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In this proposed work focuses to overcome the traditional doping challenges in L-shaped tunnel field transistors
by using charge plasma (CP) concept and increase current conduction by forming heterogeneous junction (SiC-Si-SiC).
Silicon carbide is used for the material for Source and Drain. The concept of charge plasma is implemented in the
source and drain regions by implementing different work functions and to improve current conduction the source and
drain regions is made of Silicon Carbide and the channel is made of Silicon which forms heterojunction which creates
horizontal tensile strain and vertical compressive strain in the channel region which increases electron mobility
mainly for low-power semiconductor applications. The performance of device parameters like the transfer
characteristics subthreshold swing, output characteristics have been described. Analysis of Threshold Voltage, drain
current and Ion/Iorr ratio have been carried for CP based L-TFET. Sentaurus Technology Computer Aided Design
(TCAD) has been used to evaluate and analyze the device for the CP-based TFET. The device was simulated in the
Sentaurus TCAD in which the certain parameters are evaluated in which certain models such as, Slotboom model is
applied to consider the impact of doping concentrations on energy bandgap narrowing in the source/drain (S/D)
regions. Also, Fermi statistics and Shockley-Read-Hall recombination models are used. The inclusion of charge
plasma and SiC in the device improves the electron mobility and current conduction is improved with less leakage
current and can be used for low power applications such as inverter, memory devices.
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1. INTRODUCTION chemical doping techniques are wused to dope
semiconductor materials, has been a major advance for
many edge-cutting devices. When the device size reduces
to a few nanometers, the conventional doping procedures
become less effective and more challenging [4].

This research work incorporates by implementing work
function induced doping, charge plasma method. This
method is an effective technique for introducing charge
carriers of n-type and p-type into the intrinsic
semiconductors. This method is effectively applied on the
intricate devices such as Bipolar Junction Transistors,
Junction less transistors and Tunnel Field Effect
Transistors. [5, 6]. The use of homogeneous material (Si)
results in a homojunction, where current conduction is
reduced. To enhance current conduction, heterogenous
material (SiC) is employed, forming a hetero-junction. SiC
has been experimentally proven and introduced as a
source and drain material. Incorporating SiC introduces
both horizontal and vertical strain in the channel region.
This strain alters the physical properties of the channel,
particularly the electron mobility, leading to improved
device performance. [7].

The growing demand for increased performance and
miniaturization in electronic devices has significantly
reduced the wuse of conventional Metal-Oxide-
Semiconductor Field-Effect Transistors (MOSFETSs). [1].
While MOSFET's remain essential for certain applications,
their inherent limitations particularly a subthreshold
swing (SS) greater than 60 mV/dec and a high ON-OFF
current ratio (Ion) present significant challenges for low-
power operation. To address these issues, researchers have
explored various MOS devices, including
nanoelectromechanical FETs and Tunnel FETs. Among
these, Tunnel FETs show promise as candidates for low-
power applications. [2]. Tunnel FETs operate based on
electron band-to-band tunneling, allowing them to act as
switches at lower voltages compared to MOSFETs. These
devices offer reduced subthreshold swing, extremely low
off-state current (Jorr), and improved performance for low-
power digital and memory applications. With their unique
characteristics, Tunnel FETSs can meet the requirements of
efficient, low-power electronic circuits [3]. Device reduction
to a few nanometer scale divisions, where traditional
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The next phase of the paper has been split into
subsequent sections: The proposed structure is explored
in section 2 and analysis of outcomes are dealt with in
section Three.

2. DEVICE STRUCTURE

Fig. 1 illustrates the schematic view of the existing L-
shaped TFET, which was created in the TCAD simulation
tool using the parameters mentioned in [2]. In this
present work, as referenced in [2], the switching
characteristics are discussed along with doping
engineering, which also includes the process integration
for the given fabrication.

In Fig. 2 the schematic diagram of the proposed work is
depicted in which two different work function metal are
introduced above the source and drain regions. The
parameters of the proposed device are: 20 nm gate length,
1 nm oxide thickness,4nm channel thickness, 80 nm source
height, 30 nm source length, 30 nm drain length, 10 nm
body thickness, 24 nm pocket length, 1 x 1015 cm~3 source
doping, 1 x 102° cm 3 drain doping, 2.5 x 10! cm ~3 pocket
doping and 5 x 107 ¢cm ~3 body doping.
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Fig. 1 — Schematic view of existing L-shaped TFET
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Fig. 2 — Schematic view of the proposed work

The p* channel area in the proposed structure is made
utilizing the Charge Plasma (CP) method. In order to use
this method into effect, two conditions must be fulfilled [8]:

(i) Given the inequality, the metallic contact work
function in the channel should be higher than that of silicon.

bdm > 25 + (Ec/29) 1

Where g represents the charge of an electron, E¢ is the
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bandgap of silicon, and ysi is the Electron Affinity of Silicon.
(ii) The channel thickness must also be shorter than
the Debye length, which is defined as

Lp = (&:iVr/q-N) (2

Where &si is the silicon’s dielectric constant, V7 is the
thermal voltage, and N is the carrier concentration.

The proposed structure intends to improve device
performance by generating carriers in the channel region
without conventional doping by meeting these
requirements mentioned above. The metal contact given
in the channel is made of several materials, including
Cobalt, Gold, Palladium, and Platinum, with
corresponding work functions of 5eV, 5.1eV, 5.12¢eV,
and 5.65 eV, respectively, to satisfy the first condition, in
which the contact should be above the silicon.

The proposed device shown in fig depicts the source
terminal, channel and drain terminal in which the metal
later is placed above the source and drain regions in
which the carriers are introduced in the channel region
without conventional doping in which there is a precise
control over the doping concentration to achieve the
electrical properties with a high efficiency. Additionally,
Hetero-junction (SiC is used as a Source/Drain Material)
has been formed by replacing with the Homo-junction
structure (Si is used as a Source/Drain Material).

The device was simulated in the Sentaurus TCAD in
which the certain parameters are evaluated in which
certain models such as, Slotboom model is applied to
consider the impact of doping concentrations on energy
bandgap narrowing in the source/drain (S/D) regions.
Also, Fermi statistics and Shockley-Read-Hall
recombination models are used [2].
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Fig. 3 — Simulation result validates with [4]

3. RESULT AND DISCUSSION
3.1 Hetero Junction

Hetero junction has been created by changing Si to SiC
in source and drain of the L-TFET. The hetero-junction is
given in Fig. 4. The bandgap of Si is 1.1 eV and SiC is
3.26 eV. As per the hetero-junction theory, the conduction
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band of the source region is always higher than that of the
channel region, and the band-offset AEC created from the
hetero-junction increases the velocity of electrons from the
source. The current drive has been increased based on that
functionality. The source and drain (SiC) regions act as
stressors to generate lateral tension and vertical
compression in the channel, thereby increasing the
mobility of elec-trons which increases output current drive.
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Fig. 4 — Hetero Junction Formation

3.2 IV Characteristics

The transfer characteristics for homo-junction device
has been analyzed by keeping the Vp constant at 1 V and
varying Ve from 0 to 1.2V, and then varying the gate
bias from 0 to 1 V by placing Vp constant at 50 mV. For
the hetero-junction device, similar analysis is carried out
as the homo-junction device, but the gate bias is varied
from 0 to 1.5V for Vp constant of 1 V. Moreover, hetero-
junction has an added advantage of higher I/l ratio
and output current than the homo-junction device due to
increased carrier velocity. When Vp =50 mV, both devices
produce almost the same current, but in the case of
Vb=1V, the L-TFET hetero-junction has 42% more
drain current than L-TFET homo-junction, which
produces a 75% drain current. Due to the increased
velocity of carriers in the source—channel junction,
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Fig. 5 — Comparison between Transfer Characteristics of both
Homo-junction (Si) and Hetero-junction (SiC) in L- TFET
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Fig. 6 — Comparison between Transfer Characteristics of both
Homo-junction (Si) and Hetero-junction (SiC) in L- TFET for
different values of Vg
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Fig. 7 — Comparison between Output Characteristics of both Homo-
junction (Si) and Hetero-junction (SiC) in L-TFET when V=1V

conductance has been increased rap-idly even for
small change in gate voltage. The hetero-junction feature
will be more suitable for sub 5 nm devices since there is
an acceleration of carriers for minimum change in
voltage. The presence of hetero-junction helps the
proposed structure to attain better Ion/Iofr ratio compared
to other works. The Ion/loft value reached an approximate
value of 106 — 107. The Ideal value of SS is 60 mV/decade.
The performance of the device is increased by using the
UTB, charge plasma based doping, and the
heterojunction.

4. CONCLUSION

Without changing the device structure, by using only
materials strain has been created and carrier velocity has
been increased Strain is created in the device using only the
materials. The carrier velocity of the device has been
increased, resulting in an enhanced device performance
when compared with the conventional device [1]. The
concept of Hetero-structure and charge plasma doping is
implemented on source and drain region without
conventional doping hence improves the performance.
Almost 12 times better cur-rent drive than the conventional
JL nanowire is produced under different strain levels.
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Po3poGka Ta anasiia rereporeHHoro L-nmogiouoro TyHejabHOro nojboeoro rpausucropa (TFET)
Ha OCHOBI 3apAa0BOI IUIA3MH JJISI 3aCTOCYBaHb 3 HU3bKUM €HEPTrOCIIOKUBAHHAM
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VYV miii mporoHoBaHI poOoTi OKyCyeThCs HA TMOMOJAHHI TPATUINMHMX MHpo0JeM JIeTyBaHHS B L-TOMIOHMX
TYHEJIbHUX TIOJIbOBHX TPAH3HCTOPAX 34 JOIMOMOIOK KoHIemni 3apsmoBol miasmu (CP) 1 36iiblmeHHs mpoBigHOCTI
CTpyMy ILIssxoM hopMyBaHHsA reTeporerHoro mepexomy (SiC-Si-SiC). Kapbim kpeMHi0 BUKOPHCTOBYETHCA K MaTepiast
IUISL pKepesia Ta BUTOKY. KOHIIemnia 3apsamoBol IIasMu peasisoBaHa B 00JIACTSIX BUTOKY TA CTOKY IILJIAXOM peasnaarril
PisHHX PoOOUYMX (PYHKIMNN, a A MOKPAIIEHHs MPOBIIHOCTI CTPyMy 00JIACTI BUTOKY Ta CTOKY BHUTOTOBJIEHI 3 KapOimy
KpPeMHII0, & KaHaJ BHUTOTOBJIEHMI 13 KPEMHIIO, SKWAU yTBOPIOE TI€TEpOIepexis, SIKUN CTBOPIOE T'OPU30HTAJILHY
JedopMalliio PO3TATYBAHHSA TA BEPTUKAJBHY IedopMAaIllisi CTHUCHEHHsS B 00JIacTl KaHAJL, IO 30LIBIINyEe PYyXJIMBICTH
€JIEKTPOHIB, TOJIOBHMM YWHOM JIJIs MAJIONOTY:KHMX HAIIBIPOBLIHMKOBUX 3aCTOCyBaHb. OIMCAHO IMIPOIYKTUBHICTDH
TAKHMX IApPAMETPIB IPUCTPOIO, SIK IIIIOPOroBe KOJIMBAHHS XaPAKTEPUCTHK [Iepe/Iadi, BUXI/H] XapaKTepUCTUKHA. AHAII3
TIOpOroBol HAIPYTH, CTPyMy BHUTOKY Ta crieeimsomenus Iox/Iorr Oysno mposenmeno must L-TFET ma ocmosi CP.
Texnosnoris Sentaurus Computer Aided Design (TCAD) Gysa BukopucTaHa Jjis OIIHKKA TA aHAJN3Y IIPUCTPOIO JJIS
TFET ua ocuosi CP. ITpucrpiit 6yso amomesmoBano B Sentaurus TCAD, y sikoMy OIHIOIOTHCS TI€BHI TApaMeTPH, Y
SKUX TIEBHI MOIEJI, Takl AK Momeshb Slotboom, 3aCTOCOBYIOTBCA [JIA POSIVIAAY BILUIMBY KOHIIEHTPAILl JOINHTY HA
3BYsKEeHHS 3a00POHEHOI 30HU eHepril B obacTax mrepesna/sutory (S/D). Taxox BuxopucToByioThes cratuctrka Oepmi
Ta pexoMOiHamiHi mozmem Iloxm-Pima-Xosma. Brimouenus sapsmoBol masmu Ta SiC y HpHCTpiil HOKpAaIye
PYXJIMBICTH €JIEKTPOHIB, a WPOBLIHICTE CTPYMY IIOKPAIIYEThCS 3 MEHIIAM CTPYMOM BHUTOKY, 1 OO MOKHA
BUKOPHUCTOBYBATH JIJIsI JOJIATKIB 3 HU3bKUM €HEePIrOCIIOMKUBAHHSAM, TAKUX SIK IHBEPTOPHU, IIPUCTPOI [IAM SITI.

Kmiouosi cmosa: Cmyrose tymemoBauusa, L-momioauit TFET, 3apamaa mrasma, Oymkiis suxomy, Kapoim
kpemwuio (SiC).
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