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ABSTRACT
In this study, the influences of etching laser wavelength on the surface
morphology of silver nanoparticles AgNPs deposited on macro porous silicon (mPSi)
substrates were studied. Laser assisted etching (LAE) process with different laser
etching wavelengths 405nm, 635nm and 810nm were used to prepared different pores
shape of pore-like structures macro- porous silicon layer. AgNPs was prepared by
immersion plating with fixed deposition conditions. Structural and morphological
characterizations of (mPSi) and AgNPs were inspected through studying of scanning
electron microscope (SEM) and X-ray Diffraction (XRD) pattern of (mPSi) and
AgNPs. These measurements indicated that the morphology of AgNPs were in
different shape, sizes and distribution. This modification is strongly influenced by the
etching laser wavelength used in the etching process. It was found that the AgNPs
planes, grain size, specific surface area, and nucleation sites of silver nanoparticles
toughly depended on chemical species and morphology mPSi.
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1. INTRODUCTION
mPSi has numerous exclusive morphologies properties including very large specific area,
different pores form and sizes [1]. The chemical surfaces of porous matrix porous make it a
very helpful material for catalytic applications [2]. Laser –assisted etching process of silicon
in hydro fluoride (HF) acid having electrolytes intimations to pore creation for a low values
of laser power density and to electro polishing for high applied laser power density. The
controlling of laser parameters (power density and wavelength) is supplemented by variation
of the porous surface morphology of etched surface. The etching rate at the interface between
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the silicon and HF acid is governed by the laser parameters. Most of applications depend on
the surface morphology of porous silicon [3,4].
The Si -H terminated dangling bonds and its position on the surface of mPSi represent as
an efficient way of reducing silver ions without addition any reducing agent [6]. The unique
physical and chemical of Silver nanoparticles deposition within the porous matrix substrate is
of specific significance due to its chemical and biological uses. The typical features of
AgNPs have been employed in extensive variety of potential applications like the detection
process of gas vapors and chemical dissolved materials, medicine and renewable energies [7].
The influence of pore sizes and shape in the n-type meso porous structure on the
morphological properties of the AgNPs was investigated extensively [8,9], and they
recognized the ability of porous surface to reduce silver ions leads to the creation of Silver
nanoparticles located on surface, with nearly no diffusion of the silver into the pores. In this
work, we studied the influences of laser wavelength on the formation and preparation
mechanism of AgNPs via silver ion reduction process. The morphological properties of the
deposited AgNPs were studied by analyzing the SEM, FTIR, and XRD results.

2. EXPERIMENTAL DETAILS
2.1. Preparation of PSi samples
Three types of mPSi of pores morphologies were synthesized by LAE process of n-type
with resistivity 100 Ω.cm phosphor-doped silicon wafer (100) orientation by using three laser
wavelengths 405nm (violet) , 635nm (red) laser diodes and 810nm (infrared) . The starting
Si substrate was cut into 3×3cm samples, cleaned in peroxide ammonia solution, Silicon
substrate were immersed for a 10 min. into 10% aqueous hydrofluoric acid to remove the
native oxide layer.
The etching procedure was occurred in specially designed cell which consisted of twoelectrode system silicon substrate as an anode and a platinum ring as cathode. The
experiment was carried out in room temperature and is presented in figure. 1. The cell
donated us a mPSi layer of identical cross sectional region. (well recommended) mPSi.
Solution of 48% HF in ethanol in proportions HF:C2H5OH as (1:1) was used as etchant.
Morphological properties of mPSi were modified by the variation laser wavelength.

Figure 1 The schematic diagram of etching process.
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The series of mPSi substrates were prepared at constant value of etching current density
(J) of 35 mA/cm2 and etching time (t) of 16 minutes throughout the substrate preparation. The
etching procedure was taken on at fixed illumination intensity of 30 mW/cm2. The mPSi
substrates were cut into two parts. The first one was used for the assessment of morphological
properties of mPSi, and the second part was used for formation AgNPs. The silver
nanoparticles were prepared by immersion plating the mPSi sample in 10-2M of AgNO3
solution with fixed immersion time of about 10 minutes. The scanning electron microscopy
(FE-SEM, GEMINR-SUPRA -35 VP- Carl Zeiss), X-ray diffraction (XRD-6000,
Shemadzue) and Fourier transfer infrared (FTIR) spectrometer analyses were carried out by
(PerKin –Elmer spectrometer).

3. RESULTS AND DISCUSSIONS
3.1. Preparation AgNPs on mPSi layer
Immersion plating process of porous silicon in AgNO3 solutions is an efficient process to
create Ag nanoparticles through a redox process containing Ag+ ions with the hydrides
situated on the porous surface. This process leads to a instantaneous creation of Ag
nanoparticles through silver ions reduction by Si–H bonds concentrated within the porous
matrix. Due to this process, nuclei of Ag crystals are formed at the pore boundaries and inside
the pores itself, so the porous surface is progressively covered with a layer of silver regions
[6]. Immersion plating process was carried out at fixed AgNO3 concentration of about 10-3 M
and fixed immersion time of about 10 min.

3.2. Properties of mPSi layer
The morphological features of mPSi layer comprise porosity, layer thickness and the pore
sizes and shapes. The morphology plays a significant role in preparation of AgNPs since it's
affords a great density of suitable locations for nucleation and creation of AgNPs. The
morphological of mPSi layer are influenced by etching conditions: the current density, and
the etching wavelength [10]. To vary the morphology especially the porosity, pores shape,
and size, the etching laser wavelength has been changed. The porosity and the layer thickness
of the porous layer is the restrictive factor which is known as the extent of void spaces within
the layer. It is calculated via the gravimetric measurements [11]. The value of the porosity
and the layer thicknesses as a function to etching laser wavelength is illustrated in table 1.
The porosity of the fabricated porous layer at short laser wavelength is higher than that of the
longer wavelength, while the layer thickness for porous samples is increased with increasing
etching laser wavelength. this behavior may be owing to increase the density and size of the
pores in the porous layer, due to the fact that the absorption process is inversely proportional
with wavelength. The absorption depth and therefore the layer is defined as the inverse of an
absorption coefficient at which the layer synthesized carriers e-h pairs are exponentially
decreased by a factor of 1/2.7. The theoretical value of absorption depth is about 0.09µm,
3.7µm and 11 µm for laser wavelength 405 nm , 635nm and 810nm respectively [12 ].
Table 1 Porosity l and layer thickness of mPSi layer as a function to etching wavelength.
laser wavelengths
405nm (violet)
635nm (red)
810nm (infrared)

Porosity%
82
73
61

Porous layer thickness µm
1.2
5.4
12

Surface morphology of as prepared mPSi was studied through FE-SEM images of porous
surface. The morphological characteristics of the porous layer like the pore width pore shape
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and silicon spacing between adjacent pores were strongly dependent on the preparation
conditions.
Figure, 2 demonstrations the top-view of surface topography of mPSi for three laser
wavelengths. It was found that the resultant porous structure, as revealed in figure. 2, has a
pore-like fine structure with different pores shapes and pore widths.

Figure 2 Display, the (FE-SEM) image of mPSi surface prepared by laser-assisted etching with
illumination wavelengths (a) 405 nm, (b) 635 nm, and (c) 810 nm.

The top view of the surface reveals that the layer consists of a dense small pore aligned in
irregular way. Array of void regions (dark) pores in Si matrix bright can be seen clearly in the
top view FE-SEM images. The lessening of laser wavelength means an increase of silicon
dissolution process within the upper porous layer due to the increase of photo-generated
holes’ number on the silicon electrode. This would allow favored dissolution between
nearest-neighbour pores, there by promoting the pore-pore intersection. Though, etching rates
may be different and this leads to non-uniformity in the values of the pores diameter.
Different etching rates lead to non-uniformity in value of pores width arises from nonuniform laser power density distribution of illumination. This leads to non-uniform photogeneration holes, subsequent in different pore width. The non-uniform laser intensity of
illumination may be attributed to the gradual decrease of laser intensity from its peak to the
minimum value (Gaussian–beam distribution). The statistical distribution of the pore
dimensions in the mPSi structure is shown in the figure.3. From this figure the average
porous dimensions ranging from 0.06µm to 0.97µm while the peak of the pore dimensions is
about 0.26µm for violet illumination and from 0.15µm to 1.31µm while the peak of the pore
dimensions is about 0.71µm. and finally for infrared illumination the pore dimensions
ranging from 0.74µm to 2.3µm while the peak of the pore dimensions is about 1.4µm.

Figure 3 presents, the statistical distribution of pores with illumination wavelengths (a) 405 nm, (b)
635 nm, and (c) 810 nm.

http://www.iaeme.com/IJCIET/index.asp

1794

editor@iaeme.com

Wail H. Ali

The chemical species on mPSi structure is determined by means of FTIR absorption
signals from porous silicon surface . Figures (4) shows the FTIR spectra of porous silicon
substrate as a function to etching laser wavelength ; the spectra comprise the hydrogen
termination bonds monohydride (Si-H) bonds, dihydride (Si-H2) bonds, trihydride (Si-H3),
and Si-O-Si bonds. From this figure, it's clear obvious that the porous surface substrate
prepared by violet illumination contains large density of hydrogen termination bonds than the
substrates which prepared with red and infrared illumination. This reflects a fact that the
density of ion reduction process centers which is responsible of formation the
silver
nanoparticles over the porous substrates is modified by laser wavelength during the etching
process. The existence of Si-O-Si bonds is due the drying effects of porous silicon in
ambient air, where the porous surfaces are partly oxidized as a fact to the transformation of
some of hydrogen termination to oxygen termination bonds [ 13].

Figure 4 The effect of etching laser wavelength (a) 405 nm, (b) 635 nm, and (c) 810 nm on the FT –
IR absorbance spectra of mPSi.

3.3. Structural properties of the AgNPs deposited on mPSi substrates
The morphological properties of the AgNPs layer as a function to etching laser wavelength
were studied through the analysis of scanning electron microscopy image of fig. 5.
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Figure 5 Display, the SEM images of AgNPs layer deposited on mPSi as a function of etching laser
wavelength b) 405 nm, b) 635 nm, and c) 810 nm.

As shown from figure. 5, The morphology and the size of AgNPs were found to be a
function of the mPSi properties like pore (size and shape) and the chemical species of porous
surface, for violet illumination porous silicon substrate which possess the lowest pore sizes
and high density of hydrogen termination, the AgNPs sizes vary from 0.61 to 3.42 nm. The
maximum value of the AgNPs size is lower than the meso pore sizes so the density of the
silver nano regions is likely to develop outside the pore itself. The AgNPs sizes vary from
0.61 to 3.42 µm. For red illumination porous silicon substrate, the AgNPs layer is nearly
uniformly distributed over the porous layer. A closer look of figure.5b shows that only a
partial coverage of the PSi surface of about 95% was got and the size of AgNPs was in the
range from 200 nm to 600nm and the particle was aggregated to more than that of violet
illuminated sample. The morphology and size of AgNPs on the mPSi surface of infrared
illuminated sample is illustrated in figure. 5c, the size of AgNPs was in the range from 200
nm to1000 nm. The ion reduction process depends on the position and the density of the
nucleation sites. And the surface of Violet illuminated porous silicon is fully coated with the
Si- H bond; the number of nucleation sites for silver reduction is much greater on the other
porous surface, leading to synthesize the smaller silver particles. The immersion plating of ntype PSi layer in AgNo3 solution is an efficient process to synthesize AgNPs outside each
pore and at the outer shell of the pore region through a redox process of silver positive ions
with the Si-H bonds. These bonds represent a nucleation sites to form silver nano regions on
the pore wall. This dependence of Si-H bonds (nucleation sites) on the etching wavelength is
due to the fact that the etching process varies with the laser wavelength, where the absorption
process of red laser wavelength would occur deeply inside the silicon wafer compared with
the absorption violet wavelength which occurs at the surface of the wafer [5].
The x-ray diffraction patterns of AgNPs deposited on the PSi by immersion plating for
salt concentration of 10-2 M for three etching laser wavelength red, and violet is presented in
figure. 6.
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Figure 6 Shows, the XRD patterns of of AgNPs layer deposited on mPSi as a function of etching
laser wavelength a) 405 nm, b) 635 nm, and c) 810 nm.

Through comparing this figure with the standard x-ray diffraction pattern of the silver, the
AgNPs deposited on the mPSi surface has different peaks locations which was indexed to the
reflection from (111), (200), and (220) crystal plans FCC silver correspondingly.
The experimental and standard diffraction angles of AgNPs as a function to illumination
laser wavelength are obtainable in table. 2. In this Table, the modification in diffraction angle
(2θ) or inter atomic space owing to the native presence of microscopic deformation (strain).
http://www.iaeme.com/IJCIET/index.asp
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Microscopic deformation i.e., native difference of interatomic distance in AgNPs samples, is
mentioned to as micro strain [4].
Table 2 Experimental and standard diffraction angles (2ɵ) of AgNPs as a function of etching laser
wavelength b) 405 nm, a) 635 nm, and c) 810 nm
Laser wavelength
(nm)
635

405

810

Experimental diffraction angle
(2θ in degree)
(111)
(200)
(220)
(111)
(200)
(220)
(111)
(200)
(222)

37.995
44.211
64.223
38.889
45.043
65.122
37.83
44.38
81.26

Standard diffraction angle
(2θ in degree)
ASTM Standard Card
38.116
44.277
64.426
38.116
44.277
64.426
38.116
44.277
81.53

The dependence of AgNPs and its specific surface area (S) on the laser illumination
wavelength reproduces new features for controlling the features of AgNPs. The width of
diffraction peak is depended on the silver crystallite sizes. Large sizes leads to form sharp
reflections, while a small size leads to exist a broad reflections [6] .
Table.3, demonstrations a incessant increase in the grain size of AgNPs in the plane (111)
and (200) on mPSi substrate when decreasing the etching laser wavelength. The value of
silver grain size as a function to etching laser wavelength 405 nm, 635 nm, and 810 nm are
tabulated in table 3.
Table 3 The size of AgNPs in plane (111), (200), and (220).
Laser wavelength
(nm)

Size of Silver
nanoparticle in
(111) plane (nm)

Size of Silver
nanoparticle in
(200) plane (nm)

Size of Silver
nanoparticle in
(220) plane (nm)

635
405
810

13.4
9.28
16.2

11.87
10.4
16.21

59.57
7.09
-

Size of Silver
nanoparticle
in (222) plane
(nm)
30.05

The silver Nano crystallite size was measured from the peak broadening as shown in
figure.7 and it can be gotten using Scherer’s formula as follows [7]:
L=

---------------------------------- (3)

Where L is the silver Nano sizes in (nm), λ is the wavelength in (nm) of working
radiation, B in (radians) is the full width at half maximum FWHM, θB in (radians) is the
diffraction angle and (0.9) is the shape factor value.
The specific surface area (S) per mass is given as:
S=6000/Dp * ρ---------------------------------- (4)

Where S is the specific surface area, Dp is the size of the silver nanoparticle, and ρ is the
density of silver 10.5 g/cm3.[8] The highest value of specific surface area is about 80.6nm
and the minimum value is about 19.3 nm for violet and red illumination respectively.
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Table 4 The Specific surface area of AgNPs in plane (111), (200), and (220)
Laser
wavelength
(nm)
635
405
810

Surface area of
Silver
nanoparticle in
(111) plane
(m2 ∙g−1)
42.6
57.35
39.41

Surface area of
Silver
nanoparticle in
(200) plane
(m2 ∙g−1)
34.8
47.1
35.24

Surface area of
Silver
nanoparticle in
(220) plane
(m2 ∙g−1)
19.3
80.6
-

Surface area
of Silver
nanoparticle
in (222) plane
(m2 ∙g−1)
21.12

The calculated AgNPs (from SEM analysis) are greater than that calculated from XRD
(Sheerer equation). This means that the SEM analysis shows the size of polycrystalline
nanoparticles. In general manner, AgNPs (FCC) tend to nucleate and grow into a large group.
The attendance of some bigger nanoparticles maybe documented to the tendency of AgNPs to
agglomerate at high surface energy [9].

4. CONCLUSIONS
In this work; we conclude that the AgNPs were effectively prepared by laser-assisted etching
process with different etching wavelength followed by a simple dipping plating process of
mPSi samples. The surface morphology of mPSi was a function of laser illumination
wavelength. The morphology and the sizes of the AgNPs were totally different for different
laser wavelength and strongly depend on chemical species and morphology mPSi. The
effect of reducing the laser wavelength will improve the density of hydrogen termination
bonds and hence decreasing the AgNPs size in the prepared nano film.
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