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Preparation of nanoporous n-InP(100) layers
by electrochemical etching in HCI solution
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The manufacture procedure of porous INP with 30-40 nm pore size by electrochemical
etching of n-type InP single crystals in HCI solution is presented. The X-ray diffraction
studies and chemical composition determination using EDAX made it possible to establish
the oxide film absence and a surface stoichiometry violation in the porous InP layers.

IIpencrasnena meroxmuka moaydeHus mopucroro InP ¢ pasmepom mop 30-40 HM meromom
2JIEKTPOXMMUUYECKOI'0 TPABJEHUS MOHOKPHUCTAJJIOB n-tuma INP B pacTBope COMAHON KucJo-
Tel. [IupakToMeTpruecKre HCCIeLOBAHUSA U HCCJAELOBAHNS XMUMHUUECKOTO COCTABA METOHOM
SHEPro-AUCIePCUOHHON PEHTIeHOBCKON CIEKTPOCKOIINN IT03BOJIUJIN YCTAHOBUTL OTCYCTBUE
OKCHIHOM IJIGHKU U HapyIlleHNe CTeXMOMETPUU IMOBEPXHOCTU MOPHUCTHIX cjoes |nP.

1. Introduction

The porous substrates of A3B5 compounds
are a material of promise for production of
homo- and heteroepitaxial layers of im-
proved structure perfection. So, in [1], un-
stressed In,Ga,_,As layers on porous GaAs
were obtained; the properties of high-qual-
ity cubic GaN films obtained by nitridiza-
tion on porous GaAs substrates, are pre-
sented in our work [2]. In [3], we have stud-
ied the photoluminescence of porous GaP
films nanostructurized by CdSe particles (d =
2.8 nm). The porous InP superlattices have
been obtained and investigated in [4].
Therefore, the preparation of high-quality po-
rous structures is an important physical and
technological problem that became the re-
search object for numerous scientists [5—11].
Nowadays, a special attention given to
studying the properties of porous InP, be-
cause it is a very important material for
producing a light-emission diodes and solar
cells. The porous surface area is millions
times larger than that of a single crystal.
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This amazing feature allows to assess the
advantage of porous layers for usage in the
manufacture of sensors (because their sensi-
tivity depends on the surface area ) and
solar cells (the accumulating possibility of a
record energy amount).In [10], the electro-
lytic etching of =n-InP (100) in a solution
consisting of 1 M HCI (200 ml) and HNO;
(2.5 ml) is described. Thus an ordered sys-
tem of pores has been obtained with average
pore diameter of 180 nm, the pore spacing
(so-called pore walls) of 17 to 20 nm. Simi-
lar results were presented also in [12] where
a porous n-InP (001) structure has been ob-
tained at etching in electrolyte 1 M HCI
(200 ml) + HNO3 (8 ml). The pore diameter
was of the order of 150 nm, the pore spac-
ing, 17 to 26 nm.

The aim of our studies was to obtain
porous InP nanostructures with minimum
pore size. To that end, we have selected in
experiment the threshold voltage of the
pore formation onset, the paramount impor-
tance of that parameter being emphasized in
[56]. The morphology and chemical composi-
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tion of the obtained porous layers have been
studied, moreover, the X-ray diffraction
analysis has been carried out.

2. Experimental

The porous InP films were prepared by
electrochemical etching of n-type (111) ori-
ented crystalline InP substrate (concentra-
tion of carriers 2.3-101% ¢m~3). The InP sin-
gle crystals were obtained at the Molecular
Technology GmbH laboratory (Berlin). As
the electrolyte, the 5 % HCI solution was
used. As the cathode, a platinum plate was
used in the electrochemical cell. All the ex-
periments were carried out at room tem-
perature in dark. Prior to experiment, the
samples were cleaned in toluene and iso-
propanol and then washed in distilled
water. The In the course of the electrolytical
treatment, the voltage was raised at the
rate of 1 V/min till the threshold voltage of
the pore formation which in this case was
3.5 V (¢ = 3 min). That was followed by the
fixed voltage mode at which the samples
were etched during 2 min. The total etching
duretion was 5 min. After the experiment,
the samples were cleaned in ethanol and
dried in a nitrogen flow for 10 min. The
morphology of the obtained porous struc-
tures was studied by using a JSM-6490
scanning electronic microscope. The chemi-
cal composition was studied by EDAX
method. The structure of porous InP sam-
ples was examined by X-ray diffraction
using a DRON-3M difractometer.

3. Results and discussion

It is emphasized [13] that the pore forma-
tion conditions always are limited by a more
or less narrow range of polarization voltage.
The sharpest, well-defined edge of that range
is the minimum (threshold) voltage value nec-
essary for the pore nucleation, so-called the
pore formation threshold voltage [5].

The pore formation threshold voltage
was determined as follows. The voltage
variation rate was 1 V/min (during anodiza-
tion). The current density (up to the critical
voltage value) remained within limits of
20 mA/cm?. Starting from U, = 8.5 V, the
current density increased in time sharply
(up to 250 mA/em?2 within 1 min, Fig. 1).
This can be explained by a gradual increase
in number of input ports of pores and
branching thereof under the sample surface.
After 1 min. the current ceased to rise. Thus,
the pore formation threshold voltage for n-
type (100) InP at the impurity concentration
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Fig. 1. Current-voltage characteristic of po-
rous InP during anodization.
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Fig. 2. SEM image n-InP (100) of surface
after pore formation in 5 % HCI.

2.3-1018 ¢m3 is 3.5 V. It is to note that the
pore formation threshold voltage depends
on several factors: the semiconductor dop-
ing level and its orientation, the electrolyte
composition and temperature, concentration
of defects at the crystal surface, etc. There-
fore, this quantity has different values for
each individual case.

Fig. 2 images the morphology of a po-
rous InP sample obtained by electrolytic
etching of n-InP (100) in a hydrochloric acid
solution. An ordered ensemble of pores is
seen that was formed on a InP single crystal
substrate. The pores penetrated the whole
ingot surface. The pore size averages
40 nm, thus evidencing that the structure
is nanosized [7, 10, 12]. The pore spacing is
within limits of 5 to 10 nm. That result is
of a technological importance, since the
quality of porous films is defined by the
nanostructure sizes, the porosity range and
distribution uniformity of pores over the
sample surface. The smaller is the pore size
and the higher is the porosity range, the
higher is the porous structure quality. So,
for example, the photoluminescence in vis-
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Table 1. Composition of porous InP surface
by energy dispersive X-ray analysis

Element (0] P In Total
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Fig. 3. X-ray diffraction pattern of porous
InP (100).

ible spectral region is observed only for struc-
tures where the nanocrystallite size makes
the order of nanometers [10, 12]. The pene-
tration depth of pore channels is approxi-
mately 835 um. It is to note that the porous
layer depth is also an important charac-
teristic. Numerous researchers are working in
this direction [6, 7, 14-16]. The porosity
range is approximately 80 % of the sample
total surface.

The surface chemical composition was ex-
amined by EDAX method. Results of meas-
urements are presented in Table 1. Proceed-
ing from the chemical analysis results of n-
InP (Table 1), it is possible to assert that the
surface is practically oxygen-free, thus, the
pore formation process occured without oxide
film formation. This is confirmed by the data
of X-ray diffractometry using DRON-3M
(Fig. 3). In Fig. 3, there are reflexes from InP
single crystal structure (sphalerite) only.
That is, during etching, no reorganization in
the crystal lattice of indium phosphide oc-
cured. The stoichiometry of the porous sam-
ple is shifted towards indium excess. This
may be an evidence that it is just the phos-
phorus sublattice that is etched at a higher
rate, i.e. that it is just P atoms that play the
main part in the pore formation.
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4. Conclusions

Thus, we managed to obtain nanoporous
InNP layers by the electrolytic etching of n-
InP (100) crystals in a hydrochloric acid so-
lution. The layers show the pore size of
40 nm and the pore spacing of 5—10 nm.
The porous layer thickness amounted
35 um. This testifies that the anodization
results in formation of thin long pore chan-
nels parallel to each other having a shape
close to a regular quadrangle in cross-section.
Such a pore shape is defined by the surface
orientation of the sample being studied.

No oxides have been formed during the
electrolytic process at the sample surface,
however, the initial crystal stoichiometry
was distorted due to a faster etching of
phosphorus sublattice. The porous samples
obtained have the single crystal structure of
sphalerite type.
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Orpumanna Hanomopucroro n-InP (100), meTogom
€JIEKTPOJiTHYHOTO TpaBiaeHHA y po3uuni HCI

A.0.Cuuiroea, B.B.Ridanos, I''O.Cykau

IIpencraBieno MeToguKy OTpPMMAaHHA mopysaroro INP 3 poamipom mop 30-40 uM meTomom
€JIeKTPOXiMIUHOrO TpaBieHHsT MOHOKpHCTAXIB n-tumy INP B posunui comsimoi kucaoru. ud-
PaKTOMEeTPUUYHI MOCHim:KeHHs I MOCHimKeHHs XiMiuHOro CcKJagy MeEeTOJOM 9HEPro- [IHC-
nepciiinol peHTreHiBCLKOI CHEKTPOCKOIIil M03BOJMIM BCTAHOBUTH BiJCYyTHiICTH OKCHIHOIL

IUIIBKY Ta MOPYIIEeHHs crexioMmerpil moBepxHi mopysarux mapis InP.
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