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Effect of Eccentricity on
based Silicon nanowire

Junction and Junctionless
and Silicon nanotube FETS

S. Priscilla Scarlet, R. Ambika, and R. Srinivasan,
Department of IT, SSN College of Engineering,d<@kkam, India.

Abstract— In this paper, the effect of eccentricity on
Junction-based Silicon Nanowire FET, Junction-based
Silicon Nanotube FET, Junctionless-based Silicon Namadre
FET, and Junctionless-based Silicon Nanotube FET is
investigated. Three kinds of eccentric structures ra
considered here. The impact of eccentricity on effgéive gate
oxide thickness thereby gate oxide capacitance, amdfective
channel width are studied using 3D numerical simul@ons.
Average radius of an ellipse is used to generate model
which captures the impact of eccentricity on gate »ide
capacitance, and verified using TCAD simulations irMOS
nanowire structure. The impact of eccentricity on ON
current (I on), OFF current (1ogr), lon/l ore ratio, and Unity
gain cutoff frequency are investigated. Eccentricityincreases
the effective gate oxide thickness, the effectivdannel width,
lon, @and loer but reduces b/l ogr ratio.

Keywords—Silicon nanowire, Silicon nanotube, eccenity,
junctionless

I. INTRODUCTION

variations. Since the SiNTs are comparatively newer
devices the impact of various structural and doping
parameters are yet to be investigated and undekstoo
Eccentricity is a common process variational probfer
nanowires and nanotubes. Circular cross sectioned
structures undergo an elliptical change due to gs®c
variations. In case of elliptical cylinders, thecewtricity
affects the gx grrand the effective channel width @49
which is nothing but the perimeter of the cylindtic
structures. This in turn changes the gate oxideatmce
(Cox given per unit area). The impact of eccentricity o
gate capacitance (with confocal ellipses) of nanesvis
analyzed in [15] but the impact of eccentricity basic
device parametersgd and ber, is yet to be studied. Since
SINT-FET is a recent structure the effect of ecdeity

on these structures is yet to be investigated.

It would be interesting to have a study which fa=us
on the basic device characteristics of the nanewaned
nanotubes from the eccentricity point of view. st

Short channel effects (SCE) associated with thevork, the effect of eccentricity is studied on fbowing

conventional-bulk-planar MOSFET scaling are forcirgy
to investigate multigate structures (FinFETSs, TiegBET,

guadruple gate and Gate All Around) and other novel

devices (junctionless devices, tunneling devices). et
Among multigate structures, Gate All Around (GAA)
devices, also known as nanowires, provide betteE SC
performance [1]-[3]. Nanowires can be fabricatedimg
square or circular cross section [4].
nanowires enjoy the benefit of multigate structuatesng
with the lower effective gate oxide thickness whish
beneficial for better gate control without compisimg
gate oxide tunneling. Even though the physical exid
thickness (Bx) of a parallel plate capacitor and
cylindrical capacitor (with circular cross secti@rg same
the cylindrical capacitor undergoes a reductionTisk
which can be captured by the effective gate oxid
thickness (Bx erg[5]. Silicon nanotube FETs (SiNT-
FET) are the latest version of multigate structuj@ls

Since tube has two surfaces, one inside and anothgfS

outside, two gates control the channel and thusr off
superior performance over nanowires. Both nanovéres
nanotubes are investigated on junction and junietssn
devices [7],[8]. Junctionless device which is devoif
junctions due to uniform doping in source, chanmed
drain regions is also popular to reduce the SCH12].

Apart from the SCE, process variations are alsoafne
the important parameters in nano regime. The impéct
process variations in nanowire junction-based FESTs
investigated in the literature [13] and similarlgrnowire
junctionless devices [14] are studied for

The circular

devices.

(i) Junction-based Silicon Nanowire FET (SINW-FET)
(ii) Junction-based Silicon Nanotube FET (SiNT-FET)

(iii)Junctionless-based  Silicon  Nanowire FET
(JLSINW-FET)
(iv)dunctionless-based  Silicon  Nanotube FET

(JLSINT-FET)

As can be seen from the above list, both junctiod a
junctionless devices are studied. A simple model is
proposed for §x err and G, for three different cases,
namely (i) common eccentricity (i) concentric Xiii
confocal ellipses. The impact of eccentricity @R bnd
lorr is also studied through numerical simulations, for
devices listed above. Basic RF parameter,isf also

dooked in from the eccentricity point of view.

Rest of the paper is organized as follows: Nextieec
iscusses about the device structures and theVgl
calibrations. In section 3, a cylindrical MOS sture is
studied for eccentricity. The effect of eccentsiciin
SINW-FET, JLSINW-FET, SINT-FET and JLSINT-FET
are discussed in Section 5. Finally the conclusiares
provided in section 6.

Il. DEVICE STRUCTURE ANDIp-V g CALIBRATION

TCAD simulator is used for simulations.
Sentaurus structure editor (SDE) is used to créage
device structure and to generate mesh for device
simulation. Sentaurus device (SDEVICE) is used to

processperform the DC, AC device simulations. Drift-diffas
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