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Abstract
Future electronics will be made of silicon nanostructures (SiNs). Mechanical, electrical, and optical characteristics, as well 
as litho resistivity and thermoelectricity, making them remarkable multi-functional materials. SiNs are used in nanoelectron-
ics, nanoresonators, light-emitting diodes, nanosensors, and thermoelectric energy scavengers, to name a few. Mechanical 
properties of SiNs, which are expected to differ from those of bulk SiNs, are crucial to the performance and dependability 
of these nanoelectronics. The metal-aided etching procedure was employed to make the SiNs used in this investigation. This 
SEM picture of as-grown SiNs displays its structure and demonstrates that the Ns have widths of less than 100 nm. The 
X-ray diffraction pattern of SiNs reveals the Ns' single-crystalline structure. When polarization-resolved reflections were 
used on these nanowire arrays, the reflection properties of s- and p-polarized laser beams were found to differ significantly. 
The findings of this study can be used to a wide range of optical devices that utilise SiNWs, including photodetectors and 
solar cells. Furthermore, it has the potential to be beneficial in medical imaging.
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1 Introduction

Lilienfeld was the first to get a patent on the field FET con-
cept, which occurred in 1930. It was the realisation of the 
Si-SiO2 structure [1] that paved the way for widespread 
commercial application beginning in 1960. Integrated cir-
cuit technology has advanced significantly in the forty years 
that have elapsed since then. Electronic gadgets have under-
gone continuous improvement in terms of device density 
and clock rate [2]. Observing Moore's law of exponential 
growth has been a long-standing commercial trend for many 
decades. This remarkable breakthrough in semiconductor 
electronics was built on the reduction in the size of silicon 
MOSFETs, which allowed for an increase in the density of 
logic and memory chips. It is anticipated that semiconduc-
tor technology will continue to improve tremendously in 

the near future, according to the International Technology 
Roadmap for Semiconductors (ITRS) [3].

Despite Intel's recent demonstration of 22 nm technology, 
it is still unknown whether the trend will continue beyond 
the 10 nm frontier. This is despite the fact that the tech-
nology showed promise to stay up with Moore's law. It is 
physically conceivable to shrink the gate length of silicon 
field-effect transistors (FETs) to as small as 10 nm in their 
advanced (ultra-thin-channel, double-gate) configuration [4]. 
The nanoscale properties of devices get more diverse as they 
go smaller, including the threshold voltage and on/off cur-
rent, which can have a substantial impact on the performance 
of the device. Because of these more severe technological 
and basic restrictions, traditional scaling procedures, which 
maintain the device's essential structure while shrinking its 
size, are put to the test [5].

A new generation of one-dimensional (1D) structures, 
including carbon nanotubes (CNTs) and semiconductor 
nanowires, has been developed in response to the predicted 
limitations of photolithographic technology and in order to 
sustain the historical scaling trend in semiconductor technol-
ogy (NWs) [6]. The relevance of these components arises 
from the fact that they can function as both active devices 
and interconnects, allowing them to perform two of the most 
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critical functions of a nanosystem at the same time. There-
fore, it is possible to accurately control the critical device 
size down to the atomic scale during the growth process. 
Even though researchers have been working on complex 
arrays of nanotube devices uninterrupted for some years, no 
practical methods for building them have been discovered 
yet.

The classification of nanomaterials based on their size 
is depicted in Fig. 1. The development of many nanostruc-
tured materials has occurred throughout the previous few 
decades [7].

When nanostructured materials are viewed under a micro-
scope, the effects of size dependency can only be seen in 
one direction because they are all made up of sub-micron or 
nanoscale building blocks [8]. As a preliminary stage, mate-
rials with nanoscale structure are categorised in this way.

A billionth of a unit of measurement is referred to as 
"nano"  (10–9  m). Nanostructured materials with zero 
dimensions are zero-dimensional materials themselves [9]. 
Because of their small size, nanoparticles are the most fre-
quent way to display zero-dimensional nanomaterials. These 
zero-dimensional materials have been studied extensively in 
a number of applications, including LED solar cells, single 
electron transistors, and lasers [10].

One-dimensional nanomaterials are materials that do not 
have a limit to their size at the nanoscale. For example, one-
dimensional nanostructured materials are ideal platforms 
for researching a wide range of novel phenomena at the 
nanoscale, and they are also being used to investigate the 
relationship between functional proportion and dimensional-
ity in nanoscale materials [11]. Among the one-dimensional 
nanomaterials are nanowires, nanorods, nanotubes, and 
nanoribbons, among other things.

When both dimensions are more than or equal to the 
nanoscale range, this sort of material is referred to as two-
dimensional. This type of 2-D NSMS has a plate-like shape 
and integrates nanofilms, layers, and nanocoating’s into its 

construction [12]. In recent years, there have been several 
advancements in the chemical composition of 2-D NSMs 
that allow them to be either amorphous (or) crystalline in 
structure. In recent years, there has been a lot of interest in 
2D nanomaterials, which have features that are depending 
on their geometry. A two-dimensional NSM is defined as a 
structure that is branched, prismatic, or plate-like [13, 14].

A three-dimensional nanomaterial is a bulk nanomaterial 
that is not restricted to the nanoscale in any dimension of 
the material and is therefore not classified as such. These 
materials have three arbitrary dimensions that are more than 
100 nm in length, and each of these dimensions is differ-
ent [15]. The quantum size effect causes three-dimensional 
nanostructured materials to have a higher surface area than 
bulk materials as a result of their smaller size. Three-dimen-
sional nanostructures can be used to create magnetic mate-
rials, electrode materials for batteries, and other catalytic 
materials [16–18], among other things. Many other types of 
3D nanomaterials can be constructed from dispersed nano-
particles or nanotube bundles, for example.

2  Literature Survey

Ruby A. Lai el al., [19] proved, using metal-assisted chemi-
cal etching, that the schottky junction formed between metal 
and silicon plays a crucial role in the distribution of holes 
into silicon caused by an oxidising agent such as hydrogen 
peroxide, according to their findings. They discovered that 
their proposed mechanism may be used to explain how fac-
tors like as doping amount, doping type, crystallographic 
surface, etching direction, and etching solution composition 
all influence the pace at which etching takes place.

R.F. Balderas et al., [20] used metal-assisted chemical 
etching to create sensors based on porous silicon, which they 
patented. Using hexagonally oriented porous silicon (PSi) 
pillars with large pores on top of porous silicon (PSi) pillars 

Fig. 1  Classification of dimen-
sions based Nano Materials
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with smaller pores, porous silicon (P Si) sensors were pro-
duced in this study. These structures were created using a 
combination of techniques including colloidal lithography, 
gold film deposition, and MACE. The variable pore widths 
in MACE can be obtained by modifying the etching solution 
used in the process. They came to the conclusion that the 
reflectance spectrum of the sensors had the complex interfer-
ence pattern that had been predicted. Protein A and sucrose, 
as well as other smaller biomolecules, were revealed to be 
capable of penetrating the PSi barrier.

Lingyu Kong et al., [21] conducted an examination into 
the transport channels that are responsible for metal-aided 
chemical etching of silicon. When using metal-assisted etch-
ing, metal ions are responsible for the oxidation of silicon 
and the transfer of hole charges in the etching solution. For 
catalyst films with a thickness less than 30 nm, holes and 
cracks are employed to transport chemicals and byprod-
ucts through the catalyst film as it is being etched. When 
the thickness of the metal/silicon interface exceeds 30 nm, 
transport occurs at the interface. It was their goal to demon-
strate that ion transport has a major advantage over carrier 
transport at the catalyst-silicon interface in this experiment.

3  Background

In addition to exhibiting a wide range of intriguing optical, 
electrical, magnetic, mechanical, and other properties, metal 
oxide nanostructures are among the most interesting func-
tional materials, as previously stated [22–25]. In addition 
to self-cleaning and surface enhanced Raman spectroscopy 
(SERS) molecule identification, self-cleaning metal oxide 
nanostructures have the potential to be used in cosmetics, 
catalysis, medical diagnostics, and a variety of other applica-
tions [26–28]. Magnetic and optical devices, as well as bat-
teries, screens, and fuel cells, are examples of such devices.

Since silicon (Si) is readily available and non-toxic, it has 
a long shelf life and is highly stable. Its electrical character-
istics can be tuned, and it has a high photoelectric activity, 
making it a popular choice for energy and electronic devices. 
Silicon's characteristics can be improved through the use of 
nanoscale engineering. Because of its one-dimensional (1D) 
morphology and nanoscale diameter, silicon nanopores, 
nanowires, nanorods, and nano tubes can be used in energy 
and flexible electronics [24]. Significant investigation has 
been conducted into the unusual properties of silicon nano-
structures, such as quantum size effects and high surface-to-
volume ratios, throughout the last several decades. There are 
many different shapes and sizes of SiNs, but the two most 
prevalent are spherical and cylindrical.

• Silicon nanowires
• Porous silicon

Devices based on the physical properties of silicon 
nanowires are the focus of our research. Figure 2 illustrates 
the various uses of SiNs.

4  Methodology

Physical, chemical, electrical, and magnetic properties of 
nanoscale-structured materials differ considerably from 
those of bulk materials, as do their electrical and mag-
netic properties. Materials with nanostructures. As a result, 
they've developed a strong desire to learn more about sci-
entific and technological topics [19]. Nanomaterials can be 
created in a variety of ways utilising a variety of techniques. 
The manufacturing process for nanomaterials is depicted in 
Fig. 3. The development of nanoparticles is being improved 
through the use of physical and chemical processes. Physi-
cal and chemical sciences can benefit from the use of top-
down and bottom-up approaches to problem solving. It is 
feasible to obtain nanostructures via a top-down approach 
by first regulating macroscale structures and then manipulat-
ing nanoscale structures. Nanostructures are formed through 
the bottom-up miniaturisation of components and the self-
assembly of components in a controlled environment.

In this study, aqueous etching (also known as electroless 
chemical etching) is employed to fabricate Si nanowires. A 
number of chemicals and materials are used in this process, 
including silicon wafer, hydrogen peroxide,  AgNO3, and 
 H2O2. First and foremost, cleaning must be accomplished. 
A thin layer of deionized water is carefully applied to the 
substrate. The following step involves cleaning the wafer 

Fig. 2  Application of the silicon nanowires
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using isopropanol alcohol. The wafer is cleaned with isopro-
panol alcohol before being rinsed with HF at a concentra-
tion of 5%. We went through all of these stages in order to 
get rid of dust, organic matter, and other pollutants. After 
the substrate had been carefully cleaned, the glass beakers 
and Teflon that were utilised in the fabrication process were 
extensively cleaned as well. 80 mL of water were treated 
with 3.4 gm of  AgNO3, and 20 mL of HF were added to 
make a final volume of 80 ml of water Finally, after three 
seconds, the Si wafer was removed from the solution [20]. 
Other silicon wafers were subjected to the same technique. 
Figure 4 depicts fabrication of Silicon nanowires.

Many distinct types of structures for SiNWs have been 
observed and described. Structures such as clathrates, 

tetrahedral structures, and polycrystalline nanowires are all 
examples of these types of materials. SiNWs' surface is eas-
ily oxidised in air due to the high density of dangling bonds 
present on the surface of the nanowires. When it comes to 
SiNWs, electrical carriers can only travel in one direction. 
When compared to bulk silicon, the physical properties of 
crystalline silicon are significantly different. Figure 5 repre-
sents schematic representation of Silicon Nanowire.

5  Process of Chemical Etching

This method's usual procedure and basic mechanism are rep-
resented in Fig. 6 after a simple deposition of metal on a Si 
substrate and immersion in an acidic solution that contains 
both hydrogen peroxide (HF) and an oxidising agent (e.g., 

Fig. 3  Fabrication techniques

Fig. 4  Fabrication of Silicon nanowires

Fig. 5  Schematic representation of Silicon Nanowire
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sulfuric acid). As a result of the anisotropic dissolving of Si, 
nanowire structures are left on the surface of the substrate. 
Metal acts as a catalyst to accelerate chemical etching by 
preferentially transporting metal atoms along the crystallo-
graphic direction of the silicon crystal. With regard to SiNW 
crystals, they share a crystal axis with their source wafer and 
have the same doping type and level [2], which is consistent 
with their source wafer [21]. In any chemical laboratory, 
the remainder of the fabrication process can be carried out 
at room temperature and in an ambient atmosphere, without 
the need for a furnace or specialised equipment such as sput-
tering or electron beam evaporation.

Metal aided chemical etching, a straightforward and low-
cost approach for fabricating silicon nanowires, has been 
developed (MACE). Metal aided chemical etching processes 
[73] can only be used to facilitate the etching of Si when 
noble metals (Pt, Au, Ag, and Pd) are used as catalysts. It 
has long been recognised that chemical reactions occur more 
frequently in the vicinity of noble metals than in other loca-
tions. Because of its simplicity, low cost, ease of process 
control, and reproducibility, it is projected that MACE will 
be used more frequently as a dependable strategy for gen-
erating Si nanostructures in the future. MACE is classified 
into two types: one-step MACE and two-step MACE. In 
MACE, the deposition of metal nanoparticles catalyses non-
uniform etching of silicon in an aqueous etching solution, 
which results in the formation of microstructures. SiNWs are 
produced directly from the silicon substrate in the MACE 
process. This method makes it simple to achieve optical and 
electrical characteristics that are flexible. The mechanism 
of MACE is well depicted in Fig. 7. During the complex 

metal catalysed process known as MACE1, there is just one 
phase that takes place (one step MACE). During the pro-
cess of oxidation and dissolution of silicon, metal nanopar-
ticles (with Ag serving as the noble particle) are reduced in 
concentration.

In the chemical reaction that takes place in the etching 
solution, there are two steps that need to be completed: 
HF and  AgNO3. According to Eq.  (1), during the reac-
tion between HF and  AgNO3, the valence bond of silicon 
is grabbed by the Ag + ions and transformed to  Ag0 (1). 
Under the influence of the  Ag0 nucleus, it is oxidised to 
 SiO2 (Eq. 2) and then dissolved by hydrofluoric acid (eq 
0.3). When  SiO2 dissolves, a void is generated, and the Ag 
nucleus falls into this vacancy.. Because of the oxidation, 
there are more electrons in the solution, which attracts more 
Ag + ions, which in turn drives the pits to grow Ag nuclei. 
The reaction mechanism of MACE is depicted in the dia-
gram below.

Describes a process for controlling and manufacturing 
advanced NWs structures that uses metal-assisted chemical 
etching (MACE) to control and create the structures. It is 
possible to fabricate anisotropic high aspect ratio semicon-
ductor nanostructures using the wet-etching method MACE 
while avoiding damage to the lattice. An etching procedure 

(1)Ag + (aq) + e − VB,Si → Ag0

(2)Si(solid) + 2H2O − 4e − VB, Si → SiO2(Solid) + 4H+

(3)SiO2(Solid) + 6HF → H2SiO2 + H2O

Fig. 6  Process of chemical 
etching

Fig. 7  Mechanism of Metal Assisted chemical etching
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with no variation in the z direction can be used to manufac-
ture the suggested quad-crescent design in a single step, and 
this can be accomplished in a single step. Metallic particles 
with specific shapes and periodicities can be etched into the 
semiconductor NW in a controlled manner. It is necessary 
to follow the strategies shown in Fig. 8 sequentially in order 
to construct the proposed structure. After cleaning the Si 
substrate using ethanol and acetone, the surface is polished 
to a smooth finish.

A bottom contact of Ag is coated on the Si substrate 
with the use of thermal evaporation. The glancing angle 
deposition approach can also be used to create the intended 
crescent shape, as shown in the image below. Techniques 
for creating crescent designs include reactive ion etching, 
electron beam lithography, and holographic lithography, to 
name a few. According to the demonstration in step 4, the 
Si substrate is etched until the desired length is reached. The 
etching procedure, which employs a mixture of hydrogen 
peroxide  (H2O2) and hydrochloric acid as a final step, is used 
to remove the mask layer from the surface (HCl). The peri-
odic array of the optimised QCr-NW structure is depicted in 
Fig. 8 (e). The proposed design differs from the previously 
developed NWs in the shapes of nanopyramid, nanocone, 
and nanofunnel that have been previously developed.

6  Results and Discussion

According to the authors of the aforementioned paper, only 
a few research have been conducted simultaneously on the 
mechanical, morphological, and optical features of silicon 
nanostructures (SiNs). All of these findings, taken together, 

contribute to a better understanding of the basics of the SiNs 
that have been generated and their mechanical reactions. The 
findings of this study may be useful in continuing the devel-
opment and improvement of SiNs' use in a variety of electri-
cal and thermoelectric applications, as well as in other fields.

In this work, to produce super continuity, we used a wave-
length range of 0.8 to 1.7 nm and a core diameter of 420 to 
480 nm. This research is motivated by high mode confine-
ment within the core, low dispersion, and strong nonlinear-
ity. Figure 9 shows the mode field distribution for a laser 
with a wavelength of 0.8 m and a core diameter of 480 nm. 
Finite element methods are used to calculate the fundamen-
tal mode's effective refractive index.

Both the total reflected intensity (p/s) for each of the 
two distinct array sizes is depicted in Fig. 10. Between 450 
and 600 nm, a polarization-independent reflection peak is 
found. The peak changes somewhat to longer wavelengths 
for both polarizations as the diameter increases, result-
ing in lower reflection intensities at higher wavelengths. 
Contrary to expectations, as silicon volume grows, this is 
the opposite. In addition, the s-polarized input has higher 
reflection intensities than the p-polarized input. Due to the 
sample's structure, the air-SiNW interface and SiNW-sili-
con contact generate numerous reflections that may inter-
fere constructively or destructively when the input wave-
length changes. Figures (Fig. 10) for both polarizations 
show theoretical reflections from the air-silicon contact 
for comparison. In comparison to silicon, the reflection 
from the SiNW arrays is quite different. S-polarized beam 
reflection decreases with increasing SiNWs, yet p-polar-
ized beam reflection increases with increasing wavelengths 
larger than 400 nm. Figure 10 demonstrates that there are 

Fig. 8  Fabrication steps for 
the MACE reported crescent 
Si-NW structure
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wavelengths where the reflection is greatly reduced, and 
these troughs are dependent on the object's diameter.

Instantaneously following the application of the Zn 
layer, it became completely opaque. In contrast to ZnO/Zn 
thin films, which exhibit high transmission and a promi-
nent absorption edge in the UV area (Fig. 11(a)), ZnO thin 
films exhibit good transmission and a pronounced absorp-
tion edge in the visible region (Fig. 11(b)). In the presence 
of free electrons discharged from the Zn contact, electrons 
accumulate in the ZnO conduction band, resulting in a 
bleaching of the excitonic feature in the ZnO conduction 
band.

A trapping of electrons occurs at the ZnO/Zn interface, as 
illustrated in Fig. 11(a), enhancing the absorption of ultra-
violet and far infrared light while concurrently increasing the 
dipole moment. Recently, it was demonstrated that organic 
semiconductors can trap light for the first time in their his-
tory. Consequently, the formation of a dipole layer between 
Zn and ZnO is thought to be responsible for the production 
of 'effective n-type' doping.

The photoluminescence characteristics of silicon nano-
structures were examined at wavelengths ranging from 350 
to 1000 nm using an Ocean Optics USB 4000-VIS–NIR 
detector and a 375-nm laser (5 MW), both of which operated 

Fig. 9  Mode field distribution 
for a laser with a wavelength 
of 0.8 m and a core diameter of 
480 nm

Fig. 10  p and s polarised inputs
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in Continuous Wave (CW) mode. The presence of F-band 
luminescence in porous Si after ageing was discovered, and 
the—transitions in Si nanocrystals were found to be respon-
sible for this. On the other hand, as illustrated in Fig. 12, the 
PL spectra of silicon and silicon nanostructure are visible.

An excitation peak at the band edge of ZnO/Zn thin films 
exhibits a relative red shift when compared to the rest of the 
film (Fig. 13). Lower-wavelength excitation properties of 
both thin films (at 338 nm and 316 nm, respectively) are, 
on the other hand, substantially unaltered at these shorter 
wavelengths. Two separate processes are responsible for the 
PLE resonance observed here, as proven by the findings.

The bands are detected in both ZnO and ZnO/Zn films 
when PLE is used to measure green, red, and blue emis-
sion. The disordered array was created using nanowires with 
30–80 nm diameter. As a result of van der Waal interactions, 
nanowires clustered randomly. The substrate for both sam-
ples was a Si wafer. It is shown in Fig. 14 that the nanowires 
have been etched. Each of the nanowires had a length of 
650 nm and a pitch of 100 nm. The square lattice of organ-
ised nanowire arrays stood nearly vertically above the array. 
Some of the nanowires with a smaller diameter were bun-
dled together, resulting in the disordering.

Figure 15 depicts the testing flowchart. We could meas-
ure the PL for various excitation and emission polarizations 
since we employed two polarizers. When measuring emis-
sion, we focused on a beam with an angle of 30 degrees 
for both the beam's direction of travel and its measurement 
axis. Because the electric field of the s-polarized input 
beam was perpendicular to the nanowires, the polarisation 
was also perpendicular. An electric field perpendicular to 
the nanowires is one component of the p-polarized beam. 
Non-polarized light can be used to create highly polarised 

Fig.11  Transmittance analysis based on different etching periods

Fig. 12  Photoluminescence Analysis based on different etching peri-
ods

Fig. 13  Silicon nanostructure with Ag sample for different etching 
time periods

11424 Silicon (2022) 14:11417–11427



1 3

fields within a nanowire with a high refractive index con-
trast. Because of the nanowire's short wavelength, the field 
is expected to be stable.

Figure 16 shows that PL emission occurred in both the 
s- and p-polarizations when nanowires were activated by 
either a p-polarized or an s-polarized beam. According to 
the table, the output polarisation with the highest emission 
has the maximum emission for both the input and output 
polarizations. Furthermore, the peak intensities for the two 
input polarizations are nearly comparable in terms of magni-
tude. Black silicon and porous silicon, both of which contain 
disordered nanowires, are examples of nanowires that emit 
light in response to polarisation variation. In contrast, the 
difference between s- and p-polarized light increased from 
1.43 to 2.76 when the input was polarised in the p direction. 
In contrast, whereas either the positive or the negative input 
polarisation can excite the p-polarized output, only the posi-
tive or negative input can excite the s-polarized output. The 

Fig. 14  (a) SEM image show-
ing ordered array of etched 
nanowires. (b) SEM image of 
the etched nanowires in the 
disordered array

Fig. 15  PL Measurement Schematic

Fig. 16  (a) An ordered network of nanowires is activated by s-polarized input and produces polarization-resolved PL output. (b) When excited 
by p-polarized input, ordered nanowires provide polarization-resolved PL output
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ratio between the two locations is 1.75:1 when comparing 
them peak to peak. As a result, s-polarized output has a PL 
memory due to this. It is conceivable to provide an explana-
tion for the variation in the bending angles of the nanowires 
across the array.

The availability of several portable medical diagnostic 
gadgets, such as blood pressure monitors, glaucoma devices, 
and cholesterol sensors, pregnancy test sensors, heart rate 
monitors, and oxygen metres, has made diagnosis in the 
medical profession considerably easier in recent years. 
Gliomas are the most common and aggressive of all brain 
tumours, having a life expectancy of only a few months in 
the most severe form. Therapy planning is a crucial step 
in improving the quality of life of cancer patients. How-
ever, the massive amount of data generated by MRI makes 
manual segmentation impractical in a reasonable amount of 
time, limiting the use of precise quantitative measurements 
in clinical practise. Because there is so much variety in the 
spatial and anatomical features of brain tumours, an auto-
matic and reliable segmentation approach is required. Even 
now researchers have worked on the various devices which 
can be helpful for bio-sensing applications [29–32].

7  Conclusion

The purpose of this work was to develop a platform based on 
silicon nanowires for future applications (SiNWs). Accord-
ing to this study, the simple MACE method for etching SiNs 
for different durations of etching time was demonstrated 
using 7 mg AgNO3 mass variation with 20 ml of water. 
We were able to characterise all of the different SiNs using 
a variety of techniques, including optical, structural, and 
morphological methods. The XRD technique was used to 
analyse the structural flaws and structural conformation of 
SiNs. The fabrication of high-anisotropy silicon nanowires 
was accomplished by the use of a top-down approach, elec-
tron beam lithography, and reactive ion etching. This method 
has allowed for the production of silicon nanowires with 
diameters lower than 15 nm for the first time in history. ZnO 
nanowires have been successfully generated on a number of 
different substrates. On the basis of diagrams, the process of 
ZnO nanowire formation has been described. In this study, 
researchers synthesised polycrystalline nanowires with 
diameters ranging from 20 to 100 nm, and lengths of only 
a few micrometres or less. These nanowies can be found in 
abundance across the substrate. The mechanical properties 
of nanowire thin films were investigated in detail. The ZnO 
nanowires that have been synthesised in situ are character-
ised by their softness and low hardness values. The polarisa-
tion resolved reflection technique was used to investigate and 
anticipate the light trapping properties of SiNWs. In a future 
laboratory study, nanowires coated with noble metals such 

as Ag or Au will boost Raman scattering from an array of 
SiNWs. Surface-enhanced Raman spectroscopy, for exam-
ple, is one area where this could be advantageous. Further 
morphological properties of SiN were investigated using 
scanning electron microscopy. It was also able to determine 
the morphological properties of SiNs as a function of etch-
ing time using SEM data.
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