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Abstract We investigate monolayer Transition Metal
Dichalcogenides (TM Ds) of type M X, (M 0S,, M0Se,, MoTe,, WS,
and WSe;) 10 nm n-channel Metal Oxide Semiconductor Field
Effect Transistors (MOSFETSs) with different dielectrics (SiO,,
Al,O3, HfO, and TiO,) using DFT and NEGF for malism. Results
suggest that increasing dielectric constant increases both
transconductance (g,) and 1o/l for all type of M X, channels.
lon/l o @nd g, increases by one order with increase in dielectric
constant K. Among all type of MX, channels considered, WS,
channels results into highest values of g, (~ 36.29 uS) and I/l
(4.3*107) with TiO, didectric. Variation in Subthreshold Slope
(SS) with increase in dielectric constants are negligibly small, SS
value of 58.52 mV/dec is obtained with Al,O5 dielectric for WS,
channel. However, a SS value of ~ 60.02 mV/dec is obtained with
TiO, dielectric for all MX, channels. The results suggest that
TiO, dielectric with WS, channel can be used for High
Performance (HP) and Low Power (LP) devices since it shows
largel o/l (~ 107) and SS around 60 mV/dec.

Keywords— Density functional theory, FET, High-K
dielectric, NEGF, Transition Metal Dichalcogenides.

I. INTRODUCTION

The main motivation behind the reduction in dimensiof
MOSFET is to satisfy the demand of low power constiom
device in the field of portable electronics suchasops and
mobile phones, as well
computational purposes. However, as device dimeasare
scaled down, problems which are not present in ov@pic
level arises, such as quantum confinement of cheageers
which leads to the degradation of device perforreant is
evident that the traditional CMOS technology carmetcaled
indefinitely so modifications for traditional CMQSocess are
needed that is exploring alternative devices sushS&T
(Single Electron Transistors) or molecular devidesditional
FETs are based on 3D semiconductor channels whichfeen
composed of silicon and group Il1-V semiconduct@ser the
past five decades, the dimensions of these 3D iaktdrave
been successfully scaled down to the nanoscales tila
introduction of high-k dielectrics have been a sssiul
approach for improving transistor performance Hawever,
reducing the thickness of channel for increasing tate
control is results into a decrease in performange t the
surface roughness scattering, which causes
degradation in ultrathin channels [2]. The Inteiorl

predicts that new type of materials [3] will be ded to
address the problems associated with scaling domen t
geometrical dimensions of transistors in the néxydars. In
past few years, monolayer and multilayer two-dinmames
materials have enabled the possibilities of they vihiin
channel. Graphene has been widely used due t@itiarkable
mechanical, thermal and electrical properties. &ug to the
zero band gap nature of graphene, it's FETs stiffen poor
lo/lot @nd high leakage currents. Therefore, other 2erigds
like TMD (Transition Metal Dichalcogenides) of typédX,,
which are having large bandgap opening compargdaiohene
are explored. TMD material based FETs show better
electrostatics compared to Silicon and other grhbu@nd
group-V channel based FETs because of their attimukness
and lower dielectric constant [4].

Different type of simulation approaches have hegorted
to show the performance limits of TMDFETs at theside
level. The first approach uses effective mass based
Hamiltonian with ballistic quantum transport simidas using
non-equilibrium  Green’s function (NEGF) formalism.
Furthermore, various TMDFETs have been benchmaféed
Ultra-scaled devices with attractive switching, egalelay,
leakage and energy efficiency [5]. However, to blast of our
knowledge, no work has benchmarked Transition Metal

as to get faster circuits foDichalcogenides based FETs with new device optiuth as

using high-k dielectrics in place of SiOTherefore, it is of
interest to evaluate and compare these device nptigth
Figure of Merits (FOMs) such as Subthreshold swi8&),
lo/loft @nd transconductance,jg

The high-k dielectric materials play a significaole in the
design of novel and high performances deviceseah#imoscale
level. The high-k materials 4D; (k~9), HfQ, (k~25), TiG
(k~85) are being actively investigated, for theselas a long-
term promising material. These high-k materialsfarmed by
deposition. Many high-k dielectric materials aressfully
deposited by Atomic layer depositioA. good gate dielectric
should have high dielectric constant, good therstability,
and large band gap.

In this paper, we investigate TMD based transsstwith

mobilitdifferent channel materials (MgSWS,, MoSe, WSe, and

MoTe,) and for different high-k dielectrics at the devievel.

Technology Roadmap for Semiconductors (ITRS) 201Device FOMs such as Subthreshold swing (S$)lod and



Download English Version:

https://daneshyari.com/en/article/7939980

Download Persian Version:

https://daneshyari.com/article/7939980

Daneshyari.com


https://daneshyari.com/en/article/7939980
https://daneshyari.com/article/7939980
https://daneshyari.com

