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1. Abstract
Crystalline silicon (c-Si) surfaces were modified by
depositing aluminum (Al) and then sintered at 500 °C in
inert atmosphere for different times. The samples were
analyzed as function of the sintered time by Rutherford
backscattering (RBS) and impedance electrochemical
spectroscopy (IES). The results show that this procedure
modifies the resistance sheet, electrical properties of the
depletion layer within silicon bulk. The larger the
annealing time, larger both the resistance sheet and Al
into c-Si, but the etching rate follows non-linear
dependence with the time.

2. Introduction
Silicon (Si) is an interesting material widely used in
microelectronics
for
fabrication
of
devices,
microstructures and sensors, for example. One route to
obtain Si-based microstructures is by direct Si corrosion
[1]. Recently has been reported the fabrication of
silicon-based tubular structures by selective corrosion of
porous silicon in fluoride medium [2]. It was found that
well defined tubes are yielded uniquely in porous
structures fabricated in Si substrate in which priory was
deposited Al upon its polished surface and then
annealed at 500 °C in H2 suggesting that this treatment
is an important factor for the tubes formation. Although
Al onto Si was widely used and studied in the past
because its importance for interconnection and ohmic
contact [3], there is no systematic study on the thermal
treatment effect for long periods of time upon the
electrical and electrochemical properties of Si. It could
have occurred because for this aim sintering for short
times (10-60 min) at 400 – 600 °C is enough [3]. Hence,
our investigation aims to study the electrical and
electrochemical properties of silicon surfaces modified
by Al as function of the annealing time.
3. Experimental procedures
A set of Czochralski p-type c-Si (100) samples with ρ
≈ 10 Ω.cm was cleaned following the conventional
CMOS procedure, then 1.0 μm of Al was deposited on
its polished face. After, they were sintered at 500°C in
N2 for different times (Table 1). Next, Al was removed
from the surface by dipping the samples into HF (48%)
during 20 min. and then the samples were rinsed in
deionized water and dried by N2 before the analysis of
them. The sheet resistance (SR) of them was measured

by the four-point method (Table 1). After thermal
treatment, the Al diffusion into the c-Si bulk was
investigated by RBS. The fitting procedure was made
using the SIMNRA 6.0 code. The electrochemical
behavior of these samples was investigated using IES
applying a sinusoidal signal with 10 mV of amplitude
and frequency ranging from about 0.1 to 105 Hz with
the help of a AUTOLAB equipment, setting the ATSi
(or NMSi) as working electrode and a Pt sheet as
counter electrode that were immersed in solution of 1 M
KCl in ethanol. The etching rate was studied immersing
the samples in solution of 48% HF and 70% HNO3 (1:9)
for 1 min. and then measuring the thickness with a
micrometer having 0.001 mm of precision.
Table I. Parameters extracted from four-point method and
RBS analysis as function of the annealing time.
Sample time
Electrical
Sheet
Concentration
resistance Resistance (atm/cm2) (x1017)
NMSi
ATSi1
ATSi2
ATSi4
ATSi8

(hours)

(Ω)

(Ω/sq)

O

Al

0
1
2
4
8

100
103
107
141
295

433
452
473
600
1500

1.68
7.48
8.60
3.58

1.50
2.55
6.34
10.16

4. Results and discussions
The results of the four-point method show an
increasing RS as function of the time (Table 1), so that
the value for the sample ATSi8 is about three times
greater than in NMSi. This behavior is unexpected
because Al onto c-Si followed by thermal treatment at
about 500 °C in inert environment is usually employed
to improve the electrical conductivity of the Al/c-Si
junction [3]. It could happen due to formation of defects,
such as impurities or agglomerates [4]. In our samples it
is possible because the formation of pits and
agglomerates [3].
On the other side, the RBS spectra (Fig. 2) reveals the
Al diffusion into the c-Si bulk, and the fit of them was
only possible including the presence of oxygen within
the Si. The origin of it could be the native SiO2 because
after cleaning the Si surface becomes highly reactive or
even due to the intrinsic impurity, which in the case of
the Czochralski Si it can be greater than 1018 atoms/cm3.
The presence of them suggests the formation of
aluminum silicate or Al-Si oxide within the Si bulk [5].

for all samples, the larger etching rate observed in the
ATSi samples is uniquely due to the participation of Al
as catalyzer for enhancing the SiO2 growth and thereby
increases the c-Si etching rate.

Fig.1. Top-view SEM image of the as-etched MPS, showing
inset the pore diameter distribution.
Fig.3. Etching rate and sheet resistance of the ATSi samples

5. Conclusions

Fig.2. Nyquist plot of the ATSi samples showing the effect of
Al upon the c-Si capacitance as function of the annealing time.

In Fig. 2 is exhibited the Nyquist plot from the ATSi
samples. For NMSi, the presence of two incomplete
semicircles is consistent with the typical profile of a
semiconducting material into electrolyte because of the
formation of the depletion layer within the Si side,
which is characterized by the capacitance CSi and
resistance RSi, followed by a double layer within the
electrolyte bulk to which is linked the capacitance Cd
and resistance Rct. Rct describes the difficult for charge
transfer through the double layer. For p-type Si, CSi is
usually much smaller than Cd [6]. The profile for the
ATSi substrates the complex profile is associated to the
formation of a non-homogeneous high resistive layer
(RHR) between the double and the depletion layer due to
Al spread, then it shows three well defined regions. To
this layer is associated the capacitance CHR. The effect
of Al upon the Csi, Rsi , CHR, and RHR is to increase them
as function of the annealing time. The rise of CSi
implicates the depletion layer width reduction, whereas
CHR increment is related to the dielectric permitivity (εSi)
variation due to Al into Si bulk.
The etching rate measurements of them shows that it is
larger in sample ATSi2 (Fig. 3). For NMSi, it is widely
accepted that Si is dissolved in two steps: (1) SiO2
formation by HNO3, and (2) it is dissolved by HF. Since
the etching solution and immersion time were the same

It was found that during sinterization Al sprays
within the Si bulk in proportional way to the annealing
time. The presence of it promotes the sheet resistance
rise due to the formation of pits and agglomerates at the
surface, and due to the formation of a high resistive
layer composed by AlSi oxides. The formation of this
layer is revealed by the IES analysis through the
formation of an additional semicircle in the Nyquist plot.
Both the four-point method and the IES analysis are
coherent each other and show that the main factor for
increasing the sheet resistance is linked to the HR layer
growth as function of the annealing time. However, they
become more prone to the HF attack, so that the etching
rate of them is larger.
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