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Abstract: In this paper, the authors have reported the improved surface stability studies of porous silicon by depositing metal
(Ag) nanoparticles followed by electrochemical anodization of silicon to make it porous. The root cause for surface degradation
of porous silicon is passivation of Si-H,bonds with oxygen termination and its replacement by Si-Ag bonds seems to have
eradicated the degradation factor to a great extent. The surface quality has been checked periodically and any noticeable
degradation is not observed in PS sample with Si-Ag bonds for one year. The qualitative analysis of the surface morphology
(microstructure) was analyzed by scanning electron microscope (SEM) fitted with Energy-dispersive X-ray spectrometer
(EDX).Micro-Raman, Photoluminescence (PL) and Fourier Transform Infrared (FTIR) spectroscopy were use o study surface
bond termination and degradation, if any.
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L. INTRODUCTION
Since the discovery of visible luminescence from porous silicon by L.T. Canham [1], a strong interest and hype was generated
among the researchers for its enormous potential applications in the field of microelectronics [5], sensors [6] [7] [8], biochemistry
[9][10] and optoelectronics [11] [12].
Somehow the interest on porous silicon has been waned away mainly because of its surface instability as no long term device can be
made where surface deradation changes the device characteristics with time. The degradation even starts immediately after the
exposure to ambient air. This compelled the researchers to look into this fundamental problem with a view to arrest the cause by
evolving new concept and technology.
Numerous treatments to stabilize porous silicon structure have been reported like chemical treatment [13][14], carbonization [15],
thermal treatment [16] [17] and photo-induced electrochemical anodization method [18], but till date no method have shown any
long term surface stability of porous silicon.
In this report, authors have carried out the two step method viz chemical followed by electrochemical method on the PS samples to
prepare Si-Ag bonds on the PS surface. The sample was then investigated through scanning electron microscope (SEM), micro-
Raman, Photoluminescence (PL), Energy-dispersive X-ray spectroscopy (EDX) and Fourier Transform Infrared (FTIR)
spectroscopy. The results show no surface degradation even after one year.

1. EXPERIMENTAL
A p-type boron doped silicon wafer was treated with an aqueous solution of HF and AgNO; (concentration,
HF:AgNO;::3:0.014mol/L) at temperature 50 °C for 60 min. After this chemical etching step, to remove its silver coating, the
sample was put into dilute nitric acid HNO;:H,0=1:9 by volume for four days. After four days, the sample was rinsed with
deionized water followed by electrochemical anodization. The etchant solution consisted of HF, C,HsOH and H,O (1:1.5:2); and the
current density was 30 and 20 mA/cm? for the first 30 and second 30 min, respectively. This experimental process is also shown in
the following flow chart.
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Silicon sample was treated with an ag. solution of HF and AgNO;at T=50 °C
and time of 60 min.

Sample was put in dilute nitric acid for four days to remove its excess silver
oating.

he etchant solution is consisted of HF, C,H;OH and H,O (1:1.5:2); and the
urrent density was 30 and 20 mA/cm? for the first 30 and second 30 min,

espectively.

1. RESULTS AND DISCUSSION
A. SEM Analysis
For surface structural analysis, Field Emission Scanning Electron Microscope (FEI, Nova Nano SEM 450) was used. The SEM
image (Fig.1a) of as-prepared porous silicon sample indicates the presence of well-dispersed nanopore distribution of diameter in
the range 40-60 nm.
Fig.1b)shows the SEM images of the sample after Si-Ag bonds formation. It is observed that silicon have a layer of silver (Ag) on
the top of its surface. These results were verified by Energy-dispersive X-ray spectroscopy (EDS). The EDS spectra (Fig. 2) of the
sample surface indicate the silver content. The table inserted in the fig. 2 shows that total Ag content on the surface of sample was
around 67.65% while silicon content was around 33%. It is seen that a measurable quantity of Ag deposited on the surface of the
silicon.

H mag O] W t f— L —

Fig 1.SEM image of Sample a) As-etched, b) and c) After Si-Ag formation.

EI AN Seriesunn. C norm. C Atom.
[wt.%] [wt.%)] [at.%]

Ag 47 L-series 67.65 66.94 34.52
Si 14 K-series 33.40 33.06 65.48

Total: 101.05 100.00 100.00

©IJRASET (UGC Approved Journal): All Rights are Reserved 326



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887
Volume 5 Issue X1 November 2017- Available at www.ijraset.com

cps/evV

— Map

Fig 2.EDS spectra of Sample after the formation of Si-Ag bonds.

B. RAMAN Analysis

Fig. 3 shows the Raman spectra of as-treated sample and after one year of the same sample. The peak of PS shifts at 519cm™ in
Raman profile. Raman spectra of PS confirm (a) faster etching rate, (b) in porosity of porous silicon (PS), and (c) decrease in silicon
crystallite size [2]. Raman results also show that the smaller the mean crystallite size, the greater is the redshift and asymmetry in
the lower energy of the LO phonon mode.
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Fig 3.Raman spectra of PS Sample of as-treated and after one year.
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C. Photoluminescence (PL) Analysis

PL analysis was done to check the surface stability of PS sample over a period of one year (Fig. 4). With aging the surface of porous
silicon samples degrades while creating surface functional complex either with oxygen, or hydrogen or both. Due to treatment, blue
shifted PL peak was observed at 1.97eV. After one year of shelf life, it was observed that PL of sample shows almost overlapping

spectra, which shows good stability of PS surface.
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Fig 4.PL spectra of PS Sample of as-treated and after one year.
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C. FTIR Analysis

FTIR studies have been performed in the range of 500 to 4000 cm™ for the identification of the functional group attached on the
surface of samples of as-treated and after one year. For both samples the observed peaks at 2250 and 857 cm™ are attributed Si-H
stretching and deformation vibration modes [19] [20]. The absorption peak at 1033 cm™ is attributed to Si-O-Si bond [21]. The
surface treated sample was periodically checked for one year and it was found that all specific modes mentioned above retain their
characteristic peak position and intensity and this confirms the achievement of surface stability.
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Fig 5.FTIR spectra of PS Sample of as-treated and after one year.

V. CONCLUSION
Silver atoms of the sample can easily terminate the surface dangling bonds which can replace the less stable Si—H bonds resulting in
the formation of more stable Si—Ag bonds. Silver is expected to be spread on the surface of PS and hence prevent the sample against
passivation by oxygen in ambient atmosphere. The chemical properties of Ag are similar to those of Au(gold), therefore, expected to
form Si—Ag bonds on the PS surface. Like Au deposition on silicon surface, Si—-Ag bonds were also found to remain stablefor one
year time span. Further studies are in progress to check its time dependent evolution of the quality of the surface.
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