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(VII) 

-The thesis includes the preparation of nano porous silicon by the  photo 

electro chemical etching scraping process, using alight with luminous power of 

(100W) for N-type and electro chemical etching for P- type in the same method of 

preparation for both types and with the resistivity (R=1-10 Ω.cm) by using different 

concentrations of hydrofluoric acid/Ethanol  at a ratio (39-43%) and ethanol (99%) 

the operation was carried out with a skimming time of (10 min) and a voltage of (10 

volts) . 

-Porous silicon has been theoretical studied by means of preparation, physical 

and chemical properties and applications of porous silicon have been studied . 

- We also compared the two kinds by examining the shape and compositional 

features of porous silicon layers using X-ray diffraction XRD, scanning electron 

microscope SEM, and gravimetric technique. The X-ray diffraction findings 

revealed that the difference between the two kinds is minor owing to differences in 

acid interaction .Either the homogenous is in the medium shape due to their effect 

with porous silicon. As for the scanning electron microscope images, they showed 

different shapes. If these shapes change with the change of concentrations, it has 

been found that the width of the pores and the thickness of the porous silicon layer 

increases as the acid concentration decreases. 

- As for the porosity values of the porous silicon layers measured using the 

gravimetric method for both types, it was found that the porosity changes due to the 

strength of the reaction concentration, If it increases as the acid concentration 

decreases due to the occurrence of more polishing, which leads to an increase in 

density due to the large amount of voids in the porous silicon layer and decreases 

with increasing the concentration .A weak porous silicon layer is produced which 

results in a small amount of voids . 



 
 

(VIII) 

-Also, the optical and electrical properties of both types have been studied .it 

has been found that both are affected by the thickness of the layer due to their 

mathematical connection; as the thickness of the layer increases, the relative 

permittivity and refractive index decrease and vice versa. As for the electrical 

capacitance, it is affected by the porosity, thickness of the layer, it increases as the 

porosity layer is smaller, due to the presence of air and the layer thickness is large 

because there are a lot of ions and charges. 

Finally, the applications of porous silicon were study since we saw a rise in 

the voltage of the solar cell after adding a sample of porous silicon to it, and the 

findings and measurements we acquired proved its efficiency and capacity to 

amplify the voltage generated by the solar cell. This gives an outcome meaning that 

it is possible to improve that solar cell by using a nanostructured layer of silicon and 

using it as a diode in the solar cell. 
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Chapter One                                                                          Literature Review  

 

 

(1) 

1-1 Introduction 

The nano is the discovery of new materials processes and phenomena at the 

nano scale as will be wide in researchers at last century experimental and theoretical 

techniques for research provides new opportunities for developing in novative nano 

scale systems and materials with nano structures. Many unique application and 

materials are expect from nano scale system. 

It is expected that this field will open a new branch in science of technology [1]. 

The nano structures science and technology are large and interdisciplinary 

area of research’s and development that have grown significantly worldwide in the 

past year [2]. 

It has the potential to revolutionize the ways in which materials and products 

are created and the range and nature of jobs accessible. It already had a major 

commercial impact that will be confirmed in the future [3]. 

Silicon is at heart of microelectronics revolution. Its dominance over other 

semiconductors is intimately tied to its superior characteristics and processing 

properties and to the tremendous base of technology that has developed around it. 

Other semiconductors are not likely to displace Si as the material of choice in 

electronic applications. Si, however, is an extremely inefficient light emitter and for 

this reason, has not enjoyed the same level of dominance in optical applications [4, 

5]. 

Vincent. From experimental tests, that porous silicon (PSi) can be produce 

from [PEC] etching process. It is ability to form junctions that using in electronics 
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tests in simpler ways compared with the relatively advanced techniques required 

solid state processing [6]. 

Silicon is widely used in today's semiconductor field because of its low price 

and high process compatibility. However, the application of silicon in the infrared is 

limited by its higher reflectance and its wide band gap. The emergence of porous 

silicon has effectively improved these limitations. Porous silicon has a sponge-like 

structure capable of reducing the reflectance [7]. And exhibits the characteristics of 

a direct band gap semiconductor .Therefore, It has been widely used in solar cells, 

photo detectors, and other wide-spectrum applications using visible to infrared light 

[8]. 

Porous silicon is mixture between silicon and inserts of nano-porous holes 

which make micro structure and provide large surface with volume ratio and in 

history it was discovered [9]. 

Porous silicon is quickly becoming an increasingly important and versatile 

electronic material in today's fabrication technology [10]. 

The porous silicon consists of a network of sized nano meter silicon region 

surrounded by void space. In the other hand on of the most popular techniques that 

is used to produce porous silicon nano structures which is the photo chemical etching 

process of silicon wafer with hydrofluoric acid [HF][11]. 

Over the past several years, there has been arising level of research work 

focusing on improving the efficiency of the light emission from silicon based some 

materials through various scheme layers to produce artificial structures . 

Porous silicon has attracted much attention as a new opto electronic material 

since the observation of its visible efficiency photoluminescence at room 



 

Chapter One                                                                          Literature Review  

 

 

(3) 

temperature. A lot of one of experimental and theoretical studies have been report 

so far in order to clarify origin of light emission by (PSi) layers 

(photoluminescence’s). And from that appear some acceptable explanations is the 

quantum confinement model [12]. 

Here, electrons are  confined in nano meter sized structure where the visible 

emission originates from electron-hole recombination between discrete energy level 

inside the quantum wells wires or dots depending on the confinement 

dimensions[13]. 

Porous silicon layers are different in properties , there properties depending on the 

parameters of preparation conditions [14]. 

Canham in 1990 observed the bright photoluminescence (PL) irradiated from 

porous silicon material or a new material that became among scientists and  

technologyists , and has been applied in various fields during the past two decades 

.From some arrange techniques the porous silicon can be formation. And direct 

images of the material can be carried out by scanning electron microscopy [15, 16]. 

In the last years, the nano materials get very important and were give attention 

from researchers because in addition the small size the responsibility for the many 

properties (electronic, optical, magnetic, chemical and mechanical) of the nano 

particles. It makes it suitable for new applications [17]. 
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1-2 Literature Review 

Arthur uhlir was working in 1956 on electro chemical (EC) etching of silicon 

with assisted hydrofluoric acid (HF) solution, this working with intent of polishing 

to make micro structures in silicon, how over the films are relatively little interest at 

the time [18]. 

In the 1970s and 1980s the interest in porous silicon increased because the 

high surface area of porous silicon was found to be useful as model of the crystalline 

silicon surface in spectroscopic studies [19, 20]. 

The first study of the porous silicon in 1991 and 1990 with the study of the 

electrical properties of (PSi) layer and showed the vapor sensing as direct application 

of this new material the important structure characteristics of (PSi) layer were                 

investigated by Lehman et al [21]. 

The photo chemical etching process focused on the studies in 1992, the 

photoluminescence and electroluminescence characteristics for the silicon nano 

crystallites layer prepared by laser-induced etching process as follow. 

The photo chemical formation of porous silicon in hydrofluoric acid (HF),without 

external as was firstly reported in 1991 by nouguchi and suemune [22]. 

Lang, et. al. in 1995 prepared (PSi) from doped foil silicon crystalline (N-type 

and P-type) with different light assisted conditions (dark, visible, and ultra violet 

light) [23]. 

The experimental tests showed that (PSi) can be produced with laser assisted 

which called laser-induced etching process and make very advantage and dramatic 
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structural in optical properties this shown as D.G Rasheed and its groups in 

2001,2005 and 2006 [24]. 

In 2006, group of scientists studied the porous silicon morphology as a 

function of condition preparation, that the link let-wean morphology, porosity and 

surface resistance [25]. 

In 2008, Izabella studied the porous silicon as application in solar cell that 

one-dimensional photonic crystal. The results were gradual increase in the spatial 

period of the structure. Image processing is use to design the porous silicon; the 

efficiency of almost 14% was reached for those types of reflectors on large area 

71cm² epitaxial Si solar cell. and give boosting efficiency of 0.6% absolute in 

comparison with the solar cells containing [26]. 

In 2009,Nansheng used electrochemical etching to form porous silicon layer 

which emitter layer of solar cell with very low reflectivity obtained the morphology 

and reflectivity of (PSi) layer are easily modulated by controlling the electro 

chemical condition  i.e.(the current density and etching time) [27]. 

Alwan.M.Alwan et al in 2010 reported the morphological properties of porous 

silicon and oxidized porous silicon prepared by photo electro chemical etching from 

N-type silicon wafer as a function of experimental parameters [28]. 
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1-3 The Aims of Project 

- 2 Studying the porous silicon properties which prepared by using photo electro 

chemical etching and electro chemical etching. 

2-Studing the effect of the hydrofluoric acid and ethanol on properties of porous 

silicon. 

3-Study the porosity of porous silicon, layer thickness, relative permittivity, 

refractive index, and the capacitance. 

4- Comparative study between N, P-type for porous silicon. 

5- Studying the effect of the porous silicon sample on the solar cell.  
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2-1 Introduction  

       This chapter explains the information about  silicon crystalline and how the 

bonds consist of inside it, the quantum confinement model can be shown in this 

chapter, the preparation of porous silicon from technique; one can study  physical 

and chemical properties of porous silicon, which enter into important applications. 

2-2 Silicon Element  

Silicon is a nonmetallic carbon-based chemical element (group IV of the 

periodic table). It is the second most common constituent in the crust, accounting for 

27.7% of the earth's crust. Silicon surface has high absorptivity for oxygen and the 

growth rate of oxide layer [3]. 

Crystal-clear Silicon is the most common material used in microelectronics, 

but its use is constrained due to its narrow and indirect band gap of around 0.5 

microns (1.12 eV). Single-crystal silicon wafers of high purity are widely affordable 

and comparatively inexpensive due to their widespread use in microelectronic 

applications [29]. 

Since the likelihood of a three-particle reaction is tiny, the photoluminescence 

lifetime is measure in seconds. Bulk c-Si is a very inefficient light emitting medium 

under both optical and electrical excitation, as seen in Figure (2-1). 
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            Figure (2-1): Direct and indirect band gap of semiconductors [23]. 

The bulk of embedded electronic systems are made of crystalline silicon .Bulk 

silicon, on the other hand, has a very poor luminescence due to its indirect band-gap 

and electrical composition. As a result, Si has not proven to be a suitable substrate 

for the production of active optical devices such as light emitting diodes or laser 

diodes [30]. 

2-3 Porous Silicon 

Porous silicon is a network of pores divided by thin walls that incorporate 

silicon nano crystalline in the surface morphology. Uhlir, was the first notice porous 

silicon forming on the surface of crystalline silicon substrates in hydrofluoric acid 

(HF) under the right anodic bias in 1956 [31]. He looked into silicon electro 

polishing and discovered that below a certain current density, brownish film forms, 

which is now known as porous silicon. Turner, further studied porous silicon in 

depth since it was an annoyance at the time [32]. The etching method transforms 

bulk crystalline silicon into a sponge structure of entangled and hydrogen-covered 

silicon columns and pores, as shown schematically in Figure (2-2). The size of the 
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pores and the remaining silicon skeleton is highly dependent on the doping and 

etching conditions, as well as the lighting conditions during etching.                                                                                                                                                                             

                                                                          

(a) (b) 

Figure (2-2) Structure of porous silicon layer (a) SEM image of PSi (b) 1.Schematic 

of PSi.  2.crystalline bulk silicon [23]. 

The high surface-to-volume ratio of porous silicon, as well as the related rapid 

oxidation rate, have piqued the attention of scientists for many years. 

2-4 Properties of Porous Silicon 

 Porous silicon (PSi) layer has unique and dramatic properties, which made 

this material used in wide range of fields and applications. 

2-4-1 The Physical Properties 

The shape and diameter of pores, the thickness and relative content of Si, 

voids, and, in some situations, the relative content of different Si compounds in the 

formed porous layer are all important factors in determining the physical properties 

of porous silicon. These parameters are dependent on the preparation conditions, 

allowing materials with physical properties similar to those of Si and air (or the 

medium, which fills the pores). Furthermore, when the Si wires' function size is less 
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than a few nanometers, different quantum-size effects arise, making (PSi) much 

more interesting. (PSi) has been a common material among scientists and 

technologists due to its durability and tunable properties, and has been used in a 

variety of fields over the last two decades [33, 34]. 

2-4-2 The Chemical Properties 

 X-ray photoelectron spectroscopy and Fourier transform infrared (FTIR) 

spectroscopy were used to investigate the surface chemical composition of the (PSi) 

layer. Because of the wide specific field, the (FTIR) signal from (PSi) layer is much 

stronger and simpler to quantify than that from bulk silicon [35]. 

Since the pore surface has a high density of hanging silicon bonds with original 

impurities such as hydrogen and fluorine, which are residuals from the electrolyte, 

the chemical properties of freshly etched silicon samples are very susceptible to the 

local ambient, where they vary over time during storage in air [36]. 

 The high specific surface area of (PSi) layer (200 – 600 m²/cm³) has been 

stated to affect chemical properties, which will impact the optical, electrical, and 

mechanical properties of (PSi) layer, according to Andria [37] . 

2-4-3 Structural Properties of PSi 

Structural properties of porous silicon (PSi) involves both X-ray diffraction 

and morphological aspects. The morphological of the measurement of porous silicon 

layers has specific characteristics such as pore type, shape, and size depending on 

the preparation conditions [38]. 
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2-4-3-1 X-ray Diffraction 

X-ray diffraction (XRD) is a versatile, non-destructive method for 

determining the existence of various material structures and phases in a sample based 

on their diffraction activity when irradiated with a known x-ray wavelength .Each 

different structure of phase can only diffract an incident x-ray at a certain range of 

angles, which can then be determined. The transparent silicon structure includes 

nanoscale crystals [39]. This property has a significant impact on each property of 

the porous silicon substrate, so it has attracted the attention of many researchers. By 

obtaining x-ray diffraction measurements for porous silicon layers, Hauser et al. 

have shown that the Si material's structure remains crystalline, but there is a 

substantial peak broadening[40] which is perceived as a nano crystallite size effect, 

as seen in figure (2-3). 

 

 

 

 

                    Figure ( -0  3) X-ray diffraction of silicon and PSi layer[41]. 

 

2-4-3-2 Surface Morphology of PSi  

          Based on the preparation conditions, the morphology of the porous layer has 

distinct features such as pore form, shape, and scale. 
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2-4-3-2-1 Pore Type   

 As shown in Figure (2-4) , there are many types of pores that can be formed in 

the porous layer of a silicon wafer (2-4). A pore, in the broadest sense, is an etch pit 

whose depth exceeds its width, As seen in Figure (2-4, a). Individual pores are 

usually closed at one end in Figure (2-4, b) and intertwined to a degree as seen in 

Figure. Most porous Silicon layers are a few m thick and individual pores are 

generally closed at one end in Figure (2-4, b) (2-4, c). High-resolution transmission 

electron microscopy (HRTEM) or high-resolution scanning electron microscopy 

(HRSEM) are the most popular methods for pore analysis. Pores closed at both ends, 

as shown in Figure (2-4, d), can be realized in porous silicon membranes by capping 

or thermally-induced reconstruction of the pore network [28] Pores open at both 

ends, as shown in Figure (2-4, e), can be realized in porous silicon membranes by 

capping or thermally-induced reconstruction of the pore network. Structures by 

either extended anodization of wafers [40 ] , anodization of pre-thinned areas, or the 

Turner 'lift-off ' technique. In the latter case, the current is ramped high enough to 

go into the electro-polishing mode, which results in, porous over layer detachment 

from its substrate. 

 

 

 

 

Figure (2-4) Types of pores; (a, b) Blind, Dead end, (c) Interconnected or Branched 

(d)Totally isolated or Closed and (e) Through pores [40].  
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2-4-3-2-2 Pore Shape 

Figure (2-5) shows schematically the major types of pore shape reported for 

electrochemically etched silicon. The most common shape by far is that cylindrical 

pores as shown in Figure (2-5, a) with varying degrees of 'branching' as in Figure (2-

5, c) and necking. Early Japanese studies reported an 'ink- bottle' type morphology 

as illustrated in Figure (2-5, b) where there is a thin surface porous film (SPF) of 

much smaller pore size than the rest of the layer. This type of morphology is not 

evident in mesoporous material but can arise in macroporous layers [42]. As clearly 

shown by the SEM  data of Zhang [43] What is much more common for mesoporous 

is likely to be a very gradual decrease in pore size with the depth in the thick layers. 

This arises via secondary chemical dissolution since the top of the layer is expose to 

the etchant longer than the bottom of the layer. 

Crystallographic effects on pore shape are also well documented, at least for 

the macrospores and large mesopores [44]. The anodization of (100) oriented wafers 

can generate pores of square cross-section as in Figure (2-5, d) while (111) oriented 

wafers can exhibit triangular shaped pores as in Figure (2-5, e). 

 

 

 

 

 

Figure (2-5) Pore shapes (a) cylindrical (b) Ink-bottle (c) Funnel (d) Cuboid or slit 

and (e) Triangular or Pyramidal [16]. 
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2-4-3-2-3 Pore Size 

Pore size defines a lot of the porous silicon's optical and electrical properties. Table 

(2.1) shows the pore size ranges according to the International Union of Pure and 

Applied Chemistry (IUPAC) guidelines. The vast majority of electrochemically 

engraved luminescence silicon analyzed so far is mesoporous due to the quantum 

confinement effect of porous silicon [45].  

Table (2.1) IUPAC classification of pores size [28]. 

Pore Width (nm) Type of pore 

≤ 2 Micro 

2 – 50 Meso 

> 50 Macro 

 

2-4-3-2-4 The Porosity 

The most critical parameter that characterizes the porous silicon is its porosity. 

It is known as the percentage of void space inside the porous layer, and it can be 

easily calculated by measuring the silicon substrate before and after the etching 

phase (m₁ and m₂), as well as after removing the porous silicon layer with a molar 

NaOH or KOH solution (m₃) [46]. The following equation calculates percentage 

porosity [47]. 

      P =
m₁−m₂

m₁−m₃
 ..………. (2.1) 
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Furthermore, the dielectric constant of the porous substrate in (metal/PS/C-

Si/metal) systems can be determined by calculating the capacitance of the structure 

at small reverse. employed this process [48]. 

2-4-4 Optical Properties 

The quantum confinement effects cause a blue change in the optical absorption 

edges of Nano crystals as compared to bulk silicon. 

As seen in Figure (2-6), porous Si has a lower absorption coefficient than bulk 

Si. 

 

 

 

 

 

            Figure (2-6) Absorption spectra of (PSi) and crystalline silicon [47]. 

 

As seen in Figure (2-7) It decreases as porosity increases [49] .The quantum 

confinement affects the absorption edge of the band-to-band transition, which 

increases as the confinement energies of electrons and holes rise [50]. 
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      Figure (2-7) Absorption coefficient of porous silicon with different porosities 

prepared on N-type Si [51]. 

The relative permittivity Ɛpsi) of (PSi) and hence the refractive index (n psi) are 

changed due to the reduction in dimensionality, where the nano-scale silicon (porous 

silicon) is composed of many columnar crystalline silicon particles separated by air 

Thus, the Ɛpsi is related to the porosity (P) by Bergman's effective medium 

approximation [52]. 

 

ɛpsi = ɛsi – P (ɛsi – ɛpore)                    ………… (2.2) 

 

Where ɛpore is the relative permittivity of air when the pore filled by air, ɛsi is the 

relative permittivity of silicon. Therefore, the relative permittivity of porous silicon 

is lower than that of crystalline bulk silicon, especially at higher values of porosity 

and hence the refractive index (npsi) is expected to be lower than that of crystalline 

silicon and decreases with increasing porosity [53]. 
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2-4-5 Electrical Capacitance of Porous Silicon layer 

 Capacitance measurements are a useful instrument for studying the electrical 

properties of (PSi) layers and instruments that include (PSi) layers [54]. The 

parameters such as built-in potential, width of the depletion layer, and effective 

carrier density for the M/PSi/c-Si/M sandwich structure can be determined from 

capacitance measurements [55, 56] . 

The capacitance of a (PSi) layer is determined by its morphological properties, 

as it decreases as layer thickness and porosity increase, as seen in Figure (2-8) [55, 

57]. 

     

 

 

 

  

Figure (2-8) The Capacitance of PSi layer as a function of the (a) Porosity  and (b) 

Layer thickness [58]. 

 The capacitance of (PSi) layer CPSi (F) is given by [59].  

   𝑐𝑝𝑠𝑖= A.
𝜀𝑝si .  ɛ₀ 

𝑑
………………….. (2.3) 

Where ε◦ (F/cm) relative permittivity of free space and εpsi relative permittivity of 

the porous silicon, A (cm2) is the (PSi) area and, d (cm) is the thickness of (PSi) 

layer.  
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2-5 The Preparation Methods Porous Silicon 

The etching processes (stain, electrochemical, photochemical, and photo 

electrochemical) are the four most popular methods for fabricating (PSi) layers. Each 

of these methods has its own set of characteristics, and the characteristics of the 

shaped (PSi) layer vary from one process to the next. The common characteristic in 

both approaches is the lack of complex components opposed to those used in 

developed and complicated solid-state techniques[60]. Etching techniques:  Can be 

classifieds into two groups: 

2-5-1 Dry Etching 

Based on chemical reactions at the gas-solid interface. Fast laser pulses with 

high power densities from excimer or CW visible lasers are used to etch 

semiconductor wafers in a gas atmosphere. Dry etching results in higher growth rates 

and thicknesses of porous silicon than stain etching [61].  

2- 5-2 Wet Etching 

 The liquid-solid interface is where chemical etching takes place. The growth 

rate and thickness of the porous coating are the most significant differences in the 

two methods. Kalem and Yavuzcetin have proposed a new technique for porous 

semiconductor forming that is based on exposing the semiconductor surface to gas 

phase etchants, which exhibit photoluminescence about 750nm [62]. Different 

methods for producing porous silicon are use in wet etching. 

2-5-2-1 Stain Etching Method 

 Another method for producing films that are close to anodically treated (PSi) 

content is stain etching. 
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During regular etching nitric and HF acids are using to prepare (PSi) films. 

For stain etching, the most popular etchant is HF: HNO3:H2O is a ratio of HNO3 to 

H2O [63]. The stain etching method is an important choice in (PSi) forming due to 

the tacit simplicity of fabrication steps, but it is also consider very slow and the 

surface of the formed (PSi) layer is very rough. It is particularly appealing when very 

thin (PSi) films of uniform depth (101–102 nm) are need [64]. 

2-5-2-2 Electro –Chemical Etching Method 

In this method constant current densities in the range of 1-300 mA/cm² in 

aqueous HF solutions are used in the most popular (PSi) preparation process to 

convert silicon to large-surface area material [65]. 

Charge transfer occurs at the semiconductor/electrolyte interface when a 

silicon wafer is submerged in a solution containing electron accepter species, 

resulting in band bending at the interface upward in N-type Si and downward in P-

type Si as seen in Figure (2-9). Since hydrogen and silicon have equal 

electronegativity, the surface of N-type Si becomes saturate with hydrogen. Since 

the induced polarization is minimal, the saturated surface would be shielded from 

any surface attack [66]. 

 

 

 

 

Figure (2-9) Band bending of Si immersed in HF[67]. 
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A hypothesized chemical reaction describes the reaction as follows [68] 

  eHHSiFHHFSi 226 262  

The final and stable produce for silicon in HF is H₂SiF₆ or some of its ionized forms, 

it follows that during the pore formation only two of the four available silicon 

electrons participate in an interface change transfer while the remaining two 

undergo a corrosion hydrogen formation. 

2-5-2-3 Photochemical Etching 

 In this technique, a photon source such as lasers and intensive light is use to 

supply the required holes in the irradiated area of silicon wafer to initiate the etching 

process. Photochemical etching has been use to produce porous silicon (PSi) and 

nano crystallites of silicon, and has advantages that can be summarize as follows: 

(1) Simple process (without external potential). (2) Controllable processes that have 

more accurate processing parameters . This way has some drawbacks such as 

nonuniformty of illumination distribution and also the etching process in this method 

is considered slow [23, 46]. In over-view, the prepared (PSi) structure by 

photochemical etching process has different layer thickness and surface morphology 

according to wavelength and power of the utilized light [69]. 

2-5-2-4 Photo-Electro Chemical Etching Method 

 This technique is consider an ultra-important method in industry of (PSi) 

material because it is suitable for etching of N-type and P-type silicon in HF solution. 

This fact based on that the photo electrochemical (PEC) etching process collects 

between two ways (electrochemical and photochemical) etching processes [28, 70]. 

Have reported that the illumination of N-type as well as P-type PSi during formation 
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causes dramatic changes in the structure of layers. The N-type (PSi) obtained under 

illumination by PEC etching process consists of layers of nonporous silicon layer 

which covers a macro porous silicon layer with pores in the micron size range [71]. 

2-6 Hydrogen fluoride  

Hydrogen fluoride is a chemical compound with the formula (HF),which is 

considered the main industrial source of fluorine, and it is often in the form of 

hydrofluoric acid [72]. Therefore, it is considered the precursor to many important 

compounds such as pharmaceutical compounds and polymers (such as Teflon). 

hydrogen fluoride is widely used in the petrochemical industries and as a component 

of many super acids [73]. Hydrogen fluoride boils at a temperature lower than room 

temperature whereas other hydrogen halides condense at much lower temperatures. 

The only hydrogen atom in (HF) is linked with the fluorine atom through the 

formation of a covalent bond (sigma) that occupies on of the hybrid orbitals (2pz) 

and the remaining three orbitals contain (2px and 2py in addition to 2s).These 

orbitals contain three pairs of electrons. Thus, the assumed molecular geometry for 

hydrogen fluoride is as shown in figure (2-10). 

 

             Figure (2-10) Molecular geometry of hydrogen fluoride orbital [74]. 
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      Because of its high electronegativity of fluorine, hydrofluoric acid (HF) is 

consider a weak acid, despite being one of the most voracious acids to react. Because 

the acid's electronegativity is high, it does not readily give up its only hydrogen, and 

because we know that, an acid's ionization decreases as its ability to give hydrogen 

increases, the acid's ionization decreases and the acid is consider weak [75]. 

 

2-7 Application of Porous Silicon 

Because of its designable materials properties, compliance with traditional Si 

fabrication and thin film technologies, and special physical and chemical properties, 

porous silicon is a dielectric substrate with a wide range of applications[76]. Table 

(2.2) summarizes the possible use areas for porous silicon, and it also showing the 

properties of porous silicon used in each application. 
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Table (2.9) Application of Porous Silicon [ 77]. 
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3-1 Introduction  

  This chapter includes description of all instruments and apparatuses that have 

been employed in the preparation of (PSi) layers as well as the techniques, which 

have been utilized to study and clarify the characteristics of (PSi) layers.  

3-9 Materials and Equipment used in the Study                                     

Table (3.1) Shows the Equipments used in this Study 

     The device name  Device type and  

manufacturer 

       Work place  

Device power supply 

(DC) 

YX-1501 AD                 

median -china 

University in kerbala 

X-ray diffraction meter Philips-PW1730 University in Tehran  

Scanning electron 

microscopy (SEM) 

MIRA3 TESCAN Det: In 

Beam 

University in Tehran  

Sensitive electrical 

balance 

Lab. BL210,Sartorius median-

Germany 

University in kerbala 

 

Table (3.2) Shows the Chemicals used 

Subject name Chemical 

formula 

       % The manufacture company 

Wafer silicon N,P-type Si  - Made in china 

Hydrofluoric acid  HF   39-43 % New Delhi -110002 ( India) 
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      Ethanol     C₂H₅OH      99% Chem-Lab NV B-8210 

Zedelgem- Belgium 

  sodium Hydroxide     NaOH - BDH chemicals Ltd, Poole 

England  

 

3-3 Sample Preparation 

Porous silicon was produced using photo electro chemical etching for N-type 

bulk silicon (110) model/oriented silicon wafers with (R=1-10 Ω.cm) and size :( 

1300.5) mm standard-GB in this study. Electro chemical etching (110)/model P-type 

and (R=1-10 Ω.cm), size :( 1250.5) mm standard-GB was used to prepare P-type 

porous silicon. 

  The silicon wafer in this figure (3-1, a) has been cut out in to small pieces (3-1, b)   

(1.3× 2.5) cm as shown in figure (3-1, a,b) . 

           

 (a) (b) 

Figure (3-1) Photograph of silicon wafer (a) with before cut the bulk silicon. 

(b) After cut with bulk silicon. 
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These samples are rinsed with (1:10) HF : ethanol to remove dirt, then etched 

in dilute hydrofluoric acid (39 -43 % ) to eliminate the native oxide layer, and then 

rendered porous silicon with aided photo electro chemical etching for N-type bulk 

silicon and electro chemical etching for P-type bulk silicon with time etching (10 

min) ,(10V). and separate (1:1), (1:2), (1:3), (1:4), (1:5) concentrations (HF): ethanol 

After the (10min) quick, the sample is rinsed with deionized water and left in the 

atmosphere to dry for a few minutes before being deposited in a plastic container 

filled with ethanol to avoid the forming of an oxide layer on the prepared sample, as 

shown in figure (3-2). Photo electro chemical etching process was done at room 

temperature.             

 

                       Figure (3-2) Photograph of the sample with the ethanol. 

The sample has been place on a Teflon cell in such a way that current does 

not flow through the back surface in the schematic diagram of the PEC set-up. 

Simultaneously, a silicon electrode was place as an anode, and the electrical circuit 

was complete by placing a platinum electrode as a cathode in a parallel manner to 

achieve the PSi layers as seen in figure (3-3). 
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 Figure (3-3) Shows the systematic for the photo electro chemical etching and 

electro chemical etching which using in this work. 

3-4 Measurements 

The structural of (PSi) layer have been investigate in this work by achieving 

of some measurements as follows: 

1-4-3 Gravimetric Measurements 

The porosity and layer thickness of (PSi) layer has been calculated by 

measuring the weight of the samples before and after etching process as well as the 

weight of sample after removing of (PSi) layer from sample by immersing for 

(30min). In 1M NaOH which prepared by using (10g) NaOH and (250ml) D.W to 

calculate molarity law  M = 
𝑤𝑡

𝑀.𝑤𝑡
 ×

1000

𝑉𝑚𝑙
 ……………(3-1)[78]. And using equation 

(2-1) and  (3-2) to calculate the percentage porosity and layer thickness [79]. 

d = 
m₁−m₂

ρA
 ………………. (3-2) 
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m₁ = the weight of the sample before etching rate. 

m₂ = the weight of the sample after etching rate. 

ρ= silicon density   , A = the area of the freckled surface. 

         

     Figure (3-4) Shows photograph when we remove the porous silicon layers in 

NaOH. 

 3- 9-4  Etching rate Measurements 

The etching rate is calculated by measuring the layer thickness and etching time for 

(10 min) by using the equation [80]. 

V= 
𝑑

𝑡
 ………………. (3-3) 

 

 

 



 

   Chapter Three                                                                      Experimental Part 

 

 

31 

3- 3-4  Optical Measurements 

The relative permittivity is calculated by measuring the porosity and constant 

ɛ𝑠𝑖=11.68, ɛ𝑝𝑜𝑟𝑒=1 by using the equation (2-2) and measuring the refractive index 

from the square root of relative permittivity by using the equation [81]. 

 𝑛𝑝𝑠𝑖 = √ɛ𝑝𝑠𝑖………….. (3-4) 

3- 4-4  The Electrical Capacitance of the Porous Silicon Measurement 

The capacitance of porous silicon can be calculated by measuring the relative 

permittivity, which related as a function of layer thickness for porous silicon by 

using the equation (2-3). 

3-4-5 Scanning Electron Microscope (SEM) 

The structural measurements of (PSi) layer are carried out by direct imaging 

of (PSi) layer using a field emission scanning electron microscopy .The 

morphological aspects like pore width, pore shape and thickness of wall between 

pores uni formity of the (PSi) layer are studied using (SEM). 

The (SEM) measurements with EHT=15.00kv ,signal A=SE₂ are carried out at the 

university of Tehran. 

3-4-6 X-Ray Diffraction Technique 

  The morphological properties of porous silicon (PSi) layer such as nano crystallite 

size, the structure aspect of (PSi) layer (crystalline or amorphous) and little constant 

have been investigated in this work by using X-ray device (Philips-PW1730) 

supplied from Philips company and carried out at the university of Tehran .
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4-1 Introduction 

The properties of porous silicon is very important with respect to the 

applications because these applications reflected to the nano crystalline of silicon 

characteristics like solar cells or gas sensor according to the morphological 

properties [82]. 

The porous silicon properties fabricated by photo electro chemical (PEC) 

etching for N-type and electro chemical etching for P-type processes of Nano 

crystalline silicon substrate are presented and discuss in this part. According to that 

one can described observations, the structural, morphological, optical, and electrical 

characteristics of the PSi layer were investigate. 

4-2 Surface Morphology of Porous Silicon Layer 

Porous silicon layer is a very unique structure that is distinguished by the 

appearance of intertwined pores in a single crystal. The morphological properties of 

the prepared (PSi) layer, such as porosity, layer thickness, pore depth, pore shape, 

the wall thickness between two pores, the surface area, and Nano crystallite. The 

etching conditions have a strong influence on the morphology of the (PSi) layer 

(crystalline or amorphous), and the size of the Nano crystallites [83]. 
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4-2-1The Porosity 

The relationship between porosity percent of the porous silicon and different 

concentration acid ratio during the preparation can be show in figure (4-1). This 

Figure shows depicts the relationship between porosity of  porous silicon and 

different acid ratio achieved by this vicissitudes are caused by the Bulk N-type 

silicon demeanor, that necessitates the use of light when preparing the porous silicon, 

which make strong reaction between the acid and silicon  [84]. 

The porosity improves with increasing and decreasing result from the strength 

of the reaction acid ratio so the lower the concentration acid ratio, the more polishing 

occurs and the smoother the porous layer developed, and the density increases due 

to the large amount of voids in the (PSi) layer. And increasing acid ratio since a weak 

porous layer is produce while the acid ratio is high, and it does not polish, resulting 

in a limited amount of voids in porous silicon layers [85]. 

 

Figure (4-1) Relation between the porosity and different acid/ethanol ratio for N-

type. 
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  Figure (4-2) shows the porosity percent as a function of acid ratio to 

hydrofluoric / ethanol. And this figure varies from figure (4-1) in that the porosity 

increases with rising concentration acid ratio due to high resistance, and resulting in 

polishing, and the porosity decreases with decreasing acid ratio because this figure 

(4-2) show the porosity of porous silicon as a function of concentration acid ratio for 

the acid to ethanol this figure show some changes in the behavior because of the P-

type dependence on holes as charge carriers, which this due to make slow in reaction 

with little charge carriers reaction and make the porosity increases with respect to 

the  concentration acid ratio resulting in a small number of pores in the porous silicon 

[45].

 

    Figure (4-2) Relation between porosity and different acid/ethanol ratio for P-type. 

As for the figure, one can see in the aforementioned figure (4-3) that combined 
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and decrease reactivity following the comparison between two types . due the N-

0%

10%

20%

30%

40%

50%

60%

70%

1:1 1:2 1:3 1:4 1:5

P
o

ro
si

ty

Acid /Ethanol ratio



 

Chapter Four                                                                        Result and Discussion 

  

 

36 

type requires light, whilst the P-type does not, and the reaction for the two types has 

not been regulated in terms of increase and decrease [86]. 

 

  Figure (4-3) Relation between porosity and different acid/ethanol ratio for N, P-

type. 

 4-2-2 The Layer Thickness and Etching rate 

The etching rate is associated with the layer thickness because the etching rate 

is   defined as the ratio between porous silicon layer thickness and the etching time, 

as  shown in equation (3-3) [23].  

Figure (4-4), shows the fluctuation of layer thickness with acid ratio for N-

type PSi  due to a heavy reaction with acid [87]. On the other hand, the differing 

concentration acid ratio of ethanol and HF acid create a decrease in the ions and 

charges, which effects on the energy levels between acid and ethanol atoms, and 

therefore the reaction, will change. The thickness of the layers used in the 

manufacture of porous silicon can vary depending on acid ratio. From this figure, 

the layer thickness may increase, and decrease. This may be due to the different 

concentration acid ratio creating new bonds for the mixture, which has a direct effect 
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on the reaction process between the acid and bulk silicon [88], this fluctuation can 

be shown in many papers and many researcher reported the same results .  

 

   Figure (4-4) Relation between layer thickness and different acid/ethanol ratio for 

N-type. 

Figure (4-5) shows the thickness of the layer for P-type one can easily show 
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because the weak interaction between the acid and the silicon which did not make 

polishing and remove the porous silicon layer as in the figure one but the reaction 

continue along ten minute but in the figure (4-4) the reaction forms the porous layer, 

and since the strong reaction forms the polishing and removal of the porous silicon 
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the porous silicon, and the low acid ratio enable the charges reaction to form the 

porous silicon. Many researchers would be able to see the findings of this study [87]. 
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   Figure (4-5) Relation between layer thickness and different acid/ethanol ratio for 

P-type. 

The comparison between N-type and P-type bulk silicon is shows in figure  

)4-6(.The increased layer thickness of P-type more than N-type for the same acid 

ratio may be seen in the layer thickness of porous silicon with regard to acid ratio. 

This indicates that there is a change in energy levels occurred during porous silicon 

production due the holes in the P-type are ready to react with acid, but the holes in 

the N-type require some photons to produce the holes [89].  

 

        Figure (4-6) Relation between layer thickness and different acid/ethanol ratio 

for N, P-type. 
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Figure (4-7) shows the relationship between the different acid ratio and the etching 

rate of porous silicon, we will notice that there is a similarity between figures (4-6) 

because the time is constant (10min) and the etching rate relates mathematically to 

the layer thickness, from that occur perhaps due to an increase or decrease in layer 

thickness. By this, the etching rate, and in the case of high concentration acid ratio, 

the thickness of the layer will decrease due to reduce the etching rate. As for the 

difference between the two types, this may be because the N-type needs light 

compared to the P-type .The interaction between the acid and bulk silicon is simpler 

without the need for light, which effects the energy levels between the acid and 

ethanol, atoms and thus the reaction will change [46]. 

 

  Figure (4-7) Relationship between etching rate and different acid/ethanol ratio for 

N, P-type.  
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4-2-3 Scanning Electron Microscope (SEM) 

The researchers focusing on the walls of porous silicon because these walls 

are basic of nano crystalline silicon, which the properties of quantum confinement 

effects were appear [90]. 

Figures (4-8,a) and (4-8,b) show (SEM) image for samples prepared at ahigh 

concentration acid ratio (1:1) of HF to ethanol for the N-type of porous silicon by 

using (10min) and (10V) .Through this figure ,one can see the pores in the form of 

afew clear cracks,due to high acid ratio which will be a rapid reaction, forming more 

porous layer, which leads to adecrease in the layer thickness as a result of this. The 

(SEM) image will have afew slits and thin [91]. 

Also  Figures (4-8,c) and (4-8,d) display SEM images of N-type bulk silicon samples 

prepared to (1:3) ,(1:4) acid ratio of HF to ethanol  and using (10) min and (10V) . 

The pores in the porous silicon substrate and forming of nano size scale silicon are 

clearly seen, and the initial polishing can be shown in the figure (4-8,c) [92]. 

This perhaps because of the low concentration acid ratio, which induces a 

difference in the energy levels between the acid and the bulk silicon, allowing room 

for charge contact and eventually removing the porous silicon layer, as seen in figure 

(4-8,d). The nano walls and pore-like caves that give this layer its nano properties 

can be seen. 
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                             )a)                                                          (b) 

    

 

                              (c)                                                             (d) 

Figure (4-8) SEM images of porous silicon layers prepared by 10 min and 

10V at different acid/Ethanol ratio for N-type (a, b) 1:1M (c) 1:3M (d) 1:4 M. 
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Figures (4-9, a) and (4-9, b) show porous silicon from P-type bulk silicon 

prepared (1:1) acid ratio of HF to ethanol and using (10 min) and (10V). 

By the ratio because the pores and caves will be see no polishing or removal 

of the porous silicon coating will be required, as in the N-type case, despite the fact 

that the low concentration acid ratio may cause the layer thickness to grow. In order 

to of the porous silicon layer's morphological features, many implementations can 

be concluded from these situations because the porous silicon layer has many 

features that have a direct impact on the application [93]. 

 Figure (4-9, c) and (4-9, d) show SEM image of P-type bulk silicon sample 

prepared at (1:2), (1:3) acid ratio HF / ethanol by using (10min) and (10V). We 

notice through these figures that the surface morphology reveals the existence of a 

trench-like structure of different sizes and shapes due to the overlap of neighboring 

pores as in figure (4-9,d) so that the pores density is much greater than the shape in 

figure( 4-9 ,c) .It allows for an increase in the dissolution of silicon between the 

pores close to the irregularity of the width values of the pores that arise .By 

distributing the non-uniform energy density ,which leads to a difference  in the width 

of the pores ,this means that increasing the concentration intensity will lead to 

modification of the porosity structure into new shapes with different nano scale sizes 

[94] . 

Figure (4-9, e) shows a display SEM image of P-type bulk silicon samples 

prepared using (10min) and (10V) at (1:4) HF/ethanol acid ratio. We can see the 

homogeneity of the apertures that make up porous silicon using a scanning electron 

microscope (SEM) image, as cracks have formed because of the union of silicon 

nozzles, giving porous silicon unique features. [89] . 
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                         (a) (b) 

 

 (c) (d) 

 

                       (e) 

Figure (4-9) SEM images of porous silicon layers prepared by time 10min and 

10V at different acid/Ethanol ratio for P-type (a,b)1:1 (c)1:2 (d)1:3 (e)1:4  
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4-3 Optical Properties 

  The relative permittivity and refractive index, which is directly related to 

electrical properties and are define in the following section, there  are two types of 

optical measurements that have been studied  [95]. 

4-3-1 Relative Permittivity and Refractive index 

  Since relative permittivity and refractive index are functions of morphological 

properties, especially porosity, they are relate to one another [96]. 

Relative permittivity of PSi can be calculated by using equation (2-2) while the 

refractive index by using the equation (3-4). 

       The relationship between different acid ratio of HF / ethanol and (a) relative 

permittivity (b) refractive index for N-type is show in Figure (4-10). The increased 

and decreases in relative permittivity and refractive index, which is the reason for 

the porosity, and linked mathematically to the optical properties [95].  

From the two figures one can show the decreasing in the values because of 

the hole effect inside the porous silicon which make the decreasing this values and 

effect on the properties of the porous silicon [97]. 
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                             (a) (b) 

Figure (4-10) Relationship between different acid/ethanol ratio and (a) Relative 

permittivity (b) Refractive index for N-type. 

   Figure (4-11) shows the relationship between different acid ratio of HF / 

ethanol and (a) relative permittivity (b) refractive index for P-type bulk silicon. The 

increase and decrease in characteristics is due to porosity, which decreases relative 

permittivity, refractive index and vice versa. Because the porosity they are related to 

the optical properties mathematically so that’s why the relative permittivity 

,refractive index change with change porosity [98]. 

 

                          (a)                                                                  (b)        

Figure (4-11) Relationship between different acid/ethanol ratio and (a) Relative 

permittivity (b) Refractive index for P-type. 
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There are some differences between figure (4-10),(4-11) this results from the 

origin interaction during prepare the samples and effect the dopping in the N-type 

and P-type in addition to that the effect on the different acid ratio for the acid [99] 

this different can be shown in the figure (4-12). 

As for the figure (4-12) which shows the relationship between different acid 

ratio (HF / ethanol) and (a) relative permittivity (b) refractive index for porous 

silicon through this figure, we notice a similarity between the (a) relative permittivity 

and (b) refractive index .Because that the optical properties are related to other 

mathematically [95]. Moreover, with respect to the N and P-types, and for the 

fluctuations and the difference that occurs between the two types, it is because the 

N-type occurs with the help of light .As for the P-type, it does not need light, so the 

interaction in it is easier. Thus a change in energy levels will occur, which leads to 

a change in the interaction between Acid and ethanol for bulk silicon.  

 

                         (a)                                                               (b) 

Figure (4-12) Relationship between different acid/ethanol ratio and (a) Relative 

permittivity (b) Refractive index for N, P-type. 
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4-4 Electrical Capacitance for PSi Layer  

 The morphology and porosity of the engraved silicon surface influence the 

capacitance-voltage properties of PSi/c-Si structures. 

 Figure (4-13) shows the relationship between different acid ratio and 

capacitance for  N-type bulk silicon, the electrical capacitance increases with the 

increase in the relative permittivity and by reducing the layer thickness, the smaller 

the porous layer, the porosity will decrease and the electrical capacitance will 

increase because the morphological properties is related with each other  

mathematically [95, 100]. 

  The capacitance is relate to the layer thickness and the layer thickness may 

increase and decrease. This perhaps due to the different acid ratio creating new bonds 

for the mixture so the reaction is not control terms of increase and decrease, and one 

can conclusion the capacitance for the electrical charge can be changed for porous 

silicon with different concentration acid ratio [101]. 

 

Figure (4-13) Relationship between capacitance and different acid/ethanol ratio for 

N-type. 
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 Moreover, this figure (4-14) shows the relationship between different 

concentration of acid ratio and capacitance for P-type bulk silicon, we note the 

interaction is slow as it continuous to descend due to the increase in the layer 

thickness of samples and this reaction is not controls terms of increase and decrease 

[102]. 

 

Figure (4-14) Relation between capacitance and different acid/ethanol ratio for P-

type. 

Also figure (4-15) combines the two types N and P type which, which is the 

relationship between the different concentration acid ratio and the electrical 

capacitance when comparing the two types; We notice the fluctuations that occur in 

terms between two type. Because the N- type work with the help of light, while the 

P-type works without light and thus will affect the reaction, and new bonds may 

arise in it that will affect the energy levels between the acid and ethanol atoms, 

leading to a change in the reaction [55, 103].  
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And we can see the difference between the capacitance for porous silicon 

produced from P-type and porous silicon produced from N-type bulk silicon this 

may be come from the effect of the ratio of the acid on the charge capacitance ,one 

can conclusion from that, the capacitance for porous silicon produced by N-type are 

better than P-type [104]. 

 

Figure (4-15) Relation between capacitance and different acid/ethanol ratio for N, 

P-type. 

4-5 X-ray Characteristics of (PSi) 

 The X-ray diffraction test gives a valuable insight into the morphological 

structure of the (PSi) as a function, as well as calculating silicon nano sizes (PSi). 

The morphological step of the (PSi) layer (crystalline or amorphous) will provide a 

clear idea of the material's electrical and morphological behavior [105]. 

 Figures  (4-16), (4-17) show the X-ray diffraction of porous silicon made of 

N,P-type bulk silicon and different concentration acid ratio HF / ethanol in the time 

(10) min and angle range of (20-70) one can observe through the figure (4-16) is 
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homogenous of porous silicon from P-type  due to the difference in the reaction  with 

the acid this was reflected in the morphological characteristics of the porous but the 

similarity with N, P-type is in the middle due the porous effect this results from the 

chain reaction between the silicon and the dilute acid .To the periphery, this is the 

function of the Gaussian distribution which is severe in the middle and represents 

[106].  It presents effect of the reaction in the middle and its slope at the ends, and 

therefore we notice the high diffraction of the rays at the edges, which gives new 

properties to the porous that differ from the properties of the silicon from which it 

was originally produced . 

 

Figure (4-16) X-ray diffraction measurement of porous silicon layer for N-type. 

      

Figure (4-17) X-ray diffraction measurement of porous silicon layer for P-type. 

 From the two figures, one can show the homogenous structure for the porous  silicon 

due to regular reactions and the same result had been reported can see in some papers 

[107]. 
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5-1Introduction 

Nanomaterial’s are thought to open a new branch in the science of technology 

due to their unique properties such as high strength, amazing chemical reaction, high 

surface area, and high stability, as well as the fact that they are regarded as a magical 

point in the dimensional scale. New optical, magnetic, electrical, and a variety of 

other properties develop as the materials appear [108]. 

5-2 Solar Cell Components 

Silicon nano structures may attract increasing interest in various fields, as it 

is considered the heart of the electronics revolution, including optical and 

microelectronics, medicine, chemistry, bio sensing and energy[109]. 

Porous silicon can make new applications such as solar cells and diode, such 

as polymer nano fibers .It fills the formation and characteristics a gap in today’s 

literature, introducing knowledge of information and processing [110]. 

Due to the importance of this topic, there are many studies that dealt with the 

topic of solar cells and its effect on porous silicon, including. 

In (1941) American inventor (Russell uhl) was able to produce a solar cell 

made of silicon and make a solar cell from chemically treated silicon[111]. 

In (1995 Mena .et. all) formed porous silicon on a Si solar cell by both electro-

chemical and photoelectric drilling methods. They created as porous silicon layer as 

anti –reflective coating (ARC) for a Si polycrystalline solar cell. Resulting from the 

porous silicon layer about 0.5mw thick formed on the poly crystalline chip has an 

effective reflection coefficient of less than 5% in the wavelength region of (350-

1150 Nm)[112]. 
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In (2004) Nuri and others demonstrated the grain boundaries in 

polycrystalline silicon solar cells using (PSi) increasing efficiency to about 12% 

[113]. 

-5  3 Solar Cell of the Present Work 

Solar cells are semiconductors with the ability to convert solar radiation into 

electrical energy using a quantitative theory of photon energy conversion. When 

compared to other sources of energy .Solar energy is one of the most important types 

of energy that humans can use because it does not produce harmful gases for the 

environment [112]. As a result , we created a solar cell using basic and affordable 

components by DVD disc and connecting wires to increase the efficiency of cell 

work as shown in photograph (5-1,a) and we have replaced a zenar diode with a 

diode composed of nano-porous silicon as an diode  by used porous silicon sample 

from P-type and concentration (1:5) as shown in photograph (5-1,b) and we studied 

its effect on solar cells . It has been invents or enhanced to increase the efficiency of 

cell operations. And the addition of the conductive (silver past) substance to the 

sample, as indicated at it is considered inexpensive addition of cost and quality of 

work. 

          

      a b 

     Figure (5-1) Photograph the solar cell (a) without porous silicon (b) With porous 

silicon as a diode. 
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We have done the voltage readings produced by the solar cell were take alone 

without adding porous silicon for different times during the day, and the result was 

as shown in figure (5-2). We observe the behavior similar to the behavior of the 

normal caustic distribution based on the amount of radiation received from the sun 

and the contribution of a DVD in increasing the amount of solar radiation received.  

 

Figure (5-2) Measurements of solar cell without addition of porous silicon. 

       In addition, we have done the voltage readings resulting from the solar cell were 

taken by adding a sample of nano-porous silicon as a diode on the solar cell and for 

the times, and we observed a remarkable rise in the voltage curve of the solar cell as 

shown in the figure (5-3). We conclude that it is possible to improve the performance 

of the solar cell by adding nano materials of nano particles as a diode, and the results 

have proven that it is able to raise or improve the voltage performance resulting from 

the origin voltage of the solar cell. 
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Figure (5-3) Measurements of solar cell in the presence of porous silicon. 

         Finally, we noticed through this figure (5-4) which shows the difference in the 

solar cell measurement a significant increase in the area under the curve, indicating 

that porous silicon can amplify the voltage generated by the solar cell as a resulted 

of obtaining a quantitative restriction in the size of the silicon particles, implying 

that the solar cell's performance can be improved by using a nano layer of silicon. 

Pores and by placing it as a diode in the solar cell. 

 

Figure (5-4) The difference is in the solar cell measurements. 

0

5

10

15

20

25

30

7:00 10:00 12:00 14:00 16:30

V
o

lt
a

g
e 

(m
v

o
lt

)

Time ( hr) 

0

5

10

15

20

25

30

7:00 10:00 12:00 14:00 16:30

V
o

lt
a

g
e 

(m
V

o
lt

)

Time (hr)

With out  porous silicon With porous silicon



 

 

 

 

 

 

 

 

 

 

 

Conclusion and Future Work 

 

 

 

 



 

Chapter Six                                                              Conclusion and Future Work 

    

 

57 

6-1 Conclusions  

 In light of these findings and facts, the photo electrochemical etching process 

could be consider a very useful technique for producing (PSi) materials with 

desirable properties for a variety of applications. The following are the main 

conclusions: 

1-Photo electrochemical (PEC) etching of N, P-type silicon is being investigate as       

one of the etching methods accessible today. Its qualities combine properties of        

electrochemical etching with laser, light -induced etching to provide a simple, low-

cost, and controlled etching method. As a result, this approach may be used to etch 

either type of silicon (N-type or P-type) in a relatively short period. 

2- The morphological features of the (PSi) material generated using the PEC etching 

method were spectacular and extremely sensitive to preparation conditions. In 

general, the porosity, pore width, and thickness of the (PSi) layer have grown as 

concentration and substrate resistivity, but the wall thickness between pores and 

nano crystallite size has dropped as concentration and substrate resistivity have 

increased. Depending on the random pattern of holes beginning, the pores have 

almost cylindrical and rectangular forms. Furthermore, the (PSi) layer's structure is 

crystalline, but the shift of its peak to a tiny diffraction angle indicates that the lattice 

constant has been somewhat expanded due to strain, which rises with increasing 

etching and substrate resistivity. 

3- Other formation factors like as illumination and current density have a significant 

impact on the etching process and structural aspects of the resulting (PSi) layer, since 

light absorption supplies the necessary electron-hole pairs to commence the 

chemical interaction between the HF acid and the irradiated region. 
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4- When compared to other techniques, photo-electro-chemical etching takes less 

time to produce porous silicon surfaces because the laser or light helps to initiate the 

contact between the silicon and the acid. 

5- When the comparison between the two types, that the N-type differ from P-type 

in terms of increased and decreased reactivity due to the N-type need to light un like 

P-type it works without light and the reaction for the two type has not controlled. 

6-Relative permittivity and refractive index that is the reason for the increase and 

decrease the porosity is link mathematically to the properties, the higher of porosity 

the relative permittivity and refractive index will decrease. 

7- One can see the difference between the capacitance for porous silicon produced 

from P-type and porous silicon produced from N-type bulk silicon this may be come 

from the effect of the concentration of the acid on the charge capacitance ,one can 

conclusion from that, the capacity for porous silicon produced by N-type are better 

than P-type . 

8- We also conclude that the lower of acid concentration, the better porous silicon 

layer is form due to the skimming effect. 

9- Through our work we conclude that the morphological properties is related to 

another and the increase and decrease that these properties because relate to the other 

mathematically. 

10-Finally, also we conclude that porous silicon is able to increase the voltage of the 

solar cell when replacing the diode with a zinar diode of nano particles because of 

obtaining a quantitative restriction of the size of silicon particles. 
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6-9 Future Work 

It would be interesting and important to carry out the following studies in future: 

1- Study the electrical properties of resistivity and calculate the voltage current 

for the dark areas. 

2- Finding the permittivity of other nanomaterial has added to porous silicon. 

3-  Using mathematical models to find the structural properties and the effect of 

the preparation conditions. 

4- Study the effect of skimming time on structural properties and find electrical 

properties with the same effect. 

5- Study of the effect of optical density on structural properties with low 

concentrations of N-type silicon. 

6- Study the effect of structural properties on the efficiency of solar cells and 

finding the dark current. 
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   الخلاصة

  

     

 (أ)

وبأستعمال ئي الضو بعملية القشط الكهروكيميائيتحضير السيليكون المسامي النانوي  تتضمن الرسالة -

وبنفس طريقة ( Pوالقشط الكهروكيميائي للنوع )( (Nللنوع  بالنسبة (100W)اضاءة ضوء ذو قدرة 

تراكيز مختلفة من حامض  عمالوذلك بأست=R (cmΩ10 -2 .) وبمقاوميهلكلا النوعين التحضير 

العملية بزمن قشط ( وقد تمت 99%( والايثانول )39-43%) بنسبة الايثانول /الهيدروفلوريك

((10min ( 10وبفولتيةV.) 

من خلال طرق التحضير والخصائص الفيزيائية  للسيليكون المساميوقد تمت الدراسة نظريا  -

 السيليكون المسامي.تطبيقات بعض والتركيبية وأيضا تمت دراسة والكيميائية 

المقارنة بين النوعين من خلال دراسة الخصائص المورفولوجيا والتركيبية لطبقات كما وتمت  -

 (SEM( والمجهر الالكتروني الماسح )XRDحيود الاشعة السينية ) ستعمالباالسيليكون المسامي 

سبب اختلاف بتبينت نتائج حيود الاشعة السينية ان الاختلاف بسيط بين النوعين  الوزنية. وقدوالطريقة 

 .اميالمس سيليكونلل التفاعل المتسلسلبالوسط بسبب يكون  التجانستفاعل مع الحامض اما ال

ال بتغير الاشك قد بينت هناك اشكال مختلفة اذ تتغيروواما بالنسبة لصور المجهر الالكتروني الماسح  -

 لحامض.اوقد تبين بان عرض المسام وسمك طبقة السيليكون المسامي تزداد كلما يقل تركيز التراكيز 

لنوعين فقد الطريقة الوزنية لكلا ا عمالالمسامية لطبقات السيليكون المسامي المقاسة بأستوبالنسبة لقيم  -

يجة حدوث المزيد نت تركيز الحامضتتغير نتيجة قوة تركيز التفاعل اذ تزداد كلما يقل تبين بان المسامية 

 كون المساميالسيليمما يؤدي الى زيادة الكثافة بسبب الكمية الكبيرة من الفراغات في طبقة من التلميع 

 .وتقل بزيادة التركيز حيث يتم انتاج طبقة مسامية ضعيفة مما ينتج عنه كمية قليلة من الفراغات

ن بسمك راثوقد تبين ان كلاهما يتأوأيضا تمت دراسة الخصائص البصرية والكهربائية لكلا النوعين  -

 وبالعكس.فبزيادة سمك الطبقة تقل النفاذية النسبية ومعامل الانكسار الطبقة 

 صغرأاذ تزداد كلما كانت طبقة المسامية فتتأثر بالمسامية وسمك الطبقة  اما بالنسبة للسعة الكهربائية

 .الموجودةبسبب كمية الشحنات والايونات  أكبروسمك الطبقة  بسبب وجود الهواء

 



 

   الخلاصة

  

     

 (ب)

ضافة عينة إ الشمسية بعدارتفاعا في جهد الخلية  رأيناحيث  المسامي سيليكونالوأخيرا تمت دراسة تطبيقات -

ولتية وقدرته على تضخيم الف كفاءتهوأكدت النتائج والقياسات التي حصلنا عليها  ،المساميمن السيليكون 

نه ا شير الىينتيجة لحصول الحصر الكمي في حجم جزيئات السيليكون مما وذلك  المتولدة من الخلية الشمسية.

الخلية  كدايود في ستعمالهاطبقة نانوية من السيليكون وا ستعمالبالإمكان تحسين الخلية الشمسية من خلال ا

 الشمسية.
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