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ABSTRACT
In this paper, the nanocrystalline porous silicon (PSi) films are prepared by electrochemical
etching of p-type silicon wafer with current density 7 mA/cm2 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.
Keywords: X-Ray diffraction, TiO2, nanocrystalline porous silicon, electrochemical etching p-type
silicon wafer, XRD, FTIR, AFM
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1. INTRODUCTION
Porous silicon is a nano- to macroporous high surface area material that can be
fabricated from n- and p-type silicon by chemical or Electrochemical is an easy method for
porous silicon formation which employs a gold cathode and silicon wafer anode immersed in
hydrofluoric acid (HF) electrolyte with constant current source, which is usually implemented
to ensure steady tip concentration of HF resulting in a more homogenous porosity layer [1,2].
The PSi has a direct band gap, low reflectivity, variable refractive index and random
morphological structure which have made it as a good promising material for photovoltaic
applications [3]. The change in drilling conditions such as the time of drilling or changing the
current limit allows for the control of the porous layer. The size of the pores varies, and the
shape of the channels is of high order to structures similar to mixed sponge, depth and overall
porosity [1] The theoretical basis on which porous silicon is based is based on the theory of
quantitative confinement, which shows that the possibility and rearrangement of the electrons
and holes in the pores results in highly efficient emissions due to high porous structures of
porous silicon and the transformation of the energy gap from direct to direct. Conversion in
nano depends mainly on like porosity, surface passivation, pore size and size distribution [4].
Later on it was discovered that many forms of porous silicon show intense
photoluminescence under UV excitation [5] which opened the possibility for applications in
optoelectronics, display technologies, [6] and chemical sensing. [7] Most recently, its passive
optical properties have been exploited for antireflective coatings, [8] wave guides, [9]
interference filters, [10], biosensors. [11] and solar cell [12], In 2009 O. Abbas et.al, studied
the effect of doping concentration (3.5 and 12 Ω·cm), etching time 30, 60, 90, 120 and 150
min and current density 5, 10, 15, 20 and 25 mA/cm2 of p and n–type silicon on the
resistivity. The porous silicon prepared by electrochemical etching and photoeclectrochemical
etching with laser of 514 nm wavelength. They found, in PECE the resistivity of PS increased
greater than ECE with increasing the etching parameter [13].
In 2012 N. Janene et.al, prepared TiO2/PS for solar cell application by using double
treatment based PS and TiO2 passivation. Porous silicon was prepared by electrochemical
anodization under different conditions of current density. TiO2 NPs were incorporated inside
pores by the pulsed laser deposition (PLD) technique. They observed that the binary structure
of TiO2/PS minimizes the average reflectivity of the Si substrates from 36% to around 14%
for treated substrate. Also, the TiO2/PS treated samples present high photoluminescence
intensity compared with PS that lead to an enhancement of the optoelectronic properties. [14].
The aim of this work Preparation of a nanoparticle of porous silicon and studying its
composition and optical properties, as well as the use of porous material of type n and type P
as a solar cell before and after the addition of titanium dioxide.

2. METHODS
Colloidal Nanoparticles (NPs) are semiconductor nanopolycrystals with a variable
optical property depending on their grain size and the shape that which produced by
the fabrication process. Outstanding optoelectronic and photonic properties, such as
transmittance, energy gap, and photoresponsivty, make nanoparticles a good candidate for
solar cell, light emitting diodes, and lasers applications. Because of the QDs’ inherent solution
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processable property, several studies have incorporated NPs into organic or inorganic matrix
and demonstrated these hybrid devices with improved optoelectronic performances. In this
paper, we report on the enhancement of photoresponsivity in inorganic/inorganic hybrid
device consisting of porous silicon (PS)-MSM (metal–semiconductor–metal) photodetector
and TiO2 NPs embedded in the pores within the PS. The bandgap alignment between PS
approximately 1.77 eV and QDs approximately 1.91 eV facilitates the photoinduced electron
transfer from NPs to PS and further enhances the photoresponsivity. We also show that the
photoresponsitivity depends on the numbers of coating of NPs and the pore size of PS which
could be controlled by the anodization time.

Fig. 1. Schematic diagram of the electrochemical etching set-up.

PSi samples were prepared by electrochemical anodization etching of p-type and n-type
silicon (100) oriented with a resistivity (10 Ω·cm) at a constant current density 10 mA/ cm2
and the etching times were 15 min and the etching cell made from Teflon because the Teflon
not interaction with HF acid, rubber O-ring is used before the upper part of cell. The latter has
a central circular of 1 cm2 to allow touching the silicon wafer. The wafers were then cut into
pieces with dimensions of 1.5×1.5 cm2.
The back side of the wafer was deposited with 1 µm thick aluminum back contact using
thermal evaporation technique at 10-5 torr vacuum. And the two electrodes are used to apply
current across the cell, the lower one is stainless still foil below silicon wafer and the upper
one is gold grid connected with the HF solution. For anodization, power supply -305D is used
as constant DC current source. With electrolyte solution containing 1:1 ratio of HF (48%):
Ethanol (99.99%) respectively and the etched area of sample is 0.785 cm2. In case of use of
purely aqueous HF solutions, for the formation of PSi formation; hydrogen bubbles stick to
the surface and induce lateral and in-depth inhomogeneity. Ethanol is often added to the HF
solution to reduce its surface tension, thereby allowing the H2 gas formed during the reaction
to escape, preventing it from sticking to the etching surface and improving the homogeneity
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of the resulting porous layer as shown in Fig. (1). XRD-6000 SHIMADZU Japan: technique
is used to find out the nature of the crystal structure and main crystalline phases and the
direction of the films prepared in certain circumstances and to identify some of the structural
parameters such as grain size and full width at half maximum [15], FTIR the Fourier
Transform Infrared Spectrophotometer (SHIMADZU- 8400S) to determine the kind of bonds
[16] and AFM was used to obtain the surface roughness and average diameter micrographs
were taken for porous silicon by a Solver P-47H (Digital Instruments Nanoscope NT-MDT
SOLVER P47H-PRO).[17]

3. RESULTS AND DISCUSSION
3. 1. Structural Properties
Figure (2) is shown a Typical diffraction pattern of PSi sample for P-type and N-type
fabricated at current density of 10 mA/cm2 and etching time 15 min. 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 nanometric 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 [18,19]. One important property of porous silicon is
that its skeleton maintains the structure of silicon crystalline after anodization, as shown by
X-Ray topography studies. The crystallite size was estimated using Sherrer equation [20]
……… (1)
where: Dav The crystal size is measured by the nanometer, β the full width at half maxima, θ
is the angle of diffraction is measured by (deg), λ is the wavelength of the incident X-Ray,
which is equal 0.154Ǻ.
Both strain value and dislocation density can be calculated using the following
equations (2) and (3) [21,22], their values were listed in Table (1)
( )

𝜼

( )
Table 1. The values of structural parameters of pours silicon (PSi)

Sample

2 Theta
(deg)

hkl
(Planes)

FWHM
(deg)

D
(nm)

δ ×1014
(lines·m-2)

Strain ×10-4
(lines-2·m-4)

N-type

33.16

(100)

0.1385

57.0412

3.0734

6.0745

P-type

32.82

(100)

0.1667

47.2917

4.4523

7.3113
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Fig. 2. XRD spectra of p-PSi and n-PSi samples anodized for 10 mA/cm2
at time etching time 15 min

3. 2. Morphological Properties

(a)
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(a)
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(b)
Fig. 2. 3D & 2D AFM images 1.5×1.5 mm of PSi samples prepared with etching time
of 15 min and current density 10 A/cm2 for (a) N-Type (b) P-Type

Fig. (2) Shows the morphology of tow samples for n-type and P-type prepared at
anodization times of 15 min, The effects of varying etching times on PSi at constant etching
current density 10 mA/cm2 have also been studied. These images show that the PSi has a
vertically closely packed ball –shaped. Homogenous and a good roughness grains of PSi
nanostructure within scanning area 1.5×1.5 cm2.
Porosity can be determined easily by weight measurements by using the following
equation (4). The virgin wafer is first weighed before anodization (m1), then just after the
higher current causes more solving silicon and anodization (m2) and finally after dissolution
of the whole porous layer in a molar TiO2 aqueous solution (m3) [23].
( )
Table (2) shows the values of the average diameter size, the roughness, the root mean
square (RMS) and Porosity. It may be noted that porus of p-type is more roughness than
n-type because of the average grin size of the granular p-type is greater than n-type Also, the
amount of porosity will be greater This is very important in the applications of solar cells and
can get very distinctive results.
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Table 2. The grain size, roughness average, Root mean square and porosity for pours N-type
and P-type prepare 10 mA/cm2 and etching time 15min

Sample

Etching time
(min)

Avg. grain
size (nm)

Roughness
Ave. (nm)

RMS
(nm)

Porosity %

N-Type
P-Type

15
15

36.27
48.54

0.923
1.58

1.07
1.82

75%
87%

3. 3. Chemical Composition of PSi Layer
FTIR is powerful technique that can determine the chemical species present in a
material. This technique measure the amount of radiation absorbed by the chemical bonds in a
material as the radiation wavelength is varied through the infrared region. Specific chemical
bonds will absorb the radiation at different frequencies [24] Surface chemical composition of
PSi is best probed with Fourier Transform Infrared (FTIR) spectroscopy. FTIR signal in PSi
is larger and easier to measure than in bulk Si due to much larger specific area. If the
manufactured PSi layer is stored in ambient air for a few hours, the surface oxidizes
spontaneously [18]. Fig. (4) shows, the FTIR spectra measured from tow samples N-type and
P-type at current density 10 mA/cm2 and etching time 15 min, the peaks of PSi from N-type
and P-type at around 601.4 cm-1 and 662.28 cm-1 are from Si–OH respectively stretching
modes, which are dependent on the oxidation degree of PSi. The transmittance peak at 2142.9
cm-1 and 2068.99 cm-1 are from Si-O-Si respectively and this result agree well with that
presented in references, [25,26]
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Fig. 4. FTIR transmittance spectrum of a PSi layer at 10 mA/cm2
and etching time 15 min at (a) N-type (b) P-type

3. 4. Surface images
Fig. (5) shows pictures of porous silicon of N-type and P-type at current density 10
mA/cm2 and etching time 15 min, as we see from the figure that the images of both N type
and P type are different in the surface because of the different types where the surface of the
silicon coated with aluminum to obtain the silicone of the type P where the surface is more
rough than the surface of N type and this is consistent with the results of AFM as mentioned
in this Search previously. This result agree well with that presented in references [27]

Fig. 5. Is shown images of PSi surface N-type on the left, P-type in the right
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3. 5. Optical properties Photoluminescence (PL) spectral studies
The photoluminescence (PL) spectra of the n-type and p-type PSi formed using etching
times of 15 min and cuttent density 10 mA/cm2 are displayed in Fig. (6) It can be seen that
room temperature PL in the visible region has been obtained for the etching times used.The
PL intensity maximum has been found to occur at 690 and 872 nm for the n-type and p-type
respectively, and the energy band gap 1.8, 1.42 eV and the energy band gap can you
calculated using the relationship the following:
(
1200

)

………… (5)
= 690 nm
(1.8 eV)
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Fig. 6. PL spectra of PSi samples prepared at 10 mA/cm2 and etching time 15 min
(a) n-type (b) p-type
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3. 6. TiO2/PSi/Si Hetrojunction Photodetector properties
Figure (7) shows the I-V dark characteristics in forward and reverse direction of
Al/TiO2/PSi/p-Si/Al and Al/TiO2/PSi/p-Si/Al Photodetector prepared with current density 10
mA/cm2 and with constant etching time 15 min. All the results agree with [28] The
conversion efficiency of the solar cells depends on the morphology of interfaces in solar cells.
A schematic microstructure of the present solar cells fabricated by drope casting.
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Fig. 7. I-V characteristic under forward reverse bias of
the (a) TiO2/PSi/n-Si (b) TiO2/PSi/p-Si
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3. 7. Minority Carrie Life time measurement (MCT).
Figure (9) represents the lifetime of charge carriers, which describes the recombination
process in semiconductor devices, which can be defined as the cancellation of electron–hole
pairs. It can be seen from the figure that (τ) for the Al/PSi/p-Si/Al and Al/PSi/n-Si/Al
heterojunction and Al/TiO2/PSi/p-Si/Al and Al/TiO2/PSi/n-Si/Al has 0.1, 0.0052, 0.05, 0.04
sec respectively Indicating that the traveled time was in accordance with no recombination
has occurred which has enhanced the performance of PSi device after embedding the TiO 2
NPs on PSi.

(a)

(b)
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(c)

(d)
Fig. 9. Measurements of the lifetime of charge carriers by open-circuit voltage decay
photograph method for etching current density 10 mA/cm2 and etching time 15 min:
(a) Al/PSi/p-Si/Al, (b) Al/TiO2/PSi/p-Si/Al, (c) Al/PSi/n-Si/Al, (d) Al/TiO2/PSi/n-Si/Al
heterojunction nanostructured solar cells.

4. CONCLUSION
The obtained results show that the structural properties of PSi layer depend upon the
oxidation time, the surface roughness, layer thickness, porosity, and pore diameter are lower
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than these measured in the lower oxidation time. Samples of porous silicon (PSi) were
prepared by electrochemical etching meth-od, their structures were studied with AFM, AFM
results were used to calculate the Average Diameter & wall size and the AFM technique
doesn’t destroy the samples as gravimetric technique. Good correspondent was obtained in
results. The atomic force microscopy investigation shows the rough silicon surface which can
be regarded as a condensation point for small skeleton clusters which plays an important role
for the characterized the nanocrystalline porous silicon.

References
[1]

A. Uhlir, Bell Syst. Tech. J. 1956, 35, 333.

[2]

R. S. Dubey, Electrochemical Fabrication of Porous Silicon Structures for Solar Cells,
p. 36-40, (2013).

[3]

M. H. Mohsin and A. A. Salman, Eng. Technol. J. 33 (2015) 1513.

[4]

Asmiet Ramizy, Z. Hassan, Khalid Omar. 2011. Porous silicon nanowires fabricated by
electrochemical and laser-induced etching, Mater Sci: Mater Electron, 22, pp. 717–723.
DOI 10.1007/s10854-010-0199-3.

[5]

C. Pickering, M. I. J. Beale, D. J. Robbins, P. J. Pearson, R. Greef, J. Phys. C: Solid
State Phys. 1984, 17, 6535-6552

[6]

R. T. Collins, P. M. Fauchet, M. A. Tischler, Phys. Today 1997, 50, 24–31

[7]

J. M. Lauerhaas, G. M. Credo, J. L. Heinrich, M. J. Sailor, J. Am.Chem. Soc. 1992, 114,
1911-1912.

[8]

A. Rohatgi, E. R. Weber, L. C. Kimberling, J. Electron. Mater. 1993, 22, 65.

[9]

A. Loni, L. T. Canham, M. G. Berger, R. Arens-Fischer, H. Munder,H. Luth, H. F.
Arrand, T. M. Benson, Thin Solid Films 1996, 276, 143-146.

[10] S. Hilbrich, R. Arens-Fischer, L. Kupper, W. Theiss, M. G. Berger, M.Kruger, M.
Thonissen, Thin Solid Films 1997, 297, 250-253.
[11] A. Janshoff, K.-P. Dancil, C. Steinem, D. P. Greiner, V. S.-Y. Lin, C.Gurtner, K.
Motesharei, M. J. Sailor, M. R. Ghadiri, J. Am. Chem. Soc. 1998, 120, 12108-12116
[12] Asmiet Ramizya, Z. Hassana, Khalid Omara, Y. Al-Dourib, M.A. Mahdia, New optical
features to enhance solar cell performance based on porous silicon surfaces, Applied
Surface Science 257 (2011) 6112–6117
[13] O. A. Abbas, K. A. Noman, A. H. Rahim, Effect of Different Etching Parameters on
Resistivity of Silicon Nano-Material, Journal of Kufa – Physics, Vol. 1, No. 2, pp. 100107, (2009).
[14] N. Janene, A. Hajjaji, M. Ben Rabha, M. A. El Khakani, B. Bessais, M. Gaid, Influence
of porous Si passivation layer and TiO2 coating on optoelectronic properties of
multicrystalline Si substrate, Physica Status Solidi C, pp. 1–4, (2012).

-147-

World Scientific News 96 (2018) 134-148

[15] Brady, John B., and Boardman, Shelby J., 1995, Introducing Mineralogy Students to Xray Diffraction Through Optical Diffraction Experiments Using Lasers. Jour. Geol.
Education, v. 43 #5, 471-476.
[16] Binnig, G.; Quate, C. F.; Gerber, C. (1986). Atomic Force Microscope. Physical Review
Letters 56: 930–933.
[17] Griffiths, P.; de Hasseth, J. A. (18 May 2007). Fourier Transform Infrared
Spectrometry. 2nd Ed. Wiley-Blackwell. ISBN 0-471-19404-2.
[18] U. M. Nayef, Fabrication and Characteristics of Porous Silicon for Photoconversion,
International Journal of Basic and Applied Sciences Vol. 13, No: 02, (2013).
[19] L. Russo, F. Colangelo, R. Cioffi, I. Rea and L. De Stefano, A Mechanochemical
Approach to Porous Silicon Nanoparticles Fabrication, Materials, 1023-1033, (2011).
[20] H. A. MaCleod, Thin Film Optical Fillers, 3rd Ed, Taylor and Francis, (2001).
[21] R. Karimzadeh, N. Mansour, The Effect of Concentration on The Thermo Optical
Properties of Colloidal Ag Nanoparticles, Optics and Laser Technology, 42 (2010) 783.
[22] N. Semaltianos, S. Logothetidis, W. Perrie, S. Romani, R. Potter, et al., CdTe
Nanoparticles Synthesized by Laser Ablation, Applied Physics Let. 95 (2009).
[23] Dr.Uday M. Nayef and A. H. Jaafar, Characteristics of Nanostructure Porous Silicon
Prepared by Anodization Technique, Eng. And Tech. Journal Vol. 31, No. 3, (2013).
[24] H. A. Lopez, Porous silicon nanocomposites for optoelectronic and telecommunications
applications, PhD thesis, University of Rochester, New York, (2001).
[25] Ahmed N. Abd, Improved photoresponse of porous silicon photodetectors by
embedding CdS nanoparticles. World Scientific News 19 (2015) 32-49.
[26] Uday Muhsin Nayef and Intisar Mohammed Khudhair, Sensitivity of gold nanoparticles
doped in porous silicon. Iraqi Journal of Physics, 2017, Vol. 15, No. 35, pp. 1-7.
[27] Wasna'a M. Abdulridha, Ahmed N. Abd, Mohammed O. Dawood. Theoretical model to
determine the Porosity and refractive index of porous silicon type-n by using Atomic
force microscope, World Scientific News 28 (2016) 58-69.
[28] Meidan Ye, Miaoqiang Lv, Chang Chen, James Iocozzia, Changjian Lin and Zhiqun
Lin. Design, Fabrication, and Modification of Cost-Effective Nanostructured TiO2 for
Solar Energy Applications. Low-cost Nanomaterials, Green Energy and Technology,
Verlag London 2014, 10.1007/978-1-4471-6473-9_2
[29] X. Lu, J. Hou, M. Xiang, Z. Jia and F. Zhong, Preparation and photoluminescence of
TiO2/PS composite system, Chinese Optics Letters, Vol. 8, No. 6, pp. 618-620, (2010).

-148-

