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Abstract Key words 
     Porous silicon (PS) layers were formed on n-type silicon (Si) 

wafers using Photo- electrochemical Etching technique (PEC) was 

used to produce porous silicon for n-type with orientation of (111). 

The effects of current density were investigated at: (10, 20, 30, 40, 

and50) mA/cm
2
 with etching time: 10min. X-ray diffraction studies 

showed distinct variations between the fresh silicon surface and the 

synthesized porous silicon. The maximum crystal size of Porous 

Silicon is (33.9nm) and minimum is (2.6nm) The Atomic force 

microscopy (AFM) analysis and Field Emission Scanning Electron 

Microscope (FESEM)  were used to study the morphology of porous 

silicon layer. AFM results showed that root mean square (RMS) of 

roughness and the grain size of porous silicon decreased as etching 

current density increased and FESEM showed that a homogeneous 

pattern and confirms the formation of uniform porous silicon. The 

chemical bonding and structure were investigated by using Fourier 

transformation infrared spectroscopy (FTIR). The band gap of the 

samples obtained from photoluminescence (PL). These results 

showed that the band gap of porous silicon increase with increasing 

porosity.  
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مه  للسيليكوى الوساهيئي التركيبية وطيف اللمعان الضوص ئتاثير كثافة التيارعلي الخصا

 n الىوع 

ودى خضير عباس
1

عصام هحود ابراهين, 
2

مىال علي صالح, 
1

  

1
 العراق, بغداد, جاهعة بغداد, كلية العلوم للبنات, قسى انفٍضٌاء

2
 العراق, بغداد, جاهعة بغداد, كلية العلوم, انفٍضٌاءقسى 

  الخلاصة
ریقة ام طبأسحخد (111)رٔ احجاٍْت  ٔ n عنوى لسيلكوائح الوساهي على شرى السيلكوت ابقاطجن جشكيل      

لخصائص اعلى  ((mA 10, 20, 30, 40 and 50 كثافت انخٍاسف خحلاأجأثير  ٔدساست ئيكيوياولكھرالقشط ا

ج حٍٕد الاشعت انسٍٍُت ئلقد اوضحث نحا(. ثٕاًَ 11)ٔثبٕث صيٍ انقشط  لوساهي ى البصریھ للسيلكووالحركيبية ا

XRD  انًسايً ٌخخهف عٍ َظٍشِ انبهٕسي حٍث كاٌ اعهى حجى بهٕسي انخشكٍب اٌ طٍف nm 33.9  ٔاقم

لوجھر ام ابأسحخد انسطح فيةابوغرط دساست ٔ AFMحى اسخخذاو حقٍُت يجٓش انقٕة انزسٌت   2.6nmحجى بهٕسي

  نًعذل خشَٕت انسطحً ٍعانجزس انخشب يقذاس ٌا AFMح ئحٍث أضحج َخا FESEM نيولألكحرالواسح ا

 ئًاٌ انخشكٍب ٔانخآصش انكًٍٍا .ٔانحجى انحبٍبً نسطح انسٍهٍكٌٕ انًسايً قذ ٌقم يع صٌادة كثافت حٍاس انخًٍُش

لوساهي ا نهسٍهٍكٌٕلضوئي ى اللوعاايفطسة دسا اظٓشث FTIR.نهسٍهٍكٌٕ انًسايً حى فحصّ بٕاسطت حقٍُت 

 .باٌ فجٕة انطاقت نهسٍهكٌٕ انًسايً حضداد بضٌادة انًسايٍت
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Introduction 

     Porous silicon (PS) was discovered in 

1956 by Ulhir [1] while performing 

electropolishing experiments on silicon 

wafers, using an electrolyte containing 

hydrofluoric acid (HF) under the 

appropriate applied current and solution 

composition, the spatial confinement of 

the excited carriers in small silicon 

regions. Porous Silicon (PS) is a 

nanostructured material based on silicon 

fabricate by electrochemical etching of 

crystalline silicon, which consists of 

assembly of holes (pores) and fibrils, 

rendering a large surface to volume 

ratio[2].
  
The silicon remained uniformly 

undissolved, but rather fine holes were 

produced [3]. PS formation was 

obtained by electrochemical dissolution 

of silicon wafers in aqueous or ethanoic 

HF solutions. In the 1970s and 1980s, 

interest in PS increased because its high 

surface area was found to be useful as a 

model of the crystalline silicon surface 

in spectroscopic studies [4], as a 

precursor to generate thick oxide layers 

on silicon and as a dielectric layer in 

capacitance based chemical sensors. In 

the 1990s Leigh Canham published his 

results on red luminescence [5] showed 

that certain PS materials can have large 

PL efficiency at room temperature in the 

visible a surprising result since the PL 

efficiency of bulk silicon is very low due 

to its indirect energy band gap and short 

non-radiative life time The reason of this 

is the partial dissolution of silicon, 

which causes, The formation of small 

silicon nanocrystals in the PS material, 

The reduction of the effective refractive 

index of PS with respect to silicon, and 

hence an increased light extraction 

efficiency from PS.  

     The quantum confinement 

phenomena lead to new properties,  

like photoluminescence or 

electroluminescence [6]. PS is 

classified according to the pore 

diameter, which can vary from a few 

nanometers to a few microns 

depending on the formation 

parameters. 

     PS has been demonstrated to yield 

efficient visible light emission at room 

temperature due to its unique 

electrical, chemical, and mechanical 

properties as in comparison to bulk 

silicon, thus not quite suitable for the 

fabrication of optoelectronic devices[7, 

8].        

     However, different hypothesis is 

reported on PL from PS surface. The 

first includes the quantum confinement 

effect which is due to the charge 

carriers in narrow crystalline silicon 

wall separating the pore walls. Later, 

many other alternative models were 

proposed based on hydrogenated 

amorphous silicon, surface hydrides, 

defects, siloxene, and surface states [9, 

10]. Some properties of the PS layer, 

such as the refractive index, porosity, 

physical and optical thickness and pore 

diameter are strongly dependent on the 

etched parameters including HF 

concentration, current density, 

temperature and Si wafer type and 

resistivity [11, 12]. This paper 

investigated the effects of current 

density as variable factors 

simultaneously an attempt has been 

made to study the correlation between 

the, structural properties employing 

photoluminescence (PL) for porous 

silicon formed using n-type material 

under different conditions. 

 

Experimental techniques   
     The schematic diagram of the 

experimental setup for preparing n-PS 

layer is given in Fig.1 the main body of 

the HF electrolyte container is made of 

Teflon materials. And, the apparatus is 

designed in a horizontal arrangement. 

Also, made of porous silicon produced 

with a standard technique of anodizing  

the PS samples are prepared on n- Si 

<111> substrates in an electrolyte a 

mixture of HF (40%): CH3OH (99.8)% 

with a volume ratio of [1:1] is utilized 
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as the etching solvent in different 

volumes. The illustrative equation [1] 

of the overall process during PS 

formation can be expressed as below: 

Eq.(1).    

Si + 2HF+ 2h
+
     SiF2 + 2H         (1) 

SiF2 + 4HF H2 + H2SiF6  

 

     In the equation, the etching rate is 

determined by the hole (h+) 

generation. The anodization in 

galvanostatic (current-controlled) 

mode is used. It is normally preferred, 

because it supplies the required charge 

for the reaction at constant rate, 

regardless of any evolution during 

anodization of the cell electrical 

impedance, ultimately leading to more 

homogeneous and reproducible 

material. The anodization can be 

modulated. The modulation is most 

easily achieved by varying the applied 

current density [13, 14]. Modulation 

results in controlled changes of the 

microstructure and the porosity of PS 

along the growth direction. 

     The PS samples, investigated, were 

synthesized on n-type Si wafers by 

anodic etching using a conventional 

single-tank electrolyzation cell Fig.1. 

The wafers were polished along the 

(111) crystal plane direction. The 

electrolytes were prepared by mixing 

HF solution and absolute Methanol 

(CH3OH) in various volumetric ratios.    

 
Fig.1: Schematic digram of expermental 

ste-up for preparing n-PS layer vertical 

arrangement. 

     The fabrication of Porous Silicon 

(PS) is a comparatively simple process 

that only requires a small amount of 

equipment, the simplest cell which can 

be used to anodize silicon. The silicon 

wafer serves as the anode. The cathode 

is made of platinum or any HF 

resistant and conducting material. The 

distance from the pole to the platinum 

Si is about 2 cm. The silicon wafers 

used were n-type, <111>, double 

polished with a resistance of 10Ω.cm 

A self-made Teflon cell that etches a 

1.5 cm
2
 circular area on the wafer was 

used.  The wafers were cut into pieces 

sufficient to contain this area by the 

scribe and cut method. The Si wafer 

first had to be diced 1.5×1.5cm
2
 (and 

smaller than for porosity) samples 

before cleaning. Cleaning is vital to 

remove particulate matter as well as 

any traces of organic, metallic and 

ionic contaminants from samples.   

     Aluminum foil covers the entire 

back side of the aluminum foil as the 

backside Contact. Together, sample 

and aluminum foil were sandwiched 

into the cell.  The wafers were used as 

received; nothing was done to the 

either front or back-side.  Surface of 

the wafer with Controllable parameters 

then become HF concentration, 

anodization time and light [15]. 

      In the experiments, silicon wafers 

n-type, with samples are Methanol and 

alcohol are used commonly clean the 

wafer by immersing it in these 

chemicals In turn in the ultrasonic bath 

for few minutes. Finally, they were 

rinsed in distilled water treated 

ultrasonically followed by drying in a 

hot air stream. Porous silicon (PS) 

samples were prepared by anodization 

at a current density (10, 20, 30, 40, 50) 

mA/cm
2
 at a constant times 10 min the 

manufacturing process shown in Fig.2.  
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Fig.2: Schematic of the experimental 

setup of the illumination assisted method. 

 

     To get the nanocrystalline porous 

silicon on n-type silicon, illumination 

method just we need a photon source 

such as halogen lamb where the 

halogen power of 100 watts and the 

distance between the lamb and the Si 

(16) cm and intensive light is used to 

supply the required holes in the 

irradiated area of silicon wafer to 

initiate the etching process. The most 

popular way to generate holes required 

in the electrochemical etching process 

(Fig.2). However, the photo energy 

absorption by the atoms depends on 

the intensity of the illumination source, 

the distance from the source and the 

electrolyte environment. Therefore, 

only the surface layer under the 

illumination generates electron hole 

pairs. But the etching rate gradually 

decreases with time as it is very 

difficult to reach the illumination into 

the deep area of the pores. 

     The x-ray diffraction test is widely 

used as a characterization technique is 

recorded by "SHIMADZU" XRD-6000 

X-ray diffract meter (CuKα radiation 

λ=0.154 nm) in the scanning angle 2θ 

varied of 10 – 80 degree with a speed 

of 4 deg/min.  

     The full width at half maximum 

(FWHM) of the peak in radians is a 

measure of the crystallite size samples, 

crystallite size, as described by 

Scherreris formula [16]:   

C.S =0.94λ/FWH.cos()                  (2) 

 

where:   is the Bragg angle,              

λ:- Wavelength of the incident x-rays 

in angstroms 1.54A
°
, FWHM: full 

width at half maximum. 

     The morphological surface analysis 

was carried out by employing an 

atomic force microscope (AA3000 

Scanning Probe Microscope SPM, tip 

NSC35/AIBS from Angstrom Ad-

Vance Inc). 

     Field emission scanning electron 

microscopy (FE-SEM), equipped with 

Energy-Dispersive produce by Hitachi-

Japan, model (S-4160FE-SEM) 

provides topographical and elemental 

information at magnifications of 10X 

to 300,000X, with virtually unlimited 

depth of field the samples with gold 

paint before an examination FESEM 

using a device Nano Structured 

Coating CO.DSR1.  

     Fourier Transform Infrared (FTIR) 

test is used to observe the spectra of PS 

samples utilizing a Bruker FTIR 

analyzer, Tensor-27, Bruker Optics 

Inc, Billerica, MA, using an attenuated 

total reflectance mode. The data were 

recorded in the range from 400 to    

4000 cm
-1

 wave numbers.  

     The photoluminescence spectra of 

the PS, were measured using SL-174 

(ELICO) Spectro Fluormeter, 150 watt 

Xenon Arc lamp, Excitation and 

emission from 300-700 nm using     

250 nm as wavelength excitation. 

Photoluminescence is a non destructive 

and contactless method of probing the 

electron structure of materials. Photo-

excitation occurs when light is directed 

onto a sample and it gets absorbed and 

imparts excess energy into the 

material. One of the ways, this excess 

energy can be dissipated by the sample 

through the emission of light this 

process is called (photoluminescence). 

The PS energy gap is definitely having 

higher energy gaps compare to silicon 

(1.11) eV and it increases from (2.4-

  

Methanol 
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2.5) eV as etching time and porosity 

increased. The energy gap was 

determined by Eq.(3)
 
[17]:  

Eg=hc/λ                                            (3) 

 

where: Eg is energy of PS. h is Planck 

constant, c the is speed of light,             

λ is the peak wavelength of the 

photoluminescence.  

 

Results and discussion 
     XRD analyses show a typical 

diffraction pattern of PS sample 

fabricated at etching current density of 

(10, 20, 30, 40 and 50) mA/cm
2
 

respectively at etching time of 10 min 

formed during the Photo- 

electrochemical Etching technique 

(PEC) process. A structure of all the 

samples and most of them show.    

Fig.3 shows the x-ray diffraction 

patterns of the porous structure on n-Si 

substrate at different current density 

respectively. X-ray diffraction spectra 

showed a distinct variation between the 

bulk silicon surface and the porous 

silicon surfaces formed at different 

anodizing current densities. The 

broadening in the diffracted peaks is 

due to the increasing of pore walls 

thickness, and upward shifts are due to 

relaxation of strain in the porous 

structure The presences of their peaks 

of PS structures prove that the cubic 

structure of the crystalline silicon is 

retained even after the pore formation. 

The reduction in the crystallite size can 

be inferred through the increasing in 

the broadening of the x-ray diffraction 

spectra. 

 

Fig. 3: X-ray diffraction patterns for PS with different etching current 10, 20, 30, 40 and  

50 mA/cm
2
. 

 

     The x-ray beam is diffracted at 

specific angular positions with respect 

to the incident beam depending on the 

phases of the sample. When crystal 

size is reduced toward nanometr scale, 

then a broadening of diffraction peaks 

is observed and the width of the peak 

is directly correlated to the size of the 

nanocrystalline domains, which agrees 

with the results of (A. Lorusso et al. 

2009, Luigi Russo et al., 2011) [18,19].
 

XRD spectra of bulk silicon showed a 
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very sharp peak at 2θ = 28.3° showing 

the single crystalline nature of the 

wafer. This peak becomes very broad 

with varying full width at half 

maximum (FWHM) for different 

anodization current densities as shown 

in Fig.3 which confirms the formation 

of pores on the crystalline silicon 

surface. When the current density is 

increased from 10 mA/cm
2
 to 50 

mA/cm
2
 the number of pores increased 

with thicker silicon walls, where the 

thickness of the porous structure is 

decreasing with increasing etching 

current; the reduction in the crystallite 

size as evident from the sharp nature of 

the (111) peak, which is in agreement 

with the results of (Uday M. Nayef et 

al., 2013) [20].
 
  

     Table 1 shows the effect of an 

increasing of current density from (10, 

20, 30, 40, and 50) mA/cm
2 

this peak 

becomes broad with varying full-width 

at half maximum. 

 
Table 1: Comparison between experimental dhkl and standard dhkl values of x-ray 

diffraction peaks for PS with different etching current 10, 20, 30, 40 and 50 mA. 

     The structure of the surface 

morphology of the unsubstantiated, 

substantiate with PS layer fabricated. 

The surface morphology measured by 

AFM is given in Fig. 4 which shows 

the AFM images of porous silicon      

n-type at etching current density of 

(10, 20, 30, 40 and 50) mA/cm
2
 and 

constant time of 10 min AFM 

measurements show that the surface of 

the etched PS layer consists of a matrix 

of randomly distributed nanocrystalline 

Si pillars and voids. When current 

flows in the electrochemical cell, the 

dissociation reaction localizes on a 

particular side of a silicon surface, thus 

starting the etching of an array of pores 

in the silicon wafer. The pore 

morphology was analyzed under 

conditions of varying current densities. 

At increasing in current density orders 

the small pores to exhibit cylindrical 

shapes giving rise to larger pore 

diameter (Buda and Kohanoff, 1994; 

Beattie et al., 1995; Canham, 1997; 

Collins et al., 2002) [21].  For both 

cases irregular and randomly 

distributed nanocrystalline  silicon and 

the voids over the entire surface that 

the dissociation reaction localized on 

the particular side of a silicon surface, 

thus initiating the etching of an array 

of pores in the silicon wafer  increasing 

of the etching current density causes an 

increase in the pore size and decrease 

particle size. At high etching current 

density, a highly branchrandomly 

directed and highly inter-connected 

meshwork of pore was obtained which 

raiment with the results of 

(V.Parkhutik et al, 1999) [22]. 
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Fig. 4: 3D AFM images and size distribution for porous silicon at constant time and   

different etching current 10, 20, 30, 40 and 50 mA. 
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     AFM parameters (average diameter, 

average roughness and peak –peak) for 

these samples have been shown in 

Table 2. 

     The average diameter decreased with 

increasing of the etching current density. 

A change of microstructure of the porous 

silicon surface were observed for 

different current densities where pores 

sizes varied significantly as shown in the 

AFM pictures. The surface of the etched 

PS layer consists of a matrix of randomly 

distributed nanocrystalline Si pillars 

which have the same direction and AFM 

images also show voids that the 

uniformity.  This roughness is expected 

to be caused by inhomogeneous of the 

substrate and electrolyte composition, 

this attributed to longer etching time 

caused an increasing in porosity, so the 

pores have begun again to grow and 

decreased in an average roughness. The 

uniform pore on the wafer was created, 

also the effect of H bubbles that were 

created at the surface of the sample lead 

to reduce of HF concentration,              

thus preventing further silicon 

dissolution [23]. 

 
Table 2: AFM parameters for porous silicon with constant time and different etching current 

10, 20, 30, 40 and 50 mA. 

    

 

     Fig. 5 shows a typical FESEM 

image of PS(n-type) silicon the 

etched surface prepared under current 

density of (10, 20, 30, 40 and 50) 

mA/cm
2
 and etching time of 10 min 

the porous layer composed of a dense 

large pore aligned in random 

direction. The effect of increasing 

current density 50mA on surface 

morphology is a group of PS is 

presented in structure pores in (FE-

SEM) images and a homogeneous 

pattern and confirms the formation of 

uniform porous structures on the 

silicon wafer. The increasing of 

current density causes an increase in 

the pore size [24].
 
 

     The increase of current density 

means an increase of silicon 

dissolution process within the porous 

layer due to the increase of photo-

generated holes number on the silicon 

electrode [25]. 

 

Peak-peak 

(nm) 

Avg.Roughness(nm) Avg.Diametr(nm) 

 

Etching,current(mA/cm
2
) 

7.08 1.64 40.12 11 

2.79 0.687 33.48 21 

3 0.81 29.79 31 

5.5 1.42 28.56 41 

2.47 0.597 28.00 51 
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Fig. 5: FESEM image of n-type porous silicon surface with different current density 10, 20, 

30, 40 and 50 mA. 

 

     Surface chemical composition of PS 

is best probed with Fourier transform 

infrared (FTIR) spectroscopy. FTIR 

signal in PS is larger and easier to 

measure than in bulk Si due to much 

larger specific area [26].  The pore 

surface includes a high density of 

dangling bonds of Si for original 

impurities such as hydrogen and 

fluorine, which are residuals from the 

electrolyte. Additionally, if the 

manufactured PS layer is stored in 

ambient air for a few hours, the surface 

oxidizes spontaneously.            

The Fourier transformation infrared 

spectroscopy FTIR of the measured for 

n-type PS at etching current densities 

values of (10, 20, 30, 40 and 50) 

mA/cm
2
 with constant time 10 min. 

The different vibration modes are 

detected which described in Table 2. 

As can be seen from Fig. 6 after its 

anodization is completed, it is clear that 

there are five distinct peaks with 

10mA/cm2 
21mA/cm2 

31mA/cm2 41mA/cm2 

51mA/cm2 
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different intensities. A small peak at 

625 to 2089/cm
-1

 can be associated 

with the Si-H Waggener mode [27]. 

While a peak at 2926 to 2361/cm
-1

 is 

suggests of the CH Asymmetric 

stretching
 
[28]. The peak with intensity 

at 1071 to 1112/cm
-1

that indicates the 

presence of Si-O-Si Asymmetric 

stretching [29].At etching current 50 

mA/cm
2
 peak at 1666/cm

-1
 associated 

with the NH2 Asymmetry stretch [30]. 

And finally at etching current (40 

mA/cm
2
) the bond is related peak of 

1724/cm
-1 

CO bending [31].           

     The peak at about 625cm
-1

 is 

attributed to the wagging modes of the 

SiH species. Absorption at 2926cm-
1
 is 

due to the in plane C–H angle 

deformation It can easily replace a 

silicon atom, leading to the presence of 

carbon in the porous structure, since 

carbon is located in the same column of 

the periodic Table as silicon [32]. 

     One may notice the presence of 

absorption bands associated to 

hydrolyze illustrated by different 

vibrational modes related to SiH2 and 

CH2 bonds. where one may point out 

stretching modes of CH2 at 2326cm
-1

, 

bands at 908-910 And 2104 cm
−1

, 

These modes are related to groups SiH2 

adsorbed at the extended porous silicon 

surface, the initial spectrum remains 

almost identical, but the most relevant 

changes are produced near the 

frequencies related to silicon-oxygen 

bonds, the relevant vibration  modes 

are centered at 1071 and             1080 

cm
-1

 A strong broad band is          due 

to Si-O-Si asymmetry stretching 

absorpition bands the relevant 

vibrational modes are centered at 1071 

and 1080 cm
-1

, The signal at 1071 cm
−1

 

corresponds to the stretching modes of 

the Si-O-Si bridges in SiO2 [33].
 
The 

peak at 1080 cm
−1

 is generated by the 

asymmetrical stretching of Si-O-Si 

bridges in stoichiometric SiO2. As this 

peak does not undergo important 

changes when the samples are 

processed, it can be argued than this 

mode is related to the silicon substrate. 

Otherwise, as the modes at 1071 and 

1080 cm
−1

 appear only in some 

oxidation degree, these frequencies can 

be related to the highly stressed SiO2Si 

interface or defective silicon oxide at 

the porous silicon surface. These 

modes are the symmetrical and 

antisymmetrical vibrational modes of 

the Si-O-Si bridges [34, 35]. 

     The spectral region is characterized 

by two peak at 1666   related to the 

asymmetric and symmetric stretching 

modes of NH2 respectively The          

1666 cm
-1

 related peakes are assigned 

to the NH2 mation modes of the amine 

groups, which are very strongly 

hydrogen bonded the silanol groups. 

     Fig.7 presents photoluminescence 

(PL) spectra of the n-type porous 

silicon curves obtained in samples, 

prepared at different anodizing 

currents (10, 20, 30, 40 and 50mA) 

anodizing time: 10 minutes. It is clear 

from these figures that the emission 

signal shifts towards shorter 

wavelengths as the anodizing current 

porosity increases. Which is in agrees 

with the results of Bessais and O. Ben 

(Younes et al., 2000) [36].  
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Fig. 6: IR transmittance spectrum of a PS layer at etching current density of 10, 20, 30, 40 

and 50 mA. 
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Table 3: Wavenumber positions and attributions of the transmittance peaks observed in PS 

samples by FTIR measurements. 

 
 

Fig. 7: The photolumenscence spectrum of PS which prepared at different etching current 

10, 20, 30, 40, 50mA. 

 

     The band gap is calculated for each 

sample from the PL emission and the 

band gaps are given in Table 4. For all 

samples, the band gap increased (band 

gap widening) is due to reduction in 

the particle size of the Si 
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nanocrystallite, porosity increases 

largely with increase in etching current 

density (10 - 50 mA/cm
2
) and constant 

etching time 10 min, due to change in 

the Si structure size [37]. The particle 

size of PS (111) grown in PS samples 

are low this is also reason for the shift 

in band gap blue shift is expected 

because of decrease in particle size of 

n-PS and increase in porosity and the 

current density increases so the band 

gap increases, which is in agrees with 

the results of (Qing Shen et al., 

2003)[38]. 

     At the same time, the porosity of 

etching samples is confined to low 

current densities this result agreement 

with the XRD diffraction, AFM and 

FESEM. 

 
Table 4: PL parameters for PS wafer with different etching current 10, 20, 40, 50 mA. 

IV Conclusions 

1. n-type porous silicon synthesized by 

electrochemical etching at different 

current densities at etching time 10 

min are found strongly dependence on 

etching current. 

2. XRD spectra show that PS (n type) 

peak become broad when compressed 

with c-Si due to shifting of diffraction 

angle in nanowalls between pores of 

PS layers. 

3. The AFM image shows that PS (n-

type) has sponge like structure.  

4.The Field emission scanning electron 

microscope (FESEM) indicates to the 

existence of smooth grain morphology 

of the film and the film preferentially 

grows parallel to the surface The 

increasing of current density causes an 

increase in the pore size 

5. The FTIR Spectral show that  PS 

Surface  consist from active group 

from Si-Si bonds, Si-H bonds, Si-O 

and carbon component this come from 

interaction between c-Si and HF 

solution  and interaction of PS with 

atmosphere.  

6. PL spectral of PS was shifting to 

blue region due to quantum 

confinement effects from PL peak we 

found increasing in energy gap of PS 

because the grain size is decrease. 
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