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ABSTRACT

Reconfigurable FET can be used as both p type and n type as per the requirement by
applying voltage to the electrodes accordingly. Nanowire RFET has got a structure with
two gates, one acting for the biasing and the other for current control (that is ON or
OFF). The structure is like Nanowire heterostructure. The technique used here is
dielectric modulation and based on that the variation in threshold voltage related
sensitivity. These find major applications in Programmable Logic Arrays since can be
programmed as p type or n type. The RFET used in this project has been developed as
a biosensor by creating a cavity and then filling it with neutral biomolecules, whose
permittivity is varied. The simulated of the structure has been done and the sensitivity

has been calculated using Silvaco TCAD tool.



ACKNOWLEDGEMENT

I would like to express my deep sense of gratitude to my highly respected and esteemed
guides, Dr. Sumit Kale and Mr. Anurag Chauhan for suggesting the topic of my Major
project 1 and for giving me complete freedom and flexibility to work on this topic. They
have been very encouraging and motivating and the intensity of encouragement has
always increased with time. Without their constant support and guidance, 1 would not
have been able to complete this work. | extend my sincere thanks to all my friends who

have patiently helped me directly or indirectly in accomplishing this work successfully.

Divyansh Singh(2K21/VLS/06)

M.Tech (VLSI Design and EMBEDDED

SYSTEM)

Department of Electronics & Communication Engineering



CONTENTS

Candidate’s declaration

Certificate

Abstract

Acknowledgement

Contents

List of Figures

List of Table

CHAPTER 1 INTRODUCTION

1.1 Introduction to FET

1.2 Introduction to RFET

1.3 Advantages and limitations of RFET over MOSFET
CHAPTER 2 Nanowire RFET Operation

2.1 Overview and operation of Nanowire RFET
CHAPTER 3 Nanowire RFET as a biosensor

3.1 Structure

3.2 Sensitivity of a biosensor

CHAPTER 4 Implementation of RFET as a biosensor
4.1 Proposed structure

4.2 Optimization of the structure parameters

4.3 Simulated as n type for varying k

4.4 Simulated as p type for varying k

Energy Band Diagrams
vi

IT

I

v

VI

VI

11

13

15
17

19
21
25
30
36



4.5 Sensitivity calculation for n and p type
CONCLUSION
REFERENCES

vii

44
46
47



Fig 1.1:
Fig 1.2:
Fig 1.3:
Fig 2.1:
Fig 3.1:
Fig 3.2:
Fig 4.1;
Fig 4.2:
Fig 4.3:
Fig 4.4:
Fig 4.5:
Fig 4.6:
Fig 4.7:
Fig 4.8:
Fig 4.9:

Fig 4.10:
Fig 4.11:
Fig 4.12:
Fig 4.13:

LIST OF FIGURES

N and P types of JFET with their symbols
Structure of a n channel MOSFET
Energy band diagram of 3 gate RFET

The reconfigurable nanowire FET

Example of Nanowire FET as a biosensor
Biosensor using RFET

3D structure using Tonyplot 3D

Plane cut structure using Tonyplot

Simulated for radius =10nm keeping cavity at 6nm
Simulated for cavity = 4nm keeping radius =10nm
Simulated results for k=2,3 for n type

Simulated results for k= 4,5 for n type

Simulated results for k=6,7 for n type

Simulated results for k=8,9 for n type

Simulated results for k=10,11 for n type
Simulated results for k=12

Simulated results for k=1 for p type

Simulated results for k=2,3 for p type

Simulated results for k=4,5 for p type

Fig 4.14: Simulated results for k=6,7 for p type

Fig 4.15:
Fig 4.16:

Fig 4.17:
Fig 4.18:

Fig 4.19:

Simulated results for k=8,9 for p type
Simulated results for k=10,11 for p type

Simulated results for k=12 for p type
Simulated results for n mode in Off state

EBD for n mode in Off state

viii

11
13
17

18
20
20
23
24
25
26
27
28
29
30
30
31
32

33

34

35

36
36
37



Fig 4.20: Simulated results for n mode in On state

Fig 4.21

Fig 4.22

Fig 4.23:
Fig 4.24:
Fig 4.25:
Fig 4.26:
Fig 4.27:
Fig 4.28:
Fig 4.29:
Fig 4.30:
Fig 4.31:
Fig 4.32:

Fig 4.33:

: EBD for n mode in On state

- Simulated results for p mode in Off state
EBD for p mode in Off state

Simulated results for p mode in On state
EBD for n mode in On state

EBD for n type with Nf =5 el2

Simulated results of n type for Nf =5 el12
EBD for p mode with Nf =5 el2

Simulated results for p mode with Nf =5 e12
EBD for n mode with Nf = -5 e12

Simulated results for n mode with Nf = -5 e12
EBD for p mode with Nf =-5¢e12

Simulated results for p mode with Nf = -5 e12

37
38
38

39

39

40

40

41

41

42

42

43

43

44



LIST OF TABLES

Table 4.1: Optimizing radius keeping cavity height fix at 6nm with k=1
Table 4.2: Optimizing Cavity height keeping radius at 10 nm with k=1
Table 4.3: Sensitivity calculation for n type for varying k

Table 4.4: Sensitivity calculation for n type for varying k

22
44
45



Chapter 1

Introduction

1.1 Introduction to FET

A crucial electrical component widely used in the electronics industry is the field —
effect transistor, or FET.

The FET is an ubiquitous discrete electronic device found in circuits for RF
technologies, power management, electronic switching, and basic amplification.
Nevertheless, integrated circuits are where the field effect transistors, or FET, is most
often used. FET circuits use a lot lesser power than IC that uses the bipolar transistor
technology in this application. The extremely huge size integrated circuits can function
as a result. The power consumed will be order of magnitude higher and the power

produced would be far too big to dissipate from IC if bipolar technology were utilized.

The field-effect transistor uses an electric field to change the topology and subsequently
the conductivity of free carriers in a semiconductor. Such FET transistors also are
known as unipolar transistors since they carry out a single-carrier kind of operation.
High input impedance characterizes all FET configurations. Since the input current
controls the conductance of a non-FET transistor, the input impedance is minimal. The
conductivity is controlled by a voltage placed at the terminals of a field-effect transistor.
When a voltage is applied to gate, an electric field is created inside the device that
attracts and repels charges that are conveyed between the two terminals. The density of

such charge carriers also has an impact on conductivity.

FETs are classified majorly as:

a. Junction FET:
A reverse bias diode junction serves as the gate contact in a junc. FET, or JFET. The
channel, which may either be it of N type or P type, constitutes the structure. Therefore,
the channel is constructed using semiconductor diodes such that the voltage on diode

has impact on the channel.



Just the diodes reverse current may flow between them when it is operating in reverse
bias, essentially insulating it from channel. The JFET, that was formed initially, is the
very basic sort of FET. However, it continuously offers top notch service in many
technology fields.

The two types of JFET are shown in the figure.

JFET Channel
Construction

Source Source

N-channel JFET P-channel JFET

Fig 1.1: N and P types of JFET with their symbols

The characteristics of JFET are as follows:
1. Drain or Output Characteristics.

The drain characteristics or output characteristics is the line drawn between the drain
current 1d and the drain to source voltage VDS with the gate-to-source voltage VGS
serving as the parameter. This trait is comparable to the collector trait of a Bipolar

Junction T:
I. Drain Feature With gate- shorted

Figure shows the circuit diagram for figuring out an N-channel JFET's drain
characteristic with a shorted-gate. and another graphic illustrates the gate shorted with

drain feature.

Initially, even though the channel is completely open, there is no flow of current when



the drain to source voltage Vds is 0 because there is no attractive potential at the drain.
This results in a drain current Ip of 0. The N-type bar functions as a straightforward
semiconductor resistor for low applied voltage Vna, and there is linear rise of drain
current with Vds till the knee point. The channel ohmic zone is the area of the curve

where the FET acts like a typical resistor.

The electrical voltage lowering across the source and the channel area reverse-biases
the gate junction as the drain current ID increases. The gate junction's reverse-biasing
is not constant throughout. Ultimately, channel gets pinched off at a voltage called Vds.
With an increase in Vds, the current through the drain no longer rises. It gets closer to
a steady saturation value. The pinch-off voltage is the level of the voltage VVds when the
channel gets pinched off (all of the channel's free charges are eliminated). The point of
the curve when Id starts to become unvaried and reach a constant value is known as the
pinch-off voltage or simply Vp. The Id increases with a rise in voltage Vds obeying a

reverse square law from the knee point to pinch-off point.

The pinch-off zone is the area of the characteristic where the drain current ID is
relatively constant. The saturation area or amplifier region are other names for it. Since
the drain current (or simply output current) is nearly constant in the area, the JFET
functions as a CCD (constant current device). When employed as an amplifier, it is the
JFET's typical working zone. The Id saturation current, abbreviated Idss, is the drain

current or simply Id in the pinch-off zone where VGS = 0.

It should be taken into account that the drain current is kept almost constant in the pinch-
off and start of saturation region by the channel resistance increasing proportionally to
the gain in VDS, and the reverse bias needed by the gate-channel junction is entirely
provided by the decrease in voltage across the channel resistance caused by the flow of

Ids and not by external bias because VGS = 0.

The equation for Shockley's drain current in the pinch-off area is presented where Idss
is the current through drain when the gate is shorted to the source, VGS (OFF) is the
gate-source cut-off voltage, and VGS is the drain current at a certain gate-source

voltage.

When the drain-source voltage, Vds, is raised constantly, the gate-channel junction



eventually reaches a point of failure. The current is now quickly increasing. and it's
possible to damage the JFET. This occurs as a result of an avalanche effect caused by
the high-velocity acceleration of the charge carriers that make up the current

in saturation region at the gate channel junction.
2. JFET Transfer Characteristic

By matching the drain to source voltage, VDS, which is constant and measuring the
drain current, ID, for different values of the gate-source voltage, VGS, one can
experimentally estimate the transfer characteristics for a JFET. It is comparable to a

transistor's or a vacuum tube's transconductance property. It has been noted that
(i) Drain current drops as less than zero gate-source bias increases.

When VGS = 0, the drain current ID = IDSS.

When VGS = VD, the drain current, ID, is zero.

By recording and graphing the values of the drain current, 1d corresponding to different
values of the gate-source voltages, VGS for a constant drain-source voltage, one can

also deduce the transfer characteristic from the drain characteristic.

It should be pointed out that P-channel JFET functions similarly to and has comparable
properties to an N-channel JFET, with the exception that the polarities of the VGS and
VDS are flipped and the channel particles are holes rather than electrons.

Advantages and Disadvantages of JFET:

JFETs combine a number of the advantages of both traditional bipolar transistors as

well as vacuum tubes.
The following list includes a few of these:

1. Itis a unipolar (one kind of carrier) device since it only operates with the flow of the
majority of carriers. In contrast, both majority as well as minority carriers participate in
conduction in a typical transistor, which is why it is frequently referred to as a "bipolar

transistor.” One further illustration of a unipolar device is the vacuum tube.

2. It is easier to produce, smaller in size, more durable, has a longer lifespan, and is

more effective. In IC form, fabrication is easier and requires less space.



3. It contains a reverse biassed input circuit (gate to source), which results in a high
standard of separation between input and the output circuits, and an input impedance
that is high (of the order of 100 M Q). However, a typical transistor has a forward

biassed input circuit, which results in a low input impedance for a typical transistor.

4. It functions similarly to a vacuum tube in that the input voltage regulates the output
current and the control grid (which corresponds to the gate in JFET) delivers a very
little current due to the reverse biassed gate. Due to the fact that input current determines
output current, a JFET is fundamentally a device driven by voltage whereas a regular

transistor is a device operated by current.

5. A JFET employs voltage on the gate terminal to control the drain current, which is
the current between the drain and source, as opposed to an ordinary transistor, which
controls the drain current by a current flowing into its base. Therefore, the
transconductance (also known as the ratio of the drain current to the gate-source

voltage) is used to describe the gain of JFETs as opposed to conventional transistors.

6. Unlike a regular transistor, a JFET has no junction, and it conducts electricity using
bulk current carriers made of N-type or P-type material for semiconductors rather than
crossing junctions. Therefore, JFET does not have the intrinsic noise of tubes (due to

high-temperature operation) or that of regular transistors (due to junction transitions).
7. It is comparatively radiation resistant.

8. It has superior thermal stability since it has a negative coefficient of temperature of

resistance.
9. Because of its great power increase, it is not necessary to use driver stages.

10. It makes a great signal chopper since it displays no offset voltage with zero drain

current.

11. It possesses square law features, making it particularly helpful in television and

radio receiver tuners.
Drawbacks:

1. The primary disadvantage of JFETS is that they have a relatively low gain-bandwidth

product when compared to conventional transistors.



2. A greater propensity for harm when handled.
3. poor voltage gains of JFETs are caused by their poor transconductance.

4. More expensive in comparison to BJT's.

b. MOSFET:
Effect of Silicon Field Transistors and, Metal Oxide sometimes called to as MOSFETS,
are electronic components that are fitted in circuits as switch or for amplifying multiple
voltage. This voltage lead device has three terminals.
The following names are given to the MOSFET’s terminals:
* Source
* Drain
* Gate
* Source
[1 The MOSFET’s foundation is a p-type semiconductor.
[0 The diagram’s n+ symbol represents an n-type impurity that is heavily doped into the
two kinds of bases.
[1 The source and drain terminals come from the heavily doped areas of the base.
[J A coating of silicon dioxide is applied to the substrate as insulation.
[1 The silicon dioxide is stored on top of a thin, isolated metallic plate that serves as a
capacitor.
[1 The thin metal plate containing the gate electrode is removed.
[J Then, a voltage source is coupled in between two n-type areas to create a DC circuit.
The functioning of a MOSFET is reliant on electrical variations occurring within
channel width along with the motion of carriers, as observed by the MOSFET design

below (holes or electrons). By source side, the charge carrier enters a channel, leaving

via drain.
Gate
Source Drain
T OX|\de (r
f o \
| ) () | . 1 |
=2 "% ~ L n J
X
L 3}
Body



Fig 1.2: Structure of a n channel MOSFET
The MOSFET has following types of functionalities:
i. Enhancement type: If there is negligible voltage applied across the gate terminals of
transistors, then it is non conducting. If gate terminal exposed to the highest voltage,
gadget exhibits better conductive power.
ii. Depletion type: The channel exhibits its highest conductance in the absence of any
voltage applied crosswise gate terminal. Channel conductive power decreases when

either a negative or positive voltage is applied crosswise the gate electrode.
MOSFET Operating Regions

It is observed that a MOSFET has three operational areas. We'll talk about those areas

here.
Cut-Off Area

The MOSFET will turn OFF in the cut-off zone since there is going to be no conduction

there. The MOSFET acts as an open switch in this situation.
Ohmic Area

The ohmic zone is one wherein the current (IDS) rises as the value of VDS rises.

MOSFETSs are employed as amplifiers when they are designed to function in this range.
Area of Saturation

When VDS surpasses the pinch-off voltage Vp, the MOSFETS enter the saturation area,

where their IDS remain constant despite a rise in VDS.

MOSFET as switch:

MOSFET character VGS <0 VGS =0 VGS >0

N-type Enhancement




N-type Depletion OFF ON ON

P-type Enhancement ON OFF OFF

P-type Depletion ON ON OFF

Switches frequently make use of MOSFETs. The MOSFET's configuration when

utilized as a switch is seen in the circuit below.

Table 1.1: switching MOSFETS of the N-channel and P-channel types

The Enhancement mode N-channel MOSFET is utilized in the circuit configuration to
turn a basic bulb "ON" and "OFF." To power on a device the input fate voltage Vgs is
set to a proper positive voltage, and to power off the level of voltage is made a negative

value or 0.

The table above summarizes the characteristics of switching for MOSFETSs of both the

N-channel and P-channel types.

Advantages of MOSFET:

 Even while operating at low voltage levels, it produces increased efficiency.

» Due to the absence of gate current, the input impedance is higher, increasing the
switching frequency of the device.

*These gadgets just require a little amount of electricity and power to operate.
Disadvantages of MOSFET:
» Device becomes unstable if worked at extensive voltage levels..

« Thin coating of oxide on the devices raises the possibility of device breakdown when
driven by electrostatic charges.



1.2 Introduction to RFET

In order to improve the usefulness of electronic systems, new strategies are needed as

CMOS scaling approaches physical constraints in the following ten years. Device-level
reconfigurability holds the possibility of realizing more sophisticated systems with
fewer devices. To implement such a hardware reconfiguration, several intriguing
notions have been put up during the past five years. The RFET, one of these, can be
viewed as an edge extension of present tech with only minor changes and even
flowcharts simplifications. This device could be configured between being an n-channel
and p-channel behaviour by applying an electrical signal. Metallic source and metallic
drain (S/D) regions are a characteristic of RFETs. The Schottky barriers are controlled
by supplementary polarity gates (PGs) (SB). Switching from N to P FETs is now

possible by choosing which carrier is tunneled into.[1]

Principle of Operation of RFET:

The SB-MOSFET concept serves as the foundation for RFETs [2], [3]. Any one of
electrons or holes will conduct in the metallic S/D regions. Mixture of carriers into the
channel is bad because S/D metals process utility is not in alignment with its silicon
potential of the valence/conduction bands, requiring adjustment by the Schottky barrier
height near to the source. The thermionic (carriers whose sufficient energy to overcome
its energy gap) with such field emissions (carrier tunnelling through barrier). Current
determined by transport processes. Metal process utility that are near to the silicon
midgap are chosen in order to obtain symmetrical N/P transfer properties. Owing to
comparatively large electron or hole schottky barrier (which is almost 122 the silicon
energy bandgap, or 0.56 eV), the thermionic emission is thus quite low. The three-Gates
RFET configuration at lower drain voltage (VDS tending to 0V) is depicted in Fig. 1.3
as being modulated by the PGs in terms of the front channel energy bands. As shown,
the PG voltage is supplied with regard to S/D allows for modulation of the energy
barrier height, which is connected to carrier tunneling. In Figure 1.3 a, positive PG
biases allow holes to tunnel towards to the valence band whereas negative voltages
allow electrons to tunnel to conduction band from metallic source (Fig. 1.3 b). Near to
the front channel at which electrostatic control caused by polarity gates allows for a

sharper band bending, this carrier injecting is more effective. The control gate (CG), on



the other hand, is in charge of regulating the current flow via causing (in the OFF-state)

or not (in the ON-state) a potential barrier in the centre of the channel.

a) N-RFET b) P-RFET
SILICIDE SILICIDE SILICIDE SILICIDE

V=0V Vpg=OV V=0V Vpg=0V V=0V
-

Vim0V V=0V Vg=0V V=0V V=0V

OFF  —— oFF R

Vi=OV  Vpg=2V Vo=V Vp=2V  Vp=OV V=0V V,G?z_v{w}gﬁ:-zv Vg0V

OFF _Eny\\JJ_ = N

VOV Vo2V Vegm2V Vpg=2V Vo0V V=0V Vig=-2V Vo2V Vo2V Vp=OV
A L

o —e YTV S
- J . .

Fig 1.3: The energy band diagram of 3 gate RFET where Programmable gate selects the carrier type
and Conduction gate controls the flow of current [1]

1.3 Advantages and limitations of RFET

Advantages:

» No need for doping in S/D areas (no random dopant fluctuations)
Random dopant fluctuation is a type of process variation brought on by changes
in the concentration of implanted impurities. RDF in the channel area of
MOSFET transistors can change the transistor's characteristics, particularly the
threshold voltage. Because there are fewer dopants overall in more recent
process methods, the addition or removal of only few impurity atoms may
drastically change transistor characteristics. As a result, RDF has a stronger
impact. Because RDF is a local kind of process variation, the dopant

concentrations in two nearby transistors may change noticeably. [4]

Fewer manufacturing stages and a reduced thermal cost (no dopant activating,

epitaxy, or S/D implantation) [1]

» Feasible component number reduction for equivalent logic operations

10



» Reversible operation: Since only the voltages applied at the program and control
gates decide the functioning of the RFET, as the structure is exactly similar for
both.

Challenges:

» Demonstrate the benefit on entire systems and provide the necessary computer-
aided design (TCAD) tool for investigating the benefits of programmable

components in ultra-high integrated circuits.
» Improve the lon current and lon/loff current ratio. [5]
» Implement the device using cutting-edge CMOS technology.

» Consolidate reconfigurable circuitry and sensors into a single technological

platform.

Chapter 2

2.1 Overview of Nanowire RFET

The nanowire reconfigurable transistor (figures 2.2(a), (b)) is a concept representation
with two separate gate electrodes is built on a presumably intrinsic silicon nanowire
(figure 2.1(a)) with silicidation-formed intruded NiSi2 contacts in the bottom-up
realisation illustrated here by Heinzig et al [6], Si core produced with a radius of 10 nm.
thermally formed wrapping SiO2 shell for the two upper gates, oxidation is used which
is used as a gate dielectric electrodes. One gate electrode is referred as as the
program gate / polarity gate effectively inhibits the injection of just one charge carrier
type, electron or holes. At that same time, the injection of another kind of charge carrier

may be regulated by the control gate, which is the other gate electrode

11



a)

$i0, / - : v .
e " o i Source —-—--‘l‘-"—“ Drain
rrogram-Gate N 'y :
NiSi, / g A "_. e koo
Source
ontrol rogram
Gate Gate

Control-Gate

o

Drain current ip| log. (A)

10‘1? s o s D
3 5 ' 3 |
i 098530005 g ustio0erE ounegeteaseetne ovill v oovi 3 v
10 \ H : H H
= 2 -1 0 1 2 3 ‘T b 32 =\,I== ==
Control Gate Voltage Vg (V) (S -3V 3v

Fig 2.1: The reconfigurable nanowire FET (a) schematic (b) top view (c) transfer

characteristics for p and n type (d) energy band diagram

Figure 2.1(c) depicts the nanowire RFET transfer characteristic and the related band
diagram for varying combinations and states. VVds applied and then a negative potential
of program gate Vpg enable P-type behaviour (figure 2.1(a) red curve). The higher
electron barrier at the drain side prevents electron injection in all p-type configuration
states 1 to 3. A negative voltage on control gate electrode causes substantial band
bending at source side, with holes being injected from the metal to semiconductor
through tunnelling through the thinning barrier & thermionic emission across the barrier
(state 1) [5,7].

Band bending decreases as Vcg rises till flatband occurs (state 2). Since this state creates
the transition between tunneling and thermionic emission, the transfer curve simply
shows a distinctive kink. The energy barrier at greater VVgc prevents the injection of
holes, as demonstrated by off current flow at the measuring limit. Switching the
polarities of VVds and VVpg prevents hole injection in all states 1-3, converting the RFET

to an n-type behaviour depicted by the blue dotted line in figure 2.1. (c). [6]

The RFET's driving current is primarily restricted by tunnelling across the Schottky
barrier, which begins using simply gate junction. Because changes in the effective
barrier near the junction is less than a change in the barriers for thermionic emission
at the centre of the junction, the gradient of the transfer curve within that area is smaller

than in a traditional FET or the idea with concurrent barrier control [7]. The efficient

12



blockage of both electron and hole injection in RFET off-state lowers charge buildup
within the channel. As a result, very low off current and large on/off ratios are possible
[6]. As a result, the RFET idea has particular promise for the utilisation of narrow BG

materials. [8]

Figure 2.1(c) shows that the on currents of the p and n type configurations differ by
many orders of magnitude. The VG -1DS characteristic exhibits a similar asymmetric
behaviour in every SBFETS using Si NiSi2 junction, including the other ideas outlined
in the preceding section. The fundamental reason is the NiSi2's workfunction of source
and drain contacts, that is not precisely at the middle of silicon bandgap. Because
electrons have a greater Schottky barrier than holes, thermionic and tunnelling currents

are reduced, resulting in lower n-type currents.

13



Chapter 3

Nanowire RFET as a biosensor

3.1 Structure

To meet the ever-increasing need for quick and with power efficiency logic operations,
following below par manufacturing costs of Integrated circuits (ICs), the
microelectronics industry is undergoing a fast development via rapid downscaling of
device scale. This notion of shrinking is critical in improving device performance and
achieving desired increased efficiency. Yet, it has been shown that when dimension is
reduced to the nanoscale zone, MOSFET using traditional planar technology can no
longer support Moore's law. [10]

Traditional downscaling has several physical restrictions, including reliability concerns,
unwanted SC effects, higher Ig current, reduced subthreshold slope, greater power
utilization, and so on [11] [12]. As a result, an alternative way to overcoming the
fundamental challenges of scalability requires the use of novel technology or the
implementation of few modern design, which then solves the power crises and short
channel concerns. According to recent literature research, double gate topologies,
FinFETs, and totally depleted Silicon On Insulator technologies provide increased
device functioning due to greater gate electrical control and the capability to
dramatically reduce SC effects.

Additional ground breaking development is achieved by using 1 Dimensional channel
geometries such as CNT(Carbon Nano Tubes), silicon nanowires, which are when
wrapped in a gate all around way cater the finest controllability of the channel and
exhibit the better lon:loff ratio in contrast to planar and some other multigate
equivalents [13], [14], [15]. Because of its intriguing shape and intrinsic device physics,
ultrathin nanowires as next generation electronics may be modulated. And such possible
device architecture is ambipolar silicon nanowire, also known as reconfigurable-field
effect transistors (FETSs), which have the unusual reconfigurable feature of creating p-

type and n-type properties depending on the bias polarity [16].

14



Many RFETSs have been described with the dual gate and three gate architectures as
control and programme gates for regulating and switching the device's drain current and
polarities [17]. In RFETs, conventional ohmic source/drain (S/D) connections are
replaced with schottky metal S/D contacts, which decreases fringe capacitive effects,
high access resistance, and variability difficulties [18,19]. Because dual polarity devices
can be created using the similar nanowire structure, the reconfigurable behaviour may
be used with complicated circuit design for enabling complementary with
reprogrammable CMOS functioning with a smaller number of transistors.
Consequently, RFETs that enable multi-functionalities inside an unit device by
implementing any n type or p type behaviour via alternative biassing configurations
provide an excellent substitute to the usual trend of ultra-scaling.

This contributes to increasing the variety of functionalities per transistor without
lowering the device shape, resulting in better integrated package densities at a lower
cost [21], [22]. According to recent literature findings, RFET-based complex circuits
outperform standard CMOS circuits in aspects of propagation latency, space
consumption, and power. Furthermore, the distinct property of reconfigurability
generates a safe hardware system using innovative camouflage circuits [23]. Thus,
RFET devices, with their known advantages, are attracting great exploration attention
to investigate its multiple application in a variety of disciplines [20].

Due to its feasibility with basic CMOS higher sensitivity, fabrication technology, and
miniaturisation, a few FET-based biosensors are gaining widespread attention in the
biosensor areas for label-free sensing of charged and neutral bio molecules [24].
Vertical nanogaps are carved underneath the gate material in dielectric modulated (DM)
FET to fix the bio-molecules, that upon interacting with the device affects transistor
electrostatic with assess its sensitivity appropriately. But, the expensiveness, structural
instability, along with limited binding capability of such devices limit their use as
biosensors [25], [26].

As a result, gate underlap DM FETs are gaining traction for a possible choice of
FETbased biosensors, with the gate underlap cavity produced by etching both of the
gate materials with gate dielectric [27]. Model results of nanogap implanted bio sensors
with bio targets restricted to the etched underlap area are seen reported in latest studies.
Junctionless FETs and Quad Gate DM MOSFETSs are widely employed as biosensors,
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with fluctuations in drain current, potential shift, and cutoff voltage deviation serving

like biosensor sensing metrics [28], [29], and [30].
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Fig 3.1: Example of Nanowire FET as a biosensor [9]

Figure 3.1(a) and (b) illustrate a two-dimensional cross sectional view as well as a three
dimensional schematic depiction of a nanowire reconfigurable FET to utilised as a

biosensor.

3.2 Sensitivity of a biosensor

Field-effect transistor-based biosensors have emerged as a key technology for detecting
ions, pH, deoxyribonucleic acid (DNA), as well as other macromolecules in
physiologically relevant fluids. These sensors are appealing due to their great sensitivity
in detecting charged analytes. This has been a push to make them even more sensitive.
A biosensor shown in figure 3.2 is implemented by growing HfO2 on the SiO2 and then
the biomolecules have been placed above the channel region between source and the

drain.
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Fig 3.2: Biosensor using RFET [31]

The sensitivity of a biosensor can be judged on the basis of some factors. Some of them
are central potential variation and threshold voltage variation, which can be done on
neutral as well as charged biomolecules.

When a positive/negative gate voltage is applied in the existence of a fixed
positive/negative drain bias, it behaves as a n (p) type FET wherein potential barrier
reduces with increasing Vgs, demonstrating that our developed model is capable of
accurately capturing the reconfigurable attribute. Variations in the dielectric constant
and charge density of neutral biomolecules affect the flat band voltage, which is
represented in the minimal central potential shift. As a result, this potential variance is
compensated for, showing the RFET's bio-sensing response.

For examining the trend of a biosensor, the influence of dielectric constant fluctuation
of immobilised neutral molecules entirely filling the underlap region is taken into
account. When the dielectric constant of bio targets goes from unity to a higher value,
the lowest central potential of the RFET working as a n (p)-type increases, reflecting a

steady decrease in the transistor potential barrier.
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Chapter 4

Implementation of RFET as a biosensor

4.1 Structure:

The structure taken here is of nanowire RFET with Gate work function= 4.63 and
Source/Drain work function of 4.65. The relative permittivity HfO2 is taken as 25 and
it works as an oxide with cavity at the cathode side. The control gate here is referred to
as the cathode. The cavity here that we place is taken for biomolecules to be inserted.
The biomolecules of neutral nature is studied here for sensitivity calculation. The
variation of permittivity is studied in reference to the change in threshold voltage for
both n type and p type FET. Silicon of radius R which is varied along with cavity height
for optimization of the parameters and then we shall proceed with varying k(permittivity
of Biomolecules). The relative permittivity of spacer used is 80.

The major parameters that we measure in here are:

» Threshold voltage(Vt1)
« Subthreshold Slope

« |on
o |off
* lon/loff

+ Transconductance(gm)

The structure that has been simulated using Silvaco TCAD is shown in the figure 4.1.

18



7 TanyPieat - 0 x
Fie e Yiew Tools Hel

%H AGH 9908 PePARB XTHF

Nane TonyPoniD 31048 © Sivaco 61

Fig 4.1: 3D structure using Tonyplot 3D

Lsource=37nm
Ldrain=37nm
Lgap=5nm
Lmid=6nm
Doping=1el2

Fie 30 Pl Took e
SO8 080 +@aRE EHEE

Dsta from D4_siice_13 840

E s

&
H

3 = 0.000F = 0.000 Tomyplet 168D Shace 222
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4.2 Optimization of Parameters

After varying various parameters for optimization, it is found that the major effect on the
properties of the biosensor FET is observed by varying Radius R of the silicon and the
cavity height C, where the biomolecules are to be inserted.

Some equations indicating important relations between various parameters:

d’¢op(2)

rEa v (0503( ) — ¢cr)=0

A . 455:'£gé +Crg| !i
c1 — 16C,

Where lambda is scaling parameter.

2 . LAl 05 —L5i0, ) Ttgate
Cy = —+ sinh( cosh 1 Lbanos 2) s
naLy taiy 05 —tsio,

The above equation is for cavity being full, the capacitance for that

¢Cl - gs_n]

Jcha}\CL

m = I/}'b] and Vfb = (If)m (_}flsfl.j

02 () = Avexp(2 )+ Brexp (2 ) e

E
Viia =X+ 5 + &7 —pa — APy g + Vg
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Table 4.1: Optimizing radius keeping cavity height fix at 6nm with k=1

Radius 5nm 10nm 20nm 30nm
Vary@6nm
cavity
Vi(V) 1.153 1.728 2.474 2.622
Sub 0.2484 0.4074 0.6103 0.7096
Vt(V/decade)
lon/loff 35200.1 20990.4 3340.1 626.8
lon(A) 4.2 e-09 1.5e-08 1.1e-08 4.9 e-09
loff(A) 1.2 e-13 7.15e-13 3.41e-12 7.87 e-12
gm 9.75e-09 1.56 e-08 2.16 e-08 1.31e-08
Table 4.2: Optimizing Cavity height keeping radius at 10 nm with k=1
Cavity vary@ 4nm 6nm 8nm 10nm
radius=10nm
Vi(V) 1.48 1.73 1.98 2.19
Sub 0.3374 0.4074 0.4806 0.5414
Vt(V/decade)
lon/loff 25532.3 20990.4 15259.8 11077.1
lon(A) 1.7 e-08 1.5e-08 1.2 e-08 8.9 e-09
loff(A) 6.6 e-13 7.1e-13 7.6 e-13 7.9e-13
gm 1.99 e-08 1.56 e-08 1.29 e-08 1.12 e-08

For radius we see the most optimum results with R=10 nm and after fixing

that and varying the cavity height, we find that the most optimized results are
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obtained with C=4 nm
Hence the parameters have been optimized

Below are pictures for simulated of the same.
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Fig 4.4: Simulated for cavity = 4nm keeping radius =10nm

4.3 Simulated as n type for varying k

Taking optimized parameters and simulating for n type by taking Vdrain= 1V,
Vcathode= 2V, and varying Vgs from 0 to 2V with a step of 0.1 V.

[ DeckBuild - *C:/Sedatools/Shorteuts/ new_dim_Sio2in - 0 x
File Edit View Run Tools Commands Help

SPrNEXROF R ami A BERENEEEMM & G5

#interface QF=-SE1l a.min=0 a.max=360 z.min=§LS+§Lair+§lgap+§lgl z.max=§LS+§Lair+§Lgap+3Lgl+§lmid r.min=§R-0.001 -
contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermicnic
contact name=drain WORKFUNC-§drain_wf MNSURF.REC E.TUMMEL barrier parabolic thermionic
name=GATE workfunc=$gate wf neutral
contact name=CATHODE workfunc=§gate wf neucral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERTAL REGION=5 permittivity=§insul_perm
MATERIAL REGICN=7 permittivity=§5i02
MATERTAL REGION=6 permittivity=§insul_perm
material material=DMA user.group=insulator user.default=oxide permittivity=2
material material=SPACER user.group=insulator user.default=oxide permittivity=80
FEEESEEFHISIEMODELSEHHH IR EERHESERIEIFENE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQP.CDIR = 3 print
IR IR E IR HE MechodsBEEHEREHBEERHIHERERIHI IS
¥
method maxtrap=é autonr nblockit=45 bicgst dvlimit=1.0 carriers=l electrons -
~
Di.logsave oubf=Dd.str @
Output ] Sorol to bottom Clear
Line: 1 Column: 1 Simulator has exited at line 0 - atlas Size of generated files: 3.6 MB Free space:32.2 GB DeckBuild 4.2.5.R (ska 4.2.5.R) Copyright © 1984 - 2022 Silvaco, Inc.
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[ DeckBuild - “C:/Sedatools/Shortcuts/new_dim_SioZin — =] x
File Edt View Run Tools Commands Help

SHPNEXROP R ImV S EEBEIRNSEEMM B B

#interface QF=-SE1l a.min=0 a.max=360 z.min=§LS+§Lair+§lgap+§lgl z.max=§LS+§Lair+§Lgap+$SLgl+flmid r.min=§R-0.001 r.max=§Rs( -
contact name=source WORKFUNC=$scurce_wf NSURF.REC E.TUNNEL barrier parabolic thermicnic
contact name=drain WORKFUNC=§drain_wf NSURF.REC E.TUMMEL barrier parabolic thermionic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERTAL REGION=5 permittivity=§insul_perm
MATERIAL REGICN=7 permittivity=§5i02
MATERIAL REGION= permittivity=$insul_perm
material macerial=DNA user.group=insulator user.default=oxide permittivity=3
material material=SEACER user.group-insulator user,default=oxide permittivity=80
P EEEEEEMODELSEEH 0 EEESESE SIS
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FEHEREERELEEEEEERSEEEE Mechodn bR REEEEREEERERREEEE
#
method maxtrap=é autonr nblockit=4§ bicgst dvlimit=1.0 carriers=l electrons -
pt (maxslope ( gate™,i."drai ~
slope (maxslope (cuzrve (abs (v. "gate") , Logl
££" ( (max (abs (1. "drain"})}/ (min (abs(i."drain"))))
"max (abs (i."dr
£"min (abs (i."dr
ame="gm" (slope (maxs. (NN
save outf=Dd.str ©

Outt [ Sooltobottom | Clear
ine: 1 Column: 1 Finished executing - Size of genersted files: 3.7 M8 Free space :32.2 68 DeckBuild 4.2.5.R (ska 42.5.R) Copyright © 1984 - 2022 Sitvaco, inc.

Fig 4.5: Simulated results for k=2,3 for n type

[ DeckBuild - *Ci/Sedatools/Shorteuts/new_dim_Sio2in - 8 %

File Edt View Run Tools Commands Help
SIPNEXROFCHEpI I my A HERDRSEEMM B G

#interface QF=-SE1l a.min=0 a.max=360 z.min-§LS+§Lair+§Lgap+§lgl z.max-§LS+§Lair+§Lgap+§Lgl+§lmid r.min=§R-0.001 r.man=§R+C ~

contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic

contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNMEL barrier parabolic thermionic

contact name=GATE workfunc=S$gate wf neutral

contact name=CATHODE workfunc=§gate_wf neucral

material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2

MATERIAL REGICN=S permittivity=§insul perm

MATERIAL REGION=7 permittivity=§5i02

MATERTAL REGION=6 permittivity=§insul_perm

material material=DNA user.group=insulator user.default=oxide permittivity=4

material material=SPACER user.group=insulator user.default=oxide permittivity=80

FEHEFFFEIEFIIMODELSERFFESERIERIR NI

model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print

FEREFRFEISFEERARRRERENHEE MothodoiiERERER IR RN RN

#

method maxtrap=€ autonr nblockit=45 bicgst dvlimit=l.0 carriers=l electrons v
~

Pt (maxslope (
slope (maxs
."gate"),abs(i.
~
Output  [] Scrol to bottom Clear
Line: 1 Column: 1 Finished executing - Size of generated files: 3.0 MB Free space: 32,3 GB DeckBuild 4.2.5.R (aka 4.25.R) Copyright © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - “C:/Sedatools/Shortcuts/new_dim_SioZin

- o x
File Edit View Run Tools Commands Help
| B & [
SHPNEXROF R i amy S EEREZNSEE | B
Deck
contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic A
contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=CGATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neucral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERIAL REGICN=5 permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERTAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide peImittivity=5
material material=SPACER user.group=insulator user.default=cxide permittivity=20
FREEIRERHI TP MODELSERHEEFERHIITEM I I
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FEHERRERHERTIENEI RN MethodoRbRERERiaEREREHER RTINS
#
method maxtrap=€ autonr nblockit=45 bicgat dvlimit=l.0 carriers=l electrons
cutput p.quantum band.temp con.band val.band band.par -
~
1" (xintercept (maxsl
slope (maxsl
££" ( (max (abs (1. "
ope (curve (abs (v."gate"),abs (1. "dx
v
Outwt [ Sool to bottom | Clear
ine: 1 Column: 1 Finished executing - Size of genersted files: 4.0 M8 Free space :32.2 68 DeckBuild 4.2.5.R (aka 425R) Copyright © 1984 - 2022 Sibvaco, Inc.
Fig 4.6: Simulated results for k=4,5 for n type
R DeckBuild - *C:/Sedatools/Shortcuts/new_dim_Sio2.in - 5] ®
File Edt View Run Tools Commands Help
' ® & ]
SPrNEXROF R amy & & # By & = | (@) &
Deck
contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNNEL barrier parabolic thermionic -
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neucral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERIAL REGICN=5 permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERTAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide peImittivity=6
material material=SPACER user.group=insulator user.default=cxide permittivity=20
FEFEFFFEHIFFIMODELSER S EG ISR
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FEHEFRFEISFEERARRRERENHEE MothodoRitEER RN RN IR
#
method maxtrap=€ autonr nblockit=45 bicgst dvlimit=l.0 carriers=l electrons
cutput p.quantum band.temp con.band val.band band.par
v
~
pt (maxslope (
slope (maxs
aba(i. )/ (min(abs(i.
."gate"),abs (1.
v
Output [ Sorol to bottom Clear
Line: 1 Column: 1 Finished executing - Size of generated files: 4.2 M8 Free space :32.0 G8 DeckBuild 4.2.5.R (ska 425R) Copyright © 1984 - 2022 Sibvaco, Inc.
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[ DeckBuild - “C:/Sedatools/Shortcuts/new_dim_SioZin - a x
File Edt View Run Tools Commands Help
| ® i & R
SHPNEXROP R amy A HERENSE | | @
Deck
B
contact name=source WORKFUNC-§source wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf NSURF.REC E.TUNMEL barrier parabolic thermionic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc-§gate wf neutral
maverial material=Silicon affinity=4.17 EG300=1,12 ME.TUNNEL=0.3 MH,TUNNEL=0.2
MATERTAL REGION=S permittivity=§insul_perm
MATERTAL REGION=7 permitcivity=§5i02
MATERIAL REGION=6 permittivity=§insul perm
material material=DNA user.group=insulator user.default=oxide permittivity=7
material material=SPACER user.group=insulator user.default=oxide permittivity=20
FEEEHEEFEHIRERMODELSEHH IS ERREEREREIEERE
model AUGER UST fermidirac CONMOB CONSRH ovt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 prinmt
T T e T e T
#
method maxtrap=¢ autonr mblockit=45 bicgst dvlimit=l.D carriers=l electrons
M
~
1" (xintercept (maxsl ate®,i."dra 3B}
slope (maxsl te"), loglo (ab
£E" ( (max (abs (1. Y
"max (abs (i."dra: )
££"min (abs (1. "drain"})
ope (curve (abs (v."gate"),abs (1. "dx
v

Outt [ Sooltobottom | Clear
ine: 1 Column: 1 Finished executing - Size of genersted files: 43 MB Free space :32.2 68

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2022 Sitvaco, Inc.

Fig 4.7: Simulated results for k=6,7 for n type

R DeckBuild - *C:/Sedatools/Shortcuts/new_dim_Sio2.in - 5] ®
File Edt View Run Tools Commands Help
-
SHPNEXROF ,CHEpam Y & 2 By 6 ) | By (@) B
Deck
~
contact name=source WORKFUNC=§source wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf MNSURF.REC E.TUNMEL barrier parabolic thermionic
contact name=GATE workfunc-§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERIAL REGION=5 permittivity=§insul_perm
MATERTAL REGION=7 permituivity=§5i02
MATERIAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permittivity=8
material material=SEACER user.group=insulator user.default=oxide permittivity=80
FEEEFEEFFIREIRMODELSERHH IR ERRHIRREFIIFIRE
model RAUGER UST fermidirac CONMCB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FEEEREREHIRREREHIERFENEEE Mechodabb b dRRbHERREREIFIRERIFIRRG
#
method maxtrap=é autonr nblockit=45 bicgst dvlimit=l.D carriers=l electrons
v
e(v." e, i. 122 ~
ve (abs (v."gate"), logl0 (abs (i
To£E" ( (max (abs (i."drain"}))/ (min(abs(i."drain"))))
ame="gm" (slope (maxslo gate®) ,abs (i IRR ]
save outf=Dd.str -

Cutput Sarol to bottom Clear
Line: 1 Column: 1 Finished executing - Size of generated files: 4.4 MB Free space: 32,3 GB
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[ DeckBuild - “C:/Sedatools/Shortcuts/new_dim_SioZin — =] x
File Edt View Run Tools Commands Help

SHPNEXROP R ImV S EEBEIRNSEEMM B B

doping region=2 uniform n.type conc=§doping_channel -

#interface QF=-SE1l a.min=0 a.max=360 z.min=§LS+§lair+§lgap+§lgl z.max=§LS+§Lair+§Lgap+§Lgl+$lmid r.min=§R-0.001 r.max=§R+0

contact name=source WORKFUNC-§scurce wf HSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf NSURF.REC E.TUNMEL barrier parabolic thermionic
contact name=GATE workfunc=§gate_wf neutral

contact name=CATHODE workfunc-§gate wf neutral

material material=Silicon affinity=4.17 EG300=1,12 ME.TUNNEL=0.3 MH,TUNNEL=0.2
MATERTAL REGION=S permittivity=§insul_perm

MATERTAL REGION=7 permitcivity=§5i02

MATERTAL REGION-6 permittivity=§insul perm

material material=DMA user.group=insulator user.default=oxide permittivity=9
material macerial=SPACER user.group=insulator user,default=oxide permittivity=80

FEERFEEEFEERIHODELSHEFHEREEFEEREREEIRERE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print

FEEREEREFERREEEREIRENEAE Mochoda bR EREHERERRERRERERREEIEG
¢

v
~
1" (xintercept (maxsl
2lope (maxsl
££" ( (max (aba (L. i
"max (abs (i."dra )
££"min (aba (i."drain"})
ope (curve (abs (v."gate") ,abas (1. "dx:
v

Outt [ Sooltobottom | Clear
ine: 1 Column: 1 Finished executing - Size of genersted files: 46 M8 Free space :32.2 68 DeckBuild 4.2.5.R (ska 42.5.R) Copyright © 1984 - 2022 Sitvaco, inc.

Fig 4.8: Simulated results for k=8,9 for n type

[ DeckBuild - *Ci/Sedatools/Shorteuts/new_dim_Sio2in - 8 %

File Edt View Run Tools Commands Help
SIPNEXROFCHEpI I my A HERDRSEEMM B G

#interface QF=-SE1l a.min=0 a.max=360 z.min-§LS+§Lair+§Lgap+§lgl z.max-§LS+§Lair+§Lgap+§Lgl+§lmid r.min=§R-0.001 r.man=§R+C ~
contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNMEL barrier parabolic thermionic
contact name=GATE workfunc=S$gate wf neutral
contact name=CATHODE workfunc=§gate_wf neucral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERIAL REGICN=S permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERTAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permittivity=l0
material material=SPACER user.group=insulator user.default=oxide permittivity=80
FEHEFFFEIEFIIMODELSERFFESERIERIR NI
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FEREFRFEISFEERARRRERENHEE MothodoiiERERER IR RN RN
#
s=1 electrons v
1) ~
ve (aba(v."gate"), Loglo (abs (i
)/ (min (abs (i. ain") ) ))
gate®) ,abs (i 1)
save outf=Dd.str &
Output [ Sorol to bottom Clear
Line: 1 Column: 1 Finished executing - Size of generated files: 4.7 MB Free space: 32,3 GB DeckBuild 4.2.5.R (aka 4.25.R) Copyright © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - “C:/Sedatools/Shortcuts/new_dim_SioZin - ]

S PNEXROF R amy S BEEDHSRHENMM B

contact name=source WORKFUNC=§scurce wf HSURF.REC E.TUMNEL barrier parabolic thermionic
contact name-drain WORKFUNC-§drain wf NSURF.REC E.TUNMEL barrier parabolic thermionic
contact name=GATE workfunc=§gate_wf neutral

contact name=CATHODE workfunc=§gate wf neutral

material macerial=Silicon affinity=4.17 EG300:
MATERIAL REGION-5 permittivity=§insul perm
MATERTAL REGION=7 permittivity=§5i02
MATERTAL REGION=6 permittivity=§insul_perm
material material=DNA user.group-insulator user.default-omide permittivity=ll
material material=SPACER user.group=insulator user.default=oxide permittivity=80

12 ME.TUNNEL=0.3 MH.TUNNEL=0.2

FHEREEEEFEEREMODELSHEFEREFFEEFERECEFERE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print

FREREREEEEEREEEREERENEAE Methodobbddssrbrisaridisasiaitaeg
#

method maxtrap=6 autonr nblockit=45 bicgat dvlimit=1.0 carriers=l electrons

Dé.logsave oucf=D4.scr

Clear

Line: 1 Column: 1 Finished executing - Size of generated files: 116.9 KB Free space: 32.0GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sitvaco, Inc.

Fig 4.9: Simulated results for k=10,11 for n type

& DeckBuild - “C:/Sedatools/Shortcuts/new_dim_Sio:
File Edit View Run Tools Commands Help

SPNEXROFP LR amVE BEEERSSE B

contact name=source WORKFUNC=§source wf MSURF.REC E.TUMNEL barrier parabolic thermionic -
contact name=drain WORKFUNC=-§drain wf NSURF.REC E.TUNNEL barrier parabolic thermionic

contact name=GATE workfunc=§gate wf neutral

contact name=CATHODE workfunce=jgate_wf neutral

material material=Silicon affinity=d.17 EG300=1
MATERIAL REGION=5 permittivity=$insul_perm
MATERIAL REGION=7 permittivity=§5i02

MATERIAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permittiviey=12
material material=SPACER user.group=insulator user.default=oxide permittivity=80

12 ME.TUNNEL=0.3 MH.TUNNEL=0.2

FEEEEBEEBESEMODELSEEBHESEEERESERELRENE
model RUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BQE.QDIR = 3 print

FEEEEEEEEREHISEREIISEEEEE Nechods SEREEEEEEEREEE LI EIE LRSS
#

method maxtrap=¢ autonr nblockit=45 bicgst dvlimit=l.0 carriers=l electrons

zonvnlos D4 logsave ounf=D4,scr >

Sool tobottom | Clear

Output

Line: 1 Column: 1 Finished executing - Size of generated files: 235.1 KB Free space: 32.0GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copynight © 1984 - 2023 Silvaco, Inc.

Fig 4.10: Simulated results for k=12 for n type

4.4 Simulated as p type for varying k:

Taking optimized parameters and simulating for n type by taking Vdrain=-1,

Vcathode=-2 and varying Vgs from 0 to -3 taking -0.1 as a step.
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[ DeckBuild - *C:/Sedatools/Shortcuts/new_dim_SioZin — [s] ®
File Edit View Run Tools Commands Help
Vol & e
G HNEXROP R amv A BERENSE | @] B
Deck
contact name=source WORKFUNC=§source wf NSURE.REC E.TUNNEL barrier parabolic thermionic -
contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNNEL barrier parabolic thermiomic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUMNEL=0.2
MATERTAL REGION-5 permittivity=§insul perm
MATERTAL REGION=7 permittivity=§5i02
MATERIAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permivtivity=l
material material=SPACER user.group=insulator user.default=oxide permittivity=30
FhEEEEEHEEERERMODELSHHEFEREREREEREEHERERE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BOP.QDIR = 3 prinmt
FhEEEEEEEE R ERER RS MechodabbHEHERRHEREHEREREREHIEERE
¢
method maxtrap=€ autonr nblockit=45 bicgst dvlimit=1,0 carriers=1 holes
v
pt (ma
0/slope (ma: ve (abs (v
££" ( (max (abs (1."drain")))/ (min(abs (1
ATLAS save outf=Dd.str
v

Cutput [ Sool tobottom | Clear

ine: 112 Column: 26 Finished executing - Size of generated files : 8103 KB Free space: 31.0GB

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.

Fig 4.11: Simulated results for k=1 for p type

[ DeckBuild - *Ci/Sedatools/Shortcuts/new_dim_SioZin - =] x
File Edit View Run Tools Commands Help
& & v
SHPNEXROP Ry I My A EERESNSE | & B
Deck.
#interface QF=-SE1Ll a.min=0 a.max=360 z.min=§LS+§lair+§Lgap+§lgl z.max=§LS+Slair+§lgap+§Lgl+§lmid r.min=§R-0.001 r.max=§R+0.003 ~
contact name=source WORKFUNC=$source wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermiomic
contact name=GATE workfunc-§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2
MATERIAL REGION=5 permittivity=§insul_perm
MATERIAL REGION=7 permittivity=$5i02
MATERTAL REGION=6 permittivity=§insul perm
material material=DNA user.group=insulator user.default=oxide permittivity=2
material material=SPACER user.group=insulator user.default=oxide permittivity=30
HHEHEEHEHEEIMODELS HFE B HIHE B IR I
model AUGER UST fermidirac CONMOB COMSRH cvt boltzmann BBET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
L s e T e e T
#
v
pt (maxslope (curve (v. "gate”,
t na ubvt*1.0/slope (maxslope (curve (abs (v.*gate® (abs (1. *drain®))}))
V/decade
££° ( (max (abs (1." ) {abs (1
max (abs (1.
£9min (abs (1."drain®)
" (slope (max:
L v

S» ponwplor D4, lonsave ounf=D4.atr

Ouput [ Scrol tobottom | Clear

Line: 1 Column: 1 Finished executing - Size of generated files : 1284 KB Free space: 31.0GB

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - *C:/Sedatools/Shortcuts/new_dim_SioZin — [s] ®
File Edit View Run Tools Commands Help

SPrNEXROF By amu Rl BERDASSERMM S 68

contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic -~
contact name=drain WORKFUNC-§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc=$gate wf neutral
contact name=CATHODE workfunc=§gate_wf neutral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUMNEL=0.2
MATERIAL REGION=5 permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERTAL REGION=¢ permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide peImittivity=3
material material=SPACER user.group=insulator user.default=cxide permittivity=20
FRHEIRERHII R MODELSHIRREFFRRII I I I
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FRHERRERHERENEERAEREAREE MethodoR R iR iRER IR RIS
#
method maxtrap=€ autonr nblock: 45 bicgat dvlimit=l.0 carriers=l holes
-
e (abs (v
££" ( (max (abs (1."drain")))/ (min(abs(i 130}
save outf=D4.scr
v
Cutput [ Sool tobottom | Clear
ine: 1 Column: 1 Finished excuting - Sizz of generated files : 361.1 KE Free space: 309 68 DeckBuild 4.2.5.8 (ska 42.5.R) Copyright © 1984 - 2023 Silvaco, Inc.
Fig 4.12: Simulated results for k=2,3 for p type
R DeckBuild - *C:/Sedatools/Shortcuts/new_dim_Sio2.in - 5] ®
File Edt View Run Tools Commands Help
i & frvd
SPrNEXROF R amy & & 7 Y &) [=f | (@] &
Deck
contact name=source WORKFUNC-§source wf NSURF.REC E.TUNNEL barrier parabolic thermionic ~
contact name=drain WORKmC-sdraln_ll‘f NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.l7 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.2Z
MATERIAL REGION=S permittivity=§insul_perm
MATERTAL REGION=7 permittivicy=§5i02
MATERIAL REGION=f permittivity=§insul perm
material material=DNA user.group=insulator user.default=oxide permittivity=4
material material=SPACER user.group=insulator user.default=cxide permittivity=20
FREEFFEFFIIFERMODELSHISRERERIRER IR NS
model RAUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FRFEFFEFIFERFARRIRERE MothodoR R i e st isatiisainineies
#
method maxtrap=€ autonr nblockit=45 bicgst dvlimit=l.0 carriers=l holes
-
oept (ma -
1.0/slope (maxs
£" ( (max (abs (1
max (abs (1 )
1" {slope (max
save outf=D4.scr
rmat file i " 2
Outpst [ Sorol to bottom
Line: 1 Column: 1 Finished executing - Size of generated files : 046 KB Free space: 309 GB DeckBuild 4.2.5.8 (aka 42.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.
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[ DeckBuild - *C:/Sedatools/Shortcuts/new_dim_SioZin — [s] ®
File Edit View Run Tools Commands Help
& & e
G HNEXROP R amv A BERENSE | @] B
Deck
contact name=source WORKFUNC=§source wf NSURE.REC E.TUNNEL barrier parabolic thermionic -
contact name=drain WORKFUNC-§drain wf NSURF.REC E.TUNNEL barrier parabolic thermiomic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc=§gate wf neutral
material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUMNEL=0.2
MATERTAL REGION-5 permittivity=§insul perm
MATERTAL REGION=7 permittivity=§5i02
MATERIAL REGION=6 permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permivtivity=$
material material=SPACER user.group=insulator user.default=oxide permittivity=30
SEEEEEEEEIEEIMODELSHHEFEREREHEFEREREEELE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BOP.QDIR = 3 prinmt
FEEHEEEHEE SRR EEEEHEEE MethodaHEHEEEREHEEEREMEEEREIREEES
¢
method maxtrap=€ autonr nblockit=45 bicgst dvlimit=1,0 carriers=1 holes
v
ve (abs (v
££" ( (max (abs (1."drain")))/ (min(abs (1 3R]
save outf=Dd.str
v

Cutput Sool tobottom | Clear
ine: 1 Column: 1 Finished excuting - Sizz of generated files : 6604 KB Free space: 309 6B

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.

Fig 4.13: Simulated results for k=4,5 for p type

[ DeckBuild - *Ci/Sedatools/Shortcuts/new_dim_SioZin - =] *
File Edt View Run Tools Commands Help
& & v
GSHrNEXROPF R amV A BERIASE | @B
Deck
~
contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC-§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc=$gate wf neutral
contact name=CATHODE workfunc=§gate_wf neutral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNMNEL=0.2
MATERIAL REGION=5 permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERIAL REGION=§ permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permittivity=6
material material=SPACER user.group=insulator user.default=oxide permittivity=80
FRHEIRERHII R MODELSHIEREFFRRII I I I
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FRHERRERHEREMEEREREAEEE MethodoR R iR aiRER RIS
#
method maxtrap=€ autonr nblock: 45 bicgst dvlimit=l.0 carri 1 holes R
max (abs (1
£"m (abs (1."drain")
" {slope (max 1)
save outf=D4.atr
v

Oubut (A Sooltobotom | Clear

Line: 1 Column: 1 Finished executing - Size of genesated files : 785.4 KB Free space: 30.9GB

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - *C:/Sedatools/Shortcuts/new_dim_SioZin — [s] ®
File Edit View Run Tools Commands Help
& & e
G HNEXROP R amv A BERENSE | @] B
Deck
-
contact name=source WORKFUNC-§source wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermiomic
contact name=GATE workfunc=§gate wf neutral
contact name=CATHODE workfunc-§gate wf neutral
maverial material=Silicon affinity=4.17 EG300=1,12 ME,TUNNEL=0.3 MH,TUNNEL=0.2
MATERTAL REGION=5 permittivity=§insul_perm
MATERIAL REGION=7 permittivity=$5i02
MATERTAL REGION-6 permittivity=§insul perm
material material=DNA user.group=insulator user.default=oxide permittivity=7
material material=SPACER user.group=insulator user.default=oxide permittivity=30
SEEHEELEEHEEINODELSHEFE S MBI BEIBIELE
model AUGER UST fermidirac CONMOB COMSRH cvt boltzmann BBET.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
EEHEELEEHSEREHEEEIEHIEE Mechoda HEEEEREHEEERIEIEEREHISEEES
+
method maxtrap=¢ autonr mblockit=45 bicgst dvlimit=1.0 1 holes v
ve (abs (v
££" ( (max (abs (1."drain")))/ (min(abs (1 3R]
save outf=Dd.str
v

Cutput [ Sool tobottom | Clear

ine: 1 Column: 1 Finished executing - Size of generated files : 914.6 KB Free space: 30.9GB

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.

Fig 4.14: Simulated results for k=6,7 for p type

[ DeckBuild - *Ci/Sedatools/Shortcuts/new_dim_SioZin - =] *
File Edt View Run Tools Commands Help
& & v
GSHrNEXROPF R amV A BERIASE | @B
Deck
~
contact name=source WORKFUNC=§source_wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC-§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc=$gate wf neutral
contact name=CATHODE workfunc=§gate_wf neutral
material macerial=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNMNEL=0.2
MATERIAL REGION=5 permittivity=§insul perm
MATERIAL REGION=7 permittivity=§5i02
MATERIAL REGION=§ permittivity=§insul_perm
material material=DNA user.group=insulator user.default=oxide permittivity=3%
material material=SPACER user.group=insulator user.default=oxide permittivity=80
FRHEIRERHII R MODELSHIEREFFRRII I I I
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print
FRHERRERHEREMEEREREAEEE MethodoR R iR aiRER RIS
#
method maxtrap=€ autonr nblock: 45 bicgst dvlimit=l.0 carri 1 holes R
f£f" ( (max{abs
max (abs (1 )
£"m (abs (1."drain")
" {slope (max 1)
save outf=D4.atr
v

[ swol tobattom | Clear

Line: 1 Column: 1

Output

Finished executing - Size of generated files: 1.0 MB Free space : 30.9 GB

DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - *C:/Sedatools/Shortcuts/new_dim_SioZin — [s] ®
File Edit View Run Tools Commands Help

SPNEXROF R amy e EEEEINSHERMM B FE

contact name=source WORKFUNC-§scurce wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=drain WORKFUNC=§drain wf NSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc=§gate_wf neutral

contact name=CATHODE workfunc=§gate wf neutral

material material=Silicon affinity=4.17 EG300=1,12 ME.TUNNEL=0.3 MH,TUNNEL-0.2
MATERTAL REGION=5 permittivity=§insul_perm

MATERTAL REGION=7 permittivity=§5i02

MATERTAL REGION-6 permittivity=§insul perm

material material=DMA user.group=insulator user.default=oxide permittivity=9
material macerial=SPACER user.group=insulator user.default=oxide permittivity=80

#hEiEReEEEEEENODELSHESFEREREEEFEREEFERE
model AUGER UST fermidirac CONMOB CONSRH cvt boltzmann BBT.NONLOCAL bgp.n evsatmod=0 BQP.QDIR = 3 print

#HEiidsbpiEEEEEEEREEEHE NochodadiddFapbidariidaniaitiag
$

method maxtrap=¢ autonr nblockit=45 bicgst dvlimit=l.0 i 1 holes v

DT (ma:

wl=-1.2
EXTRACT> extract 1.0/slope (
= /

vE=0.157 cade

££° ( (max (abs (1."

(abs (1

max (abs (i

£rmin ({abs (1."drain")

ATIAS> tonvnlos 04.lcgsave gutf=Dd.str >

Cutput [ Sool tobottom | Clear

e 17 Column: 1 Finished executing - Size of generated files: 1.1 MB Free space : 30.9 GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.

Fig 4.15: Simulated results for k=8,9 for p type

B DeckBuild - *C:/Sedatoals/Shortcuts/new_dim_Sio2in - =] x
File Edt View Run Tools Commands Help

SHPNEXROPF R amy A EEREESQEEMM B BB

contact name=source WORKFUNC=§scurce wf NSURF.REC E.TUNNEL barrier parabolic thermionic -
contact name=drain WORKFUNC=§drain_wf MNSURF.REC E.TUNNEL barrier parabolic thermionic
contact name=GATE workfunc-§gate wf neutral

contact name=CATHODE workfunc=§gate wf neutral

material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.Z
MATERTAL REGION=5 permictivity=§insul_perm

MATERTAL REGION=7 permittivity=§5i02

MATERTAL REGION=6 permittivity=§insul_perm

material macerial=DNA user.group=insulator user.default=oxide permittivicy=10
material material=SEACER user.group-insulator user,default=oxide permittivity=80

$EEEEREEE4SEEMODELSHES$ESEEEEEREEEEESE
model AUGER UST fermidirac CONMOB CONSRH ovt boltzmann BBT.NONLOCAL bgp.n evsatmed=0 BQE.QDIR = 3 print

$EEEEREEHIEREEHEESERHERHE Mechoda i FEsEHIRRREHIREIEIISEINS
#

method maxtrap=€ autonr nblockit=45 bicgst dvlimit=1.0 carriers=l holes

o
e (abs (v
££" ( (max (abs (1."drain")))/ (min(abs(i 130}
TLAS S ilcomave ousf=Dé.atx v
Ouput [ Scrol tobottom | Clear
Line: 93 Column: 78 Finished executing - Size of generated files: 1.3 MB Free space: 30.9 GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copynght © 1984 - 2023 Silvaco, Inc.
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[ DeckBuild - “C:/Sedatools/Shortcuts/ new_dim_SioZin - g x
File Edit View Run Tools Commands Help

SPrNEXROF By amu Rl BERDASSERMM S 68

#incerface QF=-SE1L a.min=0 a.max=360 z.min=§LS+§lair+§Lgap+§lgl z.max=§LS+5lair+Slgap+§Lgl+§lmid r.min=§R-0.001 r.max=§R+ -

contact name=source WORKFUNC=§source wf NSURF.REC E.TUNNEL barrier parabolic thermionic

contact name=drain WORKFUNC=§drain wf MNSURF.REC E.TUNNEL barrier parabolic thermionic

contact name=GATE workfunc-$gate wf neutral

contact name=CATHODE workfunc=§gate wf neutral

material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.Z

MATERTAL REGION=5 permictivity=§insul_perm

MATERTAL REGION=7 permittivity=§5i02

MATERTAL REGION=6 permittivity=§insul_perm

material macerial=DNA user.group=insulator user.default=oxide permivtivity=ll

material material=SEACER user.group-insulator user,default=oxide permittivity=80

FHEEEEEFH I ERMODELS I FERHIRHEBERHEFERE

model AUGER UST fermidirac CONMOB CONSRH ovt boltzmann BET.NONLOCAL bgp.n evsatmod=0 BGP.QDIR = 3 prinmt

IR R MechodsbiHEHEREHIREHEEIEEREHIEERS

¥

-

L v

S» ronur 4. lcosave ounf=Pd.acr

Output Sorol to bottom Clear
e 1 Column: 1 Finished executing - Size of generated files: 1.4 MB Free space : 30.9 GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.

Fig 4.16: Simulated results for k=10,11 for p type

& DeckBuild - *C:/Sedatools/Shortcuts/new_dim _SioZin - = X
File Edt View Run Tocls Commands Help

SHPNEXROPF R amy A EEREESQEEMM B BB

contact name=source WORKFUNC=§scurce wf MSURF.REC E.TUNNEL barri. parabolic thermionic -
contact name=drain WORKFUNC=§drain_wf MNSURF.REC E.TUNNEL barrier parabolic thermionic

contact name=GATE workfunc-§gate wf neutral

contact name=CATHODE workfunc=§gate wf neutral

material material=Silicon affinity=4.17 EG300=1.12 ME.TUNNEL=0.3 MH.TUNNEL=0.Z
MATERTAL REGION=5 permictivity=§insul_perm

MATERTAL REGION=7 permittivity=§5i02

MATERTAL REGION=6 permittivity=§insul_perm

material macerial=DNA user.group=insulator user.default=oxide permivtivity=12
material material=SEACER user.group-insulator user,default=oxide permittivity=80

$EEEEREEE4SEEMODELSHES$ESEEEEEREEEEESE
model AUGER UST fermidirac CONMOB CONSRH ovt boltzmann BBT.NONLOCAL bgp.n evsatmed=0 BQE.QDIR = 3 print

$EEEEREEHIEREEHEESERHERHE Mechoda i FEsEHIRRREHIREIEIISEINS
#

method maxtrap=¢ autonr nblockit=45 bicgst dvlimit=l.0 carriers=l holes

w
ILAS> topvplor D4, logsave outt=Dd, sy >

Output Scrol to bottom Clear
e 1 Column: 1 Finished executing - Size of generated files: 1.5 MB Free space : 30.9 GB DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Silvaco, Inc.

Fig 4.17: Simulated results for k=12 for p type

Energy Band Diagram:

1. EBD for n type in off state:
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[ DeckBuild - “C:/Sedatools/Shortcuts/ new_dim_SioZin - g x
File Edit View Run Tools Commands Help

SPrNEXROF By amu Rl BERDASSERMM S 68

+ -
method maxtrap=¢ autonr mblockit=4S bicgst dvlimit=1.0 carriers=l electrons

output p.quantum band.tenp con.band val.band band.par

#Ht#dE#HHisurface potencialbidibEEibibEbEE

#z0lve init

#30lve vdrain=z ode=2 vgate=2

#tonyplotdd spac

#quit
B e e e e

solve inic

solve vdrain=2 vCATHODE=2

log outf=D4.log

solve name=gate vgate=0 vstep=0.l vfinal=0 -

Output Sorol to bottom Clear
Line: 1 Column: 1 Finished executing - Size of generated files: 1.9 MB Free space: 31.1 G& DeckBuild 4.2.5.R (aka 4.2.5.R) Copyright © 1984 - 2023 Sibvaco, Inc.
Fig 4.18: Simulated results for n mode in Off state
Tonyplot - g %

File Edit Plot Tools Help
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Fig 4.19: EBD of n type in OFF state

2. EBD for n type in on state:
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Fig 4.20: Simulated results for n mode in ON state
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Fig 4.21: EBD of n type in ON state
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Fig 4.22: Simulated results for p mode in Off state
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Fig 4.23: EBD of p mode in ON state
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Fig 4.24: EBD of p mode in ON state
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Fig 4.25: Simulated results for p mode in ON state

n type with Nf=5 e12
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Fig 4.26: EBD for n type with Nf
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Fig 4.27: Simulated results of n type for Nf =

p type with Nf=5 el2:
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Fig 4.28: EBD for p mode with Nf =5 e12
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Fig 4.29: Simulated results for p mode with Nf =5 e12

n type with Nf= -5 e12
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Fig 4.30: EBD for n mode with Nf = -5 e12
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Fig 4.31: Simulated results for n mode with Nf = -5 e12

p type with Nf = -5 e12:
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Fig 4.32: EBD for p mode with Nf = -5 e12
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Fig 4.33: Simulated results for p mode with Nf = -5 e12

4.5 Sensitivity calculation for n and p type:

Sensitivity= [Vt(k=1) -Vt(k>1)]/Vt(k=1)

Applying this formula in n type simulated for different k values we have the table
below 4.3. And for p type we have table 4.4.

For k=1, the threshold voltage we found out was 1.48 V for n type.

For k=1, the threshold voltage we found out was -2.20 V for p type

Table 4.3: Sensitivity calculation for n type for varying k
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Varying k for n type Vt Sensitivity
K=2 1.17935 20.3%
K=3 1.06214 28.2%
K=4 0.991039 33.03%
K=5 0.946984 36.01%
K=6 0.913011 38.3%
K=7 0.896655 39.41%
K=8 0.878891 40.6%
K=9 0.860535 41.86%

K=10 0.842132 43.2%
K=11 0.832039 43.8%
K=12 0.827807 44.07%

Table 4.4: Sensitivity calculation for p type for varying k

Varying k for p type Vit Sensitivity
K=2 -1.73068 21.42%
K=3 -1.55278 29.5%
K=4 -1.45321 34.02%
K=5 -1.39104 36.8%
K=6 -1.33914 39.2%
K=7 -1.31155 40.41%
K=8 -1.28903 41.48%
K=9 -1.26434 42.6%
K=10 -1.23844 43.77%
K=11 -1.23005 44.15%
K=12 -1.22222 44.5%
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Conclusion

The reconfigurable nanowire FET has been implemented as a biosensor and there
been improved sensitivity noticed from the reference paper. The sensitivity for n
type has been found quite improved with values for k=2,4,6,8, etc and the
sensitivity for p type is also quite promising with values for k=2,4,6,8,etc. Thus
the required result for improved sensitivity for neutral biomolecules have been
established using threshold voltage for calculation with the help of SILVACO
TCAD tool for device modeling.
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