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Alcohol Vapor Detection By Using
Nanoporous Silicon as Based Sensor

Narin Atiwongsangthong and Surasak Niemcharoen

Abstract—In this paper, we are concerned with fabrication of
alcohol vapor sensor based on nanoporous silicon. In order to
use nanoporous silicon as alcohol vapor sensor, we made
nanoporous silicon onto p-type silicon wafer by
electrochemical etching of silicon wafer in hydrofluoric acid
solution. The structure of this sensor consists of nanoporous
silicon layer and aluminum electrode which is deposited on the
top of nanoporous silicon layer by evaporator. In this research,
we are concerned the variation of electrical properties of this
sensor due to presence of different concentration of alcohol
vapor. From the experiment, it is found that this sensor can
detect the different concentrations of alcohol vapor in the rang
1000 ppm to 250 ppm.

Index Terms— Alcohol vapor sensor, Nanoporous silicon,
Electrochemical etching.

[. INTRODUCTION

Today, the nanoporous silicon is a very interesting
material for both its optical and electrical properties. Since
the observation of strong room temperature visible
photoluminescence from nanoporous silicon, there have
been extensive researches to develop optoelectronics [1] and
gas sensors [2]. Nanoporous silicon is usually obtained by
electrochemical etching method using a silicon wafer. Its
large internal surface versus volume ratio can reach several
hundreds of m” per cm® which can adsorbs chemical vapor
materials [3].

In this paper, we are concerned fabrication of alcohol
vapor sensor by using nanoporous silicon. The alcohol
vapor sensor based on nanoporous silicon was tested in a
controlled environment of different concentration of alcohol
vapor condition. In this research, the sensing parameters
were direct current from electrical properties of nanoporous
silicon alcohol vapor sensor.

II. EXPERIMENT DETAILS

The nanoporous silicon are prepared by an
electrochemical etching of p-type silicon wafers of (100)
crystalline orientation and with a resistivity of 1-2 Q-cm.
The electrochemical etching was performed in the usual
cell, illumination the front of the wafer with a 500 W
halogen lamp, in a hydrofluoric acid solution with 48%
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concentration at a current density of 30 mA/cm® for 20 min
as shown in Figure 1.

Fig. 1. Picture of electrochemical etching for prepared nanoporous silicon.

The samples were washed in C3H;OH and air dried. The
sample porosity has been determined by the gravimetric
method [4].

The surface and cross section image of nanoporous
silicon was obtained by scanning electron microscope
(SEM).

For electrical measurement, we chose a planar
configuration: two Al contacts were deposited onto the
surface of the nanoporous silicon by evaporation method.
The size of both contacts is the same (symmetrical) and area
of 1000x5000 pm’. The internal separation between the
contacts is 500 pm. After the contacts deposition, the
nanoporous silicon were wired with a copper wire and
mounted to the circuit board which will shown in Figure 2.

Fig. 2. Picture of nanoporous silicon alcohol vapor sensor.

In order to measurement the electrical sensing
characteristics of alcohol vapor, the nanoporous silicon was
biased between two electrode on the top of nanoporous
silicon at a constant voltage, while the direct current was
measured.
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Measurements were performed in a sealed chamber kept
at room temperature and at atmospheric pressure. The
alcohol vapor was obtained by flowing nitrogen through a
bubbler. The electrical properties of nanoporous silicon
change in direct current in present of different concentration
of alcohol vapor was monitored by a DC volt amperometric
technique at constant bias voltage 20 V. The outlet of the
test chamber was connected to a electrometer and all the
system was controlled by a computer. Figure 3 shows a
schematic diagram of this experiment.
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Fig. 4. (a) Surface and (b) cross section images of nanoporous silicon
formed by electrochemical etching.

Fig. 3. Schematic diagram of the experiment setup for vapor sensing Figure 5 shows the direct current during exposure of
measurement. alcohol vapor to nanoporous silicon by on-off alcohol vapor
into the chamber.

. RESULTS AND DISCUSSION 1(4)
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Figure 4 shows the surface and cross section images of
nanoporous silicon. Figure 4 (a) indicates that the diameter
of skeleton of nanoporous silicon structure is in the range i
from 20 to 50 nm. The surface image of nanoporous silicon
indicates that the distribution of skeleton is even. The cross
section image in Figure 4 (b) of nanoporous silicon
illustrates that the nanoporous silicon exhibits a depth of 12
um. The porosity of nanoporous silicon which has been s
determined by the gravimetric method is about 70%. f
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Fig. 5. Direct current during on-off exposure of alcohol vapor to
nanoporous silicon.

When alcohol vapor has been introduced into test
chamber, the direct current increases during exposure
alcohol vapor to nanoporous silicon. And the direct current
decreases to steady state rapidly when off alcohol vapor into
nanoporous silicon.

In addition, the direct current of nanoporous silicon
device on exposure to alcohol vapor by on-off gas under

IR SRIN  different alcohol vapor concentration also shown in the

Figure 6.
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Fig. 6. Direct current during on-off exposure by different alcohol vapor
concentration in the rang 1000 ppm to 250 ppm into nanoporous silicon.

It is found that the direct current can be observed from
nanoporous silicon alcohol vapor sensor. Device can detect
the different alcohol vapor concentrations in the rang 1000
ppm to 250 ppm. Response and recovery time are of about
few minutes. For this structure of device (Al/nanoporous
silicon/Al) as resistor sensor. We found that it has very high
resistance. Then, for the better sensor performances might
be obtainable after further optimization of desige and
fabrication of our nanoporous silicon sensors, such as using
finger-like structure for larger sensing area.

According to Ben Chorin [5], the sensitivity of
nanoporous silicon to organic vapor is related to the change
of the overall dielectric constant after absorption and is
therefore proportional to the species dopole momentum.

The mechanism of the direct current response can be
explained by both the electrical properties in nanoporous
silicon structure and the charge tansfer reaction that occurs
during the adsorption at the nanoporous silicon surface. The
vapor adsorption at the nanoporous silicon leads to a change
of the conductance of the nanoporous silicon because the
adsorbed vapor can easily condence into a liquid in the
micro-capillaries (pore) of nanoporous silicon layer [6,7].

IV. CONCLUSIONS

Nanoporous silicon can be used for gas sensing of alcohol
vapor. We made the nanoporous silicon alcohol vapor
sensor and investigated the change of direct current during
exposure alcohol vapor into nanoporous silicon. Device can
detect the different alcohol vapor concentrations in the rang
1000 ppm to 250 ppm. As the results, the relative change of
direct current response and recovery time are of about few
minutes. By direct current response and recovery time
decreases with increasing concentrations of alcohol vapor.
Moreover, the all sensing will return exactly to the initial
value after removing the alcohol vapor. To increase the
performance of this sensor and to diminish the response and
recovery time we are planning to further optimization of
desige and fabrication of our nanoporous silicon sensors,
such as using finger-like structure for larger sensing area
and using Pt heater for heat the device.
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