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Abstract  
The nanostructure for porous silicon (PS) films is produced by 

anodization of p-type silicon chip with current consistency (15 mA/cm
2
), 

etching time  about 10 min and HF concentration (32%) to  the formation 

nanosized pore order with a dimension of around few hundreds nanometric. 

The films were featured by the measurement of atomic force microscopy 

(AFM) in the Baghdad university, X-Ray diffraction (XRD) and FTIR 

spectroscopy characteristics in the technological university. I am having 

appraising crystallites size from XRD about nanoscale for porous silicon 

and AFM proves the nanometric size.  

Chemical fictionalizations through the electrochemical etching clear on 

superficies chemical structure of PS. The etching possess disproportionate 

microstructures that include Si-H clusters in (Si3-SiH),   sparse in 

amorphous silica matrix and Si-H2 scissor mode. From the FTIR testing 

appeared that the Si suspending bonds of the as- produced PS layer have 

massive quantities of Hydrogen to form weak Si–H bonds related to Si–H 

stretch (Si3-SiH) and Si-H stretch (Si2-SiH).  

The AC electrical properties were measured with LCR meter 

analyzer the frequency between 50 Hz and 5 MHz. for capacitance, 

dielectric and loss tangent (tan δD) to balk silicon and porous silicon have 

been done in the ministry of science and technology. 

 

Keywords: Dielectric; capacitance; dielectric; loss tangent. 

 

  

https://jutq.utq.edu.iq/index.php/main


University of Thi-Qar Journal Vol. 13  No.4 DEC 2018 
Web Site: https://jutq.utq.edu.iq/index.php/main  

  Email: journal@jutq.utq.edu.iq 

41 
 

 دراسة الخواص العزلية للسيلكون المسامي المحضر بالانؤدة

 الخلاصة
 

 لرقائق الكھروكیمیائي التنمیش بطریقة النانویة المسامي السلیكون أغشیة تحضیر تم

 )سم/امبیر ملي  ( 15  تیار كثافة مع القابل النوع من السلیكون
2
دقائق (  (10   تنمیش وزمن  

 من قلیلة مئات بحدود منظمة نانویة بأحجام حفر لتكوین( %32وحامض هایدروفلوریك بتركیز )

 تحویلات ومطیافیة السینیة الأشعة حیود قیاسات من الأغشیة تشخیص وتم النانومتریة الأبعاد

 في جامعة بغداد الذري القوى مجھر وخواص في الجامعة التكنولوجیة الحمراء تحت للأشعة فوریر

 ومجھر النانو بالمقیاس المسامي للسلیكون البلوري الحجم تخمین تم السینیة الأشعة حیود من. 

  .بالنانومتر الحجم ان على یؤكد الذري القوى

 

 سطح على تظھر كیمیاوي الكھرو التنمیش خلال الكیمیائیة الفعالة المجامیع تحدید تم كما

 تراكیب على تحوي التي الكھروكیمیائي التنمیش عملیة .المسامي للسلیكون الكیمیائي المركب

السلیكا العشوائیة  في المشتتة  (Si3-SiH) عناقید( في Si-H) التي تحوي متجانسة غیر مایكرویه

 السلیكون أواصر أظھرت الحمراء تحت للاشعة فوریر تحویلات تحلیلات من  .( Si-H2) مطو ن

 شكل على الھیدروجین من كبیرة كمیة تحوي حیث ترسیبھا تم كما المسامي لطبقة السلیكون المتدلیة

 .  (Si2-SiH)و (Si3-SiH)(  تمتد       Si–Hالضعیفه تتعلق ب ) Si–H أواصر

 

في وزارة العلوم ( LCRجھاز)  مع ACتناوب  متم قیاس الخواص الكھربائیة  للتیار ال

للسعة و ثابت العزل الكھربائي وعامل  ((Hz and 5 MHz 50ضمن  تردد بین  والتكنولوجیا

 .الفقد للسلیكون و السلیكون المسامي

 

1. INTRODUCTION  

Porous silicon (PS) can be considered as a silicon crystal having a 

network of voids in it. The nanosized voids in the Si bulk result in a 

sponge-like structure of pores and channels surrounded with a skeleton of 

crystalline Si nanowires [1]. Porous silicon (PS) is prepared by 

electrochemical etching of silicon samples. Silicon was composed 

crystallites by this means can existing diameters changing from collectives 

of nanometers to tens of micrometers , counting on brewing parameters 

(sample type, current density, anodization time, and current density) . This 

feature, that is, the prospect of porosity hegemony, creates PS apropos for 

several applications on gas sensing [2], solar cells [3], and Porous silicon 

nanowires for lithium rechargeable batteries [4].                      
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The substance characteristic of PSi for its utilize as a low-loss RF 

sample were checked by a little collections. Moreover specifically, 

description of the dielectric characteristics of PSi has been notify for 

frequencies extend from direct current (DC) up to frequencies of a few 

hundreds of megahertz employ capacitor and inductor building integrated 

on PSi strata’s  [5].  Porous silicon because of its peerless charcteristic of 

spatial confinement, dimensionality (large active) and decrease of reflection 

losses, etc. stimulated many applications in different fields: light emitting 

diodes[6], optical sensors[7], interference filters[8], wave guides[9], and 

biomedical applications [10].  

Several research collection have utilized porous silicon (PS) strata’s as 

an antireflection coating to reduce the surface reflectance[11]. Decreasing 

the front surface reflectance of crystalline silicon (Si) solar cells is one of 

the most important issues for improving the cells efficiency[12]. The 

refractive index for PS strata’s relies on its porosity and its morphology, 

and the optimization of these laborers may work to an ideal antireflection 

coating for silicon solar cells [13].  

2. Experimental  

The sample utilized in this search is p-type (100) Si chip with 

resistivity (1.4-5) Ω.cm ply 508±15 μm. The back faces of chips were 

implanted with boron put up with by Aluminum metallization to get better 

the regular of current flux during electrochemical etching and to procure 

symmetrical porous stratums [14].                                                

The porous silicon substrate was primed by electrochemical etching 

method in a solution of 32% hydrofluoric acid and 99.9% ethanol at etching 

time was 10 min, and the current density was 15 mA/cm
2
, after anodization, 

the samples were washed-up in pentane and ethanol and dried in nitrogen 

(N2). Ethanol is collected to the hydrofluoric acid to deflate its surface 

tension that way letting the H2 gas composed through the reaction beating 

off, banning it from sticking to the etching surface and bettering the 

homogeneity of the deriving porous stratum. 
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The installation of silicon crystalline after electrochemical etching, 

as shown by XRD-6000 SHIMADZU Japan, AFM the AFM were taken for 

porous silicon by AA3000 Scanning Probe Microscope Angstrom 

Advanced Inc, and FTIR IRAffinity-1 Fourier Transform Infrared 

Spectrophotometer SHIMADZU and. The AC electrical properties were 

measured with LCR meter analyzer the frequency between 50 Hz and 5 

MHz in the Ministry of Science and Technology. 

3. Results and Discussion  

 3.1 Structural Properties  

 
The skeleton preserve for the constructing of silicon crystalline after 

electrochemical etching is that it’s one important property of porous silicon, 

studies by X-ray topography. The beam for X-ray is diffracted at appointed 

angular locations with consideration to the fallen beam relying on the 

phases of the substate. When crystal magnitude is miniature toward 

nanometric scale, consequently a width of the peak is immediately 

reconditioned to the size of the nanocrystalline domains and the expanding 

of diffraction peaks is spotted [15]. It is well recognized that crystallites 

size for porous silicon is equals (33.81 nm) can be predestined from 

diffraction style test by scaling the full width at half maximum (FWHM) 

measurement and using the Scherrer equation:  

 

                                                   L = k λ / B cos θB   ……… (1)  

 

Where K is the Scherrer constant, B is the FWHM in radians, λ is the 

wavelength in nanometers, θB in radians is the diffraction angle and L the 

mean crystallite size [16].   

 

XRD pattern, Figure (1) for etched sample shows diffraction style of 

PS substance manufactured at anodizing current density of 15 mA/cm
2
 at 

10 min anodizing times.   The reflections XRD beam from (100) planes 

appear two peaks: the first high intensity peak at 2θ = 68.95° from crystal 

silicon (100) planes, and the second weak intensity peak at 2θ = 69.15° 
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from PS [17]. The peak in the crystal silicon spectrum is more intense than 

in the PS spectrum, indicating that the structure crystal silicon contains a 

crystalline phase [18].  

 

  
 

Figure (1) X-ray diffraction of porous silicon primed at anodizing time 10 min and 

current density 15 mA/cm
2
. 

 

3.2 Morphological Characterize  

Atomic force microscope (AFM) was using to investigated studies 

for surface morphology of the oxidized PS layers and focus completely on 

the nanoscale properties of PS films. The surface morphology of the PS 

layers primed by anodized etching observations from the AFM graphs 

could be distinguished. A sponge-like structure was manufactured, show 

figure (2) displays the morphology of sample primed at etching times of 10 

min and the current density was 15 mA/cm
2
. The pore sizes produced are 

with an average diameter of (37.23 nm). When we compare the pore sizes 

were measured by the reflections XRD beam (33.81 nm) with the pore sizes 

were measured by the AFM graphs (37.23 nm) the pore sizes were very 

asymptotic to each other for both measurements.  
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Figure (2) show 2D& 3D AFM images for meso-porous silicon sponge like At 15 

mA/cm
2

 and etching time 10 min. 
 

3.3 Chemical Structure of PS Layer 

Fourier Transform Infrared (FTIR) spectroscopy is best checked for 

surface chemical structure of PS. Much larger specific area in PS easier to 

measure than in bulk Si and the FTIR signal in PS is larger. The pore 

surface includes a high density of dangling bonds of Si for original defect 

such as hydrogen and fluorine, which are remnants from the electrolyte.  If 

the fabricated PS layer is stockpiled in ambient air for a few hours, the 

surface oxidizes spontaneously.   

The figure (3) shows the FTIR spectrum of the p-type porous 

silicon. The FTIR spectra tested from sample of: at current density 15 

mA/cm
2
 and etching time 10 min.  The transmittance peak at 623 cm

-1
 Si-H 

bending in (Si3-SiH), and 908 cm
-1

 Si-H2 scissor mode [19, 20]. The 

transmittance peak at 1107 cm 
-1

 are from Si-O-Si stretching modes [21]. 

Furthermore, 2088cm
-1

 and 2113 cm
-1

 are, respectively, related to Si–H 

stretch (Si3-SiH) and Si-H stretch (Si2-SiH) [22, 19]. The table (3.1) show 

their IR resonance positions revealed and chemical bonds in PS.  
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Figure (3) Fourier transform infrared transmittance spectrum of a PS layer 15 

mA/cm
2
 at etching time 10 min. 

 

Table (1): proportion of the transmittance peaks and wavenumber positions spotted 

in PS sample by FTIR measurements. 

 

 

Peak position (cm-1) 

 

proportion 

623 Si-H bending in (Si3-SiH) 

908 Si-H2 scissor 

1107 Si–O–Si stretching 

2088 Si–H stretch (Si3-SiH) 

2113 Si–H stretch (Si2-SiH) 

 

3.4 Capacitance – Frequency Characteristics 

The AC electrical properties were measured with LCR meter 

analyzer the frequency between 50 Hz and 5 MHz and the 500 mV was 

measured at room temperature. Figures (4) and (5) show the experiential 

capacitance as functions of frequency for the bulk silicon and porous silicon 

etching time was 10 min, and the current density was 15mA/cm
2
. The 

capacitance was found that at low frequency correspond to the barrier 
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capacitance in the diffusion region (dispersion) at low bias for the substrate 

studied. Where the barrier capacitance was  the capacitance that exists 

between the p-type and n- type semiconductor materials in a semiconductor 

pn junction. The capacitance is close to the geometry capacitance in the 

relaxation region at high frequency [23]. 

   

The capacitance values decrease for the sample with porous silicon 

etching time was 10 min, and the current density was 15mA/cm
2
 or lower 

resistivity. This behavior is attributed to the increasing in the depletion 

region width which leads to the increasing of built-in potential. However, 

capacitance decreases with increases the frequency. This indicates clearly 

the capacitive nature of porous silicon at high frequencies. The reason 

behaved decreasing of capacitance with high frequencies because  the 

capacitance variation with frequency, since the penetration depth changes 

with frequency, thus changing the surface-to-depth ratio of the material 

involved in the electromagnetic interaction and the shape of curve for 

porous silicon like the zigzag because the PSi material used in this paper 

shows an anisotropic morphology, capacitance is also anisotropic.   
   

 

 

Figure (4) the capacitance as functions of frequency for the bulk silicon 
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Figure (5) the capacitance as a functions of frequency for the porous silicon etching 

time was 10 min, and the current density was 15mA/cm
2
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3.5 Dielectric – Frequency Characteristics 

Microscopic models for determining porous silicon dielectric 

properties.  Porous silicon composition and morphology used for its 

formation as well as on the starting wafer resistivity depend on the 

electrochemical conditions. Its dielectric properties are highly dependent on 

its structure and morphology. several works were worked  in the literature 

that correlate the material structure with its dielectric properties. According 

to [24, 25, 26], the ac electrical transport of porous silicon follows 

mechanism. 

In the very low frequency range the length of the carrier random 

walk during the fractal build of the material is valid, while at higher 

frequencies, the random path is shorter and the hopping length stops to be 

the critical factor.  In that case, conduction is mainly specific by the 

distance between inhomogeneous areas [26]. The dielectric permittivity of 

porous silicon describes the defect inside the material and the polarization 

of the atoms. The dielectric permittivity for bulk silicon higher than porous 

silicon that occurs at low frequencies that   attributed to the density 

variation between the bulk   and porous silicon. the presence of porous  

which give the structure less density for porous silicon and  the dielectric 

permittivity for both  bulk  and porous silicon decreases with increases the 

frequency as shown in figures (6) and (7).  
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Figure (6) Dielectric permittivity of bulk silicon as a function of frequency. 

 

Figure (7) Dielectric permittivity as a function of frequency for the porous silicon 

etching time was 10 min, and the current density was 15mA/cm
2
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3.6 Loss tangent (tan δD) - Frequency Characteristics  

The loss tangent most ceramics rise almost linearly as frequency 

increases; in this cases, it is likely to extrapolate measurement data from 

one frequency range to another. Materials of very low-loss possess loss 

tangents in the microwave spectrum that are nearly frequency independent. 

In materials with a finite dc conductivity imaginary portion of the 

permittivity increases at low frequencies as 1/ω where ω is radial 

frequency, (for example, < 1 kHz). Conducting materials are difficult to 

measure at low frequencies ( f < 1 MHz). This is because the boundary 

layer between the substance and electrode produces an electrode-

polarization capacitance that must be neglected from the measurement 

result. 

Figures (8) and (9) loss tangent (tan δD) versus of frequency for bulk 

silicon and porous silicon respectively   show the loss tangent (tan δD) for 

bulk silicon higher than porous silicon etching time was 10 min, and the 

current density was 15mA/cm
2
 at low frequencies for 3 MHz  and  the bulk 

silicon  equal almost with porous silicon for  loss tangent versus  frequency 

from 3MHz to  5MHz .    

 

Figure (8) loss tangent (tan δD) of bulk silicon versus of frequency. 
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Figure (9) loss tangent (tan δD) versus of frequency for the porous silicon etching 

time was 10 min, and the current density was 15mA/cm
2
. 

 

CONCLUSIONS 

 
The silicon grain size and the porous structure were decreased that it 

was observed    from a broadenning of the silicon peaks from the XRD 

properties. The oxygen is normally missing, the dominant bonds being Si-H 

groups in porous silicon. 

The AFM realization display the rough silicon surface which can be 

uniformed as a condensation point for small a sponge-like structure which 

plays an paramount role for the propertied the nanocrystalline porous 

silicon. The capacitance values decrease for the sample with porous silicon 

and this behavior is imputed to the rising in the depletion region width 

which leads to the increasing of built-in potential. However, capacitance 

decreases with increases the frequency. The dielectric permittivity for bulk 

silicon more than porous silicon at low frequencies and the dielectric 

permittivity for both bulk and porous silicon decreases with increases the 

frequency. The loss tangent (tan δD) for bulk silicon higher than porous 

silicon at low frequencies for 3 MHz  and  the bulk silicon  equal almost 
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with porous silicon for  loss tangent versus  frequency from 3MHz to  

5MHz.  
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