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In this letter, we report the study of a humidity sensor based on porous amorphous silicon carbide (PASiC)
as a function of exposure time and relative humidity (RH). Resistive humidity sensors Au-PASiC/Si(p)
were fabricated through evaporating coplanar interdigital gold electrodes. The PASiC was formed by
anodization of a-Sig 70Co30 in HF/ethylene glycol (ETG) solution at current density of 50 mA/cm? for 30s.
The structural properties of a-Sig70Co 30 thin films deposited by DC magnetron co-sputtering using single

silicon crystal, 6H-SiC targets and the PASIiC films were investigated by FT-IR and Raman spectroscopy.

Keywords:

Porous SiC
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RH sensors
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Hygroscopicity was studied by measuring the resistance of the PASiC under various RH. The results show
that the measured resistance highly depends on the applied bias voltage. Moreover, the response signal
against RH is found linear for an applied voltage of 2 V. Finally, the response and recovery times were
determined around 13 s and 20 min, respectively.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Humidity sensing or control is of great importance for many
situations, including food processing, air-conditioning for office
buildings, greenhouse industries, chemical plants, storage depots,
etc. Many current humidity sensors suffer badly from the effects
of harsh chemical environments. Humidity sensors have been suc-
cessfully fabricated using many different porous materials as the
sensing material, including among others, metal-oxides, polymers,
and single-crystalline Si [1-3]. Due to the very well developed sil-
icon industry, Si has a big advantage in terms of integration with
standard Si processing techniques, enabling much easier routes to
smart sensors with, for example on-chip signal electronics, data
storage and processing, etc. To make (single-crystal) Si suitable
for humidity sensing, it first must be made porous. This is usually
achieved by anodization, which involves immersing the Si in HF-
based solutions, and passing an anodic current through the wafer.
The Si is effectively slowly ‘dissolved’ and the surface becomes
porous. For good humidity sensing the size and size distribution
of the pores is important—the best pore sizes humidity sensing are

* Corresponding authors. Tel.: +213 21 43 35 11/21 26 30;
fax: +213 21 43 24 88/21 26 30.
E-mail addresses: assiab2006@yahoo.fr (A. Boukezzata), keffousa@yahoo.fr
(A. Keffous).

0925-4005/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.snb.2012.10.082

in the range of ~10-100 nm. Porous silicon has been demonstrated
to be very effective as a humidity sensor [3,4]. However, a common
problem with porous Si though, is that it is very ‘reactive’ and can
easily become contaminated by its environment.

It is well-known that the SiC material, which is capable of
withstanding harsh environments, should in principle be a better
material for relative humidity sensing in such environments such
as a high temperature above 600 °C, the SiC resist to much acids and
basics products, due to its high optical gap (2.4-3.2 eV) compared to
Si material (1.16 eV). We have chosen SiC material as film to humid-
ity sensor essentially for much best properties of this material. SiC
with its well-known ability to withstand harsh chemical environ-
ments should in principle be a better material for relative humidity
sensing in such environments.

In this work, thin (~1.4um) amorphous a-Sip70Co 30 layers
were elaborated by DC magnetron co-sputtering technique, on a
p-type Si wafer [5]. Because the SiC is amorphous, the electrical
current flowing through during porous formation is difficult to
predict (at least compared to single-crystalline Si). Nevertheless,
we have prepared porous a-Sig79Cg 39 by electrochemical anodiza-
tion in HF, similarly to single-crystal silicon [6,7], and successfully
used it for humidity sensing. On the other hand, the advantage
of using SiC is that it offers the possibility of a humidity sensor
that could withstand very harsh chemical environments. We have
first attempted to make SiC porous with uniform pores and then to
fabricate humidity sensors based on Au-PASiC/Si(p) structure. The
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electrical performance (resistance, response times, etc.) with vari-
ation of relative humidity (RH) has been studied.

2. Experimental procedure

Amorphous a-Siy79Co.30 films were prepared in DC magnetron
co-sputtering system from 86 sprigs of a silicon carbide (6H-
SiC) target of 5mm x 10mm, placed onto a high pulverization
region of single crystal silicon (3 in. diameter). The 6H-SiC sprigs
were radially fixed on a silicon base. The a-Sig70Cp30 films of
thickness ranging from 0.18 to 2.5 wm were deposited on single
crystalline silicon (1 00) and corning glass 9075 substrates, which
were cleaned with ethanol before deposition. Deposition rates of
2-10As~1 were achieved in argon and hydrogen plasma mixture,
using an operating pressure of 1 x 10~> mbar with constant gas
flow rates of 2 and 10sccm for H, and argon (Ar), respectively.
Atomic hydrogen is used for its important role in controlling the
film network [5]. All samples were deposited with a 100 W power
at 300°C.

The PASiC humidity sensor structure was fabricated on an amor-
phous silicon carbide thin films (a-Sig79Co.30) deposited on p-type
silicon substrate (Si(p)) by DC magnetron co-sputtering of Si and
6H-SiC as targets. The thickness of the elaborated a-Si79Co 30 films
was 1.4 pm. Porous SiC were made by electrochemical etching in
HF/ETG solution (1:1 by vol.) at an anodization current density (J)
of 50 mA/cm? for 30s.

The surface morphologies of PASIiC were characterized by
scanning electron microscopy (SEM), infrared spectroscopy (FT-
IR) and Raman spectroscopy. Raman scattering measurements
were performed with a Renishaw Invia Reflex spectrometer (grat-
ing 2400 grooves/mm), with a 457 nm excitation wavelength and
100x objectives. The surface morphology of the films was analyzed
by scanning electron microscopy (SEM) in a JEOLJCM-6300 elec-
tron microscope. Fourier transform infrared spectroscopy (FT-IR)
was performed using a Thermo Nicholet Nexus with a resolution of
4cmt,

Relative humidity (RH) control was achieved by using a standard
DRIERITE saturated salt (97% CaSOg4+3% CoCly), which yields a
sealed atmosphere for reducing relative humidity (RH) and we add
water vapour to increase the value of RH from 5 to 95% RH in flasks.
The resistance variation with relative humidity (RH) was carried out
using an ITECH 6121 voltage source meter and Keithley 6485 picom-
meter by using a program under LabView environment. All electrical
measurements were carried out at atmospheric pressure and room
temperature. The sensing principle of a resistive humidity sensor
is based on the variation of resistance of a sensor’s surface caused
by the vapour adsorption and desorption.

2.1. Macrostructure of PASiC

The typical surface morphology of unetched a-Si;_,Cx sample
and PASiC made at 50mA/cm?2 for 30s etching time obtained by
SEM is shown in Fig. 1(a) and 1(b), respectively. Fig. 1(a) shows
the surface of a thin a-Sig70Co 30 film where a uniform deposit
is observed. Whereas the formation of a macroporous layer with
a porosity value of macro amorphous films around 60-65% and
an average pore diameter of 90nm (Fig. 1(b)). Note that, the
value of x was 0.3, it corresponds to the fraction of carbon in the
film calculated from SIMS profiles using the ration 1 — x/x = Signal
(28si)/Signal (12C). The a-Sig70Co.30 can be edited as a-Sig 70Co 30 and
compared to energy dispersive spectroscopy analysis. The average
composition of carbon (12C) and silicon (28Si) is around 40 and 60%,
respectively. Moreover, the variation of carbon content as a func-
tion of a-Sig70Co 30 film thickness shows clearly that the carbon
content in the layer increases with the thickness of the film [8].

1ym230kV 119E4 1805-10 W4

~

0 el A g o
s Acc Y Spot Magn
125.0 kV 2.0 20000x
ST T

Fig. 1. Plan view SEM image of (a) unetched and (b) anodized a-Sip70Co.30 sample.

2.2. Au-PASiC/Si(p) humidity sensors

The produced sensors of moisture are of resistive type, where
interdigital gold contact was deposited onto PASiC film by thermal
evaporation at a deposition pressure of 10~> mbar with a thickness
of about 600 A and 1 mm x 0.5 mm surface in width separated from
2mm (Fig. 2(a)) and the an automatic of acquirement signal mea-
surements as resistance—RH and resistance-time have been carried
out by using a humidity sensor chamber (Fig. 2(b) and (c)). Finally,
the copper wires were chosen as the leads to connect the electrodes
solidified through conductive silver paste. The choose of gold (Au)
as a coplanar interdigital electrodes our sensor, because the gold
is a metal that is chemically very low reactive with environment,
it has a very great heat-transferring surface and thus it has a good
sensitivity as well as a certain immunity to pollution. Fig. 3 shows
a prototype of Au-PASiC/Si(p) humidity sensor.

3. Results and analysis
3.1. PASIC structural characterization

The surface of the thin a-Sig79Cp30 films before and after
anodization in a solution of 50% HF/50% ETG during 30 s has been
characterized by infrared absorption spectroscopy. Fourier Trans-
form Infrared Spectroscopy (FT-IR) revealed several vibrations
bands. The peaks centered at 616 and 765 cm~! correspond to Si-C
band for amorphous film by report to 810cm~! of the crystalline
SiC film. The stretching vibration located at 680 cm~! corresponds
to Si-H; their intensity decreases after anodization (Fig. 3(a)). We
also noticed the existence of a band centered at 2286cm~! corre-
sponding to CO, (Fig. 4(b)) [9,10].
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Fig. 2. Illustrate (a) a cross-sectional view of Au-PASiC humidity sensor, synoptic schema of electrical measurements and (b) an automatic of acquirement resistance-RH
and resistance-time measurements using a humidity sensor chamber.
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Fig. 3. Prototype of Au-Porous a-Sig70Co30/Si(p) humidity sensor.
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Fig. 4. FT-IR spectra of unetched and anodized amorphous thin a-Sip70Co30
layer in HF/ETG (1:1 by vol.) solution at 50 mA/cm? for 30s: (a) spectral range
400-1500 cm~1,and (b) spectral range 1400-2800cm™!.

Fig. 5 depicts RAMAN spectra of thin a-Sig 79Cg 30 films deposited
on Si substrate by DC magnetron sputtering using 86 sprigs of sili-
con carbide (6H-SiC) bulk as target. Other authors as Y. Inous et al.
[11] have used plasma CVD and reactive sputtering with a mixture

3000
[a]: Polycristalline bulk 6H-SiC (Target)
460 cm" . [b]: Unetched Thin ﬁlma-Si”sZﬂlM/ Si(p)
| [c]: PASIC / Si(p)
[a]
= 2000 /
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2 + | Amorphous Si; ,C|
- 1970 cm™
2z
E
2 1000
Q
0 1 . 1 . 1 M| | . 1 . 1 .

200 400 600 800 1000 1200 1400 1600
Raman Shift [cm-!]

Fig. 5. Raman spectra of unetched and anodized amorphous thin a-Sig79Co 30 layer
in HF/ETG (1:1 by vol.) solution at 50 mA/cm? for 30s.

of SiH4 and CH4 gases and the elaborated films have a structure
a-SixCy_x, Where x was determined by a ratio SiH4/CHg4.

In this work, we varied the number of 6H-SiC sprigs from 32 to
86. There is an obvious broad band in the region of 300-600cm~!.
The Raman band of amorphous silicon is attributed to Si—Si bonds.
A band associated with Si—C bond is expected to be observed in
the region of 600-1000 cm~! because the infrared absorption band
due to Si—C bond is located at 765cm~! [12,13] and a-SiC which
was made by the carbon ion implantation into a silicon substrate
has an absorption band in the region of 700-725cm~! [14]. The
Raman bands of Si—C bonds for a-SiC which was produced by ion
bombardment into crystalline SiC are much broader than those for
crystalline SiC and are located at the same frequencies as those
for SiC crystal [15]. The Raman spectra for the samples with x> 0.5
show weak bands in the region of 700-980cm~!. A sharp peak
observed at 460 cm~! in Fig. 5 arises from silicon crystal substrate.

Fig. 5(a)-(c) shows Raman spectra of polycrystalline bulk
6H-SiC, unetched thin a-Sip79Co30/Si(p) film and anodized thin a-
Sio.70Co.30/Si(p) film in HF/ETG (1:1 by vol.) solution at 50 mA/cm?
for 30s, respectively. The primary peaks in polycrystalline bulk
6H-SiC are two planar transverse optical modes of E2 symmetry
at 768 and 788cm™!, and an A1 longitudinal optical phonon at
966 cm~! [16,17]. The mode at 796 cm~! is a planar optical mode
of E1 symmetry. For the investigation procedure we first identified
an area on the sample surface which can be considered represen-
tative of the overall surface topology of the sample. Then Raman
spectra were collected over such an area. As can be seen from
Fig. 5, the Raman spectra look very different as a function of the
sampling point, reflecting different local structural arrangements.
The primary peaks in 6H-SiC (Fig. 5(a)) are two planar or trans-
verse optical modes of E2 symmetry at 768cm~! and 789cm™!,
and a longitudinal optical phonon at 970cm~!. The spectral fea-
tures presented in spectra b and c are evident: a band at 480 cm™!
which arises from amorphous silicon; a relatively strong and broad
band located at around 800 cm~1 is typical for amorphous SiC con-
figuration, a weak peak at about 1410cm~!, seen only on etched
a-Sig70Co30 films is due to sp? amorphous carbon [18]. One can
note that the etching of amorphous SiC films increases the amor-
phous character of the films. The corresponding shapes are typical
of disordered or amorphous compounds, with in place of the sharp
lines of 6H-SiC, some broad band’s characteristic of phonon density
of states due to the release of the zone-center Raman selection rules.
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Fig. 6. Resistance versus voltage at different RH[%].

Nevertheless, the shapes displayed in Fig. 5 do not look similar to
amorphous SiC, obtained for instance by ion implantation [19-22].
The amorphous bands seen here look more analogous to amor-
phous Si [23] consistent with a carbon-deficient a-Siy_ xCx (x<0.5)
composition.

3.2. Sensor testing: resistance-voltage and resistance-RH

Fig. 6 shows the variation of resistance of Au-PASiC/Si(p) sen-
sor structure versus bias voltage for different percentage of relative
humidity (RH), It shows that for low RH below 50% [from 3% to
50%], the resistance decreases with an increase of the bias voltage.
On the contrary, for high RH level above 50%, the resistance value
remains virtually constant; this can be explained by the fact that
the pores are saturated by excess of the water molecules (mois-
ture) which are stored in the pores, consequence of the dimension
of the pore size and then the purging time or recovery can vary
from few minutes to few hours. In the same case, Fig. 7 depicts
the resistance variation function of relative humidity (RH) at dif-
ferent bias voltage, where we can observe the resistance varies
exponentially with RH; and now, there is no explanation in the
literature of this variation type. Also, when RH increases therefore
there has a lot of molecules of water, increasing number of water
molecules induces obstruction of the pore and then the resistance
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Fig. 7. Resistance versus RH of Au-PASiC/Si(p) sensor.
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Fig. 8. Resistance versus voltage at different RH[%] just elaborated and after 4
months.

increases implies a decreases of electrical conductivity, the value
of 50% is governed by the value of the pore diameter that saturates
itself therefore they become insulating and the current does not
pass.

The results presented here suggest that the undulate sur-
face brought by the macroporous structure of the sensor would
greatly increase the sensing area and would provide spacious
rooms for vapour adsorption and condensation through capillary
effect. Therefore, the Au-PASiC/Si(p) structure might be a favor-
able humidity sensing material. The variation of the resistance with
the relative humidity RH can be related to the modification of the
conductivity of PASIC in the presence of water molecules. When
dry sample is kept in contact with humid air, water molecules
chemisorbs on the available sites of the surface, by a dissociative
mechanism to form two hydroxyl ions for each water molecule.
The hydroxyl group adsorbed on the surface possesses high local
charge density and strong electrostatic field, and the proton reacts
with an adjacent surface 02~ group to form a second OH~ group
as charge carriers, as suggested by Su et al. [24]. When the first
layer of water molecules is formed, subsequent layers of water
molecules are physically adsorbed on the first hydroxyl layer. The
physisorbed water easily dissociates to form H30* due to the high
electrostatic fields in the chemisorbed layer. However, the water
molecules in the first physisorption layer, which are doubly bonded
to two surface hydroxyls [25], cannot move freely. As suggested by
several authors, the water molecules in other physisorption layers
are only singly bonded together by hydrogen bonds and therefore
much easier to be polarized under external electric field, which
would result in a significant change of the dielectric constant and
resistance [24,26,27]. The water condensation leads to a liquid-like
layer and forms electrolytic conduction. These processes result in
progressively decreasing the resistance of Au-PASiC/Si(p) struc-
ture. In addition, water is a polar molecule and has a relative long
relaxation time [28]. It has been suggested that with increasing
bias voltage, water molecules cannot completely follow the change
of external electric field, which causes the decrease of the PASiC
resistance.

Fig. 8 illustrates variation of resistance versus voltage at differ-
ent RH for a sensor having just been prepared and after storage for 4
months. As we can see in Fig. 8, a little deviation in the sensor resis-
tance was observed between the first measurements (in January)
and after 4 months, probably due to the little difference in the value
of RH environments.
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Fig. 9. Response/recovery time characteristics of Au-PASiC/Si(p) sensor.
3.3. Response time

Fig. 9 depicts the response/recovery curves of Au-PASiC/Si(p)
structure for RH varying from 5 to 86% and from 86 to 5%. As it can
be seen in Fig. 9(a) and (b) the calculated response and recovery
times are found about 13 s and 20 min, respectively. Moreover, the
recovery time is relatively longer than that of sensors based on tra-
ditional porous silicon (PSi) [6]. It is well known that, the capillary
condensation and chemisorptions will occur in pores with a radius
below the Kelvin radius [29], which is defined as:

2yM

7= PRTIn(P:/P) =

y: surface tension. P: vapour pressure. Ps: vapour pressure at
saturation. M: molecular mass of water. p: density of water. R: gas
constant 8.314. T: temperature test

This phenomenon will induce a recovery time. The
Au-PASiC/(Si(p) sensor has a response time value in the same
order of that of three sensors based on porous silicon (PSi), porous
polysilicon (PPSi) and porous SiC (PSiC), with a response time in
the order of a few seconds [6,30]. The observed different times
between adsorption and desorption processes can be explained by
the capillary condensation and chemisorption of water into the
porous SiC structure.

The capillary condensation and chemisorption of water are the
main reason for different times between adsorption and desorp-
tion processes. It is well known that desorption of the chemisorbed
layer is not further affected by exposure to humidity once formed,;
it requires a higher energy compared with physisorption layer.
Note that, the capillary condensation occurs when the pore size
is equal or up to radius ry given by the Kelvin equation (Eq. (1)),

the willingness desorption is determined by a pore radius 2ry
[30,31]. Too small pore size goes against water molecule transmis-
sion and lengthens response time. With the changing of RH the
times become longer gradually. As shown in Fig. 9, the recovery
times are obviously longer than that of sensors based on traditional
porous silicon [7]. In Ref. [ 7], porous silicon has the fastest response
times among three sensors based on porous silicon, porous polysil-
icon and porous SiC, with the response and recovery times of the
order of 2 min. The porous layer PASiC formed using HF:ETG shows
amuch more uniform distribution of pores. Larger pores are visible;
furthermore, the surface appears slightly rough in the region of the
larger pores. Wide distribution of pore sizes with a large percent-
age of macropores allowing a high sensitivity, and also a number
of larger pores showing a fast response time. The sensitivity (S) can
be expressed by the variation of the capacity of the sensor with
Au-PASiC with RH, it is given by:

CRH - Cmin

S= x 100% (2)

min

€H,0 — &sic

S
Cry = 0.089 ———(&g; 1+RH
RH (&sic) |1+ Ery0 + 28510

4d.RH (3)

S: sensor surface (0.5mm?). d: distance interdigital gold (1 mm).
RH: Relative humidity [%]. £sic: SiC dielectrical constant (9.7). ey,0:
water dielectrical constant (80).

Let us recall that variation of resistance and of capacity with RH
can be attributed to the change of the average permittivity (ey,0) of
the sensitive layer as PASiC [32,33], caused by the water molecules
(én,0) adsorbed in the pores. It is known, that the permittivity of
water (&n,0) is 80 while that of SiC (gsic) is 9.7, respectively. A
great difference between these permittivities allowed the possibil-
ity to detect various RH with a high sensitivity using like amorphous
porous SiC sensitive material [34].

The sensitivity (S) depends closely on morphology and the
structure of the sensitivity film (PASiC). The dependence of the
sensitivity to the regard the signal applied (polarization of the sen-
sor) can be explained by the behavior of polarization of the water
molecules. The polar molecules need a long relative time of relax-
ation to follow the alternate electric field applied [29]. At high
frequencies (1 MHz), it is difficult to catch up with the polarization
of the water molecules compared to the alternative speed of the
external field electric, which leads to the reduction in the permit-
tivity and thus to the reduction in the capacity of device. Reduction
in the contribution of the water molecules to the capacity involves a
reduction in the sensitivity of the sensor Au-PASiC/Si(p) to the high
frequencies. The adsorption of the water molecule on a full surface
could be classified like chemical sorption and physical absorption,
and the vapor condensation by the capillary action is produced
under the conditions given by the equation of Kelvin.

In this work, we have not added the capacitance measurement;
it is our future preoccupation, because there are many discussions.
The new paper treats a study of the sensitivity versus the pore size
(morphology pore) and as soon as it will be subjected to publication
in Sensor and Actuators B: Chemical.

4. Conclusion

We have successfully fabricated a RH sensor using PASiC films
with interdigital gold electrodes. As a characteristic of SiC mate-
rial, the elaborated sensor based on SiC can be used in harsh
environments. A macroporous PASiC film has been elaborated
by anodization with a porosity value of around 60-65% and an
average pore diameter of 90 nm, the Fourier transform infrared
spectroscopy (FT-IR) revealed several vibrations bands, where the
peaks centered at 616 and 765cm~! correspond to Si-C band for
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amorphous film by report to 810 cm~! of the crystalline SiC film.
Also, Raman spectra reveals a band centered at 480cm~! which
arises from amorphous silicon; a relatively strong and broad band
located at around 800cm™! is typical for amorphous SiC config-
uration, a weak peak at about 1410cm~!, seen only on etched
a-Sig.70Co 30 filmsis due to sp2 amorphous carbon. One can note that
the etching of amorphous SiC films increases the amorphous char-
acter of the films. The elaborated Au-PASiC/Si(p) sensor structure
remain hydrophobic at room temperature. The humidity behavior
of Au-PASiC/Si(p) sensor was studied by measuring the response
time and the changes of resistance versus RH and bias voltage, vari-
ation of resistance versus time caused by the water adsorption.
It has been shown that the measured resistance of the structure
highly depends on the applied bias voltage. Moreover, it has been
demonstrated that the response signal against RH is linear for
an applied potential of 2 V. The result is interesting and different
to that obtained by several authors where a nonlinearity of the
response signal is generally observed. The response time is found
around 13s. The preliminary humidity sensor measurements for
Au-PASIC/Si(p) as a structure gave some promising results. The
changes of electrical resistance in Au-PASiC/Si(p) sensors were
remarkable. The effect of temperature on the resistance of the sen-
sor with varying temperature is in progress in a future detailed

paper.
References

[1] Z.M. Rittersma, Recent achievements in miniaturised humidity sensors - a
review of transduction techniques, Sensors and Actuators A: Physical 96 (2002)
196-210.

[2] J. Slunecko, J. Holc, M. Hrovat, M. Ceh, Thick film humidity sensor based on (Ba,
Sr) TiOs; porous ceramic doped with MgO and CaO, Sensors and Actuators B:
Chemical 7 (1992) 439-442.

[3] G.M. O’Halloran, Capacitive humidity sensor based on porous silicon, PhD The-
sis, Delft University of Technology, Delft, Netherlands, 1999.

[4] EJ. Connolly, E.B. O’'Halloran, P.M. Sarro, P.J. French, Investigation of relative
humidity sensors based on porous silicon, porous polysilicon and porous sil-
icon carbide, in: M. Elwenspoek (Ed.), Sensor Technology, Kluwer Academic
Publishers, 2001, p. 83.

[5] A. Keffous, A. Cheriet, Y. Belkacem, A. Manseri, N. Gabouze, M. Kechouane, A.
Brighet, A. Boukezzata, S. Kaci, I. Menous, G. Nezzal, L. Guerbous, H. Menari,
Investigation properties of a-Si;_xCx:H films elaborated by co-sputtering of Si
and 6H-SiC, Modern Physics Letters B 24 (19) (2010) 2101-2112.

[6] A.O.Konstantinov, C.O.Harris, A. Henry, E. Janzen, Porous silicon carbide: mate-

rial properties, formation mechanism and techniques of material modification,

in: E.E. Daniel (Ed.), Proceedings Silicon Carbide and Related Materials Confer-

ence, Kyoto, Japan, 1995.

E.J. Connolly, G.M. O’Halloran, H.T.M. Pham, P.M. Sarro, P.J. French, Comparison

of porous silicon, porous polysilicon and porous silicon carbide as materials

for humidity sensing applications, Sensors and Actuators A: Physical 99 (2002)

25-30.

A. Keffous, A. Cheriet, Y. Belkacem, N. Gabouze, A. Boukezzata, Y. Boukennous,

A. Brighet, R. Cherfi, M. Kechouane, L. Guerbous, I. Menous, H. Menari, Struc-

tural and optical properties of a-Si;_xCx:H films synthesized by dc magnetron

sputtering technique, Applied Surface Science 256 (2010) 4591-4595.

[9] A. Boukezzata, A. Keffous, A. Cheriet, Y. Belkacem, N. Gabouze, A. Manseri,
G. Nezzal, M. Kechouane, A. Bright, L. Guerbous, H. Menari, Structural and
optical properties of thin films porous amorphous silicon carbide formed
by Ag-assisted photochemical etching, Applied Surface Science 256 (2010)
5592-5595.

[10] A. Boukezzata, G. Nezzal, L. Guerbous, A. Keffous, N. Gabouze, Y. Belkacem, A.
Manseri, A. Brighet, M. Kechouane, H. Menari, Comparative study of porous
amorphous a-Si;_xC, films and a-Si;_xCx membranes on structural and lumi-
nescence properties, Journal of Luminescence 131 (2011) 1184-1188.

[11] Y. Inous, S. Nakashima, A. Mitsuichi, Raman spectra of amorphous SiC, Solid
State Communications 48 (12)(1993) 1071-1075.

[12] H. Wieder, M. Cardona, C.R. Guarnieri, Vibrational spectrum of hydrogenated
amorphous Si-C films, Physica Status Solidi (B) 92 (1979) 99-112.

[13] Y. Catherine, G. Turban, Infrared absorption of hydrogenated amorphous Si-C
and Ge-C films, Thin Solid Films 70 (1980) 101-104.

[14] J.A. Borders, S.T. Picrau, W. Beazhold, Formation of SiC in silicon by ion implan-
tation, Applied Physics Letters 18 (1971) 509-511.

[15] R.B. Wright, D.M. Gruen, Raman scattering study of ion bombardment induced
amorphization of SiC, Radiation Effects 33 (1977) 133-140.

[16] D.W. Feldman, J.H. Parker, W.J. Choyke, L. Patrick, Raman scattering in 6H-SiC,
Physical Review 170 (1968) 698-704.

[17] S. Nakashima, H. Harima, Raman investigation of SiC polytypes, Physica Status
Solidi (A) 162 (1997) 39-64.

(7

8

[18] F. Neri, S. Trusso, C. Vasti, F. Barreca, P. Valisa, Raman microscopy study of
pulsed laser ablation deposited silicon carbide films, Thin Solid Films 332
(1998) 290-294.

[19] A. Perez-Rodriguez, Y. Pacaud, L. Calvo-Barrio, C. Serre, W. Skorupa, J.R.
Morante, Analysis of ion beam induced damage and amorphization of 6H-SiC
by Raman scattering, Journal of Electronic Materials 25 (1996) 541-547.

[20] J. Conrad, T. Rodle, T. Weber, W. Bolse, Irradiation effects in o-SiC studied via
RBS-C, Raman-scattering and surface profiling, Nuclear Instruments and Meth-
odsin Physics Research Section A - Beam Interactions with Materials and Atoms
118 (1996) 748-752.

[21] S. Sorieul, J.M. Costantini, L. Gosmain, L. Thome, L. Grob, Raman spectroscopy
study of heavy-ion-irradiated a-SiC, Journal of Physics: Condensed Matter 18
(2006) 5235-5251.

[22] A. Gentils, F. Linez, A. Canizarés, P. Simon, L. Thomé, M.F. Barthe, Influence of
ion energy on damage induced by Au-ion implantation in silicon carbide single
crystals, Journal of Material Science 46 (2011) 6390-6395.

[23] A. Zwick, R. Carles, Multiple order Raman scattering in crystalline and amor-
phous silicon, Physical Review B 48 (1993) 6024-6032.

[24] S.-G. Su, C.-S. Wang, Novel flexible resistive-type humidity sensor, Sensors and
Actuators B: Chemical 123 (2007) 1071-1076.

[25] Li.Yu,Y.F.Dong, W.F.Jiang, H.F.Ji, X J. Li, High-performance capacitive humidity
sensor based on silicon nanoporous pillar array, Thin Solid Films 517 (2008)
948-951.

[26] S.-]. Kim, J.-Y. Park, S.-H. Lee, S.-H. Yi, Humidity sensors using porous silicon
layer with mesa structure, Journal of Physics D: Applied Physics 33 (2000)
1781-1784.

[27] ].Yuk, T. Troczynski, Sol-gel BaTiOs3 thin film for humidity sensors, Sensors and
Actuators B: Chemical 94 (2003) 290-293.

[28] W.E. Jiang, M. Jia, Y.S. Wang, LY. Li, XJ. Li, Accelerated resistive humidity
sensing properties of silicon nanoporous pillar array, Thin Solid Films 517
(2009) 2994-2996.

[29] E. Traversa, Ceramic sensors for humidity detection: the state-of-the-art and
future developments, Sensors and Actuators B: Chemical 23 (1995) 135-156.

[30] G.Q. Li, P.T. Lai, M.Q. Huang, S.H. Zeng, B. Li, Y.C. Cheng, A humidity-sensing
model for metal-insulator-semiconductor capacitors with porous ceramic
film, Journal of Applied Physics 87 (2000) 8716-8721.

[31] D. Lee, N. Shin, K.H. Lee, S. Jeon, Microcantilevers with nanowells as moisture
sensors, Sensors and Actuators B: Chemical 137 (2009) 561-565.

[32] Hai Yan Wang, Yong Qiang Wang, Qing Fei Hu, Xin Jian Li, Capacitive humidity
sensing properties of SiC nanowires grown on silicon nanoporous pillar array,
Sensors and Actuators B: Chemical 137 (2009) 166-167.

[33] H. Morkaoc, S. Strite, G.B. Gao, M.E. Lin, B. Sverdlov, M. Burnsetal, Large-band-
gap SiC, llI-V nitride, and I[I-VI ZnSe-based semiconductor device technologies,
Journal of Applied Physics 76 (1994) 1363.

[34] EJ. Connolly, H.T.M. Pham, ]. Groeneweg, P.M. Sarro, P.J. French, Relative
humidity sensors using porous SiC membranes and Al electrodes, Sensors and
Actuators B: Chemical 100 (2004) 216.

Biographies

Assia Boukezzata received her master degree in environmental science from at
Houari Boumediene University (USTHB), Department of Mechanical and Chemical
in November 2008. In the same year, she started her thesis at Houari Boumediene
University (USTHB), Mechanical and Chemical Department, Algiers. The topic of her
doctoral work is chemical and electrochemical treatments of silicon carbide thin
films for application as humidity sensors.

Aissa Keffous received his thesis degree in physics in January 2009 at Physics Fac-
ulty at Houari Boumediene University (USTHB) Algiers and now he is a research
director at Thin Films and Applications (CMA) Laboratory at Silicon Develop-
ment Technology Unit (UDTS) in Algiers. His research is concentrated on the field
of elaboration and characterization of silicon carbide thin films by pulsed laser
deposition (PLD) and sputtering/co-sputtering for environmental and energetic
fields.

Ghania Nezzal is a professor in environment and chemical field at Houari Boume-
diene University of Algiers, Mechanical and Chemical Department. Her research is
concentrated on the field of environment in its all aspects.

Noureddine Gabouze is the director of Thin Films and Applications (CMA) Labo-
ratory at Silicon Development Technology Unit (UDTS) in Algiers. He is a research
director in electrochemical field and he is the first laureate in 2008 for his inven-
tion of PSi gas sensor in environmental applications. His research is concentrated
on different sensor for environment applications.

Mohamed Kechouane is a professor; his is a director of Materials Physics Laboratory
(LPM-USTHB)) at Physics Faculty of Houari Boumediene University of Algiers. His
research is concentrated on solar cells based on different thin films and sensor for
environment applications.

Kahina Zaafane is an engineer in chemical sciences at Houari Boumediene Univer-
sity. Her research is in the area of environment and chemical field.

Amirouche Hamouda is a PhD student at Physics Faculty, USTHB, Algiers and at
CEMHTI-CNRS UPR3079, Orleans. His research interests are: nondestructive control



1190 A. Boukezzata et al. / Sensors and Actuators B 176 (2013) 1183-1190

of materials by electric, magnetic, optical processes, experimental methods: circu-
lating currents, Raman spectroscopy

Patrick Simon is a research director at CNRS France, his research field is the extreme
conditions and Materials: High Temperature and Irradiation, Site High Tempera-
ture: Based essentially on spectroscopies (infrared, Brillouin diffusions and Raman)
for the dynamic and structural of the condensed matter, disorganized materials,

experimental methods: Raman spectroscopies and infrared, Raman high tempera-
ture by pulsed methods, Raman in situ. He is a member of the Committee of Writing
of the chemistry Annals - Science of the Materials.

Hamid Menari is an engineer in technology at Thin Films and Applica-
tions (CMA) Laboratory at Silicon Development Technology Unit (UDTS) in
Algiers.


https://www.researchgate.net/publication/278821596

	Investigation properties of Au–porous a-Si0.70C0.30 as humidity sensor
	1 Introduction
	2 Experimental procedure
	2.1 Macrostructure of PASiC
	2.2 Au–PASiC/Si(p) humidity sensors

	3 Results and analysis
	3.1 PASiC structural characterization
	3.2 Sensor testing: resistance–voltage and resistance–RH
	3.3 Response time

	4 Conclusion
	References

	Biographies

