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Abstract

An inverted-T structure is implemented with the Junctionless (JL) topology at nanoscale dimensions.
The Inverted-T Junctionless (ITJL) FET features a multi-fin architecture that utilizes the unused
space within the fins and combines it with the junctionless topology, maintaining the same doping
concentration from source to drain. In order to mitigate the short channel effects and overcome
the fabrication challenges, an inverted-T FET has been designed. The crucial performance
parameters of device are explored by varying the geometric dimensions and process parameters.
The performance of ITILFET is measured by varying different parameters namely temperature (T),
doping concentration (Nd), work function (@,,), and dielectric constant (K) at 30-nm technology node
and effect of geometric variations are measured by altering the gate length (Lg) and oxide thickness
(Tox). Inverted-T junctionless field effect transistor (ITJLFET) is designed with different gate lengths
in the range of 14 nm to 30 nm and shows the improvement in lon by 64% as compared to the
conventional JLFET. The parametric analysis like transfer characteristics (1a-Vgs), lon/lorr ratio,
subthreshold swing (SS), drain induced barrier lowering (DIBL) and gate capacitance (Cgy) are
investigated for 250 K to 350 K. From the results, it is perceived that temperature has less effect on
the Inverted-T junctionless transistor performance. The cut-off frequency for the designed device
is calculated and observed to be in the range of 0.3 to 1.5 THz. Hence, device can be used for
high-frequency applications at the submicron regime.
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Introduction

Transistor continues to be a vital parameter for
the silicon industry for the past few decades
(Bhuyan, 2017). With the advancement in
technology, the size of MOSFET is shrinking
by Moore’s Law which states that the number
of transistors on a microelectronic chip increases
exponentially (Moore, 1965). Shrinking of transistor
for the planar MOS structure largely followed the
“Dennard Predictions” for structural dimensions
(Schuegraf et al., 2013) The scaling of the MOSFET
device invites significant challenges such as short
channel effects and an increase of leakage current,
as the gate control weakens over the channel. This
ultimately hampers the technological development
(Baggacetal., 2017). These challenges motivated the
researchers to find new pathways to achieve desired
performance at scaled channel length. Several
architectures have been proposed by the researchers
such as Tri-Gate (TG), SOI (Silicon on Insulator),
FinFET, Junctionless FET, etc (Vandana et al.,
2017; Sahay and Kumar, 2019b). The aforesaid
architectures gathered attention because these
structures were able to match up with the
characteristics of traditional MOSFET I-V.
The proposed architectures can restrain the Short
Channel Effects (SCE) and offer an approximately
ideal Subthreshold Slope (SS) with diminished
off-state leakage current at sub-10 nm regime
(Wong et al., 1998).

The basic architecture of MOSFET
encompasses two junctions i.e. source-channel
junction and drain-channel junction (Sahay and
Kumar, 2019a). At these junctions, there is a steep
change in the doping profile and the fabrication
of such a device at a lower technology node is
a challenging task while maintaining its electrostatic
properties (Bharath and Narendar, 2021; Kumar and
Kumar, 2021a; Vakkalakula and Vadthiya, 2021).
However, the main challenge faced by the silicon
industry while performing the downsizing of
the MOSFET is improving its electrical
performance. In the submicron regime maintaining
control over factors such as. tunnelling of hot
electrons, trapping of charge in interface states,
subthreshold leakage current, and DIBL is
an extremely challenging and costly affair (Choi
et al., 2011; Trevisoli et al., 2011). The fabrication
of Junction-based transistors at the decananometer
technology length requires high-end lithographic
techniques, thereby increasing their manufacturing
cost. Along with this, a steep change in the doping
profile enforces the challenge on doping techniques
and enhances the thermal budget (Nelapati and K,
2020; Trevisoli et al., 2011; Bashir et al., 2022).

To address both performance and fabrication
challenges, a “Device controlling electric current”
utilizing a gated resistor was initially proposed by
Lilienfeld and Colinge (2012) at Tyndall University
followed by CEA-LETI group named the device
as ‘Junctionless Nanowire Transistor’ in 2009
(Lilienfeld, 1925; Lilienfeld, 1928; Colinge et al.,
2010; Vandana et al., 2017). They have delivered
an experimental study to demonstrate no doping
gradient across the junctionless nanowire transistor.
These transistors assured enhanced performance
at the submicron regime and exhibit improved
device characteristics (Agnihotri and Tripathi, 2019;
Colinge et al., 2011). The major challenges faced
are lower off-state leakage current, less mobility
deterioration, and a nearly ideal value of
subthreshold slope under bias conditions at scaled
channel length. If these challenges are not
suppressed with creative and innovative techniques,
it jeopardizes the advantages of Moore’s Law
(Schuegraf et al., 2013; Pal et al., 2014).

Accordingly, a device was designed by Zhang
et al. (2006) featuring a multi-fin architecture on
a single substrate that amalgamates the advantages
of 3D architectures with UTB (Ultra-thin Body).
These architectures are commonly known as
inverted-T (IT) FET which boosts the electric field
in both horizontal and vertical channels. ITFET
tends to provide high lon, efficient chip area
utilization, and better electrostatic control compared
to traditional FinFET by utilizing the unused area
between the fins (Vandana et al., 2018).

In order to overcome the fabrication issues
at nanoscale regime due to density gradient at
the source-channel and drain channel junctions,
the designed device utilizes the junctionless
topology. Additionally, it incorporates the inverted-
T topology which makes use of the unwanted area
among the fins to create an ultra-thin body device
that effectively mitigates short channel effects.
The inverted-T topology eradicates the limitation
of FINFET by utilising the space between the fins.
The present works combines the inverted-T
topology and junctionless topology, resulting in
the structure of the inverted-T junctionless FET
(ITILFET) device. In the present work, an inverted-
T Junctionless FET (ITJLFET) device is designed
and its performance has been measured. To enhance
the electrical property of ITILFET, a high -K oxide
is used to improve the electrostatic integrity and gate
control over the channel. To measure the device
performance, various process parameters are
adjusted. The study assesses the device performance
by analysing different parameters including drain
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current (l-on), drain-induced barrier lowering
(DIBL), leakage current (lorr), subthreshold slope
(SS), oxide capacitance (Cgg), threshold voltage
(V) and transconductance (gm). In 2018, Vandana
et al. (2018) measured the performance of IT
junctionless transistors through device geometry
variation. In this work, the performance
measurement of IT junctionless transistor is
investigated through the process and geometric
variations.

Apart from the introduction, section I
discusses the technology roadmap to advance
computing technology. Section Il specifies the
details of the designed device and physical insight
of the models used for the simulation. The device
characteristics and result analysis has been done
in section 1V and the impact of process variations
is presented in section V along with a comparison
with literature. At last, the conclusion is drawn.

Technological RoadMap

Figure 1 demonstrates the technological developments
that have occurred in the recent decades and offers
alternatives for the essential components required in
the designing of transistors. In the recent years,
semiconductor device manufacturing has been
fundamentally driven by logic technology for the
past few years. It’s important to note that the
roadmap presented does not specifically attribute
the development to any particular semiconductor
device inventor.

While studying the manufacturing roadmap at
the initial level, wafer scaling is observed, which
involves transitioning from 300 mm to 450 mm
wafers. This demand is enforced by the rapid
increase in process complexity and manufacturing
cost (ITRS, 2015).

Secondly, after modification of wafer
manufacturing necessitates an alteration in the
transistor manufacturing techniques. Transistor
manufacturing has moved to single-wafer
processing due to the requirement for novel
materials and high precision in structural
dimensions. SiGe is introduced to enhance the
channel mobility and the gate is constructed using
metal to scale the effective oxide thickness (EOT)
of the gate dielectric. New FET architectures have
been proposed, prompting the semiconductor
industry to migrate from MOSFET to FinFET
architecture. The FinFET architecture, a 3D design,
offers superior electrostatic control. However,
it is less effective with the technology nodes below
5 nm and it leading to the development of GAA,
commonly known as nanowire transistor (Kuhn
et al., 2012; Shankar et al., 2014).

Going forward to interconnects, copper dual
damascene (Andricacos et al., 1998) worked
perfectly for 300mm wafers but it introduced
RC-delay at the 22nm and 14nm technology nodes,
which has become a significant concern for circuit
engineers (Bohr, 1995; Kaushik et al., 2007).
An alternative of copper dual damascene is under
investigation and can be a viable solution.

Earlier, embedded SRAM attained a lot of
attention because of its compatibility with digital
CMOS. For various high-end applications, DRAM
is preferred due to its high density and power
performance (Matick and Schuster, 2005). As
technology length is reduced for optimizing the
power in the circuit, SRAM exhibits marginal
performance. To overcome the imperfections in
the SRAM circuit, the invented Transfer-Torque
MRAM has gained the interest of embedded design
engineers (Yoda et al., 2012). An experimental
study has proven that MRAM occupies less area and
consumes low power and additionally, non-volatile
MRAM memories offers power savings in re-boot
and stand by modes.

Early Production Logic/Foundry Roadmap beyond 2016

Year 2012 2014 2016 2018 2020 2022 2024

Node (nm) 22 14 10 7 5 3.5 2.5

Interconnect CD (nm) 40 30 20 15 10 7.5 5

300mm > >
Wafer * 450mm
Scaling >
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siGe
Transistor
-V or 111-V Tunnel FET
Dual Damascene
-

SRAM/ &

eDRAM

single Damascene

subtractive Copper/Alternatives

Embedded
Memory
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Figure 1.

MRAM

Roadmap of technological development in
semiconductor industry (Schuegraf et al.,
2013)

The final phase of the manufacturing roadmap
includes patterning. The main challenge faced while
working on patterning is the availability of high-end
and highly productive lithography techniques.
Direct patterning, is the traditional single patterning
followed by an etching pattern, which is replaced by
the multi-patterning technique. Multi patterning
technique is complex and causes severe layout
restrictions. Extreme Ultra Lithography (EUV)
holds significant importance in the industry.
Alternatives to this technique for this technique are
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Figure 2.
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(a) 3D view of IT Junctionless Transistor without oxide isolation (b) 2D Schematic of device (c) Match

1d-Vgs Characteristics with experimental data in (Paz et al., 2015)

Table 1. Dimensions of different region of designed device

Parameter

ITILFET

Gate Length
Doping (Np)

EOT of Gate Oxide 1nmand2nm

Work Function 47t05.0eV
Spacers (Ls and L) 11 nm
Spacer Dielectric SiO,

uTB 5nm

Energy Gap l.leVv
Temperature

Drain Supply Voltage 0.05Vand1V

14 nm,18 nm, 22 nm, and 30 nm
5*10'cm-3, 1*10%cm-3, 5*10'cm-3, and 1*10*cm-3

250 K, 275 K, 300 K, and 350 K

under discovery, and self-assembly and 3D vertical
nanowires are among the consideration for these
alternatives (Ma et al., 2011).

These aforementioned branches are part of
the technology roadmap and provide designers with
the flexibility to find the optimal solution. Given
the long-term nature of investments in manufacturing,
it is essential to build confidence before adopting
and implementing new manufacturing methods.
Solutions are required to be developed which are
consistent with Moore’s Law and therefore, meet
the design rule boundary conditions (Jeon, 2020;
Kumar and Kumar, 2021b).

Device Structure and Simulation
Framework
The inverted-T junctionless FET (ITJLFET)

structure is created and simulated through the Visual
TCAD with Genius 3D device simulator by
Cogenda (2008). Visual TCAD can perform 2D as
well as 3D simulation. In addition to that, it is
capable of performing circuit simulation and mixed
circuit/device simulation. The designed structure of
inverted-T junctionless FET is depicted in Figure
2(a) and the 2D schematic of the proposed device is
shown in Figure 2(b). To investigate the electrical
parameters of ITJLFET, various process and
geometric parameters are varied. The designed
ITILFET has a gate length (Lg) 30 nm, a width of

a silicon nanowire (Ws) is 10 nm, a height of
a silicon nanowire (Hsi) is 15 nm and UTB thickness
is 5 nm. In junctionless FET, there is no doping
gradient so a uniform doping concentration of
1*10%%/cm?® is maintained from source to drain.
The equivalent oxide thickness (EOT) at the
interface is calculated using Equation 1.

EOT = Tsi02 + (Thigh-k * 3.9)/(high — K) (1)

Where ‘k’ is the permittivity of used high-K
dielectric, Tngn-k is the thickness of high-k dielectric
and Tsio2 is the effective SiO, thickness (Cheng
et al.,1999).

The high-k gate oxide HfO; of 2 nm is
considered to have high electrostatic integrity.
A spacer length of 11 nm is considered between
source-gate and gate-drain terminals to achieve
higher immunity against subthreshold behaviour.
The device models and parameters for the
junctionless transistor are calibrated by comparing
with the experimental data. Figure 2(c) represents
the calibration of simulation results against the
calibrated data in (Paz et al., 2015). The parameters
taken into consideration while designing junctionless
FET are listed in Table 1.

While simulating the designed device various
physical models were taken into accounts
i.e. Lombardi mobility model is incorporated to
get insight of scattering phenomena like surface
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Figure 3. (a) Simulated Device when channel is depleted, (b) when channel is conducting
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Figure 4. (a) la-Ve Characteristics at different temperature (b) Transconductance measurement at different

temperature

Table 2. Analog and Short channel performance of IT Junctionless transistor at different temperature

Temp. DIBL SS ION IOFF ION/IOFF Om,max ng fT TGF
(K) (MVIV)  (mV/dec) (LA) (A) (uS) (aF)  (THz) (VY
250 29.871 54.48 6.892 4.277x10-?  1.611x10° 19.06 22.04 1.12 66.44
275 31.11 60.15 5.919 3.915x10-1 1.512x10° 15.6 24.14 0.92 57.52
300 32.64 65.89 5.212 1.419x10-1 3.673x10° 13.07 26.78 0.77 50.58
350 29.69 75.711 3.445 1.078x10-°  3.191x10* 6.71 34.59 0.31 41.86

roughness and acoustic phonons. As IT junctionless
FETs are heavily doped, Bandgap narrowing and
Fermi Dirac distribution models are considered.
To investigate the recombination and generation
phenomena SRH recombination model is depleted.
Density gradient model taken into account to check
for quantum effects in inversion layer. Figure 3(a)
represents the simulated device before channel
formation and Figure 3(b) represents the device
after the channel is formed. The threshold voltage
(V) is extorted using constant current method
at drain current given in Equation 2
Ip=100 nA x (Wesi/Lg) 2
where Lg is the length of the gate and Wes is
effective device width.

Simulation Results and Discussion

To investigate the performance, various factors
were taken into account namely work function,
Temperature, doping concentration, and gate oxide
dielectric. Simulations have been performed to
observe and evaluate the parameters that affect
the performance of IT junctionless transistors at
nanoscale dimensions. For different parametric
variations, parameters like lon, losr, DIBL,
SS (subthreshold swing), Gm, TGF and Cy, etc. has
been evaluated and discussed.

Temperature Variations

The Iq and Vg plot for IT junctionless FET is
illustrated in Figure 4(a). The device characteristics
are shown at the log scale at different temperatures.
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When the applied value of Vgs is 0.25 V the
variation in temperature is insignificant i.e.
Temperature Coefficient (TC) is zero. It has been
observed that a rise in temperature leads to a rise in
leakage current but there is a marginal effect on
the on-state current as shown in Table 2. The
increase in temperature breaks the silicon lattice
bonds which generate the electron-hole pairs and
results in an increase of diffusion drain current.
Also, mobility degrades due to diffusion beyond
room temperature which further reduces the drain
current. From Table 2, it can be seen that with
the rise in temperature, leakage current increases
and lon will remain almost constant. The high
lon/loer ratio is observed at a lower temperature due
to decreased off-state leakage current.

There is increase in leakage current due to
SRH recombinations and higher diffusion current
which greatly rely on temperature. The intrinsic

concentration and temperature are related
mathematically as
n; = exp~Ea/20T) (3)

where ‘c’ is the Boltzman constant, Eq4 represents
the energy gap and ‘T’ is the temperature (Vadthiya
and Mishra, 2015). As the channel is heavily doped
in junctionless transistors, ionized scattering and
lattice scattering controls the mobility. As a result,
scattering compensates each other, and the mobility
of carriers becomes independent of temperature.

The DIBL and SS evaluate the device
efficiency in the subthreshold region and are
calculated using Equations (4) and (5) (Vadthiya
and Mishra, 2015):

DIBL (mV/V) = e (4)
DS1—VDS2
SS (mVi/dec) = [22:ele)]4 (5)
GS

where Vi is procured at Vps: of 0.05 V and Vi is
procured at Vps of 1V. Ip is the drain current and
Vs represents the gate source voltage.

Table 2 represents the parameters measured
at different temperatures. Figures 4(b) and 5(b)
represents the transconductance and transconductance
generation factor (TGF) of IT junctionless transistor
at different temperatures.

TGF indicates how efficiently the device
converts the DC power into AC frequency. Higher
Om indicates the device will have higher TGF which
leads to the better analog performance of the device.
The transconductance (gm) and transconductance
generation factor (TGF) are vital parameter in
implementing operational amplifiers and has been

calculated at various temperatures. The TGF is
measured as

Im = 5 6)
TGF = g'"/,D 7)

where gm is the transconductance of the device and
Io represents the drain current. At low temperatures,
TGF value is observed to be higher due to
an increase in gm value (Vadthiya and Mishra, 2015).

Performance Measurement

Device Characteristics Analysis

JL transistor is a highly flexible device in terms
of V. Fluctuations in the threshold voltage (Vi)
can be caused by various factors such as Ws;, doping
concentrations, random dopant fluctuations (RDF),
and work function difference, etc. In UTB devices,
metal gates with high work function are used to
control short channel effects. This work explores
the device characteristics by varying doping
concentration, temperature, work function, and
dielectric constant.

Analog Performance Investigation

As transistors feature size is scaled down, more
transistors can be placed on a single chip which
directs to the idea of system-on-chip (SOC). This
enhances the performance, especially in terms of
speed. This integration includes analog/RF circuits
with digital and memory circuits on a single chip,
making it necessary to inspect device performance
for analog and RF applications. The device to be
utilized for high-frequency applications should have
low parasitics since parasitic capacitance establishes
the link between the input and output node. Also,
parasitic capacitance influences the speed of
operation and power dissipation.

The gate capacitance (Cgyg) is the combination
of capacitance from source to drain terminals and is
used to evaluate various parameters such as cut-off
frequency (fr) and delay (7). The graph for Cgyq at
different temperatures is shown in Figure 5(a). From
the obtained results it is perceived that with the rise
in temperature the value of gate capacitance
increases due to lowering of the energy bandgap
which further degrades the energy barrier and
results in an increase of charge carrier along
the channel. As the charge carrier increases in
the channel under gate region leads to an increase
in the gate capacitance. The cut-off frequency is
obtained using Equation (8).
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Table 3. Analog and Short channel performance of IT Junctionless transistor at different doping

concentrations

Np DIBL SS lon lorr lon/loer Om,max Cgg
(/em®) (mV/V) (mV/dec) (UA) (A) (uS) (aF)
5x10Y 20.83 62.17 1.314 1.929x10Y7 1.226x10%2 5.05 14.9
1x10%8 22.27 62.34 3.741 1.167x10-7 4.041x101 5.37 19.6
5x1018 26.22 63.18 4.178 2.645x10%° 8.791x10%° 13.4 25.6
1x10% 32.64 65.89 5.212 1.419x10™ 6.123x10° 13.1 26.78

fr= Gm (8) on faster and hence can be used for high-switching
T 2mcgg

Where Cy is the total gate capacitance and gm is
the transconductance of the device. As temperature
increases, the cut-off frequency decreases as seen
in (Vadthiya et al., 2020). The change in frequency
is due to variations in gm and Cgyg, as they have equal
and opposite effect on the cut-off frequency of
the device. The variation of the cut-off frequency
w.rt to gate voltage at different temperature is
illustrated in the Figure 5(c). Further, the threshold
voltage is the crucial factor that indicates a device’s
ability to change from off-state to on state and
achieving it at low Vgs is desirable. Figure 5(d)
shows that there is decrease in Vu value and
an increase in SS value, with increase in
temperature. At lower temperatures, as the value
of SS is reduced it means the device will be turned

applications.

Impact of Doping and Work Function

The doping variations of junctionless FET
are evaluated at work function 4.9 eV, Vgs is swept
from 0 to 1 V and Vps = 0.05 V and 1 V.
The variation in 1g-Ves due to doping variations is
illustrated in Figure 6(a). It has been observed that
as doping concentration increases lon as well as
lorr increases. Lower doping concentration has
enhanced subthreshold leakage performance but Ion
reduces at lower doping levels. At a concentration
of 1x10% /cm? the device exhibits higher lon current
and lowest value of threshold voltage, making
suitable for low power applications. However,
increasing doping levels may affect mobility due to
high scattering rates. Table 3 represents the impact
of wvariations in doping concentration on IT
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Table 4. Analog and Short channel performance of IT Junctionless transistor at different work function

Pm DIBL SS Vin lon lore lon/lorr Om,max Cyg
(mVIV) (mV/dec) W) (LA) (A) (1S) (@F)
47 27.31 66.57 0.035 6.306  6.835x10°  9.226x10! 13.01 30.67
48 39.22 64.63 0.0807 6588  1.375x10°  4.791x10° 12.89 29.29
4.9 32.64 65.89 0.11 5212 1.419x10M  3.67x10° 13.07 26.78
5.0 32.64 64.74 0.22 2422 1.141x101?  2.123x10° 12.51 215

junctionless FET. Figure 6(b) represents the gate
capacitance (Cyg) W.r.t to gate voltage at different
doping levels and Figure 6(c) shows the exact value
of gate capacitance at different doping levels. It has
been observed that there is increase in the gate
capacitance with increase in the doping levels.
An increase of the doping introduces more charge
carriers into the semiconductor material, hence,
there is increase in overall charge. This leads to
increase in capacitance, as capacitance is directly
proportional to charge. The variation in the DIBL
and SS with change in doping concentration is
shown in Figure 6(d). There is increase in DIBL and
SS as doping concentration increases. Additionally,
increase in doping concentration leads to lower
mobility due to enhance coulomb scattering rates
(Park and Choi, 2012). There is reduction of the
bandgap energy due to increase in doping levels
which may leads to the high impact ionization rate.

The work function is varied from 4.7 t0 5.0 eV
at constant doping of 1*10%°/cm= and temperature
300 K. The increase in work function leads to
a decrease in leakage current and at the same time
increases the threshold voltage. The device
characteristics of work function variation are shown
in Figure 7(a). Therefore, from observations, it is
visible that the higher value of the gate work
function makes the channel fully depleted quickly
and shows improved performance in the OFF state.
Table 4 represents the impact of work function
variations on IT junctionless transistor. It has been
noticed that increase in work function results in
a decrease in off-state leakage current and also
shows a reduction in the on-state current. When the
work function of gate increases, there is decrease
in the gate-to-channel concentration. This leads to
reduction in leakage current from gate to source
and drain. But with enhanced performance in
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an off-state, the device requires more time to turn
off as there is a decrease in the threshold voltage
which impacts the SS. Figure 7(c) shows the
reduction in threshold voltage with increased metal
gate work function. Figure 7(b) represents gate
capacitance variation w.r.t to gate voltage at
different work function. It has been observed that
with increase in metal gate work function there is
increase in the gate capacitance.

Impact of Dielectric Constant

To determine how oxide dielectric affects
the conductivity of the channel, the permittivity of
oxide is being experimented on over different points

(15, 20, 25, and 30). To investigate the effect device
is simulated by keeping the doping concentration
constant Ng = 1x10%/cm? and work function is set
to4.9eV.

When permittivity of oxide capacitance is
varied it has been observed that as the permittivity
is increased there is a reduction in off-state current
as high value of dielectric provides better insulation
and reduces the tunnelling of charge carriers. Figure
8(a) represents the I4-Vgs characteristics at different
dielectric constant for IT junctionless transistors.
The results of varying dielectric constant are listed
in Table 5. An increase in dielectric constant shows
enhanced performance in the off-state. Figure 8(b)
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Table 5. Analog and Short channel performance of IT Junctionless transistor at different permitivities

Dielectric Constant DIBL SS lon lorr lon/lore Om,max ng
(K) (mVIV) (mV/dec) (pA) (A) (HS) (aF)
15 35.68 67.55 5.108 1.843x10%° 2.77x10* 11.7 21.47
20 32.64 65.89 5.919 1.419x101 4.17x10° 13.07 26.78
25 29.67 64.84 5.319 1.275x101 4.18x10° 14.17 31.39
30 28.55 64.38 5.37 5.953x1072 9.02x10° 14.91 35.7

Table 6 Analog and Short channel performance of IT Junctionless transistor at different channel length

Ly DIBL SS Vin lon lorr
(nm) (mV/V) (mV/dec) (V) (LA) (A)

14 170 84.62 0.15 4.309 8.01x10™1

18 120 75.10 0.22 3.9 4.743x10°%?

22 85 69.65 0.27 3.63 5.141x10™8

30 47 64.42 0.32 3.18 3.213x10™

represents the gate capcitance (Cgyg) W.r.t to gate
voltage at different gate oxide dielectric. As Oxide
capacitance increases, there is increase in the gate
capacitance as Cox is directly proportional to
Eox given by Equation 9:

Cox=€ox/Tox )

where €,, is the permittivity of the gate oxide
material and T,,, is the thickness of gate oxide.

Channel Length Variations and Oxide Thickness

In order to investigate the performance
through the geometric variations, channel length is
varied from 14 nm to 30 nm. The results are
presented in Table 6. The ITILFET is calibrated at
different channel lengths and obtained results
demonstrates that as transistor is scaled down,
it performs better in terms of SS slope but DIBL
increases drastically. Reduction in gate length
increases the leakage current and leads to decrease
of switching current ratios. High value of metal gate
work function is required at small channel length
to make it completely deplete of charge carriers and

all the simulations are carried out at 5.1 eV work
function. Moreover, the oxide thickness is varied
from 1 nm to 2 nm and obtained results are shown
in Figures 9(a) and 9(b). Thinning of oxide
thickness is preferred at reduced channel length due
to decreased threshold voltage roll-off. But thin
oxide may result in increased leakage current due to
tunnelling of carriers. There exists a trade-off about
supressing the SCE’s without increasing the off
state leakage current at reduced gate oxide
thickness.

Comparison of Transfer Characteristics

In the present work, Inverted-T junctionless
transistor and conventional JLFET is designed at
30-nm technology node. Junctionless transistors are
known to be ON devices and can be off by supplying
sufficient amount of metal work function between
the gate metal and the channel material. For JLFET
and ITILFET to have similar value of the threshold
voltage (Vi), the @, requirement for ITILFET is
more as compared to JLFET because UTB in
ITILFET get turned on early in contrast to fin
transistor (Fahad et al., 2015). It has been witnessed
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that off state leakage is almost same for ITILFET
as compared to conventional JFET. Moreover,
it shows the improvement in on-state current of
about 64%.

Conclusions

The ITILFT is designed at different gate lengths
ranging from 14 nm to 30 nm. The performance is
measured by process and geometric variations.
The temperature dependence of the inverted-T
junctionless transistor is being carried out and it has
been observed that temperature has less effect on
transconductance (gm), gate capacitance (Cyg), TGF,
and cut-off frequency. Also, the effect of other
process parameter variations is investigated and it is
noticed that ITIFET performs better in the 4.8 to
4.9 eV work function range due to moderate
ON-OFF characteristics. At 1x10* cm= doping,
it shows improved lon drain current and short
channel performance. The gate length is varied from
14 nm to 30 nm and it has been observed that at
reduced channel length off state leakage current
increases and there is decrease in threshold voltage.
It exhibits enhanced gate electrostatics at higher
gate length (Lg). Also, there exists a trade-off about
controlling the SCE’s without increasing the off
state leakage current when gate oxide thickness is
reduced.

The device has improved on-state current of
64% in comparison to the conventional JLFET.
The device has the cut-off frequency in the range of
the THz. Hence device can be used for high
frequency applications such as microwave and radar
communication systems. But, as the device area
increases it leads to increase in the threshold voltage
as compared to JLFET.
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