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Abstract:  In this paper, the nanocrystalline porous silicon (PS) films are prepared by 
electrochemical etching of p -type silicon wafer with current density (7 mA/cm 2 )   and 
etching  times  on  the  formation  nano -sized  pore  array  with  a dimension of around 
different etching time. The films were characterized by the measurement of XRD, FTIR 
spectroscopy and atomic force microscopy properties (AFM). We have estimated 
crystallites size from X -Ray diffraction about nanoscale for porous silicon and Atomic 
Force microscopy confirms the nanometric size Chemical fictionalization during the 
electrochemical etching show on the  surface chemical composition of PS. The etching 
possesses inhomogeneous microstructures that contain a -Si clusters (Si3 –Si–H) dispersed 
in amorphous silica matrix . From the FTIR analyses showed that the Si dangling bonds 
of the as-prepared PS layer have large amount of Hydrogen to form weak Si –H bonds. 
The  atomic  force  microscopy  investigation  shows  the  rough  silicon  surface,  with 
increasing  etching  process  (current  density and  etching  time)  porous  structure 
nucleates which leads to an increase in the depth and width (diameter) of surface pits. 
Consequently, the surface roughness also increase. 
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1 Introduction 

 
Porous silicon (PS) can be defined as a 

semiconductor material resulting from the 
electrochemical attack of a strong acid 
(usually hydrofluoric acid, HF), to form a 
network of pores with typical diameters 
ranging   from   a   few   nanometers.  Som- 
etimes this material is referred to be a 
quantum sponge[1,2]. The high surface-to- 

volume ratio (typically in the order of 500 
m2/cm3), and their inherent electronic and 
transport characteristics make this material 
suitable for development of photonic and 
sensing devices [3]. Although the attention 
focus driven by PS started in 1990, some 
previous works have to be mentioned here. 
Early works  on  electrochemical  treatment 
of silicon surfaces dealt with problems of 
anodic    oxidation,    electropolishing    and 
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chemical etching as early as 1937 
(Güntherschulze & Betz, 1937). A more 
detailed study was performed twenty years 
later (Schmidt & Michel, 1957)[4]. The first 
mention of PS material (without being 
named in that way) was reported in 1956, 
when A. Uhlir Jr. found unusual deposits on 
anodized silicon samples (Uhlir, 1956). He 

 
 
 
 

supposed that those deposits corresponded 
to oxide forms of silicon. Shortly after this, 
Turner reported a more detailed study of 
anodically formed films on silicon (Turner, 
1958).  Years  later,  in  1971[5],  Watanabe 
and Sakai reported for the first time that the 
electrochemically formed films on silicon 
surfaces corresponded to a porous nature 
(Watanabe & Sakai, 1971). Theunissen 
modelled the “formation of etch channels 
which propagate in crystal-oriented 
directions in the monocrystal” of n-type 
silicon   the   following   year   (Theunissen, 
1972). Subsequently, interest on porous 
silicon began to grow slowly, and important 
articles dealing with different aspects of the 
material were published[6]. 

 
 
 
2           Experimental 
2-1      Morphological of porous silicon 

 
Crystalline wafer of p-type Silicon with 

resistivity of (2-20) Ω.cm, 508 µm thickness, and 
(100) orientation were used as starting substrates. 
The  substrates  were  cut  into  rectangles  with 
areas of    (1.5 × 1.5cm2). After chemical 
treatment, 0.1 µm thick Al layers were deposited, 
by   using   an   evaporation   method,   on   the 
backsides of the  wafer. Electrochemical etching 
then performed in a mixture (1:1)  HF (40%)  - 
Ethanol (99.99) at room temp-erature by using a 
(Au) electrode as in Fig (1). Current of 7mA/cm2 

applied for (5-15 min) .The etched area of the 
sample was (0.785 cm2). 

Figure 1 :  Cross-sectional view of a lateral 
anodisation cell [6] . 

 
The morphological properties which 

include,  surface  morphology,  layer 
thickness,  pore  diameter,  wall  thickness, 
pore shape, porosity and surface area. These 
structural properties measured by Atomic 
 
 
 
force microscopy Atomic force microscopy 
(AFM). 
 
2-1-1.  porosity “P” 
 

Porosity  is  defined  as  the  fraction  of 
void within the PS layer and can be 
determined easily by weight      measure- 
ments.   The   virgin   wafer   is   first 
weighed   before   anodisation   (m1),   then 
just  after The higher current causes more 
solving silicon and anodisation (m2) and 
finally after dissolution of the whole porous 
layer in a molar KOH aqueous solution 
(m3)[7]: 
p (m)%=(m1-m3) / (m1-m2) (1) 
 
 
 
 
 
 
2-1-2.  Specific Surface area 
 

A number  of  properties  of  material 
composed of micrometer   sized grain, 
as well   as   those   composed   of 
nanometer-sized  articles  depend 
strongly on the surface area .For 
example, the electrical resistivity   of   a 
granular   material   is expected to scale 
with  the  total  area  of  the  grain 
boundaries [8-10].The surface- volume 
ratio (specific surface area) in m2/cm3

 

could   be   measured   as   the following 
equation Surface Area(S.A.) (m2/cm2). 
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S.A.= Area  of one pore ×  No. of pores 
/Area of Ps structure ×Depth (2) 

 
The pore geometry was considered as 
cylindrical in shape and thus the area of 
one pore is : 

 

The  area  of one pore  =  2π  rps × 
hps.  (3) 

where  rps&  hps  is  the  height  and 
radius of   pore measured continuously 
of the pore measured.By taking the 
maximum value of pore width and the 
density of the pore was constant before 
and after oxidation process where it is 
about 11*108   pore/cm2.That values was 
applied in equation (l) we obtained on 
the  surface  area     values  .  We  can 
observe that after oxidation the surface 
area will be decreased that due to, after 
oxidation  porous  surface  will  be 
saturated and the stable oxygen- 
Passivated surface will replace unstable 
Hydrogen-Passivated surface which 
caused to decrease pore size this will be 
lead  to  decrease the surface area [11- 
12]. 

 
2-1-3. surface roughness 

 
 

3D AFM image of porous silicon in which 
the irregular and randomly distributed 
nanocrystalline silicon pillars and voids over 
the entire surface can be seen. The prepared 
porous silicon layer shows the surface 
roughness and pyramid like hillocks surface. 
Figures  show the section analysis of porous 
structure in which the isolated silicon pillars 
with   steeper   sidewalls   can   be   observed 
which confirms the possibility of achieving 
quantum confinement effect. The surface 
morphology  confirms  the  pore  formation 
with its core roughness depth and roughness 
average[13]. 

 
2-1. Structural 0f porous silicon 

X-ray  diffraction  is  the  experimental 
method usually used to evaluate the degree 
of crystallinity in PS. In addition, high 
resolution diffraction set up allows a direct 
determination of the lattice parameters a of 
the PS  layer[14].  X-ray diffraction  pattern 

can clearly display the crystal composition 
and structure. The Scherer’s equation can be 
exploited to estimate the average grain size 
D for a knowing X-ray wavelength λ at the 
diffraction  angle  θ  from  the  equation  as 
given by [15]: 
 

D =K λ / FWHM cos(θ) (4) 
 
Where the FWHM is the full width at the 
half  maximum  of  the  characteristic  spect- 
rum in units of radians, L and λ are in nm .K 
is the Scherrer constant (1 > K > 0.89). 

The peak  broadening  also  depends  on 
the lattice strain induced by mechanical 
stresses, so that the Williamson-Hall method 
can be used to improve the analysis [16]. 
Introducing the component for peak 
broadening due to lattice strain and 
rearranging Scherrer equation, we obtain: 
 

FWHM cos θ (Kλ/d) = η sin θ (5) 
 

Where  the coefficient η represents the 
lattice strain. By plotting the term FWHM 
cosθ values for each peak vs. sinθ and 
applying a linear fit, crystallites size d can 
be obtained from y-intercept, In this case, 
only a mean   value   of   the   crystallite 
dimension can be obtained, which is an 
average  between  all  the diffraction peaks 
generated by the nanopowders[17]. 
 
2-2.       Chemical Composition of PS Layer 

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. 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[17]. 
 
3            Results and Discussion 

2D  and  3D  Atomic  force  microscopy 
(AFM) images of the as-anodized porous 
silicon  surface  structure  formed  on  p-type 
for different time etching (5-15 min) are 
shown in the following figures ,The PS layer 
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thickness and roughness are not 
monotonically  proportional  to  the 
anodization time. The surface morphology 
measured by AFM is given in figures(2-6), 
which show that the surface of the PS layer 
consists of homogeneous and large number 
of irregularly shaped distributed randomly 
over the entire surface. Representative 
(500nm x 500nm). 

 
 
 

Figure 3:  3D & 2D  AFM images (0.5 × 0.5 
μm) of   porous silicon samples prepared with 
etching time of (7min) at current density of 7 
mA/cm2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:   3D & 2D  AFM images (0.5 × 0.5 μm) of 
porous silicon samples prepared with etching time 
of (5min) at current density of 7 mA/cm2. 

 
 
 
 
 
 
 

Figure 4 : 2D& 3D AFM images (0.5 × 0.5 
μm) of porous silicon samples prepared with 
etching time of (10 min) at current density of 7 
mA/cm2. 
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the increasing in pore diameter due to 
growth oxide layer within pore lead to 
replace unstable hydrogen and oxygen by 
stable and pure oxygen which appears like 
cloudy covered PS layer. Porosity is 
estimated by the gravitation method by 
using equation (1) 

 
 
 
 
 

Figure 5:   2D& 3D AFM images (0.5 × 0.5 
μm) of porous silicon samples prepared with 
etching time of (12 min) at current density of 7 
mA/cm2. 
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Figure 7: Porosity calculated from AFM 
porosity measured from gravimetric technique. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 : 2D& 3D AFM images (0.5 × 0.5 
μm) of porous silicon samples prepared with 
etching time of (15 min) at current density of 7 
mA/cm2

 
 
 
 

The  pore  diameter  and  wall  size 
estimated based on the AFM image, from 
figures we can see that the pore average 
diameter (16.28 , 19.47 ,24.10 , 21.48 & 
22.70 nm) and   average wall size (0.84% 
,3.88% ,11.59% ,13.5% &22%) were 
increased  with  increasing  oxidation  time, 

X-ray diffraction spectra show a 
distinct variation between the fresh silicon 
surface and the porous silicon surfaces 
formed at different etching times. A strong 
peak of (p-Si) in 5min eatching time shows 
a very sharp peak at 2θ = 69.7° oriented 
only along the (100) direction is observed 
confirming the monocrystalline structure of 
the Si layer which belongs to the (100) 
reflecting plane of Si of cubic structure 
(according   to   ICDD   N   1997and   2011 
JCPDS) as shown in Table (1). With 
increasing etching time, this peak becomes 
very broad with varying full-width at half 
maximum as shown in figure (8) which 
confirms the formation of porous structure 
on the crystalline silicon surface.The 
broadening in the diffracted peaks is due to 
the increasing thickness of pore walls, and 
upward shifts are due to relaxation of strain 
in the porous structure. XRD spectra show 
the porous silicon is formations and that 
the structure is amorphous at high current 
density. 
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Figure 8 :  XRD spectra of PS samples anodized 
for 7mA/cm2, etching current density at 

(5,7,10,12and 15min ) etching time. 
 

Table 1: Calculated crystalline size, Lattice 
constant, and strain for p-PS for different etching 

time. 
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The  FTIR  spectra  of  the  p-type  porous 

Etching 
time 
(min) 

2theta 
(deg) 

D 
(A) 

FWHM 
(deg) 

D 
(nm) 

Lattice 
constant 

(nm) 

Strain 
x10-3 

silicon are shown in fig (9) , The peaks at 
around 439.77 cm-1   and 1064.71 cm-1   are 
from Si–O–Si stretching modes , which are 
dependent  on the  oxidation  degree of 
porous  silicon.  The transmittance peak  at 
624.94  cm-1    Si-H  bending  in  (Si3-SiH), 
871.82   cm-1        Si-H2  wagging mode and 
910.4 cm-1   Si-H2 scissor mode . 

5 69.69    1.34 0.13 74.42 1.348 27.88 
 
7 69.44    1.35 0.16 61.16 1.353 33.93 
 
10 69.12   1.35 0.14 71.43 1.358 29.05 
 
12 69.76   1.34 0.08 126.4   1.347 16.41 
 
15 69.13    1.35 0.09 103.48    1.358 20.05 

12  min 
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6-In porous silicon, as-prepared samples, 
oxygen is normally absent, the dominant 
bonds being Si-H . 
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