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ABSTRACT

In this work, the nanocrystalline porous silicon layer is prepared by
electrochemical etching of p-type silicon wafer. The morphological films
characterized have been studied of the by atomic force microscopy, XRD and FTIR
spectroscopy.

The atomic force microscopy investigation shows the average diameter pore is
increasing with increase of etching time.

The X-ray diffraction investigates of the porous silicon layer is shown the
broadening the width of the peak compare with the bulk silicon is directly
correlated to the size of the nano-scale. The FTIR spectra for porous silicon are
shown that the dominant bonds being Si-H groups.
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INTRODUCTION
orous silicon 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
porous and channels surrounded with a skeleton of crystalline Si nanowires

34

https://doi.org/10.30684/etj.31.1B.5
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.31.1B.5
http://creativecommons.org/licenses/by/4.0
mailto:hhh_alkadhimy@yahoo.co.uk

Eng. & Tech. Journal, Vol.31, No.1, 2013 Study of the Characteristics of Porous Silicon
by Electrochemical Etching

[1]. The physical properties of porous silicon are fundamentally determined by the
shape and diameter of pores, the thickness and the relative content of Si, voids, and
in some cases with existing silicon technology therefore has a wide area of
potential applications such as waveguides, 1D photonic crystals, chemical sensors,
biological sensors, photovoltaic devices etc. [5]. PS can be a bioactive, a bioinert or
a resorbable material, depending on the morphological, chemical and electrical
characteristics of the surface layer and those of the biological environment in
which it is inserted [6].
EXPERIMENTAL WORK

Samples used in this study are boron doped p-type crystalline silicon (c-Si)
wafers (thickness 508+15um and resistivity 1.5-4 Q.cm grown by Czochralski
(CZ) method in (111) orientations. Initially these crystals are characterized by
XRD-6000 SHIMADZU Japan, FTIR IRAffinity-1 Fourier Transform Infrared
Spectrophotometer SHIMADZU and AFM the atomic force micrographs were
taken for porous silicon by AA3000 Scanning Probe Microscope Angstrom
Advanced Inc/U.S.A.The porous samples were then prepared by electrochemical
anodic dissolution of doped silicon in 40% hydrofluoric acid and ethanol with gold
electrode as cathode. The electrolyte was prepared by mixing HF (40%) and
ethanol in 1:1 ratios.
RESULTS AND DISCUSSION

When etching time increases a part of pores coagulate to larger structures.

Figure (1), shows the 3D AFM image of porous silicon in which the irregular and
randomly distributed nanocrystalline silicon pillars and voids over the entire
surface can be seen. Table (1) gives the roughness average, root mean square and
average diameter pore.

c
Figure (1): 3D AFM image of porous silicon prepared
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at J=15 mA/cm? etched under different etching

time (a) 10 and (b) 30 and (c) 45 min.

Table (1): The calculated morphology characteristics of

PS samples prepared with different etching time.

Current density| Etching Time | Roughness Ave. RMS Ave.
(mA/cm?) (min) (nm) (nm) Diameter
(nm)
10 1.46 1.83 29.88
15 30 195 24.6 143.29
45 13.1 17.6 224.67

One important property of porous silicon is that its skeleton maintains the
structure of silicon crystalline after anodization, as shown by X-ray topography
studies. Figure (2). When crystal size is reduced toward nanometric scale, then a
broadening of diffraction peaks is observed and the width of the peak is directly

correlated to the size of the nanocrystalline domains [7].
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Figure (2): Shows X-ray diffraction of (a) bulk silicon (b) porous silicon
prepared by current density 15 mA/cm? and etching time 30min

36




. & Tech. Journal, Vol.31, No.1, 2013 Study of the Characteristics of Porous Silicon
by Electrochemical Etching

The FTIR spectra of the p-type porous silicon are shown in curve (a) and (b), in
Figure (3) show the FTIR spectra measured from samples prepared at current
density 15 mA/cm? and etching time (a) 10 min. and (b) 45 min. Chemical bonds
and their infrared resonance positions detected in PS agree with some article such
as [1,8,9] are shown in Table (2).
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Figure (3): IR transmittance spectrum of a PS layer
(@) 10 min (b) 45 min at current density 15 mA/cm?

Table (2): Wavenumber positions and attributions of the
Transmittance peaks observed in several PS (15 mA/cm? and 45 min) by
Fourier transform infrared absorption FTIR measurements.

Peak position (cm™) Attribution
644.22 Si-H, wagging
908.47 Si-H> scissor
1045.42 Si-O stretching in O-SiO and C-SiO
1203.58 SiCH bending
1423.47 C-Hs; asymmetric deformed
1705.07 C-0
2104.34 Si-H stretch. (Sis-SiH)
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2939.52 CH stretch. (CH2)
3580.77 OH stretch. (SiOH)

CONCLUSIONS

The atomic force microscopy investigation shows the average diameter is
increasing with increase of etching time. The changes of the rough silicon surface
morphology due to the etching with slightly different anodic etching time.
From the XRD properties we have shown the porous structure and the decrease of
the Si nanosized because a broadening of the Si peaks. The result of FT-IR show
that the dominant bonds being Si-H groups.
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