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Methanol Vapor Sensing by Porous Silicon
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In this study, methanol vapor sensing of porous silicon was investigated. The porous silicon samples were
anodized in HF based solution and rinsed with ethanol or deionized water after the anodisation. Porous silicon
surface is very sensitive for methanol vapor sensing and the sensitivity a�ect from the rinsing procedure of porous
silicon. The experimental results show that porous silicon is a promising candidate material for sensing methanol
vapor.
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1. Introduction
Semiconductor gas sensors are most attractive because

they are compact, sensitive, low cost, and have low power
consumption [1�4]. The simplest and most commonly
accepted theory of the semiconductor sensor operation
mechanisms is that atoms and molecules of the gases in-
teract with semiconductor surfaces to in�uence surface
conductivity and surface potential [5]. Surface conduc-
tivity changes are mainly due to changes in the free elec-
tron concentration due to charge exchange between ad-
sorbed species from the gas and the semiconductor sur-
face. The charge exchange occurs in a thin layer below
the gas�solid interface. Therefore, for a high sensitiv-
ity gas detection the semiconductor must have a large
speci�c area (surface area to volume ratio) to produce
a higher charge exchange rate. This can be realized in
practice by using porous materials due to their large spe-
ci�c area [6, 7]. Since, porous silicon (PS) has very high
surface to volume ratio, it is a promising candidate for
gas sensing. As a matter of fact, many authors have re-
ported the modi�cation of photoluminescence (PL) and
electrical transport properties during exposure to volatile
compounds [8]. Traditional method of detecting of the
organic gas concentrations is mostly gas chromatogra-
phy [9], but it is expensive and has long time. Therefore,
we need new modern sensors cheap and capable quickly
sensing of organic vapors and harmful gases.
Methanol vapor is very harmful to human health and it

must be detected continuously in our living environment.
Therefore, in this paper, it was measured the current re-
sponse of PS in sensing methanol vapors. The structure
of PS layer was characterized by scanning electron mi-
croscopy (SEM).

2. Experimental
The PS samples were prepared from p-type boron-

-doped crystal silicon wafer with resistivity of 2.5�
3.5 Ω cm. Before electrochemical etching, 1:24 volume
ratio of 50% HF acid and deionized (DI) water were used
for cleaning and removing native oxidations of the silicon
surface for 5 min. We used an aqueous HF-ethanol solu-
tion with a 25% concentration (1:3 volume ratio of 50%

Fig. 1. Photograph of IDE coated porous silicon.

Fig. 2. Schematic shown of vapor test chamber for
ethanol sensing.

hydro�uoric acid and 99.9% absolute ethanol). The con-
tact area of the HF-ethanol solution with the silicon sub-
strate was 1.13 cm2 and current density 8.85 mA/cm3.
After electrochemical etching, the PS samples were rinsed
with ethanol or DI water and dried by nitrogen gas.
Two PS samples were produced in the same experimen-
tal conditions; however, they were rinsed di�erent liq-
uids with DI water (sample 1) and pure ethanol (sam-
ple 2) for about 10 s. After the production PS surface
was coated with metal inter-digital electrode (IDE) (alu-
minum, 0.2 g, 99.999%) used with thermal evaporation
system. The IDE coated PS was shown in Fig. 1. Then,
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the sensor was placed in vapor test chamber for mea-
suring electrical response of methanol vapor. The test
chamber was shown in detail in Fig. 2.
During the sensor measurements, the PS samples were

kept in a sealed chemical hood. The methanol vapors
were obtained by �owing nitrogen gas through a bubbler
and other line of nitrogen gas was used as vapor carrier.
All sensor measurements were taken at room tempera-
ture.

3. Results

Surface morphology of the porous silicon was studied
by scanning electron microscope as shown in Fig. 3. From
the �gure it was clear that there is a continuous distri-
bution of pore sizes ranging between 1 and 2 µm.

Fig. 3. SEM micrographs of the PS surface with dif-
ferent magni�cations.

Fig. 4. Methanol vapor sensing of porous silicon pro-
duced with di�erent rinsing methods after the anodisa-
tion, with DI water (a) and pure ethanol (b).

Fig. 5. The e�ect of ethanol and DI water rinsing of
porous silicon on methanol vapor sensing. Solid line in
the �gure shows linear �tting.

Figure 4 shows electrical response of PS sensors during
exposure to various concentrate methanol vapors. It is
shown from the �gure that the electrical signal increases
during exposure to methanol vapor and then decreases
during exposure to nitrogen gas (carrier gas). This phe-
nomenon can be described with capillary condensation

of the methanol vapors in pores of the PS [10]. During
exposure to methanol vapor, air in the pores of the PS
is replaced with methanol vapor. Therefore, we can see
electrical signal increase due to the phenomenon of the
capillary condensation.
Figure 5 shows the variation of PS methanol sensing

at di�erent methanol concentrations with ethanol or DI
water rinsing of PS. As seen in the �gure, it is clear that
ethanol rinsing increases methanol sensitivity of PS sur-
face. The increasing sensitivity can be explained with
surface bond con�gurations of PS. It is well known that
PS surface has mostly Si�H bonds after the ethanol rins-
ing as compared with DI water rinsing. Therefore, the
rinsing method a�ects surface bond con�guration of PS.
The quantity of methanol molecule being absorbed to

PS surface depends on the amount of surface passiva-
tion with H-termination and polarity of the methanol
molecule [10]. Methanol belongs to an alcoholic group
and polar in nature. Therefore, Si�H bonds plays critical
role for the methanol molecule adsorption on PS surface.

4. Conclusions
Two samples were prepared in the same experimental

condition by electrochemical anodisation technique for
di�erent rinsing method. Surface morphologies of the
samples were characterized by SEM and pore size was
found to be 1 and 2 µm. The sensitivity and selectivity
of PS based sensors critically depend on PS pore mor-
phology and surface bond con�guration. Hence, rinsing
method of PS samples just after the anodisation is very
important.
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