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This paper focuses on the performance of Silicon-on-Insulator (SOI) based junctionless (JL) nanowire
multichannel transistor. It has been analyzed with various strains in order to improve the device perfor-
mance. Instead of one channel, by using the Multi Bridge Channel (MBC) concept, two channels have been
incorporated in the JL nanowire structure. Moreover, three methods have been used to improve the JL de-
vice. The first one is the Dual Metal Gate (DMG) concept, the second one is heterojunction (silicon carbide
(SiC) is used as the source/drain material), and the third one is metal nitride. By using these three meth-
ods, mobility has been increased, as well as current drive. The current-voltage (I-V) characteristics compar-
ison has been performed between DMG and Single Metal Gate, DMG and Single Metal Nitride gate using
Sentaurus Technology Computer Aided Design (TCAD). The results were calibrated using physical models,
such as the temperature-dependent carrier transport model (drift diffusion), density gradient model, mobil-
ity model, and Shockley-Read-Hall recombination model. By integrating heterojunction into DMG and sin-
gle metal nitride gate, the performance of both devices has been improved, but single metal nitride gate
has shown the 6 % better performance than DMG with heterojunction. In all the devices, the Subthreshold
Swing (SS) is almost 60 mV dec-! which is near the ideal value.
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1. INTRODUCTION

Now a days, researchers are focusing on junction-
less (JL) transistors to utilize the benefits because of
easy fabrication. The JL principle was eventually used
to a variety of devices, including GAA, FinFETs,
TFETs, TFTs, double-gate and tri-gate devices. [1].
One of the best ways to improve the performance of JL
devices is to induce strain in the channel, which in-
creases the carrier velocity. Without modifying the
structure, just changing the materials, it is possible to
induce strain. Local strain caused by the gate elec-
trode, substrate strain, and biaxial tensile strain were
studied in [2].

S1C was experimentally proven and introduced as
a source and drain material creating a heterojunction,
which induced horizontal tensile strain and vertical
compressive strain in the silicon channel, thus in-
creasing the current drive by 50 % for a gate length of
50 nm [3]. An increase in the current drive was de-
picted in a 40 nm device using SiC as a source/drain
material [4]. Z. Ren [5] in 2008 discussed SiC with
phosphorus material doping to increase the current.
The efficiency of Si and SiC in terms of radiation was
discussed in [6]. Papers [7-9] talk about the functions
of heterojunction and the creation of tensile strain in
the strained silicon channel. In addition to heterojunc-
tion, the use of metal nitride (TiN) induced strain in
the gate based on nitrogen level. The poly depletion
problem is eliminated when a metal gate is used. By
lowering the transverse electric field at a given gate
overdrive, it improves carrier mobility. Moreover,
based on the thickness of metal nitride, the gate work
function can be tuned [10]. Another way to increase
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the carrier velocity is Dual Metal Gate (DMG) func-
tionality. The gate is made up of two metals with dif-
ferent work functions. Due to the different work func-
tions of metals, the potential step near the junction
changes, increasing the carrier velocity, carrier
transport efficiency, and drain current [11]. The peak
electric field at the drain end is reduced in the DMG
structure, resulting in an increase in the average elec-
tric field under the gate. This enables improved life-
time of the device [12, 13]. The superiority of HfOq
dielectric over other oxide layers has been proven in
[14, 15] by creating dual metal gates in cylindrical
nanowires and analyzing with various gate oxides.

In this work, a SOI based JL nanowire transistor
incorporated with different strains induced by differ-
ent materials has been analyzed. This paper structure
is divided into Device Structure, Results and Discus-
sion, and Conclusions.
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Fig. 1 — JL nanowire transistor [1]

2. DEVICE STRUCTURE

A JL nanowire was created in the TCAD Simula-
tion, as illustrated in Fig. 1, by employing the values
from [1]. The channel was surrounded by tri-gate
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electrodes since the device was built on SOI.

The channel thickness and width are 10 nm and
20 nm, respectively, with a gate length of 1000 nm. A
uniform doping concentration of 2-1017 is applied to
the source, drain, and channel. Both the gate oxide
and buried oxide layers were made of SiO2. Vis was
kept at 1.3V and Vps was kept at 1.5V to simulate
the device. Fig. 2 illustrates that the simulated and
experimental results are identical [1].

After validation, the same device was modified
with double channel and HfOs. The second channel
was stacked vertically with the same channel thick-
ness and width. Both channels were separated and
surrounded by HfOs due to suggestion of [14, 15]. The
inter-oxide layer thickness of 40 nm was determined
after running different thickness values, which are
shown in Fig. 3. HfOz reduces leakage current and
increases current when compared to SiOs. Polysilicon
was used in Fig. 3. In this device structure, first, DMG
was implemented as shown in Fig. 4. Single gate was
divided into two different metals with different work
functions at an equal distance. Metals 1 and 2 were
equally divided by 500 nm each, as suggested in [16],
and the work function of metal 1 equal to 4.8 eV (gold)
and of metal 2 equal to 4.33 eV (titanium) are taken
from [17]. Second, in the DMG structure, heterojunc-
tion was implemented. To create heterojunction in the
device, SiC was used as a source and drain material
and silicon as a channel material. In the third method,
DMG was replaced with single metal nitride (TiN). So,
in this last structure, a heterostructure (SiC in source/
drain) with single metal nitride was implemented in a
JL nanowire transistor. The fabrication steps were
explained in [1, 7-10, 18, 19]. The calibration of results
was performed by using physical models, such as tem-
perature-dependent drift diffusion model, density
gradient model, mobility and Shockley-Read-Hall
recombination model for carrier lifetime [20].
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Fig. 2 — Simulation result is validated by [1]
3. RESULTS AND DISCUSSION
3.1 Dual Metal Gate

Fig. 5 depicts the electrostatic potential compari-
son between single channel with single metal gate
(SCSMG), double channel with single metal gate
(DCSMG) and double channel with dual metal gate
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(DCDMG). Among these three, there is a step poten-
tial increased near the junction due to the difference
in work functions of metals 1 and 2 in DMG.
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Fig. 3 — Transfer characteristics of DCSMG and SCSMG with
different interface oxide thickness

Fig. 4 - DMG formation in TCAD
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Fig. 5 — Electric potential variation in SMG and DMG

The work function of metal 1 is greater than that
of metal 2, according to the relation WF =— q® — EF,
potential under the gate of metal 1 is lower compared
to metal 2. Due to the sudden potential difference
across the junction, there is an increase in the average
carrier velocity and drain current. Moreover, due to an
increase in the electric field peak in the middle of the
junction, the electric field on the drain side decreases.
So, the hot carrier effect is reduced in the device and
the lifetime of the device is increased.

3.2 Heterojunction

The heterojunction was created by replacing Si
with SiC at the source and drain in a double channel
device with DMG. The bandgap of Si and SiC is 1.1 eV
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and 3.26 eV, respectively. According to the heterojunc-
tion theory, the conduction band of the source region
is higher than that of the channel region, and the
band-offset AEC created by the heterojunction in-
creases the velocity of electrons from the source. The
current drive has been increased based on that func-
tionality. The source and drain (SiC) regions act as
stressors to generate lateral tension and vertical com-
pression in the channel, thereby increasing the mobili-
ty of electrons which increases output current drive.
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Fig. 6 —Heterojunction formation
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Fig. 7 — eMobility of heterojunction with single metal nitride
and double channel

3.3 Metal Nitride

In heterojunction double channel device with DMG,
DMG is replaced by TiN. Due to the nitrogen content
in TiN, the mobility increases. Fig. 7 shows the eMo-
bility of metal nitride in heterojunction device. Both
channels have increased mobility due to the strain
created by heterojunction and metal nitride. Fig. 8
and Fig. 9 depict the I-V characteristics of dual metal
gate with double channel, dual metal gate with double
channel and SiC, and single metal nitride gate with
double channel and SiC. For all devices, the transfer
characteristics were plotted with Vps= 1.5V and Vs
ranging from 0 to 1.3 V. When silicon is used as a
source/drain material, the drain current saturates at
4.6 pA, but in the case of SiC as a source/drain mate-
rial, the drain current increases linearly because of
heterojunction. Moreover, when TiN is used as a gate
metal, the drain current increases based on thickness.
So, the work function of metal nitride can be tuned by
increasing the nitrogen content in TiN and the thick-
ness of the metal nitride gate. So, as per Fig. 8, when
heterojunction and metal nitride are incorporated into
a conventional SOI JL nanowire, the device produces
12 times better current than a conventional wire.
When heterojunction and DMG are incorporated into a
conventional SOI JL nanowire, the device produces 10
times better current than a conventional wire. In all
devices, the SS is almost 60 mV-dec—! which is near
the ideal value.
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Fig. 8 — Comparison of the transfer characteristics between

DMG with double channel, DMG with double channel and SiC,
and single metal nitride gate with double channel and SiC
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Fig. 9 — Comparison of the output characteristics between
DMG with double channel, DMG with double channel and SiC,
and single metal nitride gate with double channel and SiC

4. CONCLUSIONS

Without changing the device structure, using only
materials, strain has been created and the carrier
velocity has been increased. An increase in the carrier
velocity of the device resulted in improved device per-
formance over a conventional device [1]. The concept
of heterostructure, dual-metal gate, and metal nitride
has been implemented in this work, and the outcomes
are compared with a conventional SOI JL nanowire
transistor. Almost 12 times better current drive than a
conventional JL nanowire is produced under different
strain levels.
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AnaJtia 6e3nepexiHOro TPAH3UCTOPA HA OCHOBI HAHOAPOTIB 3 reTeponepPexoaoM,
HITPUOOM MeTaJIy Ta IMOABIMHUM MeTAJIeBUM 3ATEBOPOM

S. Ashok Kumar, J. Charles Pravin

Department of Electronics and Communication Engineering, Kalasalingam Academy of Research and Education,
Krishnankoil, TamilNadu, India

V¥ poboTi 3ocepemskeHo yBary Ha XxapakTepucTHKax Oesnepeximaoro (JL) 6ararokanamsraoro SOI Tpausu-
CTOpa Ha OCHOBI HAHOIPOTIB. Horo 0yJIO IIPOAHAJII30BAHO IIiJl BIIMBOM Pi3HMX aedOopMAaliil A1 IIOKpaIieH-
HS IPOAYKTHUBHOCTL. 3aMicTh ofHOrO KaHaiy, 3a gormomoroio koHiemlii Multi Bridge Channel (MBC), asa
KaHaiu Oy BrJodYeHl B JL crpykTypy Hamogportis. Kpim Toro, mis saockonamenss JL mpucTporo 0yJio Bu-
KoprcTaHo Tpu mertomu. [lepmruit — KoHIEMITisA moaBIfHOrO MeTaseBoro 3atBopy (DMG), apyruit — rerepore-
pexin (xap0Oix kpemuio (SiC) BUKOPHCTAHO SIK MaTeplas CTOKY/BUTORY), 1 TPeTiH — HITPHA MeTary. 3a J0IIo-
MOTOI0 ITUX TPBOX METOMIB OyJio 301IblIeHO0 MOOIIBHICTB, a TAKOXK Kepyioduuil crpym. [lopiBHSHHS BOJIBT-
ammepuux (I-V) xaparrepuctur 0ysio npoBegeno misk DMG Ta omumuapauM Merasnesum 3arBopom, DMG ta
OIMHAPHUM MeTaJI-HITPUIHUM 3aTBOPOM 34 JIOIIOMOI0I0 KOMITI0TepHOro cumyJisitopa Sentaurus Technology
Computer Aided Design (TCAD). PeaysbraTu 6ys0 BiKaibpoBaHO 3 BUKOPUCTAHHAM (DISUYHUX MOIEJIEH,
TAKUX K 3aJIeKHA BIJl TEMIIEPATyPX MOeJIh TPAHCIIOPTY HOCIIB (fpetidoBa mudyais), MoIesIb TpaIieHTa Iy-
CTHUHH, MOIEJIb MOOLIBLHOCTI Ta pexkomOiHariitaa Moaesb lokmi-Pima-Xosuta. Iarerpatiis rereporepexony B
DMG Ta oguHapHUN MeTaJI-HITPUAHUM 3aTBOP MOKPAIIUIIA IIPOyKTUBHICTh 000X IIPUCTPOIB, ajle OCTAHHIN
moKas3aB Ha 6 % Kpally OpoayKTUBHIiCTh, Hisk DMG 3 rerepomepexomoM. Y BCIX IPHUCTPOAX KoeiI[ieHT mif-
IOPOrOBHUX KOJIUBAHb (SS) criragae maiiske 60 MB mex -1, 110 € Maiiske i1eaIbHUM 3HAYEHHSM.

Kmiouosi cnosa: Besmepexigunit tpusarsopuuit, [sokanansuuit, TiN, DMG, Kap6ix kpemuimo (SiC).
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