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Porous GaAs was formed electrochemically on n-type GaAs in a HF:C,HgOH (1:3)
electrolyte. The surface morphology of porous GaAs has been studied using atomic force
microscopy (AFM). The hodographs of the total impedance and the adsorption influence of
ethanol and acetone vapor on the charge transfer were examined.
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ITopucteiii GaAs copmupoBaH siekTpoxmMmmuuyeckn Ha GaAS n-Tuma B 3JIEKTPOIHTE
HF:C,H;OH (1:8). Mopdoaorua mosepxsHocTu mopucroro GaAs usydeHa ¢ HOMOIILIO ATOMHO-
cuoBoii MuKpockoumu. HMcciegoBaubl romgorpadbl IIOJHOrO MMIIEIAHCA M AXCOPOIMOHHOE
BJAMAHKE [IAPOB DTAHOJIA U AlleTOHA HA IIEPEHOC 3apsjia.

Bmue agcop6uii rasy ma mmneganc mopyearoro GaAs. 10.C.Minosanos, I.B.I'agpuny-
wenkxo, C.B.Rondpamenro, A.Il.Oxcaniv, C.E.Ilpimuin, M.I'.'Kozdac.

ITopuctuit GaAs cdopmoBanuii enexrpoximiuao mHa GaAs n-Tumy B edeKTpoJiri
HF:C,H;OH (1:3). Mopdoiorito nosepxui nopucroro GaAs BUBYEHO 3a TOIOMOIOI ATOMHO-
cn10Bol Mikpockomii. [lociigmeno rogorpadu IIOBHOTO iMIOeTaHCY Ta aACcoOpOIiHMN BILIUB
napiB eraHosy Ta aneTOHY HA IEPEHOC 3apAdy.
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1. Introduction

Although porous silicon has attracted
preferential attention into optoelectronic
applications since the discovery of the phe-
nomenon of photoluminescence at room tem-
perature in 1990 [1], there has been also
increasing interest in employing porous sili-
con and its large internal surface area in
the field of sensor technology. Porous sili-
con was shown to be very sensitive to the
gas ambient. A set of electrical [2—5], lumi-
nescent [6—8] and optical [9, 10] transducer
principles have been already used for gas
detection. The effects observed could be
measured by several decimal orders. How-
ever, not solved yet problem of porous sili-
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con application remains the instable optical
and electrical characteristics due to ageing,
illumination, exposition to ambient gases
ete. [11, 12]. That why to develop the im-
proved sensors of high sensitivity and selec-
tivity it is necessary to search new nano
materials.

Well known that anodisation results in
formation of porous GaAs layers with lumi-
nescence in the visible region, at higher en-
ergies than porous silicon [13-15].

It was found that porous GaAs shows
good sensing properties toward H, [16]. But
for the moment the porous GaAs is not well
investigated for sensor application that’s
why it is necessary to study the influence of
different gas adsorption on the its electrical
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Fig. 1. AFM image of the n-type porous GaAs layer (a) 2D view (b) 3D view.

properties. In the present work we analyzed
the adsorption influence of ethanol and ace-
tone vapor on the electrical properties of
porous GaAs by the method of impedance
spectroscopy.

2. Experimental

Porous GaAs is produced by electro-
chemical etching of (100) n-type GaAs,
doped with Sn. The etching is carried out in
HF and ethanol mixture under galvanostatic
condition. The sample is etched in a
HF:C,HsOH = 1:3 solution at current den-
sity 25 mA-cm 2 for 5 min. The anodisation
is produced in a Teflon electrochemical cell.
Firstly, before processing, the n-GaAs is
conventionally cleaned with acetone and
deionised water. In order to investigate the
electrical properties metal contact dots are
formed by evaporating silver (Ag), as circle
dots with a diameter of about 1 mm on the
front surfaces of n-type porous GaAs, by
using a vacuum evaporation technique.

Atomic force microscopy is used to exam-
ine surface morphology. Impedance spec-
troscopy [17, 18] was used to study the
sample’s electrical properties. The imped-
ance spectra were measured at room tem-
perature using Z-2000 impedance meter at
ac current mode in the frequency range
from 10 to 2:10% Hz. During measurements
the ac voltage amplitude was 100 mV, the
error didn’t exceed 5 9%. The detail of
analysis of impedance curves of dispersed
semiconductors applied in this work can be
found in [19, 20]. Ethanol and acetone were
investigated in saturated vapor form by
pumping through the bubbler.

3. Results and discussion

The surface morphology of porous sub-
strate has been studied using atomic-force
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Fig. 2. Equivalent schema.

microscopy using a scanning area of
14x14 pm?2. Fig. 1 shows the AFM imaging
(a) 2D view and (b) 3D view of the porous
GaAs surface. The porous GaAs layer exhib-
its a not homogenous nanostructured sur-
face morphology, which consists of pyramid
shaped crystallites and micro- and
nanopores.

The impedance spectra of n-type porous
GaAs samples in dry air is presented in
Fig. 3. As can be seen, the Nyquist plot
(total impedance of the device) consists of
one non ideal semicircle in frequency range
of 10-2 MHz.

The experimental data of impedance
spectroscopy are interpreted in terms of an
equivalent electrical circuit based on a prob-
able physical model, each element of which
characterizes electrochemical properties of
the porous layers, their structural peculiari-
ties, or physical-chemical processes occur-
ring in the system under study.

In order to describe the resistive-capaci-
tive properties of the porous materials in
the equivalent electrical circuit, a constant
phase element (CPE) is used (Fig. 2). Intro-
ducing the CPE is a standard operation
when modeling the impedance for a wide
class of systems with exponential distribu-
tion of the parameters associated with over-
coming the energy barrier in the process of
charge transfer; the CPE describes the be-
havior of the impedance, which is induced
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Fig. 3. Nyquist plots of n-type porous GaAs
in dry air. Points are experiments, lines are
calculation.

by the manifestation of the fractal proper-
ties of the structures under study in a cer-
tain frequency range. An impedance ele-
ment Z in this case takes the form of:

-1 (1)
A(joy’

where A is a proportionality coefficient, n is
the exponential index responsible for phase
shift (—1<n<1), and j is the imaginary unit.

The pre-exponential coefficient A has a
capacitive dimension. For total values n =
1, 0, -1 element CPE is degenerated to
classical elements with the following pa-
rameters: capacity C, resistance R, and in-
ductivity L, respectively. While n = 0.5,
part with constant phase is Warburg ele-
ment W.Change of the value of exponential
coefficient independent of frequency, can be
associated with a total effect of reducing
the volume of charge space area at the
grain boundaries, flow channel modelling,
repolarization of the surface states, ete. The
principle of work of semiconductors gas
sensors with porous GaAs layer is based on
the change of their electrical conductivity
during gas adsorption. These changes are
primarily due to changes in the concentra-
tions of electrons in the conductive band (or
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Fig. 4. Nyquist plots of n-type porous GaAs
in saturated vapor of ethanol. Points are ex-
periments, lines are calculation.
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Fig. 5. Nyquist plots of n-type porous GaAs
in saturated vapor of acetone. Points are ex-
periments, lines are calculation.

exchange of charge with adsorbed particles

of gas phase.
The impedance hodographs constructed for the

circuit consist of resistor R and the CPE, which
are connected in parallel. The parameters of ap-
proximations for this model (Fig. 2) are presented
in Table. For this ecircuit, the characteristic
charge accumulation time can be written as:

holes in valence band) as a result of the T= (RA)"" = 1 #, 2)
©  27f .
Table. Parameters of approximations
Atmosphere Parameters
R, () R, (Q) n Frax (kHz) T (us)
Dry air 55 870 0,85 80 2
Saturated vapor of ethanol 22 155 0.76 2000 0,08
Saturated vapor of acetone 56 11 0.68 1200 0.13
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where o is the angular frequency for the
maximum reactive component of the com-
plex impedance (at the point of maximum
relaxation on the impedance hodograph).
Figure 4 and 5 shows the Nyquist curves
of a sample in a saturated vapor of ethanol
and acetone. As can be seen, the adsorption
of saturated vapor of ethanol and acetone
results in the shifting of Nyquist curves
along the real axis toward lower values of
Zpe- It is found that in the presence of
gases the resistance R; is decreased, i.e.,
the height of a segment and the circle ra-
dius decrease and the relaxation maximum
shifts to the region of higher frequencies
(see Table). This is due to the combined
effect of reducing the depleted charge re-
gion and the modulation of the flow and
recharge channels of the surface states.

4. Conclusions

Porous GaAs was formed electrochemi-
cally on n-type GaAs in a HF:C,HgOH (1:3)
electrolyte. The impedance spectroscopy was
applied for analysis of porous layer. It was
found that the impedance spectroscopy re-
sults can be interpreted using a single R-CPE
equivalent circuit model.

The adsorption influence of ethanol and
acetone vapor on the electrical properties of
porous GaAs was studied. It is also found
that, in the presence of gases the relaxation
maximum in the Nyquist plots shifts to the
region of higher frequencies.
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