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ABSTRACT 

 A novel approach to electrochemically fabricate thin nanoporous silicon using nitric acid solution is 

proposed and experimentally demonstrated. It is shown that highly uniform and thin nanoporous silicon layers are 

presented on the surface and chemical species enhance the light emission from the PS with increase in HNO3 

concentration. Structural and optical properties of HNO3 treated porous silicon created in different concentration 

of nitric acid with same current density as 30mA/cm2, with same etching time as 30min and same hydrofluoric acid 

and ethanol ratio as 1:2 concentrations are presented. 
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1. INTRODUCTION  
 Porous silicon has been the subject of detailed and wide-ranging studies over the last 17 years due to its 

unusual and interesting optoelectronic properties, but the origins of this material go back more than 35 years. The 

first optical studies of porous silicon had been performed by Uhlir and Turner at liquid He temperatures and have 

received little attention in the scientific community. The porous silicon was discovered in 1956, by Uhlir while 

performing electro polishing experiments on silicon wafers using an HF_containing electrolyte. He found that 

increasing the current over a certain threshold, a partial dissolution of the silicon wafer started to occur. Porous 

silicon formation is then obtained by electrochemical dissolution of silicon wafers in aqueous or ethanoic solutions.  

Present work: The porous silicon structure was formed by electrochemical etching of p-type silicon wafers in 

electrolyte including hydrofluoric acid (HF) and surfactants (mainly ethanol). The electrolyte was taken in a plastic 

beaker. The cathode of the anodization cell was generally made of HF-resistant conductive material. In the present 

study, graphite rod was used as the cathode and the silicon surface itself was the anode. The one side of the silicon 

wafer was coated with honey-bee wax to produce a uniform etching on the other side. The anodization process was 

done with the help of power supply having the range 0-30 V. The graphite rod was connected to the negative 

terminal of the power supply and the silicon wafer was connected to the positive terminal through the ammeter.  

   In the present work, the porous silicon layers were formed by altering the HNO3 solution in the electrolyte 

concentration with same anodization current density, etching time. The electrolyte concentration was prepared by 

mixing Nitric acid, ethanol and hydrofluoric acid. The anodization current density was maintained at 30mA/cm2 

and the etching time was varied as 30minutes. The ethanol and hydrofluoric acid concentration ratio was maintained 

as 1:2. 

 The experimental data on the relationship between the etching time, anodization current density, 

concentration and the morphological, structural and optical properties are discussed in the following sections. The 

structural property of the porous silicon was analyzed by the X-ray diffraction method and also the grain size of 

the porous silicon samples was calculated .From FTIR spectrum the presence of nitrogen bonding on the surface 

of PS was noted From PL the peak intensity, band gap energy of PS  was analyzed  

FTIR studies: For different HNO3 concentrations absorption bands was seen between wavenumber 600 cm-1 to 

2400 cm-1. According to Quantum confinement effect it is clear those Si3-N4 bonds were formed on the surface 

.The wavenumber for Si3-N4 bonds ranges between 1000-800cm-1as well as intensity also increases with increasing 

the HNO3 concentration. FTIR spectra of n-type porous silicon for 1ml, 2ml, 3ml, 4ml, 5ml nitric acid 

concentrations HF: ethanol ratio as 1: 2 and current density 30mA/cm2, etching time 30mts are shown in 

fig1,fig,2,fig,3,fig,4,fig,5. 

XRD studies: Information on the size and shape of silicon crystallites can be obtained from an analysis of 

diffraction peak width and profile. The grain size for the most dominant peak is calculated using the Debye-

Scherrer formula (D),                   
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The XRD spectrum for the porous silicon sample having the etching time of 30minute (concentration = 

1:2, current density = 30mA/cm2), indicating that the peak height for the corresponding sample is occurred at   

2θ=69.0858˚ and at 2θ= 69.0818˚ for n-type   2ml and   4ml HNO3   treated porous silicon respectively and    two 
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strong peak at 2θ= 28.4616˚and at 2θ=28.4632˚ for p-type 2ml and 4ml HNO3 treated porous silicon occurred 

respectively. The Full Width at Half Maximum (FWHM) for the sample remains the same. 

Photoluminescence Spectral studies:PL studies were carried out for various HNO3 concentration by 

maintaining same ethanol and HF concentration, etching time and current density. PL intensity of PS has 

increased for HNO3 variation. Effect of nitridation is clearly seen to enhance the light emission from PS. Band 

gap energy of the n-type PS samples increase from 2.439eV to 2.452eV. 

Table.1.Observed surface bonding in the n-type PS 

Wavenumber (cm-1) Bonds Vibration modes 

1000-1130 Si-O-Si Asymmetric 

860-980 Si-F3 Stretch 

719-731 Si-OH Stretch/Bend 

800-1000 Si3-N4 Stretch 

1110-1080 Si-O-C Stretch 

610-624 Si-H2 Deformation 

Table.2.Observed surface bonding in the p-type PS 

Wavenumber (cm-1) Bonds Vibration modes 

1000-1130 Si-O-Si Asymmetric 

860-980 Si-F3 Stretch 

719-731 Si-OH Stretch/Bend 

800-1000 Si3-N4 Stretch 

1110-1080 Si-O-C Stretch 

1175 Si-NH-Si - 

                            
                Fig.1.FTIR spectra of n-type PS for 1ml HNO3  Fig.2.FTIRspectra ofn-type PS for2ml HNO3 

 

               

Fig.3.FTIR spectra of n-type PS for 3ml HNO3 Fig.4.FTIR spectra of n-type PS for 4ml HNO3 

               

Fig.5.FTIR spectra of n-type PS for 5ml HNO3  Figure.6. XRD pattern for n-type HNO3 2ml porous silicon 
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Table.3. XRD Studies 

Wafer type HNO3 concentration Peak height (a.u) FWHM Grain size (D) (nm) 

n-type 2ml 101942.60 0.2952 34.11024 

4ml 8370.53 0.2952 34.10942 

p-type 2ml 358489.70 0.2460 34.78339 

4ml 282073.80 0.2460 34.7835 

                     
                Figure.7.XRD pattern for n-type HNO3           Figure.8.XRD pattern  for  p-type  HNO3  

                               4ml treated porous silicon                                  2ml treated porous silicon 

 

                 
Figure.9. XRD pattern for p-type HNO3           Fig.10. PL spectra of porous silicon for 

                                    4ml  treated porous silicon                             various  HNO3 concentration 

        

4. CONCLUSION  

From FTIR the Si-N bonds are present at the surface of the PS layer. Chemical species enhance the light 

emission from the PS with increase in HNO3 concentration. From XRD spectrum the FWHM value in the X-ray 

plot of all PS remains the same for both p-type and n-type wafers for various HNO3 concentration. Grain size 

remains the same for both p-type and n-type. From PL Spectra for n-type wafers increase in the HNO3 concentration 

the peak intensity of the PL plot increases and attains the maximum value for 5ml HNO3 concentration. Peaks shift 

towards the lower wavelength side, which supports the quantum confinement effect in PS. 

REFERENCES 

Amato G, Delerue C, Von Bardeleben H.J, Structural and Optical Properties of Porous Silicon Nanostructures,  

2010, 7-15. 

 

Handbook of porous silicon editors: Canham, Leigh (ed.), 2014, 11-22. 

 
Ishizaki, Kozo, Komarneni, Sridhar, Nanko, Makoto, Porous materials, process technology and applications,  

1998, 67-180  

 

Pandiarajan J, Jeyakumarn N and Prithivikumaran N, Structural, Surface Morphological and Photoluminescence 

Properties of Nanostructured Porous Silicon Material for Optoelectronics Application, Advanced Materials 

Research, 584, 2012, 290-294. 

 

 

-1000

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

30 40 50 60 70 80

Counts

In
te

n
s
it

y

-50000

0

50000

100000

150000

200000

250000

300000

350000

400000

20 30 40 50 60 70

Counts

In
te

n
s
it

y

-50000

0

50000

100000

150000

200000

250000

300000

20 25 30 35 40

Counts

In
te

n
s
it

y

http://www.jchps.com/

