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Abstract: We applied the photoacoustic spectroscopy technique in order to obtain the optical absorption spectrum in 
porous silicon samples prepared by electrochemical anodic etching on n-type, phosphorous doped, (100)-oriented crystal-
line silicon wafer with thickness of 300 μm and 1-5 Ωcm resistivity. The porous layers were prepared with etching times of 
13, 20, 30, 40 and 60 minutes. Also, we realized a comparison among the optical absorption spectrum with the photolu-
minescence and photoreflectance ones, both obtained at room temperature. Our results show that the absorption spec-
trum of the samples of porous silicon depends notably of the etching time and it consists of two distinguishable absorp-
tion bands, one in the VIS region and the other one in the UV region. 
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tra. 

1. Introduction 

 
The photonic porous materials have received great at-

tention from scientists and engineers due to its several 
applications such as in the technology of optical data stor-
age, chemical sensors, and optoelectronic devices, among 
many others [1]. Porous silicon (PS) is a photonic material 
that has been a subject of great interest since the discov-
ery of its room-temperature visible luminescence [2]. 
There are several methods for fabricating PS from crystal-
line silicon wafers. The electrochemical etching is, however, 
the most extensively used so far [3]. The morphology of 
the resulting porous layer is strongly dependent upon the 
fabrication controlling parameters such as electrolyte 
composition, current density, etching time, etc., as well as 
on the type of substrate used. 

The Photoacoustic Spectroscopy (PAS) is one of the most 
convenient techniques to realize nondestructive studies in 
materials [4, 5], since it has less obstacles than conven-
tional optical spectroscopy. In PAS, the heat generated by 
nonradiative deexcitation induced by the absorption of 
modulated monochromatic light incident on the sample, 
turns to sound and can be later detected by a sensible mi-
crophone. In this way, the scattering of light is not a prob-
lem when we study powder samples because all the ab-
sorbed light becomes sound. Besides this, we can analyze 
the optical absorption spectrum at different depths of the 
sample [4]. 
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2. Experimental 

 
Porous silicon samples, with a thickness about 300 μm, 

were prepared by means of electrochemical anodic etching 
technique using an electrolyte of HF (40%) solution and it 
was used a constant density current of 40 mA/cm

2
 for all 

cases. It was used etching times of 13, 20, 30, 40 and 60 
minutes for each sample. The table 1 shows the character-
istics of the samples. 
 

Table 1. Characteristics of porous silicon samples: etching time, total 
thickness (l), porous layer thickness (l1). 

 

Sample Etching Time 

[min] 

l 

[μm] 

l1 

[μm] 

N2_13 13 310 ± 10 100 ±5  

N2_20 20 309 ± 10 126 ± 6 

N2_30 30 307 ± 10 170 ± 8 

N2_40 40 310 ± 10 200 ± 10 

N2_60 60 299 ± 10 244 ± 12 

 
 
Figure 1 shows the experimental setup of PAS. The light 

beam from a 900 W Xenon lamp (Oriel Corp., model 66921) 
was focused into a monochromator (Oriel, model 130 1/8) 
in order to select wavelengths in the visible region. The 
monochromatic light was focused via optic fiber and 
chopped with a mechanical chopper (Oriel model 75160). 
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Figure 1. Experimental setup block diagram of PAS: a) Xenon Lamp, b) 
Monochromator, c) Optical Fiber, d) Chopper, e) PA Cell, f) Lock-in Am-

plifier and g) Computer. 
 
 
The Lock-in amplifier was interfaced with a computer, 

which records the amplitude and the phase of the signal. 
Black carbon was used as the reference signal. The modu-
lation frequency was 17 Hz and the spectral band width 
was λ=±5nm. 

 
Figure 2 shows the design scheme of the PA cell, which 

was built from an acrylic block equipped with an electret 
microphone (DB-C9752).The sample is placed within the 
cell and a quartz window closes the PA chamber with vac-
uum grease. The output from the microphone was moni-
tored by a Lock-in Amplifier (Standford Research Systems, 
model SR850). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Design scheme of PA cell: a) Monochromatic Light Beam, b) 
Quartz Window, c) PA Chamber, d) Electret Microphone and e) Sample. 

 
 

The micrographs of the PS samples were obtained with 
the scanning electron microscope JEOL model JSM-6390LV. 
The luminescence spectra were obtained by using the 
spectrofluorometer Perkin Elmer Model 650-10S and the 
reflectance spectra were obtained by using the CARY 5E 
UV-Vis-NIR. 

3. Results and Discussion 

 
By means of scanning electronic microscopy it was ob-

tained frontal and lateral micrographs of the PS samples. 
Figure 3 shows the results for the sample N2_20. Frontal 
view shows a porous microstructure with high density of 
holes with diameters below 2μm. Lateral view shows a 
columnar porous microstructure with 5μm of column 
width. 
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Figure 3. Micrographs a) frontal and b) lateral view of the sample N2_20. 

 
Figure 4 shows the optical absorption spectra of the 

samples described in table 1. It can be observed closely 
spaced curves with a remarkable intensity in all cases, and 
two distinguishable absorption bands, one in the VIS region 
and the other in the UV region. The low frequency of mod-
ulation used results in a large thermal diffusion length 
leading to a shielding of the surface characteristics of the 
porous layer. Also, it is observed an intensity fall in the 
region around 3.1 – 3.7 eV, which can be explained by 
means of the photoluminescence and photoreflectance 
spectrum. 
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Figure 4. Differential optical absorption spectra at 17Hz of PS samples: 
N2_13 (cian line), N2_20 (blue line), N2_30 (green line), N2_40 (red line) 
and N2_60 (black line). 

 
Figure 5 shows the luminescence spectra of the PS sam-

ples. It was used an excitation of 320nm. From the lumi-
nescence spectra is observed an intense emission peak in 
the UV region and the visible band corresponding to the 
red-orange colour, which is a characteristic observed at 
first glance of these samples.    
 

 

Figure 5. Luminescence spectra at 320nm of excitation of PS samples: 
N2_13 (cian line), N2_20 (blue line), N2_30 (green line), N2_40 (red line) 
and N2_60 (black line). 

 
It can also be inferred that for excitation energies in the 

range of 3.1 to 3.7 eV, PS samples exhibit an intense lumi-
nescence signal so the PA amplitude decays in a way that is 
consistent with the fall between the bands of the differen-
tial optical spectra. 
 

Figure 6 shows the photoreflectance percentage spectra 
of the PS samples. In this graph, it is observed a negligible 
reflectance value for all the samples in the UV region, so 
the luminescence curve exhibiting by these samples, at 
excitation energies in the UV, is due exclusively to the lu-
minescence mechanism. 
 
 

 

Figure 6. Photoreflectance spectra of PS samples: N2_13 (cian line), 
N2_20 (blue line), N2_30 (green line), N2_40 (red line) and N2_60 (black 
line). 

4. Conclusions 

It was obtained the differential optical absorption spec-
trum in n-type porous silicon samples elaborated by elec-
trochemical anodic etching. These spectra consist of two 
intense absorption bands, one in the VIS region (1.5-3 eV) 
and the other one in the UV region (3.7-4.3 eV). In addition, 
it is observed an important fall in the region 3.1-3.7 eV, 
which can be explained by the intense luminescence of 
these samples for excitation energies in that region. The 
microstructural analysis demonstrates the remarkable po-
rosity in the samples, which increased with the etching 
time. 
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