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Abstract

In this paper, a novel n + SiGe pocket layer gate stacked VIFET doping less charge plasma is proposed and analyzed using
Silvaco TCAD simulation software. The proposed device will be worked as a transducer sensor which is based upon the principle
of the electrostatic charge plasma. The inclusion of doping less charge plasma will ease the device in terms of cost production and
form random dopant fluctuation (RDF). The inclusion of charge plasma with gate stacking will enhance the electrostatics control
over the gate in order to gain the variation of drain current to boost the current sensitivity. The selection width of the High-K
dielectric constant material with SiO, will filter out using equivalent gate oxide thickness. The physics behind the change is work
function of the gate material in the presence of the gas material is the dissociation and absorption of gas molecule via diffusion
process to the catalytic gate metal of the device. In addition, n + SiGe pocket layer is introducing to suppress the tunneling barrier
at source channel interface due to reduction in the band gap energy material from 1.1 to 0.7 eV. This paper analysis with oxygen
and ammonia gases forms different introduced gate metal electrode such as Silver (m; = 4.264.46 ¢V), Molybdenum (m, =
4.40-4.60 eV), Ruthenium (m3 = 4.71-4.91 eV), and Cobalt (m, = 5.0-5.20 eV). In this regard, the current sensitivity, electric
filed, surface potential, energy band gap and other electrical characteristics with different drain and gate bias with suitable range is
operated. The vertical distribution of the channel concentration will improve the device scalability. To test changes in device
sensitivity of the catalytic material of the gate electrode will increases as a work function with the range of 50, 100, 150, 200, and
250 meV. The reported sensitivity (Igon/lgorr) 1S higher for lower work function i.e. for Silver, Cobalt, Molybdenum and
Ruthenium the sensitivity is 4.18 x 107, 3.49 x 107 1.02 x 10* and 2.79 x 10" respectively.

Keywords Doping less charge plasma vertical tunnel field effect transistor (DCP-VTFET) - Silicon germanium (SiGe) -
Subthreshold slope (SS) - BTBT (band to band tunneling) - Gas sensing - Gate stacking

1 Introduction

Over a past decades, continuous down scaling of the CMOS
transistor has aggressive improvement in order to enhance the
device performance and density [1, 2]. According, to the
Moore’s law, the device density per unit area will get double in
every 18 months [3]. However, after a limit a series issue of the
short channel effect will arise and cause in degradation in device

P4 Shailendra Singh
shailendras.nitj@gmail.com

ECE, PSIT Kanpur, Bhautipratappur, India
2 EL,REC Kannauj, Aher, India

> ECE, NIT Sikkim, Sikkim, India

4 ECE, NIT Jalandhar, Jalandhar, India

performance with the subthreshold slope (SS) limit to 60 mV/dec
[4, 5]. Therefore, we need to look beyond the CMOS technology
which overcome the limitation of Sub-threshold and short chan-
nel effect. According to the ITRS (International Technology
Roadmap for Semiconductors), the new roadmap technology
for scaling the device channel width, is working with many
new devices, among which the TFET technology comes out with
case of fabrication and a potential candidate to overcome the
issue of short channel effect [6-9]. The TFET consist of p-i-n
structure based on band to band tunneling mechanism, which
easily come up with drawback of the leakage current [10, 11].
However, the TFET comes with the own disadvantage of
ambipolar conduction which can be engineered by different
method [12-14]. In this paper, the detection of gas molecules
in low concentration will analyzed when it comes with the con-
tact to gate metal electrode and worked as a gas sensing applica-
tion in various field like bio-medical, refinery, green energy and
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<« Fig.1 a Schematic diagram of a simulated n + SiGe delta doped gate

stacked doping less charge plasma vertical tunnel field transistor (n +
SiGe gate staked DCP-VTFET). Figure 1 (b) Proposed device with the
expose of the gas on the gate metal electrode Fig. 1 ¢ Absorption,
diffusion and polarised mechanism of gas molecule to the gate
electrode medium

environment monitoring for public safety issues. In the regards,
the MOSFET already worked as a possible sensor device to
develop the reliable gate metal electrode to react with the gas
molecules and show the high current sensitivity [15, 16]. This
sensor also shows its easy scope of fabrication on chip, scalability
and portability. However, it is interesting to note that, with reduce
size, TFET bases gas sensor reporting to be a most promising
alterative to the conventional MOSFET [17-19]. This superiority
over the MOSFET will counterparts due the its working principle
of BTBT for the tunneling mechanism [20-22]. In order to de-
termine the performance of any gas sensor, the primary device
design working as a transducer matter. Although, many of the
device design of MOSFET as an electrochemical gas sensor has
been introduce in the past [23, 24]. Now with different working
principal of TFET, a new set of design strategies need to be
followed. However, as per the literature review, not much of
the TFET transduces have been introduced to the system as a
gas sensor.

In the era of nanoscale regime, the inclusion of high doping
concentration is a challenging issue due to which the problem of
random doping fluctuation arises and the cost of the devices will
increase [25, 26]. Furthermore, in order to deposit the doped
layer, one must involve expensive deposition process such as
ion-implantation [27]. On the other hand, a new transistor
design-based charge plasma draws special attention that employ
a balancing work function at source and drain side to introduce
the huge charge carriers in the form of hole and electron respec-
tively. Unlike to the conventional TFET, it has a dopingless
channel (1 x 10" ¢m™) with non-metallurgical junction with
unform doping at source, channel and drain. The gate metal
electrode employed with suitable work function to make the
device working as a transducer which also suitable for the
label-free bio-sensing applications.

In this paper, a novel n + SiGe pocket layer introduced at
source-channel interface, in order to reduce the tunneling barrier
for 1.1 eV to 0.7 eV by optimizing the mole fraction at Si;_ Ge, x
= (.8. The proposed device design of n + SiGe Gate Stacked V-
TFET based dopingless charge plasma has significantly show the
performance improvement for sensing ammonia and oxygen gas-
es in comparison to the conventional TFET designs using TCAD
simulation software [28]. This can be incorporated by employing
suitable metal electrodes at the source side and gate side to induce
positive charge plasma and which electrostatically improves the
gate control over the channel. Even this technology does not the
affect the trap assisted tunneling (TAT) parameters of the TFET
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Table 1 Selected device design

specification of n + sige gate Parameter Used

Specification (n+SiGe DCP-VTFET)

staked dep-vtfet
Silicon substrate doping (Ng)

N+ SiGe pocket layer doping
Gate Oxide thickness- SiO,/ HfO,
SiGe layer width

Body thickness (tg;)

Channel Length (L,)

Source side work function

Drain side work function

V/ Vg Operating voltage

Total Silicon Substrate length

1x10" em™
1x10" cm ™
0.5 nm/ 3 nm
2 nm/8 nm
10 nm

50 nm
39eV

4.17 eV
1vi1v

120 nm

models [29]. As the TAT, known to be degrading the perfor-
mance of subthreshold regime and affect the current sensitivity.
Subsequently, the uniform doping distribution in the direction of
tunneling will results in enhanced electrical properties with reduce
effect of short channel due to absence of heavy doping gradients.
The gate stake method is used to provide better electrostatic con-
trol of gate electrode over the channel by inclusion of equivalent
oxide thickness. This can be done by introducing the high-k di-
electric constant material like HfO, (3 nm) with SiO, (0.5 nm) in
between the channel and gate electrode. The SiO, will have ad-
hesive boing with the Silicon wafer and this over-come the prob-
lem of the lattice mismatch. The lack of abrupt and abnormal
junctions’ source-channel and drain, when the doping concentra-
tion gradient element is eliminated further simplifies the design of
n + SiGe CPD-VTFETs over traditional TFETs.

2 Device Design and Simulation Setup

This schematic diagram of a simulated n + SiGe delta doped
gate stacked doping less charge plasma vertical tunnel field
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Fig. 2 Calibrated graph against experimental data of vertical TFET with
conventional device

transistor (n + SiGe gate staked DCP-VTFET) has been
shown in Fig. la. A vertical silicon body of uniform doping
of 1 x 10" cm* with non-metallurgical junction at source,
channel and drain is introduced to this paper. The channel
length of the device is 50 nm (L,) with the width of 10 nm
(ts)) as shown in Table 1. The double gated Vertical TFET
structure considers with gate stacked method with high-k
(HfO,) with SiO, to avoid lattice mismatch during channel
to gate oxide formation. It also enhances the electrostatics gate
control over the device channel with control the carrier trans-
port mechanism. The optimized mole fraction for the Si;_Gey
material was determined to be x = 0.8, implying that 80% of
the germanium percentage was taken at the source-channel
interface. As a result, the tunneling barrier will drop from
1.1 to 0.7 eV, improving the device’s overall drain current
and sensitivity [30]. For both the gate-source (V) and
drain-source voltages (Vgs), the operating voltage of the unit
is assumed to be 1 V. Furthermore, this paper discusses oxy-
gen and ammonia gas sensing as shown in Fig. 1b, which will
be diffused at gate metal electrode for different materials as
per their work function respectively. This can be achieved by
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Fig. 3 Comparison of drain characteristics for the metal Molybdenum as
a gate metal electrode of proposed device with reference work
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Table 2 Sensitivity calculation for silver gate electrode for sensing Table4 Sensitivity calculation for ruthenium gate electrode for sensing
oxygen gas ammonia gas

AppleV) Lior(A/pm)  Lion(A/pm) Laon/ldort Saofr AppleV) Lior(A/um)  Lion(A/pm)  Lion/Laofr Sdofr
Without Gas ~ 6.42E-07 0.00012145 189.134  1.00E+00 Without Gas  1.40E-12 7.58E-05 5.42E+07 1.00E+00
50 1.45E-07 0.000116255  803.399  4.44E+00 50 2.92E-13 7.07E-05  2.42E+08 4.79E+00
100 3.15E-08 0.000111075  3528.79  2.04E+01 100 4.95E-14 6.56E-05 1.33E+09 2.83E+01
150 6.89E-09 0.000105933 15,3809 9.32E+01 150 8.26E-15 6.05E-05 7.33E+09 1.70E+02
200 1.54E-09 0.000100834  65,685.6  4.18E+02 200 1.38E-15 5.54E-05  4.02E+10 1.02E+03

using high reactive metals as gate metals, such as Silver (m; =
4.26-4.46 ¢V), Molybdenum (m, = 4.40-4.60 ¢V),
Ruthenium (m; = 4.71-4.91 ¢V), and Cobalt (my = 5.0—
5.20 eV). Now, Fig. 1c show the dissociation and the absorp-
tion of the gas molecule at the surface of gate metal electrode,
which further gets polarized and make the dipole at the dielec-
tric oxide interface and stick to it. Subsequently, this will charge
induce to the channel i.e. equivalent to the change in work
function, which increases the current sensitivity and enhance
the device for gas sensing application. To build the source side
as p-type junction one has to raise the contact magnitude of
metal work function. The main purpose is to make the device
working as p-i-n structure instead of n+/n+/n + structure. To
make the junction virtually, one has to optimized the work
function in order to induce the source-drain junction.
Employing a suitable work function of metal electrodes, a
source “p” and drain “n” are developed on an intrinsic body
in charge plasma technique. This method evenly distributes
electron concentrations at the source/drain electrode’s top and
bottom, allowing for improved control in order to enhance de-
vice ON-current. To increase the majority of p-type charge
carries, we need to do additional biasing at the source side.
Due to this, there will be a rise in power consumption, which
is a major problem with the electrostatic technique. Fabrication
of charge Plasma devices necessitates an additional metalliza-
tion process stage because of the requirement for metal elec-
trode to vary with work functions. An intrinsic body is
employed to establish a source-drain section and a doping-
free structure using electrostatically charged plasma. On the
side of source, the n type region is created by choosing the
required work property of the metal electrode, and on the side

Table 3  Sensitivity calculation for molybdenum gate electrode for
sensing ammonia gas

of drain, the n type region is created by applying bias to the
metal electrode using the charge plasma technique. At the drain
side, an electrostatic technique is used; the drain side polarity
gate with applied V4 is made of metal deposited over an oxide
layer. As a result, compared to individual dopingless methods,
the fabrication process becomes more straightforward. On the
source side, a charge plasma method is used to produce n type
doping in the source by using the right work function metal for
the source metal. As a result, additional source biasing is not
needed and the total amount of power consumption decreased.

TCAD Silvaco simulation software is used to drive the elec-
trical characteristics in order to find out the gas sensitivity param-
eters. To include the physics of carrier transport, the drift diffu-
sion model is used. The fermi-dirac, band gap narrowing model
and the low electric field dependent mobility concentration mod-
el are also incorporated. The phonon-assist dynamic nonlocal
band to band tunneling is employed for computing the tunneling
path form energy band profile. The Schottky-read-Hall (SRH)
recombination and Trap-assisted Tunneling (TAT) are used for
optimizing the effect of quantum tunneling and being used to
investigate the doping and temperature effect. The proposed sys-
tem is tested using VTFET experimental data, as shown in Fig. 2,
and data about the channel present is obtained using the Plot
Digitizer process.

3 Structure Validation with Reference
Structure

The vertical dual gate structure provides greater gate control than
conventional designs for band-to-band tunneling (BTBT). This

Table 5 Sensitivity calculation for cobalt gate electrode for sensing
ammonia gas

AgpleV) Laof(A/pm) - Tgon(A/pm) Taon/Tdofr Sdofr AgyfeV) Lior(A/pm) - Tgon(A/um)  Tgon/Taofr Sdofr

Without Gas  9.32E-09 0.000106958 11,474.2 1.00E+00 Without Gas  5.67E-17 4.60E-05 8.12E+11 1.00E+00
50 2.07E-09 0.00010185  49,228.8 4.50E+00 50 1.11E-17 4.06E-05 3.65E+12 5.10E+00
100 4.70E-10 9.68E-05 2.06E+05 1.98E+01 100 3.54E-18 3.50E-05 9.89E+12 1.60E+01
150 1.10E-10 9.18E-05 8.34E+05 8.47E+01 150 2.27E-18 2.91E-05 1.28E+13 2.50E+01
200 2.67E-11 8.68E-05 3.25E+06 3.49E+02 200 2.03E-18 2.26E-05 1.11E+13 2.79E+01
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<« Fig. 4 Energy band diagram of valance band and conduction band (a)
OFF-state and (b) ON-state with 2D contour plots of (¢) valence band
energy distribution (d) conduction band energy distribution of n + SiGe
gate staked DCP-VTFET with respect to different metal Silver,
Molybdenum, Ruthenium &Cobalt at Vgs = 1 Vand Vds = 1V

suggested device could be used for gas sensing in a variety of
applications because of its low subthreshold slope (SS) and high
ON-state current. The use of gate metal as a Molybdenum cata-
lyst contact in N+ SiGe pocket gate stacked DCP-VTFETs with
ammonia sensing is investigated. The ON-state current in Fig. 3
is extremely high as compared to the cited structure. The sensi-
tivity values for Dopingless CP-VTFET based sensors using Co,
Mo, and Pd metals as gate contacts are much higher than earlier
gas sensor designs (The calculations for sensitivity are given in
Tables 2, 3, 4, and 5).
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4 Device Simulation and its Electrical
Characteristics

In order to understand the physics behind the proposed struc-
ture one has to study the derived electrical characteristics like
its energy band diagram, electric field, surface potential and
electron and hole concentration with respect to the channel
position.

The proposed device’s conduction and valence energy
band are seen in Fig. 4a for the OFF-state region. Since the
cobalt have the highest work function than Ruthenium,
Molybdenum and Silver, so its band shift is highest than
other due to the higher concentration, which will induce a
greater number of charge carriers in the source side region.
Now Fig. 4b show the energy band diagram of the ON-
state, in which the Positive biasing causes the energy band
to transfer down form the drain side which cause the higher
drain current due to electron drift form source to drain side.
Higher applied voltage in the drain side will induces a

@ Springer

greater number of n-type charge carriers, however, the
charge plasma produce in the source side will produce a
greater number of charges carries than to drain side [31,
32]. Figures 4c and d show a 2D contour diagram of the
valence band and conduction band, respectively, from
which it can be inferred that energy at the control gate
allows electrons to move from the source to the drain field.
The graph also shows that as you move closer to the drain,
the number of electrons decreases. Similarly, due to the
high work function, which is considered p-type in vertical
tunneling, holes will accumulate near the source field, and
the energy band will be pulled down as the work function
increases.

In Fig. 5a and b, we observe the equivalent electron and
hole concentration with respect to the channel position. In the
channel region the electron having the higher concentrations
due to high rate of inversion charge carrier at the form positive
polarity gate electrode. As the total device is of n-type, due to
higher concentration of electron at the source side due to low
work function with the value of 3.9 eV. However, in the spac-
er region, the electron concentration is low due to the diffusion
form source to spacer region. Similarly, in the drain side due
positive biasing of the drain voltage the electron concentration
is high at the drain-channel interface region. Due to Schottky
contact with the drain contact and its semiconductor region,
the electron concentration is low because of formation of de-
pletion region [33, 34]. In the next Fig. 5b of the hole concen-
tration with respect to the channel position is less compara-
tively to drain and the source side. This happen due to the
hole’s repulsion & lower work function from the drain side
in the ON state condition. Among all gate electrode material,
cobalt is having the highest work function with the value of
5.0 eV, which repels the p-type charge carriers and makes the
hole concentration lowest at the channel region as compares to
other metal gate electrode like Ruthenium, Molybdenum and
Silver.

Figure 6a shown the large variation of electric field at the
tunneling junction after the gas dissociation and absorption in
comparison to all other gate electrode metal. The electric field
can be observed form the fermi-level gradient across the chan-
nel length. At the drain-channel interface the electric field
increases due to rise in the energy and become saturated at
the gate region due to linear in the Fermi Level. The propor-
tionate variance of the electric field with regard to the work
function is shown in Fig. 6a. The greater the value of the
electric field reported as the work function increases due to
different metal catalysts. This occurs due to a reduction in
charge carrier mobility across the channel [35]. The electric
field value increases steadily in the drain field, resulting in a
constant, slowly decreasing slope in the potential curve [36].
The electric field is depicted as a part of the fermi-Dirac dis-
tribution with electron density in this diagram. Subsequently,
in Fig. 6b shown the variation of the surface potential of the
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Fig.7 2D contour plot of electron
current density distribution of the
n + SiGe gate staked DCP-
VTFET proposed device

Microns

proposed device. As surface potential, is the negative integral
of the electric field. In the drain field, the electric field value
gradually increases, resulting in a constant, slowly decreasing
slope in the potential curve. Therefore, superiority of the trans-
ducer efficiency mainly observes form the electric and poten-

tial field of the device.
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contacts made of catalytic metals, causing the gate’s work
function to change. Due to harmful gas molecule adsorption,
Eq. (1) effects work feature variability.

Ag, = cont—[(%) x ln(P)} (1)

The gas constant is R, absolute temperature is T, and
Faraday’s constant and partial pressure are F and P. The rela-
tional dependence of a gas’s partial pressure on its concentra-
tions can be used to calibrate this system in terms of the gas’s
mole fractions in the air.

The importance of WFV to Vy, is defined by Eq. (2) [37].

Ag
T T T T T
2.0x10°
E
S 1.5x10° 1
kel
2
i
O 1.0x10°% 4
©
%’ —— AWF-000meV
4 | = = AWF-050meV]
5.0x10 AWF-100meV/
— - AWF-150meV
— - - AWF-200meV
0.0
T T T T T
0.02 0.04 0.06 0.08 0.10
Distance along the channel (um)
Ruthenium
T T T T
1.5x10° (C)
E . oos
S 1.0x10° - 1
k]
Q0
[ ce~.
2 5.0x10° ,//.—.\'\ i
8 —— AWF-000meV. !
w b= AWF-050meV
AWF-100meV/|
0.0 4 === AWF-150meV
b= = AWF-200meV

T T T T T T
0.04 0.06 0.08 0.10
Distance along the channel (um)

Where ¢, denotes the silicon work function and ¢,, denotes
the metal work function.

However, the delta symbol used Ag,, is employed to ex-
ploit variation in the gate metal work function.

E
¢y = 7g + Xx—q%; (3)

The OFF-state (I400) current changes proportionately as the
subthreshold slope changes, resulting in a change in sub-
threshold voltage, Vy,.
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Fig.9 Variation of electric field characteristics of n + SiGe gate staked DCP-VTFET with presence and without presence of gas molecules for (a) Silver
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Where,

2 1.8
_ Wi, Cox Ve

I,
L

Vr (5)

The operational voltages of the device are represented by V.,
Vs, and Vr, which stand for gate-source voltage, drain-source
voltage, and thermal voltage, respectively. The effective width
and length of a transistor are indicated by L and w, respectively.
Cox stands for gate oxide capacitance, 1, for electron mobility,
and 1) for subthreshold swing coefficient. As a result, the relation-
ships between work function variation, threshold voltage (Vy,),
and transistor currents are defined by the equations above.

The suggested DCP-VTFET’s conduction behavior is in-
vestigated using surface potential, electric field, and energy

band characteristics curves. The electrostatic potential rises
as the electron current density near the source-channel contact
rises, as seen in Fig. 7, which represent the equivalent 2D
contour plot o electron current density. This is owing to the
gate metal electrode’s great electrostatic control over the
channel.

In order to drive the drain current, one have used the pro-
posed device of the n + SiGe gate staked DCP-VTFET as a
transducer. The reaction of gaseous molecules to the metallic
surface will employed the electric variation in terms of varia-
tion in the Iy, current [38]. We investigated the effect of
changing the WFV from the reference value of the metallic
work function catalyst by applying 50, 100, 150, and
200 meV to the drain current of Silver, Molybdenum,
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Fig. 11 Variation of energy band diagram characteristics of n + SiGe gate staked DCP-VTFET with presence and without presence of gas molecules for

(a) Silver (b) Molybdenum (¢) Ruthenium (d) Cobalt

Ruthenium and Cobalt respectively. It can be shown in
Fig. 8a, b, ¢, and d that the OFF-state current varies greatly
when compared to the ON-state current. As a result, decreas-
ing the OFF current exponentially increases the sensitivity in
the subthreshold zone, as shown by Eq. (6).

1 doff (without gas)

(6)
I doﬁ (with gas)

Stdoff =

Furthermore, because Vertical TFET are less resistant to
the work function of the metal electrodes, variations in the
workfunction will cause changes in the subthreshold voltage.
(Tables 2, 3, 4, and 5 show the sensitivity calculations.

@ Springer

6 N + SIGE POCKET GATE STACKED
DCP-VTFET PERFORMANCE ANALYSIS AND
COMPARISON

In this section, the sensitivity changes observed in terms of
electric field, surface potential and energy band diagram for
the different catalytic metal as a gate electrode like Silver,
Molybdenum, Ruthenium and cobalt for sensing oxygen and
ammonia gases.

For the catalyst metals gate electrode like Silver,
Molybdenum, Ruthenium and cobalt respectively, Figs. 9
and 10 depicts the combined electric field and surface poten-
tial with respect to the WFV. The electric field is directly
proportional to the work function value, as seen in the figure;
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as the WFV increases, the electric field increases as well. It has
sharp edges at the source-channel interface due to the presence
of a delta-doping layer, which increases fee transmission by
lowering the band gap at the tunneling junction.

As aresult, the variance of the surface potential in Fig. 10a,
b, ¢, and d would appear to have a slightly inverse relationship
to the WFV. This occurs because the majority of charge car-
riers change their state to p-type, posing a barrier to tunnelling
current and lowering the surface potential overall. As we
move the length of the device, the electric field reaches its
maximum value across the channel. As a result, the surface
potential is defined as the electric field’s negative integral.

The evolution of energy band diagrams as the work func-
tion increases is depicted in Figs. 11a, b, ¢, and d. Cobalt has
the highest tunneling barrier (Fig. 5a) since the work feature at
the gate electrode is the highest. Furthermore, extra n-type
charge carries are drawn to the drain-side due to a higher drain
bias. In Fig. 4b, the cumulative effect is shown as individual
peak formation for each gate-metal-electrode. The higher
work mechanism causes a higher concentration of p-type to
form, which is the primary cause of energy band shifts. Due to
the higher work function applied to the source-terminal, p +
pockets induced near the source-channel interface facilitate
more tunneling than those induced near the drain field. As
shown in the graphs, increased tunneling begins in an extend-
ed bandgap close to the drain region as compared to source-
channel space.

7 Result and Discussion

In this section the role of n + SiGe gate staked DCP-VTFET
is shown as a transducer. It can be seen from the Fig. 12, that
the recombination rate at the source-channel interface is al-
most nil form then + SiGe DCP-VTFET due to the negligible
minority charge carrier in this region due to the presence of
N+ pocket doping.

For Silver, Molybdenum, Ruthenium & Cobalt, Fig. 13a de-
picts the ON/OFF current ratio with respect to the metal gate
electrode. The inverse linear relationship between the variance
of a high work function and the current ratio is clearly visible in
this graph. As the work function increases in value, the ON/OFF
current has a lower ration among them, resulting in an overall
decrease. However, for metal Silver, Molybdenum, Ruthenium
& Cobalt, Fig. 13b demonstrates the variance of derive sensitiv-
ity using Eq. (6) with respect to metal gate electrode. Tables 2, 3,
4, and 5 shows that the derived sensitivity is higher for the lower
work function, i.e. is 4.18 x 10% 349 x 10% 1.02 x 10’ and
279 % 10" for Silver, Molybdenum, Ruthenium & Cobalt re-
spectively. Because of the inclusion of the SiGe Layer, the po-
tential barrier at the source-channel interface is less affected. As a
result, we can deduce that as the OFF current decreases, the
sensitivity increases.
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Form the above equation its can be predict that, Cox (oxide
capacitance) is directly proportional to the dielectric constant
magnitude which raise in the ON and OFF current simulta-
neously. We have taken four different dielectric constants
(SiO5 (3.9), SizNy (7.5), ALOs (9.5), HfO,(21)) with respect
to ON/OFF current sensitivity. In this context, we get to know
that, higher the dielectric constant value will increase the drain
ON current as well as OFF current. The off current variation is
responsible for the high current sensitivity and it can be highly
varied by the high k-dielectric constant. Therefore, it can be
concluded form the figure that, current sensitivity is highest
for HfO, rather than others.

8 Conclusion
The design and performance of a novel n + SiGe pocket

layer gate stacked VIFET doping less charge plasma is
analyzed using Silvaco TCAD simulation software. The
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idea of a double metal gate doping less charge plasma
Vertical TFET as a gas sensor with high sensitivity has
been applied in the literature. The recorded sensitivity
(Lgon/Laofr) 1s higher for lower work function i.e. for
Silver, Cobalt, Molybdenum and Ruthenium the sensitiv-
ity is 4.18 x 10%,3.49 x 10% 1.02 x 10’ and 2.79 x 10’
respectively, for a quick enhancement at the value of
200 meV work function, which reflects the efficiency of
the proposed structure. The sensitivity of the proposed
device has been explored by using different parameters
like electric filed, energy band diagram, channel potential,
different dielectric material. Result reveals that HfO2
found to be a strong dielectric medium for recording high
absorption sensitivity up to 10™'® (A/um) as an OFF cur-
rent. In future once optimized this device, by engineering
the parameters of channel length and dual or triple gate-
related design. Therefore, n + SiGe Gate stacked DPC-
VTFET proves to be a promising candidate for application
as a gas sensor, which can easily helpful in the commer-
cial to estimate the amount of gas present in chemical,
medical, automotive industries.
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