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In this paper, an L-shaped tunnel FET (TFET) with the dominant tunneling current along the gate
region with gate and oxide engineering is proposed and its electrical characteristics are investigated using
TCAD simulations. The band-to-band tunneling (BTBT) takes place near the gate region and the L-shaped
structure is to suppress corner tunneling. A triple material (TM) gate structure is formed with three
different work functions (WF's) and the drain current performance is simulated and compared with single
material (SM) gate L-shaped TFET. The structure is simulated and compared with different dielectric
oxides. The subthreshold slope is determined for various voltages, and it gives 40 mV/dec. The analysis is
done by the slotboom model for considering impact of doping concentration on energy bandgap narrowing in
source/drain regions. The main objective is to minimize the subthreshold swing (SS), reduce leakage
current and increase the ON to OFF current ratio by varying the parameters and simulating using
Sentaurus Technology Computer Aided Design (TCAD) tool. A new structure is formed with oxide and gate
engineering. The existing parameters are varied, and the performance is improved with less subthreshold
slope, less leakage current and increase in the lox to Iorr current ratio.
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1. INTRODUCTION

In real time, metal-oxide-semiconductor field-effect
transistors (MOSFETSs) have been widely used for many
applications because of their symmetric structure as the
source and drain are interchangeable. [1]. There are
short channel effects such as threshold voltage roll-off,
drain induced barrier lowering (DIBL) and hot carrier
effect due to transistor scaling. MOSFETs produce
subthreshold swing (SS) greater than 60 mV/dec at
room temperature and high ON-to-OFF current ratio as
the operating voltage is scaled down [2]. In order to
reduce the SS less than 60 mV/dec, various novel
devices have been found such as impact-ionization MOS
devices [3, 4], nano-electro-mechanical FETs [5] and
tunnel FETs (TFETs) [6-8]. TFET is considered as one
of the promising candidates for the ultra-low power
application due to scalability in complementary MOS
devices [9]. The recently proposed dual material gate
MOSFET shows high suppression of short channel
effects and leakage current without sacrificing driving
ability. There are different dielectrics with high &
values. To reduce the leakage current, high-£ dielectric
materials having high permittivity are normally used.

Gate engineering is efficient by altering the pattern
of electric field and surface potential along the channel
[10]. Dielectric-based TFET is proposed to overcome the
drawback of normal TFET. Dielectric based TFET is
dielectric barrier tunneling based which reduces
ambipolar effects in the OFF stage. The drain current is
reduced multiple times in dielectric based TFET
because of extra barrier formation between source and
drain. The fabrication process flow is also described
[11]. The dual material gate with different work
functions (WFs) gives better performance due to
potential step at interface which reduces short channel
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effects. WFs are given in order of maximum value near
the source and minimum value near the drain for an
n-channel transistor [12, 13]. Higher WF near the
source leads to better acceleration of carriers in the
channel, and lower WF near the drain is for reducing
electric field near the drain, which in turn reduces hot
carrier effect. For dual gate material engineering, WF of
the first metal gate should be greater than that of the
second metal gate in an n-channel MOSFET, and WF of
the second metal gate should be greater than that of the
first metal gate in a p-channel MOSFET.

The advantage of triple material (TM) gate
engineering is done to enhance the performance of the
existing single material (SM) gate in an L-shaped
TFET. The proposed structure is of three material based
electrode of different WFs which allows better gate
control of the channel and increases the drain
resistance, thus improving the transport efficiency of
the gate. The following sections are discussed in this
paper: (2) Device Structure, (3) Results and Discussion,
(4) Conclusions.

2. DEVICE STRUCTURE

Fig. 1 illustrates the schematic view of the existing
SM L-shaped TFET formed using TCAD simulation tool.
In the present work, the switching characteristics of the
L-shaped TFET are discussed with doping engineering,
and the process integration is also given for fabrication
feasibility [14].

In Fig. 2, SM gate is replaced with TM gate. The
parameters of the proposed device are: 20 nm gate
length, 1 nm oxide thickness, 4 nm channel thickness,
80 nm source height, 30 nm source length, 30 nm drain
length, 10 nm body thickness, 20 nm pocket height,
24 nm pocket length, 1x105cm-3 source doping,
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1x10'8 ¢cm ~ 3 drain doping, 2.5x10'% ¢cm ~3 pocket doping
and 5x107 ¢cm -3 body doping. From the structure, it is
seen that the gate electrode is of three different WFs ()
based materials M1, M2 and M3 that are deposited in
the height H1, H2 and H3. WFs for the first, second and
third gates are @1, @2 and @3 for a p-channel transistor.
The total height is 96 nm which is split into three equal
heights. The gate material near the source with the
lowest WF is termed as control gate. The material with
the next higher function in between the source and
drain is the first screen gate, and the third material
with the highest work function near the drain is the
second screen gate. The device is composed three WFs:
the first WF WK1 is 4.4 eV (Ti), the second WF WK2 is
4.6 eV (Mo), and the third WF WK3 is 4.8 eV (Au) [15].
In the Synopsys Sentaurus TCAD, the device has been
analyzed by employing various physical models, for
example, drift diffusion (DD) model. The effects of
doping concentration and electric field are studied by
the mobility model (MM). The carrier lifetime is
predicted by the band gap narrowing model (BNM) and
Shockley-Read-Hall (SRH) recombination model
[16, 17]. The fabrication flow of SM L-shaped TFET has
been explained [14].

Substrate

Fig. 1 - Schematic view of existing L-shaped TFET

Substrate

Fig. 2 — Schematic view of the proposed TM L-shaped TFET

3. RESULTS AND DISCUSSION

The transfer characteristics of the experimental
L-shaped TFET and simulated TCAD results are shown
in Fig. 3. It is seen that the experimental results and
TCAD simulated results are same.

J. NANO- ELECTRON. PHYS. 14, 05015 (2022)

2.0x10°®

1.8x10° = [0 Experimental
= TCAD

Vps= 075V

1.6x10°¢ =
1.4x10° =
1.2x10° =

1.0x10°¢ =

s (A/um)

8.0x107 =
6.0x107 =
4.0x107 =

2.0x107 =

0.0

Vas (V)

Fig. 3 - Experimental L-shaped TFET and simulated TCAD
results

3.1. Electric Potential

Fig. 4 shows the comparison of electric potentials for
SM gate and TM gate. The values are Vp=1.3 V and
Vb =1.4V, respectively. In the SM gate, it is seen that
the electric potential monotonically increments from the
source to the drain, while there is a sudden change in
different gate materials in the TM gate. It is seen that
there are two downsides in the SM model. In the first
place, the Iorr current increases due to a low negative
potential, causing leakage current in the drain region.
Second, as electrons move from the source to the drain,
there is a decrease in the carrier velocity and mobility
due to electric potential increment.

In the event of TM gate, a low electric potential is
observed in the M1 region. This shows less influence of
the drain current after saturation with respect to Vp.
This assists with reducing the channel conductance and
subsequently the effect of DIBL. In the saturation
region, M3 assimilates extra Vp, and M1 is subsequently
screened from potential variations in the drain, where
M2 and M3 act as screening gates. Because of differing
electric potentials, there is a decrease in the effect of
high velocity moving electrons. Hence, hot carrier effects
decrease and carrier transport efficiency increases.
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Fig. 4 - Electric potential variation of the proposed TM and SM
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3.2. Drain Current
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Fig. 5 - Output characteristics of TM L-shaped TFET by
varying gate voltage
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Fig. 6 — Transfer characteristics of SM L-shaped TFET for
various dielectric materials

Fig. 5 shows the output characteristics of the
proposed TM gate L-shaped TFET. The WFs are the
following: WK1 = 4.4 eV, WK2 = 4.6 eV, WK3 =4.8 eV.
A voltage of 1.4V and 1.5V is applied to the gate
terminal to on-current of the transistor. It is observed a
better current performance with the above WFs.
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Fig. 6 shows the transfer characteristics of the
proposed structure simulated and compared with
various dielectric oxides such as silicon dioxide (SiOz2),
hafnium oxide (HfOz2), germanium dioxide (GeOsz) and
silicon nitride (SisNy). It is seen that silicon dioxide gives
better performance when compared to other oxide
materials.

Fig. 7 shows the subthreshold swing (SS) plot for
different gate voltages with SS =40 mV/dec for
Va=1.1V, which is less than the ideal SS value.
Therefore, this can be used for low power applications.
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Fig. 7 - Subthreshold slope for different gate voltages

4. CONCLUSIONS

In this paper, implementation and performance
analysis of TM gate L-shaped TFET with respect to the
electric potential has been carried, and it shows better
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TFET. The transfer characteristics of SM gate L-shaped
TFET are simulated with various oxide materials and
compared. The subthreshold slope less than the ideal
value is observed. This study proves that TM gate has
better Ion/Iorr ratio and lower SS, which makes it
suitable for low power applications. This paper can be
further improved by implementing inverter circuit.
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Peanisamia Ta amania L-mogi0OHOro TyHeJIbHOrO MOJILOBOrO TPAH3UCTOPA
3 BUKOPUCTAHHAM 3aTBOPA TA OKCUIHOI iHKeHepil
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Department of Electronics and Communication Engineering, Sri Manakula Vinayagar Engineering college,
Madagadipet, Puducherry, India

V¥ crarri mporonyerbes Li-momiGuuit Tymenbaui mosabosuiil Tpanauctop (TFET) 3 mepesasuum TyHeIbHEM
CTPYMOM B3JIOB:K 00JiacTl 3aTBOpA 3 BHUKOPHUCTAHHSM 3aTBOPY Ta OKCHIHOI IHKEHepil, a eJIeKTpPHYHI
XaPaKTePUCTUKU TPAH3WUCTOPA JOCIIKYIOTECA 3 BUKOpHcTaHHAM wMogenoBanda TCAD. Mimxkzsonue
ryaemoBauasa (BTBT) BimOyBaerscsi mobim3y obiacti 3atBopa, a L-mogibHA cTpyKTypa Npu3HAYEHA IS
IpUIyIIeHHsT KyTOBoro TyHesmoBaHHA. CTpykTypa sarBopa i3 morpiitaum martepiasgom (TM) cdopmoBana 3
TphoMa pidHuMEH poboramu Buxony (WFs), a xapakTepucTurku CTpyMy CTOKY 3MOJI€JILOBAHI Ta ITOPIBHSHI 3
L-momioaum TFET i3 sarBopom 3 omsoro marepianxy (SM). CTpykTypa MOIeJIOeTHCA Ta MOPIBHIOETHCS 3
BUKOPUCTAHHAM DPISHUX JTIEJIEKTPUYHUX OKCHU[TIB. [[iTOpOroBMii HAXWJI BHU3HAYEHO [JIs PISHUX HATPYT 1
craagae 40 mV/dec. AHauris BUKOHAHO 3a JTOIOMOT0I0 MofeJi slothoom j1J1s1 BU3HaYeHHS BIIMBY KOHITEHTPAIIIT
JIETYIOUOl JOMIIIKY Ha 3BYKEHHS 3a00poHeH0l 30HH B 00siacTsix BUTOKy/crory. OcHOBHA MeTa poboTH HOJIATae
B TOMy, 100 3BECTH [0 MIHIMYMYy MIiAIIOPOroBe KOJHMBAHHA (SS), 3MEHIINTH CTPYM BHTOKY Ta 30LIBIIATH
BigHomenHs: crpymiB IonIopr mUIsIXOM 3MIHM HapaMerpiB Ta MOIEJOBAHHS 34 JOIOMOIOK 1HCTPYMEHTY
aBTOMaTH30BaHOTO HmpoekTyBauHsa Sentaurus TCAD. HoBa crpykrypa dopMyeThes i3 3aCTOCYBAaHHAM 3aTBOPA
Ta OKCHUAHOI iHykeHepii. IcHyoul mapaMeTpw 3MIHIOIOTHCA, 4 MPOAYKTUBHICTH IIOKPAIILYETHCA 34 PAXYHOK
MEHIIIOTO ITAI0POroBOr0 HAXUIIY, MEHIIIOTO CTPYMY BATOKY Ta OLIBIIOrOo BigHoueHHs cTpyMiB lon Iorr.

Knrouori cnora: 3areop i3 morpiituum matepiasom (TM), Mimaonne tynemoBanas (BTBT), L-moni6auit
ryHespHUA nosboBuit Tparaucrop (TFET), Po6ora Buxony, Enexrpuunuit morenmian, Kyrose TyHnemoBauHs,
Ilinmoporose komuBauus (SS).
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