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Abstract: This work presents the analysis of NCJLNW for low-
power analogue/RF applications. This device exhibits reduced
power consumption, fewer SCEs, lower leakage, and a higher
Low/Logrratio. The results indicate that the proposed device improves
the intrinsic gain, cut-off frequency, and transconductance and
reduces DIBL. The analysis of band energy, surface potential, and
electric field has also shown promising results. A ring oscillator
has been designed using this device; the study of the oscillator
reveals a lower operating voltage, resulting in reduced power
consumption and high noise immunity. The frequency of
oscillation is found to be higher at 172.1 GH7 at a channel length
of 20 nm.

Keywords: Drain Induced Barrier Lowering (DIBL),
Ferroelectric, Negative capacitance Junctionless Nanowire
(NCJLNW), Short Channel Effect (SCE).

I. INTRODUCTION

In the current scenario, there is a demand for low-power,

high-performance integrated circuits to provide longer
battery life and compact device size. To reduce the power
consumption, supply voltage needs to be scaled, but due to 60
mV/dec subthreshold swing limitation in conventional
MOSFETs, it can’t be reduced in exact proportion as the other
device dimensions [1]-[2]. The negative capacitance
technique is employed to overcome the Boltzmann limit,
thereby reducing power consumption. In this technique, a thin
layer of ferroelectric material is used in the gate stack to
generate negative capacitance [3]-[4]. Furthermore, at
smaller dimensions, an abrupt change in doping
concentration is required in conventional inversion-mode
devices. This sharp change in doping concentration requires
quite complex and costly fabrication steps.

To solve this difficulty, junctionless devices are being used in
the fabrication of ICs at smaller dimensions [5]. Researchers
have focused on junction-less transistors over the past few
years due to their ease of fabrication and enhanced short-
channel performance at smaller dimensions.
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There are fewer chances of the doping concentration variation
due to the diffusion of doped impurities during thermal
annealing [6]. Furthermore, the device's Nanowire structure
enables better gate electrode control over the channel and
reduces the impact of the drain electrode on the channel's
electrostatics. As a result, the short-channel effects in
Nanowire, such as the hot carrier effect, velocity saturation,
and DIBL, are reduced [7]. Negative capacitance can thus be
used as an option to improve sub-threshold swing while
consuming less power. The source, channel, and drain of the
junctionless transistors are uniformly doped, eliminating the
need for changes in doping concentration. They are depleted
due to the work function difference between the channel and
gate material in the off state. For complete depletion of the
channel in off condition, JLT devices are made thinner, and
for sufficient O, the N current doping concentration is kept
high [8]-[9]. A recently proposed concept, known as the
negative capacitance FET (NCFET), offers a substantially
high surface potential for low-voltage and low-power
applications. Recent years have seen the emergence of
NCFETs as an appealing alternative to CMOS devices,
allowing for decreased dynamic power with substantially less
leakage due to exceptionally low subthreshold swing (SS) in
comparison to conventional FETs [10]. Higher surface
potential is made possible by ferroelectric material in the gate
stack because of internal voltage amplification [11].
Ferroelectric materials exhibit spontaneous polarization and
hysteresis when subjected to an external electric field. SBT
(Strontium Bismuth Tantalite, SrBirTa;0O¢), PZT (Lead
Zirconate Titanate), and Barium Titanate (BaTiO;) are
examples of ferroelectric materials. Due to fabrication
benefits and better electrostatic behaviour, Si-doped HfO, is
favoured over other ferroelectric materials found in literature
[12]. Varying the

The doping concentration of Si-doped HfO, can change its
ferroelectric properties. Negative capacitance usually appears
in the ferroelectric's unstable state; thus, to use it in
semiconductor devices, we need to stabilize the ferroelectric's
negative capacitance state [13]. The employment of a
dielectric in stack with the ferroelectric material is the most
popular strategy for stabilizing the negative capacitance state.
To improve control over the gate in the channel, multi-gate
and surrounding gate devices are drawing the attention of
researchers. Nanowire is the structure of choice due to its
symmetrical structure and excellent control over the channel,
resulting in reduced short channel effects and improved
reliability [14].
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The negative capacitance-based junctionless Nanowire
provides improved ON current due to increased gate
capacitance. It reduces leakage current, DIBL, and
subthreshold swing, resulting in low power consumption and
enhanced performance.

Furthermore, to analyse the performance of the proposed
NCJLNW in analogue circuits, a ring oscillator using CMOS
inverters is designed using the mixed-mode technique in
Silvaco Atlas. Ring oscillators are used to produce high-speed
clock signals for both analogue and digital applications, as
well as high bandwidth. Static and transient analysis of the
NCJLNW-based inverter and ring oscillator is performed,
and various key parameters related to the circuits mentioned
above are analysed. The simulation details follow the
introduction section of the presented manuscript in Section 2.
Section 3 contains the analogue RF analysis of NCJLNW.
The study of mixed-mode circuits, such as inverters and ring
oscillators, is discussed in Section 4. The concluding remark
of the analysis is given in section 5.

II. DEVICE STRUCTURE AND SIMULATION
SETUP

Figure 1 shows a 3D schematic depiction of the NCJLNW. To
incorporate the adverse capacitance effect in the junctionless
transistor, a 4nm-thick ferroelectric layer is placed over a
Inm-thin SiO; layer. The device's channel length is 20 nm.
Table 1 shows the device dimensions and other material
parameters. The JLNW and NCJLNW have been analysed
using the Silvaco Atlas 3-D device simulator.

A S-nm-radius n-type ultrathin Si layer with a doping
concentration of 1 x 10719 atoms/cm”3 is used in the device.
To determine the channel's potential distribution and carrier
concentration, ATLAS solves a set of fundamental equations
for charge carriers. To get realistic results, appropriate
physical models and carrier statistics are used. Fermi-Dirac
statistics, field-dependent carrier mobility, velocity
saturation, and the Auger model for generation and
recombination are included—the model LKFERRO is used
to incorporate the Landau-Khalatnikov ferroelectric interface
model into the simulation. To simulate the ring oscillator,
Mixed-Mode analysis is performed in Silvaco Atlas. Mixed-
mode analysis can include the proposed devices in the circuit,
along with compact circuit models. SPICE and ATLAS
syntax are used together for Input file specification.

Table. I: Device parameters used for simulation

Ser. No. Parameter Value
1 Channel length 20 nm
2 Si0, thickness 1 nm
3 Ferroelectric thickness 4 nm
4 Si diameter 10 nm
5 Silicon film doping 1x10"atoms/cm?
6 Gate work function 52¢eV
7 Source/Drain work function 4.1eV
8 Remnant polarization (P;) 5 uC/cm?
9 Coercive field (E.) 1.1 MV/cm
10 Saturation polarization (P;) 9.5 uC/em?
11 Ferroelectric permittivity 30.25
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Fig. 1. (a) 3D view of NCJLNW, (b) 2D cross-section of NCJLNW

III. ANALOG RF ANALYSIS OF NCJLNW

To evaluate the performance of NCJLNW compared to
JLNW in analogue and digital circuit applications, a device-
level analysis of these devices is undertaken first. The device
properties of individual JLNW and NCJLNW have been
investigated in this section. To examine the usefulness of the
negative capacitance phenomenon in circuit applications, all
device parameters obtained for NCJLNW are compared with
those of JLNW. The device-level study of JLNW and
NCJLNW has then been extended to the circuit level in
Section 4 by employing these devices to create a CMOS
inverter and ring oscillator. Table I lists the device parameters
used throughout the analysis. Figure 2 shows the energy band
diagram of JLNW and NCJLNW at Vgs =0V and Vds=0 V.
We find that the use of negative capacitance increases the
barrier height, resulting in reduced leakage current.
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Fig.2. Band energy in JLNW and NCJLNW at V4s=0 and
Vgs=0
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Fig.3. Electric field in JLNW and NCJLNW

Figure 3 depicts a rise in the electric field in the channel of
NCIJLNW due to increased surface potential. Enhanced
surface potential and reduced subthreshold swing because of
ferroelectric material enhance the electric field at the source
channel and channel drain interfaces [15]. The increased
electric field causes carriers in the ON state to drift faster,
resulting in an elevated Io, and improved Ion/Iofs ratio.
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Fig.4. Potential in JLNW and NCJLNW

The variation of surface potential in JLNW and NCJLNW is
shown in Figure 4. NCJLNW has a substantially lower
surface potential in the channel region than JLNW in the off
state, resulting in a smaller amount of leakage current.
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Fig.5. (a) Id vs. Vgs and (b) Id vs. Vds in JLNW and
NCJLNW

NCJLNWs have a smaller surface potential in the
subthreshold region, resulting in a higher potential barrier and
reduced leakage. Additionally, in comparison to JLTs, the
drain current curves for NCJLTs become sharper, indicating
enhanced switching. The increase in Ionx and reduction in Iorr,
subthreshold swing and DIBL are indicated in Table II.
Further, the device properties of NCJLNW and its
conventional counterpart have been thoroughly discussed.
Drain  current (Ig), gate capacitance (Cg), and
transconductance (gm) are used to derive device analogue and
RF characteristics. At a given drain bias, transconductance is
defined as the ratio of the change in drain current to the gate-
to-source voltage (gm = Id/V;). It represents the gain, and its
high value implies that the device is performing well. The cut-
off frequency is the highest frequency at which a device can
function as an amplifier. The drain current equals the gate
current at this frequency, and the small-signal current gain
equals unity. (fr=gm/2m(CgtCqgq)) It is its mathematical
expression. Here, Cgs and Cgd are the gate-to-source and
gate-to-drain capacitances, respectively. The ratio of the
device's transconductance (gm) to its output conductance (gd)
is known as intrinsic gain (Av = gm/gq). It shows the device's
voltage gain, and a greater inherent gain value suggests better
performance [16]. The transconductance generation factor
(TGF) is the ratio of transconductance (gm) to the output
current (Ig). Higher TGF enables the circuit to work
efficiently at lower supply voltages and to consume less
power. The TGF mathematically illustrates the power-delay
trade-off. The product of transconductance and cut-off
frequency is the Transconductance frequency product (TFP =
TGF x {T).

Table. II: DC parameter values in JLNW and NCJLNW

3 © Copyright: All rights reserved.

Ser No Parameter JLNW NCJLNW
1 Threshold voltage (V) 0.22 0.26
Subthreshold swing
2 (mV/dec) 64.7 442
3 On current (A) 2.36x10* 3.29x10*
4 Off current (A) 8.11x101° 1.47x107?
5 Lon/Logr ratio 2.91x10° 2.23x108
6 DIBL (mV) 28 16
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It indicates a trade-off between power and bandwidth
[17][18].

For JLNW and NCJLNW, Figures 5(a) and 5(b) show drain
current vs. gate voltage and drain current versus drain
voltage, respectively. The ability of NCFETs to enhance
surface potential with respect to the gate voltage is
represented by the peak in current for NCJILNW in Figure 5.
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Fig. 6. Cgs vs Vgs and Cgd vs Vgs in JLNW and
NCJLNW

For JLNW and NCJLNW, Figure 6 illustrates how the gate-
to-source capacitance (Cgs) and gate-to-drain capacitance
(Cgd) change with the gate voltage. When comparing
NCFETs to standard JLTs, the improvement in gate
capacitance is noticeable. The use of ferroelectric material
results in a considerable increase in gate capacitance. These
high gate capacitance values result in improved switching
behavior of NCFETs, which is critical in digital circuit
applications.

The fluctuation in intrinsic gain and cut-off frequency with
regard to Vg for JLNW and NCJLNW is shown in Figure 8.
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The intrinsic gain of NCJILNW is larger than that of JLNW
and has a greater cut-off frequency than JLNW at lower Vg
levels. NCJLNW, on the other hand, has a lower cut-off
frequency than JLNW at larger Vg levels.
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Fig. 9. TGF vs Vgs and TFP vs Vgs in JLNW and
NCJLNW

For high-frequency applications, the transconductance
frequency product (TFP) is an essential characteristic. Figure
9 shows TFP as a function of V. For a lower gate voltage
value, NCJILNW has a higher TFP than JLNW; as Vgs
increases, the TFP value drops. TGF is highest at the device's
sub-threshold area, as seen in Fig. 9. NCILNW
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Fig.10. Early Voltage vs. Vgs for JLNW and NCJLNW at
Vds=1V

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://doi.org/10.35940/ijitee.D9464.0312423
http://doi.org/10.35940/ijitee.D9464.0312423
http://www.ijitee.org/

OPEN aACCESS

has a larger TGF than JLNW at lower gate voltages,
indicating a high gain per unit of power dissipation [19]. Both
devices have virtually identical TGF when Vg is increased.

Table. II1: Analog / RF Parameter Values

Ser No Parameter JLNW NCJLNW

1 Transconductance (S) 4.2x10* 5.5x10*

2 Output conductance (mS) 3.02 4.16

3 Intrinsic gain 2.39 243

4 Cutoff frequency (Hz) 1.35x10"! 1.71x10"
Transconductance

3 generation factor (V') 16.9 193
Transconductance 2 2

frequency product (Hz/V) 1.42x10 1.73x10
7 Early voltage (V) 0.69 1.03

Early voltage (VEA = 1d/gg) is the ratio of drain current to
output conductance. The device's output conductance should
be low, resulting in a greater early voltage value. For proper
device operation, this should be as high as possible. Figure 10
shows the early voltage variation, indicating that NCJLNW's
value is 26.8% greater than JLNW's, demonstrating better
analogue performance. Table III presents the peak values of
various analogue parameters. Negative capacitance increases
transconductance by 30.9 %, intrinsic gain by 1.6 %, cut-off
frequency by 26.6 %, TGF by 15.3 %, TFP by 21.8 %, and
early voltage by 49.2%. The improved performance metrics
of the NCJLNW device suggest that it is a suitable choice for
analogue applications.

IV. RING OSCILLATOR CIRCUIT USING NCJLNW

In this section, a high-performance and power-efficient ring
oscillator circuit is designed using the negative capacitance-
based JLNW. As shown in Figure 11, a ring oscillator is made
up of three inverter stages in cascade. The performance of
individual inverter stages is analysed in the next part of
Section 3 of the manuscript. All three inverter stages are
assumed to be identical, and the output load capacitances are
expected to be equal with the value (Cp=Cr,=Cp3;=C=6fF).
Furthermore, the output load capacitance affects the delay
computation in a CMOS inverter. The entire parasitic
capacitances between the output node and the ground can be
combined to compute the accurate value of the output load
capacitance [20]. The parasitic capacitances in nano-scaled
transistors are Cgs, Cgd, Csb, and Cgp. Furthermore, because the
source-substrate potential is kept at zero in P-type and N-type
JLNW, the source-to-bulk capacitance (Cs) has essentially
little effect on the transient characteristics of CMOS
inverters. The drain-to-bulk parasitic capacitance (Cdb), the
gate-to-source capacitance (Cgs), and the gate-to-drain
parasitic capacitance (Cg) will all be included in the
computation.

——— Vb
vV,

Hv,

_Iﬁ = _Iﬁ== _Iﬁ L
C1 C2 C3

Fig.11. Three-Stage Ring Oscillator Circuit Designed
Using Proposed NCJLNW
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Fig.12. Ring Oscillator Output

For L = 20 nm, the maximum output load capacitance (Cr
= Cgdp T Coan+ Cgsp+ Cosn T Cavp + Capn) is calculated as
3.257 {F, and it significantly reduces with channel length
scaling. To investigate the parasitic behavior of the proposed
device at smaller dimensions, we used the maximum value of
parasitic load capacitance Cp = 6 fF. The transient and DC
analysis of the proposed individual inverter stage has been
performed in the next section using the ATLAS Silvaco
numerical simulator.

The frequency of the generated output of the oscillator, as
simulated, is 172.1 GHz. Its value, calculated using the
formula in Equation 1, is found to be 171.3 GHz, as shown in
Table I'V. This result indicates that the NCJLNW can be used
in high-frequency analogue applications. The frequency of
oscillation in a ring oscillator is given by:

1
fosc =

(1

2 N TpNCJLNW

Where N is the total no of stages and Tyncynw indicates the
propagation delay of an individual inverter stage.

—— JLNW
—8— NCILNW
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Fig.13. DC Characteristics of Inverter using JLNW and
NCJLNW

A CMOS Inverter designed using NCJLNW is used as the
basic building block of a three-stage ring oscillator. The
sensitivity of integrated circuits to noise is crucial, as they
operate at extremely low signal levels. The noise margin
(NM) is the amount of noise that a circuit can tolerate.
Furthermore, the logic circuit may not function properly,
raising a concern about its
reliability.
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As a result, the NMs must be as high as possible [21]. High
NMs, on the other hand, cause huge voltage excursions,
resulting in longer delays and increased power dissipation. As
a result, a trade-off must be maintained between NMs,
latency, and power.

NML =V - VoL 2
NMk=u = Vou - Vi 3)

Based on equations (2) and (3), NMs are calculated for the
proposed inverter circuit. NM and NMy are Low and high
NMs, respectively. Furthermore, VIL and VOL in Eq. (4)
represent low-level input and output voltages, respectively,
while VIH and VOH denote high-level input and high-level
output voltages, respectively. It is worth mentioning here that
the value of VOL can be assumed to be low, tending to 0 V,
and VOH is equal to VDD (i.e., 1 V). From simulated VTC
(figure 13), we find Vor, ncitnw = 0V, Vou, ncienw =1V, Vi,
Nesnw =0.44V and Vi, neionw =0.52V. Therefore, from
Equations 2 and 3, NML and ncjinw are 0.44 V and 0.48 'V,
respectively. Similarly, for JLNW, it is found that VOL,
JLNW =0V, VOH, JLNW =1V, VIL, JLNW = 0.42 V, and
VIH, JLNW = 0.54 V. Therefore, from Equations 2 and 3,
NML, JLNW, and NMy, nnw are 0.42 V and 0.46 V,
respectively. A smaller noise margin indicates that a circuit is
more sensitive to the noise.

Table IV: Oscillation Frequency of 3-Stage Ring

Oscillator
. . . Oscillation Frequency
Ser No. | Device for ring oscillator (GHz)
1 JLNW 137.4
NCJLNW 172.1

Based on propagation delays, the transient analysis of the
proposed inverter circuit is discussed. The propagation delay
affects both dynamic power dissipation and frequency [22]-
[23]. As a result, the IC designer’s primary concern is timing
analysis. The time it takes for a circuit to produce an output
as soon as the input is applied is known as propagation delay.
The average of two forms of propagation delays that must be
encountered to evaluate the timing limitations of the proposed
circuit is the propagation delay of a CMOS inverter. These
delays depend on the transition from low to high voltage
levels and vice versa. The first one is Purjnw, which is
calculated based on the transition from high to low (1 * 0).
For the transition from low to high (0-1), Prminw is
considered.

Table- V: Inverter Delay in JLNW and NCJLNW

Ser No. Device Propagation Delay (ps)
1 JLNW 2.04
2 NCJLNW 1.18

From Table V, it can be seen that the NCJLNW has a
relatively minor propagation delay of 1.18 ps compared to
2.04 ps for the JLNW-based device. The reduction in delay is
due to the reduced subthreshold swing achieved by using the
negative capacitance technique. This results in faster
switching from the off state to the ON state, yielding a quicker
transition and a steeper curve. The reduction in propagation
delay makes NCJLNW a suitable candidate for high-
performance, low-power, low-noise, and high-speed
analogue circuits.
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V. CONCLUSION

The analogue performance of metal ferroelectric insulator
semiconductor (MFIS)-structured NCJLNW has been
investigated. The negative capacitance approach reduces the
subthreshold swing and OFF current, while increasing the ON
current. Furthermore, it improves the GM, fT, TGF, and TFP
of the device, indicating better analogue performance. The
proposed NCJLNW-based CMOS inverter has a high noise
margin and closely follows the supply voltage scaling trends.
The intended ring oscillator has an individual inverter delay
of 1.18 ps, and the oscillation frequency is calculated to be
172.1 GHz. Thus, the investigated nano-scaled device could
be a suitable alternative for designing high-density ICs with
low power and high performance in biomedical and sensor
applications.

ACKNOWLEDGMENT

One of the authors, Mr. Manish Kumar Rai, acknowledges
the VLSI Lab, Department of Electronics Engineering,
MNNIT Allahabad, Prayagraj, India, for providing resources.

DECLARATION
Funding/ Grants/ No, we did not receive
financial support from any

Financial Support funding agency.

The authors declare that there
Conflicts of Interest/ is no conflict of interest
Competing Interests regarding the publication of
this paper.

No, the article does not require
ethical approval or consent to
participate, as it presents
evidence that is not subject to
interpretation.

Ethical Approval and
Consent to Participate

Availability of Data and
Material/ Data Access
Statement

Not relevant.

All  authors have made
substantial contributions to the
conception and design, or
acquisition of data, or analysis
and interpretation of data;
have been involved in drafting
the manuscript or revising it
critically ~ for  important
intellectual content, and have
given final approval of the
version to be published. Each
author  has participated
sufficiently in the work to take
public  responsibility  for
appropriate portions of the
content. All authors read and
approved the final manuscript.

Authors Contributions

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://doi.org/10.35940/ijitee.D9464.0312423
http://doi.org/10.35940/ijitee.D9464.0312423
http://www.ijitee.org/

OPEN aRCCESS

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

S. Salahuddin and S. Datta, "Use of Negative Capacitance to provide
voltage amplification for low power nanoscale devices," Nano Letters
8, no. 2, pp. 405-410, 2008. [CrossRef]

Boscke, T. S., Miiller, J., Brauhaus, D., Schroder, U., & Bottger, U.
“Ferroelectricity in hafnium oxide thin films”. Applied Physics
Letters, 99(10), 102903, 2011. [CrossRef]

Kittl, J. A., J-P. Locquet, M. Houssa, and V. V. Afanasiev. "A critical
analysis of models and experimental evidence of negative capacitance
stabilization in a ferroelectric by capacitance matching to an adjacent
dielectric layer." arXiv preprint ar Xiv: 2003.00424, 2020.

Jimenez, D., Miranda, E., & Godoy, A. “An analytic model for the
surface potential and drain current in negative capacitance field-effect
transistors” IEEE Transactions on Electron Devices, 57(10), 2405-
2409, 2010. [CrossRef]

Colinge, Jean-Pierre, Chi-Woo Lee, Aryan Afzalian, Nima Dehdashti
Akhavan, Ran Yan, Isabelle Ferain, Pedram Razavi et al. "Nanowire
transistors without junctions." Nature nanotechnology 5, no. 3: 225-
229, 2010. [CrossRef]

Colinge, J. P, C. W. Lee, N. Dehdashti Akhavan, R. Yan, I. Ferain, P.
Razavi, A. Kranti, and R. Yu. "Junctionless transistors: physics and
properties." In Semiconductor-On-Insulator Materials for
Nanoelectronics  Applications, pp. 187-200. Springer, Berlin,
Heidelberg, 2011. [CrossRef]

Liu, T. Y, Pan, F. M., & Sheu, J. T. “Characteristics of gate-all-around
junctionless polysilicon nanowire transistors with twin 20-nm
gates” IEEE Journal of the Electron Devices Society, 3(5), 405-409,
2015. [CrossRef]

Rai, Manish Kumar, Abhinav Gupta, and Sanjeev Rai. "Comparative
Analysis & Study of Various Leakage Reduction Techniques for Short
Channel Devices in Junctionless Transistors: A Review and
Perspective." Silicon: pp. 1-23, 2021. [CrossRef]

Mendiratta, Namrata, and Suman Lata Tripathi. "18nm n-channel and
p-channel Doping less asymmetrical Junctionless DG-MOSFET: low
power CMOS based digital and memory applications." Silicon (2021):
1-12. [CrossRef]

Cheng, C. H., Fan, C. C., Tu, C. Y., Hsu, H. H., & Chang, C. Y.
“Implementation of dopant-free hafnium oxide negative capacitance
field-effect transistor”. IEEE Transactions on Electron Devices, 66(1),
825-828, 2018. [CrossRef]

Mehta, Hema, and Harsupreet Kaur. "Impact of Gaussian doping
profile and negative capacitance effect on double-gate junctionless
transistors (DGJLTs)." IEEE Transactions on Electron Devices 65, no.
7:2699-2706, 2018. [CrossRef]

Lin, C. 1., Khan, A. I., Salahuddin, S., & Hu, C. “Effects of the variation
of ferroelectric properties on negative capacitance FET
characteristics”. IEEE Transactions on Electron Devices, 63(5), 2197-
2199, 2016. [CrossRef]

Hoffmann, Michael, Milan Pesi¢, Stefan Slesazeck, Uwe Schroeder,
and Thomas Mikolajick. "On the stabilization of ferroelectric negative
capacitance in nanoscale devices." Nanoscale 10, no. 23: 10891-
10899, 2018. [CrossRef]

Choi, Y., Hong, Y., & Shin, C. “Device design guideline for junctionless
gate-all-around Nanowire negative-capacitance FET with HfO2-based
ferroelectric gate stack”. Semiconductor Science and
Technology, 35(1), 015011, 2019. [CrossRef]

Gaidhane, A. D., Pahwa, G., Verma, A., & Chauhan, Y. S. “Compact
modelling of drain current, charges, and capacitances in long-channel
gate-all-around  negative capacitance MFIS transistor”. IEEE
Transactions on Electron Devices, 65(5), 2024-2032, 2018. [CrossRef]
Si, Peng, Kai Zhang, Tianyu Yu, Zhifeng Zhao, and Wei Feng Lyu.
"Analogue/RF Performance Analysis of Nanometer Negative
Capacitance FDSOI Transistors" Informac ije MIDEM 50, no. 1: 47,
2020.

Rai, S. “Reliability analysis of Junction-less Double Gate (JLDG)
MOSFET  for analogue/RF  circuits for high linearity
applications”. Microelectronics Journal, 64, 60-68, 2017. [CrossRef]
Choi, S. J., Moon, D. I, Kim, S., Ahn, J. H., Lee, J. S., Kim, J. Y., &
Choi, Y. K. “Non-volatile memory by all-around-gate junctionless
transistor composed of silicon nanowire on a bulk substrate”. /EEE
Electron Device Letters, 32(5), 602-604, 2011. [CrossRef]

Roy, Nirmal Ch, Abhinav Gupta, and Sanjeev Rai. "Analytical surface
potential modelling and simulation of the junction-less double gate
(JLDG) MOSFET for ultra-low-power analogue/RF circuits."
Microelectronics Journal 46, no. 10: 916-922, 2015. [CrossRef]
Srivastava, Nilesh Anand, Anjali Priya, and Ram Awadh Mishra.
"Analogue and radio-frequency performance of nanoscale SOI
MOSFET for RFIC-based communication systems." Microelectronics
Journal 98: 104731, 2020. [CrossRef]

Retrieval Number: 100.1/ijitee.D94640312423
DOI: 10.35940/ijitee.D9464.0312423
Journal Website: www.ijitee.org

International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075 (Online), Volume-12 Issue-4, March 2023

21. Gupta, A., Rai, M.K., Pandey, A.K., Pandey, D. and Rai, S. “A Novel
Approach to Investigate Analogue and Digital Circuit Applications of
Silicon Junctionless-Double-Gate (JL-DG) MOSFETs”. Silicon,
14(13), pp.7577-7584, 2022. [CrossRef]

22. Srivastava, Nilesh Anand, and Ram Awadh Mishra. "Linearity
distortion assessment and small-signal behaviour of nano-scaled SOI
MOSFET for terahertz applications." ECS Journal of Solid State
Science and Technology 8, no. 12, 2019. [CrossRef]

23. Srivastava, Nilesh Anand, Anjali Priya, and Ram Awadh Mishra.
"Performance Analysis of Gate-Stack Nanoscaled Recessed-S/D SOI-
MOSFET for Analogue Applications." In Recent Trends in Electronics
and Communication, pp. 613-624. Springer, Singapore, 2022.
[CrossRef]

AUTHORS PROFILE

Manish Kumar Rai received the B. Tech degree in

Electronics and Communication Engineering from J. K.

' Institute of Applied Physics and Technology, University
“—r of Allahabad, India, in 2008, and the MTech degree in
Microelectronics and VLSI design from MNNIT
Allahabad, Prayagraj, India, in 2014, where he is
currently pursuing the PhD degree with the Department
of Electronics and Communication Engineering. His research interests
include modelling and simulation of negative capacitance-based junctionless

devices. Email: mrai@mnnit.ac.in

Sanjeev Rai received the BE degree from the
Government Engineering College, Raipur, MP (Now NIT
Raipur), the M.Tech degree from MNNIT Allahabad, and
PhD from MNNIT Allahabad. Since 2018, he has been an
Associate Professor in the Department of Electronics and

P Communication Engineering at MNNIT Allahabad. His
! £l / areca of research includes semiconductor devices,
modelling and simulation, and the design and analysis of analogue circuits
and low-power devices. Email: srai@mnnit.ac.in

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

7 © Copyright: All rights reserved. Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijitee.D9464.0312423
http://doi.org/10.35940/ijitee.D9464.0312423
http://www.ijitee.org/
https://doi.org/10.1021/nl071804g
https://doi.org/10.1063/1.3634052
https://doi.org/10.1109/TED.2010.2062188
https://doi.org/10.1038/nnano.2010.15
https://doi.org/10.1007/978-3-642-15868-1_10
https://doi.org/10.1109/JEDS.2015.2441736
https://doi.org/10.1007/s12633-021-01181-6
https://doi.org/10.21203/rs.3.rs-731654/v1
https://doi.org/10.1109/TED.2018.2881099
https://doi.org/10.1109/TED.2018.2832843
https://doi.org/10.1109/TED.2016.2514783
https://doi.org/10.1039/C8NR02752H
https://doi.org/10.1088/1361-6641/ab5775
https://doi.org/10.1109/TED.2018.2813059
https://doi.org/10.1016/j.mejo.2017.04.009
https://doi.org/10.1109/LED.2011.2118734
https://doi.org/10.1016/j.mejo.2015.07.009
https://doi.org/10.1016/j.mejo.2020.104731
https://doi.org/10.1007/s12633-021-01520-7
https://doi.org/10.1149/2.0201912jss
https://doi.org/10.1007/978-981-16-2761-3_55
mailto:mrai@mnnit.ac.in
mailto:srai@mnnit.ac.in

