1)
The amazing advancements to date in Complementary Metal Oxide

Semiconductor (CMOS) technology have come primarily from scaling which is



15

reducing the critical dimensions of the transistors. This has been accomplished by
advances in photolithography, innovations in the fabrication processes, and the use
of new materials. One important approach is to increase the electron and hole
mobility [1]. CMOS is the technology that constructed integrated circuits that also
used in microprocessor and microcontroller. Typical design style with CMOS uses
complementary and symmetrical pairs of p-type and n-type metal oxide
semiconductor field effect transistors (MOSFETs) for logic functions [2]. CMOS
transistors have inherent parasitic structures, such as diodes, resistors, and the

capacitors, whereas the whole circuit may have inductor properties in the signal lines

[3].

ate
met alis ation Oxide
layer

Source Drain

P-silicon

1.1: N-type semiconductor design

Graphene is allotrope of carbon in the form of a two-dimensional, atomic-
scale, hexagonal lattice in which one atom forms each vertex [12]. Bilayer graphene
is a material consisting of two layers of graphene which can be made by exfoliation
from graphite [11]. It has zero band-gap and can behave like semiconductor. The
energy dispersion of graphene is conical and has large modification in the carrier

density [4].


https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/Allotrope_of_carbon
https://en.wikipedia.org/wiki/2D_Materials
https://en.wikipedia.org/wiki/Hexagonal_lattice
https://en.wikipedia.org/wiki/Vertex_(geometry)
https://en.wikipedia.org/wiki/Graphene
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1.2: Graphene structure

The application has widely increased nationwide. It is therefore expected to be
applied to various electronic devices, such as transistors, interconnects, transparent
electrodes, sensors, and new-principle devices [5]. Graphene is mostly being develop
in room-temperature high resolution semiconductor radiation spectrometer because it
has a negligible intrinsic capacitance [6]. The interest in graphene has mobilized
both academic and industry realms making it an ideal candidate for the design of
modern nano-scale transistors, chemical and biosensors, flexible and organic light-

emitting diodes (OLEDs) displays, solar and fuels [7].

Robust design methods or commonly Taguchi method that created by Genichi
Taguchi, is to increase the quality of goods mostly in engineering. This method will
function in solving the multiple parameter optimization with less of experiments [8].
Robust engineering is an engineering optimization strategy ideally used for the
development of the new technologies in the areas of product and process design. It
represents the application of Taguchi Methods at the start of R&D or advanced
product. It also concentrates on identifying the ideal functions for a specific
technology. Then, it concentrates on selectively choosing the best nominal values of

the design parameters that optimize performance reliability at lowest cost [9].



