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The advent of nanotechnology has significantly influenced the development of advanced transistor
architectures, such as the Junctionless Field Effect Transistor (JLFET). Among various designs, mainly
surrounded channel Junctionless field effect transistor (SCJLFET) is a structure without junction where the
gate is placed inside the body of the device or in other words the gate is surrounded by the channel region. In a
device based on MOS structure the most important parameter is the threshold voltage. This paper presents a
comprehensive analytical method for determining the threshold voltage (Vth) of the surrounded channel
Junctionless FET (SCJLFET). For a Junctionless field effect transistor (JLFET) the thresh-old voltage can be
explained as the maximum value of gate voltage at which the value of the depletion width exactly equals to the
thickness of the Si region. If the value of the gate voltage is above the value of the threshold voltage, the
depletion width value is less than the thickness of the Si region then the device is turned on. The threshold
voltage model for double gate JLT has also been obtained from the depletion width model. In this paper it is
presented that the novel model SCJLFET exhibits much better characteristics compared to other conventional
structure, incorporating key design parameters such as channel length, work function, drain voltage, gate oxide
thickness, dielectric constant of gate dielectric and temperature. The threshold voltage model has been
simulated in MATLAB simulation environment. Result obtained in the simulation work in MATLAB has been
compared with the simulation result obtained from TCAD.
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1. INTRODUCTION investigated. Analytical models for long channel DG
JLFETs are developed in [4, 5], incorporating bulk
current behavior and quantum effects in the sub
threshold region. Short-channel effects, which challenge
the scalability of transistors, have been a focus of several
studies. In [6] A novel approach to model threshold
voltage and subthreshold current of graded-doped
junctionless-gate-all-around has been reported, while
Chiang [7] proposed a quasi-two-dimensional threshold
voltage model to account for these phenomena.

The ever-increasing demand for miniaturized and
energy-efficient electronic devices has driven the
development of mnovel transistor designs. JLFETSs
eliminate traditional source/drain junctions, simplifying
fabrication and reducing short-channel effects. The
surrounded channel JLFET, characterized by a channel
encircling the gate, enhances gate control over the
channel potential, making it a promising candidate for
future technology nodes. The foundational insights into

the proper-ties and design considerations of Junctionless
nanowire transistors, highlighting their potential for
scaling and reduced fabrication complexity in [1].
Further, [2] elaborated on the physics and operating
principles of these devices, cementing their role in
emerging low-power and high-performance nano systems.
Different  configurations studies of Junctionless
transistors, including double-gate (DG) and surrounded-
gate architectures. In [3] the analog and RF performance
of  surrounded-gate  Junctionless  graded-channel
MOSFETSs, demonstrating their improved stability and
suitability for modern electronic applications are
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Threshold-voltage variability in DG JLTs [8],
emphasizing the impact of fabrication-induced variations.
The sensitivity of device performance to structural
parameters, such as nanowire width and doping profiles
explored in [9, 10]. Further refinements in device
modelling include the introduction of advanced doping
profiles and material configurations. An analytical model
for DGJLFETs with a vertical Gaussian-like doping
profile [11], offering improved control over threshold
voltage. Threshold voltage model development of N+
pocket vertical junctionless TFET (V-JL-TFET) as a label
free biosensor analyzed in [12]. The threshold voltage of
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nanotube-based JLFETSs, emphasizing the role of core-
and-outer gate interactions examined in [13]. Research
on surrounded-channel Junctionless field-effect
transistors (SCJLFETSs) has also progressed significantly.
Extensively contribution [14-18] to this domain by
modelling channel potential, resistance-based drain
current, and depletion width, and analysing their high-
power performance. SCJLFET exhibits comparatively
higher ILon/Lof ratio, lower sub threshold swing and higher
threshold voltage than a conventional JLFET. Their work
demonstrated the versatility of SCJLFETs in power
electronics and inverter circuits. These studies
underscore the importance of surrounded-channel
designs in enhancing device stability and scalability.
Simulation studies have further validated these
theoretical findings. The [19] conducted simulations on
raised source-drain DGJLFETs, high-lighting their
potential to mitigate short-channel effects and improve
device reliability and [20] extended these investigations
to analyze the performance of SCJLFETs in specific
applications, such as full-bridge inverters. Collectively,
this paper illustrates the advancements in modelling,
design, and application of Junctionless transistors. The
shift from traditional junction-based devices to
Junctionless architectures, particularly in double-gate
and surrounded-channel configurations, presents a
promising avenue for next-generation electronic devices.
Threshold voltage (Vin) plays a pivotal role in
determining the device's switching characteristics and
overall performance. Although numerical simulations
provide accurate Vin estimates, analytical methods offer
deeper physical insight and computational efficiency.
This paper develops an analytical approach to determine
the threshold voltage of the surrounded channel JLFET.
The objective of the paper is to obtain a fully analytical
mathematical model for the threshold voltage of a
SCJLFET. The analytical model helps designers to
design the required device with minimum time.

2. METHODOLOGY

This paper uses an analytical method to study the
variation of threshold voltage with various parameters of
proposed novel structure SCJLFET. SCJLFET offered
multi threshold voltages such as low, regular and high
threshold voltage as compared with the MOSFET.
Conventional JLFET exhibits lower threshold voltage as
compared to the surrounded channel JLFET.

3. SIMULATION SETUP
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Fig. 1 — 2-D view of a SCJLFET
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The surrounded channel JLFET features a cylindrical
channel that is uniformly doped and entirely gate is
encircled by a channel. It is a novel structure which is
proposed to combine both single as well as double gate
structure by placing the complete gate circuit inside the
body as shown in the Fig. 1. This configuration pro-vides
enhanced electrostatic control over the channel, making
it particularly suitable for nanoscale device designs. The
gate is separated from the channel by a thin oxide layer,
which ensures effective modulation of the channel
potential to simplify the analytical modeling. The device
operates in full depletion mode near the threshold
voltage, and quantum mechanical effects are neglected,
which is a reasonable approximation for channel
dimensions above a few nanometers. This structure
which is termed as Surrounded channel JLFET offered
multi threshold voltages such as low, regular and high
threshold voltage as compared with the MOSFET.
Conventional JLFET exhibits lower threshold voltage as
compared to the surrounded channel JLFET. The
SCJLFET model is valid for both short channel and long
channel condition. The validation of threshold voltage
indirectly validates the depletion region also.

4. DETERMINATION OF THRESHOLD VOLTAGE

The threshold voltage (Vin) is defined as the gate volt-
age required to induce complete depletion of the channel.
At the threshold, the surface potential reaches a value
that depletes the channel of free carriers. The boundary
condition at the silicon-oxide interface is applied to
determine the gate voltage. Threshold voltage of
SCJLFET is higher for thinner gate oxide. For obtaining
the threshold voltage of the device depletion width model
considering depletion approximation has been taken as
the reference. To obtain a suitable positive threshold
voltage value at ultra-short channel length, high doping
concentration is required and the gate oxide and channel
region should be very thin. Validation of the depletion
width model also depends on the validation of the
threshold voltage model. Thus for SCJLFET the gate
oxide should be thin for high thresh-old and thick for low
threshold voltage.

5. RESULTS AND DISCUSSION

This paper illustrates a physics based model for
threshold voltage of a Junctionless transistor which has
been developed. The SCJLFET model developed has been
simulated in Matlab simulation environment. The
analytical model for determining the threshold voltage of
the surrounded channel JLFET was evaluated and
validated through comparison with TCAD simulation
results. Result obtained in the simulation work has been
compared with the simulation result obtained from
Cogenda visual TCAD 2D device simulator. The model
demonstrates high accuracy, with less than 5% deviation
from the numerical simulations. The comparisons are
shown in the figures as shown below.
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Fig. 2 — Variation of threshold voltage with work function

Fig. 2 shows the variation of threshold voltage with
work function. In the figure it shows the threshold volt-
age increases almost linearly with work function. If value
of the work function increases, then threshold voltage
(VrH) also increases with decrease in the drain voltage
and increase of the gate to source voltage occurs. Fig. 3
shows the variation of threshold voltage with drain
voltage. In the figure it is observed that threshold voltage
decreases linearly with increase in the drain voltage and
it is due to increase in the gate to source voltage.
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Fig. 3 — Variation of threshold voltage with drain voltage

Fig. 4 shows the variation of threshold voltage with
gate oxide thickness. From the figure it is clear that gate
loses control over the channel region for thicker gate
oxide. To achieve a suitable positive threshold voltage
value at a short channel the gate oxide and channel
region should be very thin. The model is in close
agreement with TCAD simulation results.
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Fig. 4 — Variation of threshold voltage with gate oxide thickness
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Fig. 5. shows the variation of threshold voltage with
Dielectric constant of Gate Dielectric. It has been
observed that the value of the dielectric constant of gate
dielectric varies with different variables of the thresh-old
voltage. According to the figure it seems that value of the
threshold voltage increases as compare to the different
values of the dielectric constant of Gate Dielectric. It
further illustrates that the performance of the model is in
true agreement with the TCAD simulation work results.
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Fig. 5 — Variation of threshold voltage with Dielectric con-stant
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Fig. 6 — Variation of threshold voltage with channel length

Fig. 6 shows the variation of the threshold voltage with
channel length of the device. From the figure it has been
observed that for shorter device the threshold voltage is less
and for long channel length threshold voltage increases.

Thres hold Voltage (V)
Y
¢

*

0.58

250 350 450 550 &50 750
Temperature (E]

Fig. 7 — Variation of threshold voltage with different ranges of
temperature
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Fig. 7 shows the variation of threshold voltage with
different ranges of temperature. From the figure it has been
observed that with increase in temperature, threshold
voltage also increases. Due to the changes in the value of the
threshold voltage regardless changes in the gate to source
voltage variation in the temperature occurs.

6. CONCLUSION

This paper presents a robust analytical method for
determining the threshold voltage of surrounded channel
JLFETSs. This approaches offers a deeper under-standing
about the behavior of threshold voltage variation with
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AnajniTHaHUI MeTO BU3HAYEHHA MOPOroBOl HANIPYTU HA Oe3nepexiJHOMY IOJIBLOBOMY

TPaAH3UCTOPI i3 3aKPUTUM KaHAIOM
N. Das, K.C.D. Sarma, R. Swargiary

Department of Instrumentation Engineering, Central Institute of Technology, Kokrajhar, India

[TosiBa HAHOTEXHOJIOTIM CYTTEBO BILIMHYJIA HA PO3BUTOK IIEPEJOBUX APXITEKTYD TPAH3UCTOPIB, TAKUX SK
besnepeximauii mosboBuil TpaHaucTop (JLFET). Cepen pisHHX KOHCTPYKIIHM, ITEPEBAKHO OTOUEHHUM KAHAJIBHUN
besnepeximauii monbouit TpauaucTop (SCJLFET) — me crpykrypa 6Ge3 mepexomy, Oe 3aTBOP PO3MIlIeHHHA
BCEPEINHI KOPILyCy IMPUCTPOI abo0, IHIMUMU CJIOBAMHM, 3aTBOP OTOYEHUM 00JIACTIO KaHAaJy. Y IIPUCTPOI HA OCHOBI
MOH-cTpyRTypr HafBasKIUBIIINM ITAPAMETPOM € IOPOroBa HAIpyra. Y IIii CTATTi IPeICTABICHO KOMILICKCHUMN
aHAJITUYHUN MeTO]] BU3HAuUeHHs moporoBol Hampyru (Vth) oroueHoro kaHaJIbHOrO Ge3MepexiJHOr0 II0JIBOBOIO
tpauaucropa (SCJLFET). Jlna Gesmepeximuoro mosasosoro Tpamaucropa (JLFET) moporoBy mampyry mosxHAa
[OSICHUTH SIK MAKCHUMaJIbHE 3HAYEHHs HAIPYTH 3aTBOPA, IPU SIKOMY IIMPHHA 301HEHHS TOYHO JOPIBHIOE
TOBIIMHI Si-06sacTi. KII0 3HAYEeHHS HAIPYTHW 3aTBOPA BUIIE 3HAYEHHS OPOrOBOI HAIIPYTHY, SHAYCHHS IIMPUHU
30IIHeHHsA MEHIIe TOBIIUHM Si-00/1aCcTi, TOAl MpHUCTpiil BMUKaeThesa. Moesb IoporoBol HAIIPYTH AJIS IIOABIHOTO
3arBopHoro JLT Takosk Oysa orpuMaHa 3 MoIesl MIMPUHM 30IMHEHHs. Y I CTATTI IIPECTaBJIEHO, IO HOBA
momens SCJLFET memoHcTpye 3HAYHO Kpalll XapaKTePUCTUKM MOPIBHAHO 3 IHIOMMHA TPATAIIMHAMEA
CTPYKTYpPaMU, BKJIIOYAYN KJIOYOBI IapaMeTpyr KOHCTPYKIIT, Takl AK JOBKHUHA KaHAJY, Po00TAa BUXO/Y, HAIIpyTra
CTOKY, TOBIMHA 3aTBOPHOIO OKCHIY, JIieJIeKTPUYHA I[IPOHUKHICTH 3aTBOPHOTO J[I€JIEKTPUKA TA TeMIepaTrypa.
Momesb ToporoBoi Hampyru Oysa amMozesiboBaHa B cepemosuini momemoBanaas MATLAB. Pesynbsratu, orpumasni
B peaysbrari mMomemoBanHa B MATLAB, Gysm mopiBHAHI 3 pe3yJbTaTaMu MOIE/IIOBAHHS, OTPHMAHMMH 34
nonomoroio TCAD.

Knwouosi cinosa: JLFET, 3akpuruit kamai, [loporosa mampyra, TCAD.
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