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Abstract

Scattering and Absorption Efficiencies of Si-Ag Coaxial nanowire (NWSs) were
simulated using Mie-Lorentz scattering approach. The thickness of Ag shell was
fixed at around 10 nm with Si core diameter of (10, 20, 30 and 40) nm. Scattering
Efficiencies (Q.,) and Absorption Efficiencies (Q,s) of core-shell nanowire as a
function of wavelength (300-2000 nm) within various core diameters were
calculated. The study shows a remarkable behavior of scattering for un-polarized
light in Silicon nanowire (core only) with wavelength of (320- 500nm). In other
words, adding Ag shell has decreased the scattering efficiency of core-shell
nanowire for all diameters.

Keywords: Mie scattering, scattering efficiency, Absorption efficiency, Si-Ag
Coaxial nanowires.
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1. Introduction

A Single nanowire is a nanostructure with a diameter of a nanometer [1]. Silicon nanowire, also
denoted to as SINW, is a type of nanowire mainly formed from a silicon precursor by the engraving of
a solid or through catalyzed growth from a vapor or liquid phase. As a result of its unique structural,
optical, and electrical properties that are not seen in bulk Silicon materials, Si-NW occupies a special
position as a subject of numerous researches and applications[2-5]. Silicon nanowires Si-NWs are a
main research subject in the field of nanotechnology owing to their uniquely physical and chemical
properties such as high selective adsorption of gas, novel thermoelectricity, and enhanced biological
and chemical sensitivity[6]. Optical properties act an important role in investigates of the synthesis of
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semiconductor materials. In order to study the photonic applications of Si-Ag coaxial NWs Scattering
and Absorption Efficiencies of Si-Ag NWs were calculated.
2. Theoretical method:

The optical properties and photocurrent density of Si-Ag core-shell nanowires have investigated
using Mie- Lorenz scattering theory. The simulation tools are available at nanoHUB website [7].
was improved to evaluate the circular cylinders with both core and core-shells forms. The calculation
of light absorption of single coaxial nanowires sourced the simulator "Optical Properties of Single
Coaxial Nanowires"[7]. As presented in Figure-1, the coaxial nanowires were evaluated as limitless
long cylinders along the z-axis, typically lighted by an electromagnetic plane wave within an incident

transmission wave vectork . The radii of coaxial nanowires are given by a and b, correspondingly.
The angle of incidence transmission wave is symbolized by a. The simulation considers that transverse
electric (TE) wave and the transverse magnetic (TM) wave are both perpendicular to the axis of
coaxial nanowire.
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Figure 1-The Schematics of coaxial nanowire with the direction of TM and TE propagation.

The absorption efficiency Qs Of a single wire is given by

Qaps = Cabs/Cgeom €Y
where Cyps and Cgyeor are the absorption cross-section and geometrical cross sections respectively
[8].
The absorption cross section is written by
Cahs = Cext - Cscat (2)
Where C,.,; and C,.,; are the extinction cross section and scattering cross section respectively.
In case of un-polarized light , the absorption cross section C,,s of core-shell nanowires can be
denoted as [9]:
Caps = (C xt T Cg%)/z - (C;:E(;t + C;rcl\(/llt)/z (3)
The following procedure has been applied to estimate the Mie coefficients of the system:
1. Find out the solutions of the 2D vector wave equation in several spatial regions to examine the
electromagnetic fields.
2. Substituting the magnetic field to the electric field of Maxwell’s equations.
3. Writing these solutions in formula of a summation for Bessel functions whose coefficients were
determined by resolving the boundary conditions.
4. The solutions are then denoted in a matrix form.
5. Calculating the unknown Mie coefficients.
3. Results and discussion
3.1. The Scattering efficiency for un-polarized light
Scattering from NWs is directly comparative with the scattering efficiency of NWs and
illumination [10]. Figure-2 shows the relation between(Qq,), for un-polarized light, as a function of
wavelength for various core diameters. In the case of Silicon nanowire (core only), a remarkable
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behavior of scattering was observed in the wavelength range 320 to 400 nm with a sharp peak at 400
nm. This followed by a decrease in (Qs.5) Value with increased the wavelength to approaching zero
along the studied range of spectrum [11]. For Si-Ag samples with different radius of Si core, there was
a marked decrease in(Qg.,) values with increasing core radius. In addition, a number of peaks
observed at different position of wavelength 380, 480, 430, 420 and 450 nm for increasing wire
diameter of the Si-Ag coaxial nanowires to 10, 20, 30 and 40 nm, respectively. In the range of 840-
2000 nm(Qgca), slightly increased with increasing of Si core-Ag. This is because the scattering

efficiency depends on the size of these nanowires [12]. Consequently, this information can be used in
the evolution of the Si-Ag coaxial hanowires.
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Figure 2-Scattering efficiency for un-polarized light as a function of wavelength for various core
diameters.

3.2. The Scattering efficiency for (TE)

Figure-3 indicates the relation between the scattering efficiency for the transverse electric (TE)
wave as a function of wavelength for various core diameters. It was clear that scattering efficiency of
Silicon nanowire (core only) was close to zero along the range of spectrum under study. The reason
for this is that the silicon refractive index, in this case, is equal even though the wavelength of the
falling radiation has increased, so there was no scattering to the falling light wave within this spectral
range [13]. The calculations indicated high-value (Qg.,) Within the visible spectrum and decreased
significantly in the infrared region of the spectrum, where it upsurge with increasing nanowire
diameter of shell coating (Si-Ag) nanowires from 300 to 460 nm. The scattering efficiency was
approximately equal to zero at wavelengths 900 to 2000 nm for all Si-Ag diameters.
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Figure 3-Scattering efficiency for the transverse electric (TE) wave as a function of wavelength for
various core diameters.
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3.3. The Scattering efficiency for (TM)

Figure-4 shows the relation between the scattering efficiency for the transverse magnetic (TM)
wave as a function of wavelength for various core diameters. At wavelength of 390 nm, there was a
bulky scattering efficiency of (TM) wave for Si core. This behavior is comparable of the (Qgca)
performance for un-polarized light at such wavelength. In case of Si-Ag core-shell, scattering
efficiency decrease and close to zero at 450, 570, 700 and 800 nm for (Si10-Ag, Si20-Ag, Si30-Ag,
and Si40-Ag) diameters respectively. This is due, again, to an increase in the size of the model (Si-Ag)
rapidly reduces the degree of polarization as a result of Ag shell presence [14] While there was a linear
increase in the (Qg.,) With increasing of wavelength.
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Figure 4-Scattering efficiency for the transverse electric (TM) wave as a function of wavelength for
various core diameters.

3.4. The absorption efficiency for un-polarized light

Figure-5 shows Q,ps spectrum for un-polarized light within the range (300-2000) nm. It reveals a
high Q,ps value within visible spectrum range, followed by a decreasing towards the range of the
infrared spectrum. The differences in the Q,,s values due to the difference in the structure volumes,
same results with [15]. For silicon nanowire (core only), Q.ps approaching zero within IR-spectrum,
while there was a slight linear increase with increased wavelength accompanied by an appearance of
number peaks at 770, 930, 1100 and 1230 nm depending on increasing of core radii- shell (Si-Ag).
The reason for the presence of these peaks is due to the increase in the number of modes within the
cylinder model of nanowires [15]. This finding confirms that the radii of nanowires have a significant
effect on the absorption spectrum where absorption increases with increased volumes of nanowires.
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Figure 5-Absorption efficiency for un-polarized light as a function of wavelength for various core
diameters.
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3.5. The absorption efficiency for (TE)

Figure-6 demonstrates the Q,,sfor (TE) wave as a function of wavelength for various core
diameters. A remarkable behavior with absorption efficiency for (TE) close to zero was observed for
Silicon nanowire (core only) for all wavelengths from 300nm to 2000nm. The reason for this is that
the silicon refractive index, in this case, is equal even though the wavelength of the falling radiation
has increased. An equivalent sharp peak of Q,,s for all diameters at with wavelengths (300 - 360 nm)
have been noticed at the case of Si/Ag core-shell. Also, Q,,s has clear peaks at wavelengths (770,
930, 1100, 1240 nm) for (Sil0-Ag, Si20-Ag, Si30-Ag, Si40-Ag) diameters). This behavior is
comparable of the absorption efficiency Qs performance for un-polarized light at such wavelength.

2
e 15
oy e Sj CcOre
[ =
3 1 Si10/ A
% g

Si20/A
§ o5 120/hg
B2 e Si30/Ag
o
é 0 — Si40/Ag
31)0 800 1300 1800
-0.5
wavelength (nm)

Figure 6-Absorption efficiency for the transverse electric (TE) wave as a function of wavelength for
various core diameters.

3.6. The absorption efficiency for (TM)

Figure-7 shows the relation between the Q,,s for (TM) wave as a function of wavelength for
various core diameters. For Si core, it was noticed a sharp peak at range of UV spectrum and it was
close to the results obtained by Syed Hamad [16]. At the wavelengths between (900- 1400) nm, it was
seen the absorption efficiency Q,,s values are degenerate for all nanowire diameters due to the
approximately identical real parts of the complex refractive indices of Si [17, 18].
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Figure 7-Absorption efficiency for the transverse electric (TM) wave as a function of wavelength for
various core diameters
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4. Conclusion:

In summary, it was verified the scattering and absorption efficiencies of Si-Ag Coaxial nanowire by
theoretical online simulation using the Mie scattering method. It was shown that adding Ag shell has
decreased the scattering efficiency of core-shell nanowire for all diameters. Scattering efficiency of
(TM) wave was equivalent to scattering efficiency for un-polarized light at exact wavelengths.
Likewise, Absorption efficiency of (TE) wave was equivalent to absorption efficiency for un-polarized
light at exact wavelengths. From the discussion of scattering and absorption for coaxial Si-Ag
nanowires, it is clear that nanowires can play an extremely important role in the development of
optoelectronic devices.
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