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Investigation of the Changes of Fabry-Perot Fringe Patterns in 

Porous Silicon During Etching Process
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Abstract

Changes of Fabry-Perot fringe patterns in porous silicon during etching process has been investigated. Four porous

silicon samples were prepared with four different etch currents: (a) 10 mA/cm2, (b) 30 mA/cm2, (c) 50 mA/cm2, (d)

100 mA/cm2, respectively. Optical characterization of Fabry-Perot fringe pattern on porous silicon was achieved by Ocean

optics 2000 spectrometer. The change of Fabry-Perot fringes was monitored and measured during the etching process.

Fabry-Perot fringes pattern start to form after couple of minutes. As the etching time increased, more reflection peaks

were observed. Its full width at half maximum (FWHM) decreased rapidly when the etching time increased.
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1. Introduction

Porous silicon is a high surface area material pro-

duced by electrochemically etching single-crystal sili-

con in HF-containing electrolytes. It consists of a large

number of interconnected Si nanocrystallites with a sur-

face that is almost entirely covered with hydrogen

atoms[1-7]. 

The diameter, geometric shape, and direction of the

pores depend on surface orientation, doping level and

type, temperature, the composition of the etching solu-

tion, and the current density[8,9]. Porous silicon has been

employed as a large surface area matrix for immobili-

zation of a variety of biomolecules including enzymes,4

DNA fragments[10], and antibodies[11]. Moreover, we

recently showed that the electronic or optical properties

of porous silicon can also be used as the transducer of

biomolecular interactions, thus qualifying its utility in

biosensor applications[12,13]. A Fabry-Perot fringe pat-

tern is created by multiple reflections of illuminated

white light on the air-porous silicon layer and the

porous silicon-bulk silicon interface. The induced shift

in the Fabry-Perot fringe pattern caused by the change

in the refractive index of the medium upon molecular

interactions of species in solution with immobilized lig-

ands or receptors within the porous silicon matrix can

be used as a sensitive method for molecular sensing.

Electrochemical etching offers both the opportunity

to modulate the porosity in depth and the fabrication of

structures with any refractive index profile. The thick-

nesses, porosities and average pore diameters of porous

layers can be controlled by using parameters such as the

current density, the duration of etch, cycle, and the com-

position of the etchant solution[14].

Here we report the changes of Fabry-Perot fringe pat-

terns and the values of FWHM of porous silicon pre-

pared at different etch currents during etching process.

2. Experimental Section

2.1. Sample Preparation

Porous silicon samples were prepared by electro-

chemical etching of heavily doped p++-type silicon

wafers (boron doped, polished on the (100) face, resis-

tivity of 0.8~1.2 mΩ-cm, Siltronix, Inc.). The etching

solution consisted of a 1 : 1 volume mixture of aqueous

48 % hydrofluoric acid (ACS reagent, Aldrich Chemi-

cals) and absolute ethanol (ACS reagent, Aldrich

Chemicals). The galvanostatic etch was carried out in

a Teflon cell by using a two-electrode configuration

with a Pt mesh counter electrode. The anodization cur-
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rent was supplied by a Keithley 2420 high-precision

constant current source controlled by a computer to

allow the formation of Fabry-Perot fringe patterns in

porous silicon. To prevent the photogeneration of car-

riers, was performed the anodization in the dark. Four

porous silicon samples were prepared with four differ-

ent etch currents: (a) 10 mA/cm2, (b) 30 mA/cm2, (c)

50 mA/cm2, (d) 100 mA/cm2, respectively. The entire

electrochemical process is carried out under constant

current supplied by a computer controlled Keithley

2420 power sourcemeter.

2.2. Instrumentation and Data Acquisition

Optical reflectivity spectra are measured using a tung-

sten halogen lamp and an Ocean Optics S2000 CCD

spectrometer fitted with a fiber optic input. The

reflected light collection end of the fiber optic is posi-

tioned at the focal plane of the optical microscope.

3. Result and Discussion

PSi prepared by applying a constant current density

exhibits high reflectivity in a general wide spectral

region. The values of peaks in Fabry-Perot fringe spec-

trum satisfy the following relationship:

mλ = 2 nL·sinθ (1)

Where λ is the wavelength of maximum constructive

interference for spectral fringe of order m, n is the index

of refraction of the porous layer, and L is the thickness

of the porous layer. The optical thickness (OT) referred

to as the quantity 2 nL, was obtained from Fourier trans-

formation (FT) of the Fabry-Perot fringe spectrum. FT

arising from a sharp resonance indicated the quantity

2 nL. The change of OT is related to the refractive index

of the porous layer. The pore shape, pore size, and ori-

entation of porous silicon layers depend on the surface

orientation and doping level and type, temperature, the

current density, and the composition of the etching solu-

tion. For mono-layered PSi, an anodic etch of p-type sil-

icon wafer in ethanolic HF solution generally produced

PSi single layer with a network of micropores, rather

than meso- or macropores.

The pore size of p-type PSi can be increased by

increasing the concentration of the dopant and decreas-

ing the aqueous HF concentration. High current densi-

ties resulted in the desired well-defined cylindrical

macropores, rather than the random orientation of

highly interconnected micropores.

The PSi etched with 10 mA/cm2 of current density for

five min. displayed Fabry-Perot fringes in the optical

reflective spectra shown in Fig. 1. The change of Fabry-

Perot fringes was monitored and measured at every one

minute during the etching process. After one minute

etching, single broad reflection peak whose full width

at half maximum (FWHM) of 125 nm was appeared at

around 500 nm indicating that the optical thickness of

porous silicon at this point was 500 nm. Fabry-Perot

fringes pattern start to form after two minutes. Three

reflection resonances in reflection spectra in two min-

utes appeared at 700, 550, and 490 nm, respectively. As

Fig. 1. Fabry-Perot fringe patterns in reflection spectra and a plot of full width at half maximum profile during the etching

with 10 mA/cm2 of current density.



J. Chosun Natural Sci., Vol. 5, No. 1, 2012

Investigation of the Changes of Fabry-Perot Fringe Patterns in Porous Silicon During Etching Process 15

the etching time increased, more reflection peaks were

observed. FWHM decreased rapidly when the etching

time increased.

Fig. 2 showed Fabry-Perot fringe patterns in reflec-

tion spectra and a plot of full width at half maximum

profile during the etching with 30 mA/cm2 of current

density. After one min. etching, four reflection reso-

nances in reflection spectra were already formed which

indicated that Fabry-Perot fringe patterns start to form

before one minute. As the etching time increased, more

reflection peaks were observed. When the etching times

were constant, more number of reflection peaks were

formed compare to the porous silicon obtained with

lower current density. FWHM decreased from 50 to 10

nm as an etching time increased. 

Fig. 3 showed Fabry-Perot fringe patterns in reflec-

tion spectra and a plot of full width at half maximum

profile during the etching with 50 mA/cm2 of current

density. The change of Fabry-Perot fringe patterns and

decrease of FWHM were similar to that observed from

the previous samples. Fabry-Perot fringe patterns were

not clearly formed after 5 minutes of etching. 

Fig. 4 showed Fabry-Perot fringe patterns in reflec-

tion spectra and a plot of full width at half maximum

profile during the etching with 100 mA/cm2 of current

density. The change of Fabry-Perot fringe patterns and

decrease of FWHM were also similar to that observed

from the previous samples. As the etching time increased,

more reflection peaks were observed. However, the

deformation of Fabry-Perot fringe patterns were observed

Fig. 2. Fabry-Perot fringe patterns in reflection spectra and a plot of full width at half maximum profile during the etching

with 30 mA/cm2 of current density.

Fig. 3. Fabry-Perot fringe patterns in reflection spectra and a plot of full width at half maximum profile during the etching

with 50 mA/cm2 of current density.
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after 3 minutes of etching. This result indicated that the

deformation of Fabry-Perot fringe patterns took placed

earlier and FWHM decreased at higher current density.

The deformation of Fabry-Perot fringe patterns might

be the indication of destruction of porous layer.

 

4. Conclusion

Changes of Fabry-Perot fringe patterns and FWHM

in porous silicon during etching process has been inves-

tigated with four porous silicon samples prepared at dif-

ferent etch currents. The change of Fabry-Perot fringe

patterns and decrease of FWHM displayed similar ten-

dency for all samples. As the etching time increased,

more reflection peaks were observed. FWHM decreased

rapidly when the etching time increased. The deforma-

tion of Fabry-Perot fringe patterns took placed at higher

current density. This deformation of Fabry-Perot fringe

patterns might be the indication of destruction of porous

layer due to high current density during the etching

process.
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