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ABSTRACT

Along with the rapid growth of the nanotechnology, the simulation technique is important part before start
the fabrication device. Computer simulations of either solids or biological systems are common, but simulating
both systems combined introduces new problems, for which simulations at several levels of detail will be
needed. In this study, the COMSOL Multiphysics software program is used to design silicon Nanowires layout
in order to successfully simulate the structure to meet all critical physical parameters, from the slice boundary of
the nanowire with surface charge density, (C/m”3) minimum -1.5¢-3 C/m"3 and maximum 2.0e-3 C/m"3 gave
the highest response, the result indicate, the conductance of SiNW is high at the middle of nanowire. The
potential of the current in the middle of the nanowire is high around 40nA. On the surface of the nanowire, the
conductance of the electrical current is lower around 0.1nA when the wire of large diameter was tested and
hence the study established the diameter is directly affecting the performance of the semiconductor silicon
nanowire
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Introduction

From the recent of the year, simulation is the important stage, as to provide the analysis for functionality of
the component of the device before fabrication process. From the simulation data getting, it can use to produce
the devices using the optimal functionality and performance in the fabrication process. It is important for the
designer to investigate how the performance of device scales with increasingly complicated sample analysis
(Athanasios T. Giannitsis, 2011; Anu Maria, 1997; Togni, P., M. Cifra,T. Drizdal, 2008; Ming-Wang shao, et
al., 2009; Yuting Wan, et al., 2009). Simulation used before existing system to reduce the chance of failure to
meet specification need and to optimize the system performance. From the simulation study, the operation of the
model device can be studies and also concerning the behavior of the actual system (Iwai Hiroshi, et al., 2011;
Pradeep, R. et al., 2007; Nair, P.R. and M.A. Alam,; Adam, T, et al., 2013; Adam, T., U. Hashim, K.L. Foo,
2013; Adam, T., et al., 2013; Adam, T., et al., 2013). In these studies the COMSOL Multiphysics software
package (COMSOL) used to study the performance of the device model (Adam, T., U. Hashim, P.L. Leow,
2012; Adam, T., U. Hashim, 2012). This software is finite element based unifying multiphysical simulation
environment. The simulation COMSOL software environment help modeling process step like defining the
geometry, specifying the physics, meshing, solving and then post-processing the result (Adam, T., et al., 2013;
Adam, T., U. Hashim, 2012; Adam, T., U. Hashim, 2012; Adam, T., U. Hashim, 2012; Adam, T., U. Hashim,
2012; Adam, T., U. Hashim, 2012).

In this study, a model nanowire in nanostructure will study. The nanowires are a wire that have dimension
in nanometer (10e-9) size. Nanowires is a structure that have a small size constrained to tens nanometer or less
than that. The nanowire give more advantage in the nanostructure because it have excellent properties as a
Nano-device and Nano sensor such as have high sensitivity and selectivityfor detection, high aspect ratios, fine
flexibility and it also ease for combination (Adam, T., et al., 2012; Hashim, U., et al., 2012; Al-Mufti, W.M,, et
al., 2012; Adam, T., U. Hashim, 2012; Adam, T., U. Hashim, P.L. Leow, 2012; Adam, T., U. Hashim,
2012).The small size of nanowires can be comparable to biological macromolecule size; this structure of device
represents natural transducer for ultra- sensitive detection. Silicon nanowires (SiINWs)mostly great attention
today for nanowire because it important technologies in microelectronic. silicon have several advantage such as
it surface can be easily modified to act as electron transfer mediator and immobilizing matrices for biological or
chemical molecules (Adam, T., U. Hashim, 2012; Hashim, U., et al., 2012; Hashim, U., et al., 2012; Rao, B.S.,
et al, 2012; Adam, T., U. Hashim, P.L. Leow, 2012; Hashim, U., T. Adam, 2012; Adam, T., U. Hashim, U.S.
Sani, 2012). SiNWsstructure provides many possibilities for application as transistor, memories, sensors, light-
emitting diodes and photovoltaic cell (Hashim, U., et al., 2012; Adam, T., U. Hashim, 2012; Chee, P.S., et al.,
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2012; Adam, T., et al., 2012; Adam, T., et al., 2012; Adam, T., U. Hashim, 2012). Nano wire of silicon has high
sensitive dynamic label-free electrical detection of biomolecule (Hashim, U., P.N.A. Diyana, 2012; Hashim, U.,
S.A.B. Ariffin, T. Adam, 2012; Adam, T., et al., 2012; Hashim, U., et al., 2012). The SiNWshave a fast label-
free detection to Biomolecule as DNA. The sensitivity of SINWs is depends on geometry, charge per target bio-
molecule and number of bio molecule captured. Smaller diameter of SINWs, sensitivity of the will improve
(Hashim, U., S.A.B. Ariffin, T. Adam, 2012; Adam, T., et al., 2012; Hashim, U., et al., 2012; Adam, T., et al.,
2012).

In this paper, the simulation of SiNWs will study. Aslo the result of simulation are observed for the
electrical potential flow. Analysis also the electrical conductivity and electrical field for the SINWs whether the
nanowire is better conductance. All simulation characterized is using by COMSOL Multiphysics 3.5.

Methodology:

Below is the flow process of creating a model SINW using COMSOL Multiphysics 3.5, showing as in
Figure2:
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Fig. 2: Shows the process flow for simulation for SINWs using COMSOL Multiphysics 3.5.
Simulation:
The geometry modeling design in two dimensions cross section of SINWs is made. The original geometry

of SiNWs is 80 nanometer distances and extrudes the modeling 2D in 80 nanometer size for the modeling
thickness and creating the 3D view.
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(a) (b)

Fig. 3: (a) shows the modeling in 2-D for the silicon nanowire. (b) Shows the silicon Nanowire in 3-D view
after extrude.

The figure showing the model design of single SINW with the pad and also the substrate. The size of the of

the nanowire is between 20 to 40nm

@ — ®)

Fig. 4: (a) show the result after meshing the design of Silicon nanowire. (b) show the result after post-
processing

Result And Discussion Simulation:

From the model design the result of simulation can shows in the form of graph fromplotting parameter of
cross section after post processing and visualization step of the geometry modeling.

Fig. 5: Graf the conductance of silicon nanowire with size 40nm.

Graph in figureabove show the result of simulation of SINW using COMSOL Multiphysics 3.5 software.
From the graph, the conductance of SINW is high at the middle of nanowire. The potential of the current in the
middle of the nanowire is high around 40nA. On the surface of the nanowire, the conductance of the electrical
current is lower around 0.1nA only.In modeling a nanowire device, it is important that the device able to
interact with the biomolecule like DNA. To get the better device interaction more sensitivity device need.
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Fig. 6: show the slice of electrical potential for silicon nanowire using COMSOL Multiphysics
3.5.Minimumvoltage is 0V and maximum is 1V (b) Electric potential, V of nanowire in isosurface
view.Minimum 0.074 V and maximum 0.987 V

SiNW

S

(a) (b)
Fig. 7: The slice boundary nanowire with surface charge density, (C/m"3) Minimum -1.5¢-3 C/m”3 and

maximum 2.0e-3 C/m”3 (b)The slice boundary nanowire with electric field norm, (N/m)Minimum 0
N/m and maximum 3.0e7 N/m

Fig. 8: Slice of current source (A/m"3)Minimum 0 A/m”3 and maximum 1.0 A/m”3(b) figure: slice for normal
current density for single Silicon nanowire.Minimum -1.0e16 A/m”2 and maximum 1.0e16 A/m"2
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(a) (b)

Fig. 9: slice of electric displacement, C/m"2 for the silicon nanowire.Minimum 0.5¢-3C/m”2 and maximum
3.0e-3 C/m”"2 (b) Electric conductivity of single Silicon nanowire.Minimum 0.456e7 s/m and maximum
0.599¢7
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Fig. 10: The graph shows the electrical potential, V vs. Arc-length of the SiNWs.(b)show the electric
conductivity, S/m Vs. Arc length of the silicon nanowire. The conductivity of the current is constant
from begin until end. At length 2um the electric current is 0.6 S/m until 20um.

[ ——

@ | ®)

Fig. 11: (a) show the graph of relative permittivity of the silicon nanowire (b) Figure 10: show the graph of
electric potential, V vs electric energy density, J/m3. Increasing electric energy density will increase
the electrical potential to the nanowire.From the figure of the graph above show that the relative
permittivity of SINW at 11.7. From this simulation, proved that the silicon nanowire properties.
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Fig. 12: show the electric potential, Vvs. electric field normal, V/m. the electric start at 0.7 V/m and increasing
to 4 V/m.

Fig.7 to 12, above show the geometry behaviour to the changing potential across the wire, the potential
increase linearly from the 10nm to 50nm but instantaneously started to flatten around 60nm. This indicates the
response of the nanowire to the wire size. The behaviour can also explained in term charge concentration where
the edge behaviour with the smaller is more pronounce compared to the bigger wire. Because at the surface, the
atom behave differently compared to the atom at the core which influence by columbic force so it’s more are
restricted compared to the one at the surface hence play a greater role electric field density. The device has
shown a very interesting sensitivity because the response was at 1V, however, there few researchers could
establish at the mV but at the expense of the size. Therefore, the designed model can fitted to

Conclusion:

In this paper, the design, simulate and characterize the SINW in three- dimensional are implemented. This
simulation implemented to get better understanding about the nanowire characteristics for DNA detection. This
simulation study using COMSOL Multiphysics 3.5 solving using Electrostatic (emes) and Conductive Media
DC (emdc). This geometry modeling give developed here can be utilized as a guide for geometry design and get
better understanding to nanowire.
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