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Abstract. A comparative study of the pore growth during anodization of a narrow-bandgap
[11-V compound (InAs), a medium-bandgap I11-V compound (InP) and a wide-bandgap I1-VI semi-
conductor (ZnSe) is performed. It was found that the morphology of the porous layers can be con-
trolled by the composition of the electrolyte and the applied electrochemical parameters. Difficul-
tiesin controlling the mechanism of pore growth in InAs were evidenced. Both current-line-oriented
pores and crystallographically oriented pores can be produced in InP, while only current-line-
oriented pores can be obtained in ZnSe.

Keywords. porous layer, anodization, current-line-oriented pores, crystallographically ori-
ented pores, ionicity degree.

|. Introduction

Electrochemistry is a cost-effective tool for introducing porosity in semiconductors, including
[11-V and 11-VI materials, and offers an accessible and cost-effective approach for “drilling” holes in
semiconductor materials. A variety of porous semiconductor structures have been produced by elec-
trochemical etching of InP, GaP, GaAs, CdSe and ZnSe [1-4]. Porosity is an effective tool for engi-
neering basic parameters of semiconductor materials [5]. Porous I11-V and I1-V1 compounds are less
investigated as compared with porous Si [6,7]. In particular, porous materials were found to exhibit
Frohlich-type surface-related vibrations with porosity-tunable frequencies and efficient optical sec-
ond harmonic generation [8-10]. Most experiments investigating emission characteristics of porous
[11-V materials have been restricted to photoluminescence. The photoluminescence of porous GaP,
GaAs and InP at energies above the band gap of the bulk material has been attributed to quantum
Size effects.

InAsisamaterial with crystal structure of Zinc Blende type and energy gap E; = 0,35 €V. The
indium containing narrow-gap I11-V semiconductors such as InAs and InSb play an important role
for many potential applications in photonic and electronic devices. Their electronic characteristics
(high carrier mobility and saturation drift velocities, band gap in the infrared region of the spectrum,
and low effective masses) make these materials attractive for infrared detectors and emitters as well
as for high-speed electronic devices.

One of the key problems with electrochemical methods of introducing porosity in semicon-
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ductor materials is the appropriate choice of the electrolyte composition. This problem is solved in-
dividualy for each material. Due to the small band gap of InAsiit is very difficult to subject these
samples to nanostructuration via electrochemical etching technique. Nevertheless, the formation of
INAs micro- and nano-pencils was reported. It was found that pulsed anodization in a mixture of
H3PO4:HNOs in proportion 1:1 leads to the nanostructuring of InAs surfaces and the authors suc-
ceeded to demonstrate their application in field emitters [11]. However, the obtained structures are
inhomogeneous. Later, the nanostructuring of InAs substrates in NaCl electrolyte and comparative
study of morphology of etched InAs crystals in this environmental friendly electrolyte and electro-
lyte based on acids at pulsed potential was reported [12]. These results demonstrated that the nature
of the electrolyte does not influence significantly the morphology of the porous structures.

1. Experimental

The studied materials are (100) oriented n-type InAs, InP and ZnSe substrates with free carrier
concentration n=3*10"" cm™ at 300 K. Before the anodization process, the samples were degreased
in acetone, ethanol and rinsed in distilled water. An electrical contact was made on the backside of
the anodized crystal with a silver paint. The copper rod and edges of the crystal were insulated from
the solution with nonconductive epoxy. The anodization of InAs substrates was carried out in 2M
and 4M KOH agueous solutions at room temperature (T = 25°C). A potentiostat was used, capable
to deliver up to 1 A and 100 V. The anodization of ZnSe crystals was performed in a
K>Cr,07:H2S04:H,0 electrolyte as described in [4], and InP was anodized in an aqueous sol ution of
HCI as described in [5]. After etching the morphology and chemical composition microanalysis of
samples have been investigated by TESCAN Vega TS 5130MM Scanning Electron Microscope
(SEM) equipped with an Oxford Instruments INCA Energy EDX system operated at 20 kV.

[Il.  Resultsand discussion
Figure la presents the top view morphology of an InAs porous layer anodized in 2M KOH
aqueous solution. A potential of 35 V was applied between the sample and the Pt electrode for 5
min. The electrolyte was stirred during the experiment to ensure the recovery of electrolyte concen-
tration at the electrolyte-semiconductor interface. The sample was analyzed in cross-section in order
to estimate the deepness of the produced porous layer (see Fig. 1b). At these etching parameters the
thickness of the obtained porous InAs layer is around 1 nm.

Fig. 1. SEM images of InAs samples etched in 2M KOH: top view (a) and cross sectional view (b).
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Figure 2 shows the results of anodization with the same value of the applied potential and the
same duration of electrochemical etching, but carried out in 4M KOH electrolyte. The resulted di-
ameter of poresis about 250 nm and the thickness of the pore walls was estimated to be as high as
80 nm.

Fig.2. SEM images of indium arsenide samples etched in 4M KOH, top view (a) and cross sectional
view (b).

The composition of the films and the atomic ratio of In to Asin the etched samples were in-
vestigated by EDX measurements. The diameter of the focused electron beam in the EDX analysis
is about 100 nm, and the scanning area is of 5mm” 5mm. The EDX measurements demonstrated that
the chemical composition of the porous InAs skeleton is stoichiometric. Therefore, the morphol ogy
of the porous InAs layer can be controlled by the composition of the electrolyte and the applied
electrochemical parameters. However, it is difficult to control the mechanism of the pore growth
and to produce deep porous layers with uniform porosity, since isotropic electrochemical etching
occurs simultaneously with the pore growth process in narrow band gap semiconductors.

It was previously reported [13] that current-line and crystallographically oriented pores can
be grown in I11-V semiconductors, whereasin 11-VI (e.g. ZnSe and CdSe) semiconductors only cur-
rent line oriented pores can be produced. The impossibility for formation of crystallographically ori-
ented pores in 11-VI compounds is a reasonable explanation of the absence of long-range order of
current-line oriented pores in these materials if one takes into account the model for the formation
of pores proposed previously [5]. The absence of crystallographically oriented pores can be ex-
plained by the type of atomic bonds in these semiconductors. Covalent tetrahedral bonds due to sp;
hybrid orbitals are inherent to elemental semiconductors such as S and Ge. Tetrahedral bonds are
also inherent to compound semiconductors. However, these bonds can be both covalent and ionic,
since the compound semiconductors consist of atoms with different electronegativities. Table 1 pre-
sents the atom electronegativity difference for some semiconductor compounds calculated by Pau-
ling'slaw [14].

The electronegativity is an indicative of the strength with which atoms attract electrons. The
difference of electronegativities of the constituent elements is therefore an indicative of the ionicity
as shown in Table 1 [15]. The higher is the ionicity, the stronger is the attraction between the atoms.
One can see from Table 1 that the degree of ionicity of 111-V semiconductor compounds is lower as
compared to that inherent to I1-VI compounds. As a result, crystallographically oriented pores can
be obtained in 111-V compounds in contrast to 11-V1 compounds.
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Table 1. Values of electronegativity difference and degree of ionicity in 11-VI and 111-V semiconduc-
tor compounds.

[-VI -V
Compounds ZnO | ZnS CdS ZnSe CdSe InP| InAs | GaAs| InSb | GaP

Electronegativity 2 1 1 0,9 09 06 05 0,5 03 032
difference

lonicity [%] 63 22 22 19 19 11 9 9 2 2

Figure 3 presents SEM images of electrochemically etched ZnSe and InP crystals under con-
ditions when the anodization potential is intentionally changed during the pore growth. It is evident
from Fig. 3b that a change of the applied potential during anodization from high to low value leads
to a switch in the pore growth mechanism from current-line oriented pores to crystallographically
oriented pores. In contrast to this, the change in the applied potential for ZnSe single crystals does
not change the pore growth mechanism, current-line oriented pores being produced under both high

and low values of the applied potential (see also Refs. 16-18).
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Fig. 3. SEM image of porous ZnSe (a) and InP (b) layers anodized at different values
of the applied potential

V. Conclusions

The results of this study demonstrate that, apart from the composition of the electrolyte and
the technological conditions applied for porosification, the mechanism of pore growth is strongly
dependent upon the parameters of the anodized material, particularly by the ionicity of the material.
The morphology of the porous InAs layer can be controlled by the composition of the electrolyte
and the applied electrochemical parameters. However, it is difficult to control the mechanism of
pore growth in InAs since uniform electrochemical etching proves to occur simultaneously with the
pore growth in narrow band gap semiconductors. On the other hand, the pore growth mechanism in
wide-band gap semiconductors is determined by the difference in the values of electronegativity of
the constituent atoms and the degree of ionicity. Since the degree of ionicity of 111-V semiconductor
compounds is lower as compared to that inherent to 11-VI compounds, both current-line-oriented
pores and crystallographically oriented pores can be produced in InP, while only current-line-
oriented pores can be obtained in ZnSe.
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