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Abstract

In contrast to the classical p-n MOSFET, a Junctionless transistor features identical doping in the source, channel, and drain
regions, resulting in a negligible concentration gradient. The Junctionless transistor switches off because of the distinction in the
semiconductor’s work function and the gate material. Transistors without junctions provide a substantial edge compared to
conventional MOSFET devices. Their advantage lies without a p-n junction, leading to simplified fabrication process and
improved SCEs. With fabrication of initial Junctionless transistors, many other transistors of this kind have been proposed and
investigated. One of them being the core-shell structure. The core-shell design confers inherent benefits to Junctionless (JL)
MOSFETs, overcoming the poor mobility, requirement of negative threshold voltage, and stochastic dopant variations, while
preserving the merits of the Junctionless transistors. In this paper, the core-shell junction-less transistor is reviewed based on
optimizations of core doping succeeded by variations in the length of the gate and the effect of different dielectrics. The study
seeks to conduct a simple but comprehensive evaluation of the performance of core-shell junction less FET based on aforesaid
parameters to better understand the device's operational capabilities. Figure of merits, especially the ratio of lon/log, DIBL, as
well as Sub-threshold slope, were investigated to emphasize the merits and demerits of different doping profiles and gate length
variation. It is demonstrated that an oppositely doped core surrounded by a shell was found to achieve a lower leakage current
with a 20 nm length of channel and dielectric constant of 15, performing better than an undoped shell structure. The ratio of
on/off current was nearly 10'2. Additional benefits include 60.61mv/decade SS and DIBL of 8.5mV/V-1.
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I Introduction

At present, IC’s are prevalent in multiple aspects of life, from desktops to handheld gadgets. With economic and
technological progress, demand rises for better efficiency and greater mobility in electronics.

As manufacturing technology progresses, planar MOSFETs shrink, reducing channel length. Consequently, SCE inevitably
arises. Recent semiconductor advancements enable exploration of alternative transistor fabrication methods.The goal is to
reduce size, increasing transistor density and enhancing performance [1]. Scaling primarily focuses on controlling short-
channel effects that impact device efficiency. A multi-gate design significantly enhances electrostatic stability, providing
better resistance to short-channel effects [2].

Among multi-gate designs, the CSG MOSFET excels due to superior characteristics, as the gate's full control over the silicon
film effectively removes corner effects [3,4]. Although multi-gate MOSFETs improve gate control, optimizing the
drain/source profile is crucial to limiting short-channel effects and reducing series resistance [5].This challenge is effectively
tackled by adopting a Junctionless (JL) architecture, eliminating the need for p-n junctions. The device was first developed
at Tyndall National Institute, Ireland. However, physicist Julius Edgar Lilienfeld initially patented the junctionless transistor
principle in 1925. Unlike other transistors, the Lilienfeld design lacked junctions. While a junctionless transistor may seem
unconventional, the term "transistor" itself does not inherently denote junctions.

Precisely, the Lilienfeld transistor is a gated trans-resistor, meaning it acts as a resistor controlled by gate that in turn
controls carrier density as well as flow. Despite being the earliest patented design, technological constraints in Lilienfeld’s
time made practical fabrication impossible. On account of technological barrier, Colinge et al. took nearly 85 years to
develop the first Junctionless nanowire transistor. These devices offer complete CMOS functionality, featuring an almost
ideal subthreshold slope, extremely low leakage current, and minimal mobility degradation with gate voltage variations [6].
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Fig. 1: Structure of Junctionless nanowire transistor [23]

The unparalleled simplicity of JL transistors is what makes them appealing. With a doping profile in the range of 1019 cm3,
the device thickness typically needs to be around 5—-10 nm. The negative repercussions of high doping include: typically
operating in a normally-on state accompanied by a negative VTH, unavoidably diminished mobility of carrier, erratic doping
variations, heightened impact ionization, and so on.

Fig. 2: TEM photograph of a JNT [22]

1. Threshold voltage in Junctionless transistors

Junctionless devices offer great adaptablity in attaining various VTH by adjusting their dimensions [18]. They even exhibit
greater threshold voltage reliance on temperature compared to trigate devices [19, 20]. This work presents an analytical
model for JNT threshold voltage, emphasizing Cg(ox and temperature dependence. The prototype accounts for nanowire
W, H, doping concentration, thickness, as well as temperature. In JNTs, Vth is determined by depletion region depth rather
than accumulation or inversion layer formation. According to Jean-Pierre Colinge, a simple yet effective physical model
incorporating bulk and accumulation currents in JLFETSs is as follows [19].
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. Capacitance at Gate oxide

Iv.
The Cg/l is typically evaluated as :

Cox = (gox.P/tox),
neglecting corner capacitance. This approximation holds when thickness of oxide is much smaller than Width and/or H,
such as Width = Height = 60 nm and tox = 2 nm (oxide thickness is 3% of Width and/or Height). However, in smaller devices
like JNTs, the tox becomes analogous to Width and Height, e.g., Width = H = 10 nm and tox = 2 nm (tox is 20% of W and/or
H). In this case, corner capacitance significantly impacts performance and cannot be ignored. To achieve more accurate
oxide capacitance values

P
_+f

0x

Cox = €ox

Here, f : corner capacitance, which remains independent of device dimensions.

V. VARIANT OF JUNCTIONLESS TRANSISTOR

Recently introduced a core-shell variant of the Junctionless transistor, addresses the shortcomings of a traditional
Junctionless transistor, for instance, inferior mobility, random dopant fluctuations, and negative threshold voltage, while
preserving its distinctive characteristics of lacking junctions [7][8].
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Fig. 2: Structure of core-shell junction-less transistor

Various studies have explored different core structures and the number of gates surrounding the core-shell configuration
to date. The core-shell architecture consists of a shell without doping encompassing a highly concentrated doped core,
resulting in a high charge, off-state operation, outstanding mobility, and current drive with very high values [7][8]. The
addition of a core, doped with an opposite charge interposed between the shells, in the GAA junctionless field-effect
transistor, further enhances its performance [8].

A projected improved Core-Shell Dual Gate Junctionless MOSET with heavily doped drain as well as source regions displays
a small leakage current with an on-state current at a higher value [9][11]. The Core-Shell-Nanowire-Junctionless-
Accumulation-Mode-Field-Effect Transistor demonstrates high transconductance, drain current, Subthreshold Slope, ratio
off lon/loff, cut-off frequency, and output conductance compared to the Nanowire-Junctionless-Accumulation-Mode-FET
[10]. The study of the rectangular CSDG junctionless transistor in terms of the spacer dielectric and dielectric at the gate
shows enhanced efficiency when the core thickness exceeds 3 nm with a dielectric with high k while the core doping is
reduced. Additionally, the impact of incorporating spacers indicates optimal device performance with a core thickness of 4
nm along a gate dielectric with lower k. [13].

Core-shell dual-gate (CSDG) junctionless transistors have been investigated for their potential applications in neuromorphic
hardware and synaptic devices. These transistors utilize floating body effects, charge trapping, and optimal device design
for long-standing depression operations [9][14]. The CSDG nanowire transistor has shown promising results in system-level
simulations, achieving high recognition accuracy in pattern recognition tasks [15]. Additionally, the CSDG nanowire
transistor is well-suited to CMOS technology, rendering it a compelling contender for neuromorphic hardware
implementation [11].

When comparing the performance of misaligned gate classical DGILFET with rectangular core-shell (RCS) based JL FETs, it’s
evident that the projected RCS-based structure demonstrates enhanced performance in the condition of a perfectly
aligned gate. Furthermore, it exhibits reduced sensitivity to the effects of misalignment of gates compared to classical
JLFETSs. Specifically, the rectangular CS double gate JLT demonstrates a tolerance boundary of fifty per cent misalignment of
the gate, while the conventional structure lacks flexibility in handling gate misalignment.[16]. By ensuring that both the
core and shell thicknesses are set to 3 nanometers each, according to the investigation, 20% of misalignment of the gate on
both margins of the channel does not significantly affect the performance constraints. This finding alleviates the pressure
to achieve perfect gate alighment [17]. The optimal parametric values, such as an OFF current of approximately 10716A, an
ON current of around 10-°A, an Subthreshold Swing of approximately 66.2 mV/decade, an lon/lofr ratio of approximately
109, DIBL of about 42.1 mV/V, and a Vi, of roughly 0.56 V under faultlessly aligned gate conditions, are achieved by
maintaining both core and shell thicknesses at three nanometer each.

The characteristics (Iqvs Vgs) of both traditional Nanowire JLFETs and core-shell JLFETs, have been contrasted across various
active deposit thicknesses. With a silicon layer of dimension 10 nanometers, the core-shell JLFET demonstrates a
remarkable reduction in OFF current by 4 folds, resulting in a substantially high lon/loer of 101°. Additionally, it's observed
that the logf rises with the decrease in the doping level of the p+ core.
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The suggested nanotube semi-JTFET, featuring Ge in the source and Gallium Arsenide as the drain, achieves a nearly 100-
fold increase in on-state drive current contrasted with traditional nanowire TFETs. On analysing the sensitivity of the
primary electrical variables, it is suggested that the doping concentrations of the source and channel and the metal gate
work function prove to be crucial design constraints that significantly impact the efficiency of the device. A higher
subthreshold swing in the NSJTFET compared to the conventional TFET, having, an SS of 25 mV/dec suggests that the
NSJTFET may have a slightly less efficient switching performance [12].

On comparing the transfer characteristics of the Core-shell JLFET, having a shell thickness of 2 nm with the Nanowire JLFET
with diameters of 10 nanometres and 20 nanometres, it is observed that CSILFET with 20 nm diameter have comparable
characteristics with nanowire of diameter 10 nm. Whereas, NW Junctionless FET with a diameter of 20 nm show a higher
drain current for the same Vgs.

Increasing the doping concentration of the Polysilicon gate in DG JL MOSFET can also reduce leakage current, but it results
in low lon.

The cut-off frequency of the modified CS dual gate JLMOSFET increases as the length of the gate decreases, reaching up to
600-900 GHz, making it a promising candidate for the THz gap [9].

VI. Conclusion

The use of alternative materials like indium-gallium-arsenide, GaN, and germanium is limited due to charge trapping at the
interface and interface defects. However, JLFETs can efficiently utilize these high-mobility materials since bulk carriers are
less influenced by the interface.

Due to the volume conduction mechanism in junctionless transistors, the interaction between the dielectric interface and
carrier flow is reduced. As a result, they demonstrate higher immunity to defects and interface traps compared to Ge
MOSFETs [22-24]. Additionally, Ge JLFETs exhibit a band gap of 2.36 eV when the film thickness is 1 nm, which decreases to
0.86 eV at 3 nm thickness [25]. By surrounding a heavily doped core with an undoped shell, the transistor achieves off-state
operation, outstanding mobility, and usually high current drive with high charge. The addition of the undoped shell
eliminates the weaknesses of a traditional JLFET, like degraded mobility, opposite threshold voltage, and arbitrary dopant
fluctuations, even though maintaining its attractive properties. In the projected rectangular CS-Dual Gate JLMOS, the
presence of an opposite doping core results in a significant depletion effect, improving the device's performance. The
doping profiles, dielectric constants, thickness of gate oxide and silicon, and core doping are all factors that can be varied
to study the potential profile and transfer characteristics of the core-shell junctionless transistor.

Additionally, approximating SCEs in shell-doped DG JL MOSFETs highlights the usability of shell doping as well as core
thickness in controlling SCEs and optimizing the core-shell JL architecture for low-power applications. The core-shell
architecture in the CS GAA JLFET, with a differently doped core, interposed between the shells, contributes to performance
improvements. CS GAA JLFET has the potential to elevate the efficiency of junctionless FET, offering better control over
device operation and improved energy efficiency.

Nearly all Junctionless device topologies exhibit a higher lon/loff ratio along with improved DIBL and SS values. Junctionless
transistors present a promising alternative to traditional MOSFETs and have the potential to replace them in future
technologies.
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