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ABSTRACT 

          Porous silicon (PS) has been fabricated by Photo-electrochemical etching. Porous silicon was 

anodized on n-type Si in light using a current density of 20mA/cm
2
 for 10 min. The porous structure 

formation was confirmed using XRD and AFM studies. The root mean square (RMS) roughness of 

the Porous silicon layer is found to be around 47.5 nm and the ten point height was 317 nm. The 

average of pores diameter was 419.98nm, and the grain growth is columnar with a (211) preferred 

orientation. The grain size of the PS was estimated from the Scherer’s formula and found to be 73 nm. 

All the properties of the porous silicon layer, such as porosity and the thickness depend on the 

anodization parameters. The porosity (P) was approximately 77 %. The thickness of the layer formed 

during an anodization in constant current was 3.54nm in gravimetric method, while its value was 

1.77nm by using the theoretical relation. 
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1.  INTRODUCTION  

 

          Porous silicon is one of the most promising materials, because it can emit visible range 

of light at room temperature. One of the most important characteristics of the PS layers  its 

very large and reactive internal surface so that, one should expect, that this internal surface 

would play an important role in those specific properties of PS layers which make this 

material so different from bulk one [1]. The easy and cheap fabrication, associated with the 

good optical properties of such samples, increases the field of potential applications of PS in 

integrated optics and photonics even more [2]. X-ray diffraction XRD measurements present 

a noticeable feature related to the crystalline. Each diffraction peak consists of a sharp peak 

and broad diffraction around the peak [3]. In this paper, we report the fabrication of porous 

silicon layers on c-Si using anodic with laser assistant procedure. In order to analysis the 
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quality of the porous layer by gravimetric method; we have used XRD and AFM image 

techniques. 

 

 

2.  EXPERIMENTAL DETAILS 

 

          Porous silicon layer were produced using monocrystalline silicon wafers n-type, with 

resistivity of 10 Ω.cm. The silicon wafers used in this work were n-type phosphorus silicon 

wafer with (111) - orientation. The Si (111) samples were etched into a mixture of 40% HF: 

purity Methanol (99.9%) (1:1) for 10 minutes with a current densities of 20 mA/cm
2
, and 

subjected to an external illumination with a 30 mW diode laser 650nm The simplest cell 

which can be used to anodize silicon is shown in  Figure 1. Methanol and alcohol are used 

commonly to clean the wafer by using ultrasonic bath for few minutes. 

 

 

 

 

 

 

 

 

  

 

 

 

 

             Finally, they were rinsed in distilled water treated ultrasonically followed by drying 

in a hot air stream. Back side of the samples was coated with thick Aluminum layer. The 

evaporation is performed in a vacuum pressure of      torr, using an evaporation plant 

model “E306 A manufactured by Edwards high vacuum”. In this work an AA 3000 Scanning 

Probe Microscope AFM system to estimate the surface measurement using. The XRD 

(shimadzu -6000) system was used for x-ray diffraction measurements. They were then 

placed into the x-ray (Cu     line λ = 1.5406 A). The sample was scanned from 25 to 40 

degrees 2Theta. The virgin wafer is first weighed before anodisation (m1), then just after 

anodisation (m2) and finally after dissolution of the whole porous layer in a molar NaOH 

aqueous solution (m3). Uniform and rapid stripping in the NaOH solution was obtained when 

the PS layer is covered with a small amount of ethanol which improves the infiltration of the 

aqueous NaOH in the pores. The porosity is given simply by the equation [4

 

 

Figure 1. Schematic diagrams of photo electrochemical 

etching (PECE). 

 



 

International Letters of Chemistry, Physics and Astronomy 3 (2013) 29-36 

31 

 

 
 

                       ……………..………..(1) 

 

 

From these measured masses, it is also possible to determine the thickness of the layer 

according to the equation [4]: 

 

                ….................…..………..(2) 
 

Where D is the density of bulk silicon, and A is the wafer area exposed to HF during 

anodization. In gravimetric method, “Mettler AE-160 digital with accuracy of 0.0001 gm” is 

used to weight the samples. XRD was used to investigate the size of the crystallites of the 

porous silicon. The average grain size (crystallite size) corresponds to the average diameter 

(L) of the crystallite columns which can be calculated by using Debye–Scherrer formulas 

shown in equation (4) [5]. 

 

         ⁄           ……….………….……. (4)    

 

Where the FWHM is the full width at the half maximum of the characteristic spectrum in units 

of radians, L and λ are in nm. For diamond structure of silicon, the lattice constant is 

considered to be a function of interplanar spacing  dhkl by using equation (5) [5]: 

 

        
          ⁄

 ………………..……... (5)  

 

Where hkl are Miller indices. 

 

 

3.  RESULTS AND DISCUSSION 

 

          The porosity of porous silicon 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 

porous silicon layer. The porosity (P) of approximately 77 % was calculated using Eq. (1). 

The thickness of porous layer (d) of 3.54nm was calculated using Eq.(2). While the thickness 

(d) was 1.77nm by using theoretical relation [6]:  

 

        ………………………….……….(3) 

 

 Where d is the layer thickness,                 R = 0.0000105, x = 0.96 and T etching time. 

  

           The chemical etching seems to be nonuniform at the early stages. The order of 

magnitude of the so called critical depth is of about 1 to 2µm for n-type porous silicon [2]. 

 

           X-ray diffraction analyses were carried out in the 29°-34° range of 2θ. The figures 2-

3, show the XRD spectra of c-Si and porous silicon layers. This pattern confirm the formation 

of porous layer with a small broader peak centered near 33.1° and 33.2°. Figure 3, confirm the 

formation of pores on the crystalline silicon surface, a small broadening and splitting peak of 

the porous silicon layer, and also it compares with the XRD spectra of the c- Si. The intensity 

of the porous silicon peak decreases. A strong peak of (c-Si) fresh silicon shows a very sharp 
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peak at 2θ = 28.38° oriented only along the (111) direction is observed confirming the 

monocrystalline structure of the Si layer which belongs to the (111) reflecting plane of Si of 

cubic structure (according to ICDD N 1997and 2011 JCPDS) while Porous silicon layer 

which belongs to the (211) orientation. The increase in lattice constant has also been observed 

in porous silicon by Young et al., and suggested that the increase in lattice constant arises 

from stress induced by growth of a native oxide on the surface on the pore structures [7].   

 

 

Figure 2. XRD spectra of c-Si sample before etching. 

  

 

 
 

Figure 3. XRD spectra of PS samples anodized for 10 min etching time at 20mA·cm
-2
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             The average diameter of crystallites resulting of the broadening in a spectrum at 20 

mA/cm
2
 etching current density was 73nm. A broad reflection indicates that its average 

crystal size is smaller than that of crystalline silicon according to the Scherrer equation, where 

the full width half maximum FWHM of c-Si was (0.1168) while it was (0.1665) for porous 

silicon layer. 

          Atomic force microscopy: As a result, AFM does only allow imaging of the top end of 

the pores, which is a general disadvantage of this technique compared with electron 

microscopy [5]. The advantage of this measurement mode is that the AFM analysis can be 

done with very small forces [8]. The AFM picture taken on PS grown on n type Si shows the 

usual rough surface structure. Figures 4-5, show two and three-dimensional AFM image of 

the as-anodized porous silicon surface structure formed on n-type for 10 min time etching at 

20 mA/cm
2
. This image shows that the film is homogeneous and has a large number of 

vertically aligned (columnar) grains. The scan area film for AFM analysis was 5μm×5µm. 

The surface was very smooth, the root mean square (RMS) of roughness was measured and 

found to be around 47.5nm and the ten point height was 317 nm. Table 1 reported that the 

average of pores diameter was 419.98nm according to the statistical image of pores analyses.  

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  2D and 3D AFM images of PS surface at 

constant current density 20𝐦𝐀 𝐜𝐦𝟐 and at 10min etching 

time for n-type (5μm×5µm). 
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Figure 5. Granularity Cumulation Distribution Chart of  diameter of 

porous silicon at  20mA/cm
2
 etching current density 
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Table 1.  Granularity Cumulation Distribution Report Avg. diameter 419.98 nm where <=10% 

Diameter:120.00 nm, <=50% Diameter:380.00 nm,  

and <=90% Diameter:720.00 nm. 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation 

(%) 

40.00 

60.00 

80.00 

100.00 

120.00 

140.00 

160.00 

180.00 

200.00 

220.00 

240.00 

260.00 

280.00 

300.00 

320.00 

340.00 

3.05 

1.53 

0.76 

1.53 

1.53 

3.05 

1.53 

1.53 

0.76 

4.58 

5.34 

2.29 

2.29 

6.87 

3.82 

3.82 

3.05 

4.58 

5.34 

6.87 

8.40 

11.45 

12.98 

14.50 

15.27 

19.85 

25.19 

27.48 

29.77 

36.64 

40.46 

44.27 

360.00 

380.00 

400.00 

420.00 

440.00 

460.00 

480.00 

500.00 

520.00 

540.00 

560.00 

580.00 

600.00 

620.00 

640.00 

660.00 

2.29 

2.29 

3.05 

0.76 

3.05 

3.82 

3.82 

3.82 

3.05 

3.05 

3.05 

0.76 

3.82 

0.76 

1.53 

3.82 

46.56 

48.85 

51.91 

52.67 

55.73 

59.54 

63.36 

67.18 

70.23 

73.28 

76.34 

77.10 

80.92 

81.68 

83.21 

87.02 

700.00 

720.00 

740.00 

780.00 

800.00 

840.00 

860.00 

880.00 

900.00 

960.00 

1000.00 

1100.00 

1200.00 

1260.00 

0.76 

1.53 

1.53 

1.53 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

0.76 

87.79 

89.31 

90.84 

92.37 

93.13 

93.89 

94.66 

95.42 

96.18 

96.95 

97.71 

98.47 

99.24 

100.00 

 

 

4.  CONCLUSION 

 

         Porous structures were prepared on n-Si single crystal wafers by a photo-

electrochemical at low current density and etching time. The surface of the PS layers was 

investigated by the XRD and AFM .This study shows that PS layer thickness has a different 

value, depending on the method of calculation either experimentally or theoretical . 
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