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USING SENTAURUS MOnte CArlo(MOCA)
SIMULATION ESTIMATION OF
SCATTERING EFFECTS IN NANOWIRE
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Abstract-The control of short – channel effects is more
challenging with the progressive scaling of metal -oxidesemiconductor field –effect-transistors (MOSFETs).The
double –gate (DG) and gate –all –around (GAA)
MOSFET structures have emerged as main candidates to
provide the electrostatic integrity needed to scale down
MOSFET to minimal channel lengths. In addition to a
better electrostatics than the single – gate (SG)
MOSFET, the use of these devices as advantages relative
to the carrier transport, mainly due to Sentaurus
MOCA(MOnte CArlo) using monte carlo simulation.
More-over the introduction of new materials to enhance
the mobility, as the strained silicon can result in
electronic transport approaching the ballistic regime. The
international roadmap for semiconductors (ITRS-200)
has identified a series of challenges that must be solved
before these devices can enter the manufacturing of
MOSFET-based integrated circuits.
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As a limiting structure of the advanced Fin-FET
approach, the nanowire FET, where a small number
of conducting channels within the device can be
closely controlled by the gate electrode, may be
promising as a next generation device structure. In
particular, the carbon nanotube
FET seems
advantageous due to its large carrier velocity and
the smooth channel surface that release from the
interface scattering. On the other hand, the
advantage for silicon nanowire MOSFET lies in the
availability of the many silicon technologies that
have accumulated so far.

carlo

I INTRODUCTION
RECENTLY, The nanowire transistor has begun to
attract a great deal of attention. If the downsizing
of the conventional device ever promotes the quasior near-ballistic transport of carriers, the potential
for performance improvement by further
downscaling seems unpromising or, rather, the
resultant shorter channel length may lead to the
degradation of the off current.
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Fig1: Schematic cross-section of the Si NW
II.MATERIALS AND METHODS
A.SENTAURUS MOCA
The Sentaurus Device Monte Carlo consists of two
modules for Monte Carlo simulations – Sentaurus
MOCA and Sentaurus SPARTA – as well as the
band-structure
calculator
Sentaurus
Band
Structure.Sentaurus MOCA (MOnte CArlo) and
Sentaurus SPARTA (Single-PARTicle Approach)
are self-consistent, full-band Monte Carlo
simulators useful for the analysis of submicron
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devices. Both tools allow quasi-ballistic and hotelectron effects to be taken into account.
These are important for the accurate
determination of terminal currents. In addition,
internal variables, such as carrier density and
carrier velocity, are computed and saved for
visualization. In Sentaurus MOCA, an ensemble of
particles (electrons or holes) is distributed in the
device, and particles are injected and removed from
contacts during the simulation. All particles are
propagated in the device using the instantaneous
electric field obtained by solving the Poisson
equation for a short synchronous time step and, if
selected, the Schrödinger equation. The procedure
is iterated for a specified simulation time. Since the
ensemble of particles can model the real transient
behavior of the charge carriers, Sentaurus MOCA
can be used to model both transient and steadystate behavior.
Sentaurus MOCA can also be used to study
the effect of plasma oscillations on electronic
transport. This is important for capturing
saturation-current degradation for gate lengths less
than 40 nm
Sentaurus MOCA contains two simulators in one
tool:
■ A bulk (zero-dimensional) simulator for fitting
material parameters to experimental data.
This is the classic unipolar, space-homogeneous
research code that can be used to
investigate femtosecond transients or impactionization coefficients. This mode is
intrinsically unipolar, that is, only electrons or
holes can be simulated.
■ A two-dimensional device simulator, with
regions of different materials, Ohmic and
blocking contacts, quantization effects, and so on.
A complete nonlinear Poisson solver is
also included. This code only shares the core
subroutines (band-structure interpolation,
scattering rates, and so on) with the bulk code.
Sentaurus MOCA is designed to simulate
devices that are in a high-bias condition and in
situations where very high fields are present in the
device, or very fast transients. Some
situations where users should consider Sentaurus
MOCA as the tool of choice include:
o

o

■ Prediction of extremely short transient
effects

o

■ Study of noise properties of a device

o

■ Prediction of transport variables for use
in Sentaurus Device

B. DEVICE STRUCTURE AND SIMULATION
The
international
roadmap
for
semiconductors (ITRS-200) has identified a series
of challenges that must be solved before these
devices can enter the manufacturing of MOSFETbased integrated circuits.
The scattering rates used in Sentaurus
MOCA are based on the energy-dependent models
Both inelastic acoustic phonon modes and optical
phonon modes are included to produce physical
drift velocity versus field results.
The derivation for the phonon scattering
rates below is taken from the literature. The
deformation potential method follows as:

(1)
Finally, Fermi’s golden rule can be applied to
obtain final transition probabilities that can be
applied to all scattering mechanisms

(2)
For a non degenerate band at the center of
the Brillouin zone, the deformation potential, , is
diagonal and can therefore be treated as a scalar. In
this simple situation, energy and momentum
conservation imply:

MOSFETs with very short gate lengths:

• Velocity overshoot
• Accurate substrate current prediction because of
excellent prediction of impact ionization
o

• Accurate prediction of the energy of the carrier
and, therefore, tunneling or thermionic
Emission into nanocrystals or other charging
materials
o ■ Bipolar with very short base or emitter
length

Flash charging:
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(3)
One important observation to make is that when
collisions are assumed to be elastic.
In general, this assumption is false and cannot
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be used in Monte Carlo simulations. Keeping the
same isotropic approximation for deformation
potential coupling and using the Herring–Vogt
transformation on k and q vectors, the magnitude of
q becomes:

(7)
With the introduction of an effective mass of
the 2D density-of-state, the surface roughness
scattering rate becomes:

(4)
where θ* is the angle between k* and the
principal axis of the valley. This approximation is
sufficient for silicon.
Electron transitions between states in two
different equivalent valleys can be induced by both
acoustic and optical phonons.
The phonon wave vector q involved in the
transition remains close to the distance between
initial and final minima, even for high electron
energies. So the changes in momentum and
frequencies are approximately constant and,
therefore, this Scattering mechanism is treated in
the same way as intravalley scattering by optical
phonons.
The integrated scattering probability for intervalley
scattering is then:

(5)
For the mobility of carriers in the inversion
layer of MOSFET devices, surface roughness
scattering is taken into account as a function
of the surface normal effective field . The auto
covariance of the surface roughness is modeled as
either a Gaussian function or an exponential
function. In Sentaurus MOCA, the latter is used, as
shown here:

(6)

in which ∆ is the root-mean-square (RMS)
height of the amplitude of the roughness, and
L is the correlation length.
For electrons moving in the (100) plane, the
effective mass is assumed to be an average of
the 2D mass of the four longitudinal ellipsoids and
the 2D mass of the two transverse ellipsoids:
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(8)
If the surface of the channel is oriented to a
direction other than (100) by the parameter ydir
the 2D effective mass of electrons changes
accordingly. In addition, when a stress of
considerable strength is applied to a device, the
band structure of the stressed material changes,
which results in a change of the effective mass. The
change of the effective mass due to the surface
orientation and the stress effect is taken into
account automatically.
III SCATTERING
Scattering is a general physical process where some
forms of radiation, such as light, sound, or moving
particles, are forced to deviate from a straight
trajectory by one or more localized nonuniformities in the medium through which they
pass. In conventional use, this also includes
deviation of reflected radiation from the angle
predicted by the law of reflection. Reflections that
undergo scattering are often called diffuse
reflections and unscattered reflections are called
specular (mirror-like) reflections.
A.RAMAN SCATTERING
Raman scattering can occur with a change in
vibrational, rotational or electronic energy of a
molecule (see energy level). Chemists are
concerned primarily with the vibrational Raman
effect.There are two types of Raman scattering,
Stokes scattering and anti-Stokes scattering.
A Raman transition from one state to another, and
therefore a Raman shift, can be activated optically
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only in the presence of non-zero polarizability
derivative with respect to the normal coordinate
(that is, the vibration or rotation):

(9)
Raman-active vibrations/rotations can be
identified by using almost any textbook that treats
quantum mechanics or group theory for chemistry.
Then, Raman-active modes can be found for
molecules or crystals that show symmetry by using
the appropriate character table for that symmetry
group.

C.IMPURITY SCATTERING
The scattering by ionized impurities represents an
elastic process. The most popular models for this
type of scattering are due to Brooks and Herring
and Conwell and Weisskopf. The difference
between the two approaches lies in the treatment of
the screening effect. In this work we adopt the
Brooks-Herring model with some refinements
described below.

Brooks-Herring Model
Within this model the scattering potential is given
by

B.RAYLEIGH SCATTERING

(14)

Rayleigh scattering is the elastic scattering of light
or other electromagnetic radiation by particles
much smaller than the wavelength of the light,
which may be individual atoms or molecules. It can
occur when light travels through transparent solids
and liquids, but is most prominently seen in
gases..Small size parameter approximation
The size of a scattering particle is parametrized
by the ratio x of its characteristic dimension r and
wavelength λ:

where
is the screening length and
denotes the number of charge units of the impurity.
Using Fermi's golden rule together with the
nonparabolic band structure one obtains for the
total scattering rate:

(11)
Rayleigh scattering can be defined as scattering in
the small size parameter regime x ≪ 1. The
intensity I of light scattered by a single small
particle from a beam of unpolarized light of
wavelength λ and intensity I0 is given by:

(15)
where parameter

is defined by

(16)
IV SIMULATION RESULTS

(12)
where R is the distance to the particle, θ is the
scattering angle, n is the refractive index of the
particle, and d is the diameter of the particle.

Sentaurus Device performs the device simulations.
The set of transport models used for all simulations
is:
o

Drift-diffusion transport model

o

Philips unified mobility model

o

High-field mobility degradation

o

Lucent
mobility model
(mobility
degradation at the silicon–oxide interface)

o

Density gradient quantum corrections

(13)
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The following graph shows the drain current
against gate voltage characteristics for the device.
Two different drain biases are simulated in this
project: 0.05 V and 1.0 V.

The Figure 3 shows the scattering angle
against energy characterstics for the device.

Fig 4:plot for impact ionization vs energy
The Figure 3 shows the impact ionization
against energy characterstics for the device
V CONCLUSION
Fig2:Plot of Id–Vds characteristics
The figure 2 shows the the plot between the Id
and Vds characteristics at Vd = 0.05 V (blue) and
Vd = 1.0 V (red)

In this paper, the scattering effects of SILICON
NANOWIRE TRANSISTOR have been described.
A Monte carlo technique for the structure is
presented based on surface potential formalism for
different scattering types. we have clearly analyzed
the parameters and characterstics of SILICON
NANOWIRE TRANSISTOR
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