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Anodic Formation and Characterization of Nanoporous InP
in Aqueous KOH Electrolytes
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The anodic behavior of highly doped ��1018 cm−3� n-InP in aqueous KOH was investigated. Electrodes anodized in the absence
of light in 2–5 mol dm−3 KOH at a constant potential of 0.5–0.75 V �SCE�, or subjected to linear potential sweeps to potentials
in this range, were shown to exhibit the formation of a nanoporous subsurface region. Both linear sweep voltammograms and
current-time curves at constant potential showed a characteristic anodic peak, corresponding to formation of the nanoporous
region. No porous region was formed during anodization in 1 mol dm−3 KOH. The nanoporous region was examined using
transmission electron microscopy and found to have a thickness of some 1–3 �m depending on the anodization conditions and to
be located beneath a thin �typically �40 nm�, dense, near-surface layer. The pores varied in width from 25 to 75 nm and both the
pore width and porous region thickness were found to decrease with increasing KOH concentration. The porosity was approxi-
mately 35%. The porous layer structure is shown to form by the localized penetration of surface pits into the InP, and the dense,
near-surface layer is consistent with the effect of electron depletion at the surface of the semiconductor.
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There is considerable interest in the electrochemical formation of
porosity in semiconductors, from the perspective of both furthering
the understanding of the phenomenon and developing potential
applications.1-8 Much of the work performed to date has focused on
n-type and p-type silicon, although investigations of the formation
of porous structures in III-V semiconductors such as GaAs8-12 and
InP13-16 have also been reported. Controlled modulation of the pore
diameter and pore growth direction in such semiconductors has been
suggested as a method by which photonic crystals with a photonic
bandgap in the near-infrared or visible region can be formed.14,15 It
has been shown that pore growth in semiconductors is affected by
electrolyte concentration13,17,18 as well as substrate type,19

orientation,20 and doping density.21 Considerable progress has been
made in understanding the basic mechanisms of pore formation in
silicon under electrochemical conditions, and several pore formation
models have been proposed to account for the range of observed
pore types.22-25 By comparison, only a limited number of investiga-
tions of the mechanism of pore formation in III-V semiconductors
have been reported.9-16

Since holes in the valence band are required for anodic oxida-
tion, n-type electrodes do not etch in the dark under “normal” deple-
tion conditions. At highly positive potentials, however, tunneling of
carriers across the depletion layer can occur and the resulting holes
in the valence band enable etching to take place.26 Since tunneling is
sensitive to the surface condition of the semiconductor, the etching
process that can take place under anodic bias may be strongly af-
fected by crystallographic defects and surface impurities.27 Conse-
quently, anodic etching of n-type semiconductors is often localized,
thereby giving rise to the formation of porous sub-surface micro-
structures.

This paper describes an investigation of the anodic formation of
nanoporous InP in KOH electrolytes with concentrations in the
range 2–5 mol dm−3. The anodic processes were studied electroana-
lytically using potential sweep and constant potential techniques un-
der a variety of conditions, and the resulting porous structures were
characterized using transmission electron microscopy �TEM�.
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Experimental

The working electrode consisted of polished �100�-oriented
sulfur-doped n-type indium phosphide �n-InP� grown by the liquid-
encapsulated Czochralski �LEC� method and supplied by Sumitomo
Electric, unless otherwise stated. As-received polished wafers had an
essentially featureless surface when viewed at a magnification of
1000� under an optical microscope with Nomarski interference
contrast �i.e., a typical surface finish for substrates for epitaxial
growth�. The nominal density of surface defects of the LEC wafers,
as characterized by the etch-pit density �EPD�, was in the 103 cm−2

range or lower. Wafers were cleaved into coupons �typically
�5 mm square� along the natural �110� cleavage planes and an
ohmic contact was made by alloying indium to the back of the
coupons. The back and the cleaved edges were electrically isolated
from the electrolyte by means of a suitable varnish. The electrode
area was typically 0.2 cm2.

Anodization was carried out in aqueous KOH electrolytes with
concentrations in the range 1–5 mol dm−3. A conventional three-
electrode cell configuration was used, employing a platinum counter
electrode and a saturated calomel electrode �SCE� to which all po-
tentials are referenced. Prior to immersion in the electrolyte, the
working electrode was immersed in an etchant �3:1:1
H2SO4:H2O2:H2O� for 4 min and then rinsed in deionized water.
“Standard” n-InP working electrodes had a carrier concentration of
�3 � 1018 cm−3. In experiments on the effect of carrier concentra-
tion, electrodes with lower ��5 � 1017 cm−3, supplied by Lucent
Technologies, grown by the vertical gradient freeze method� and
higher ��6 � 1018 cm−3� values were used where indicated in the
text. All of the electrochemical experiments were carried out at
room temperature and in the absence of light.

A CH Instruments model 650A Electrochemical Workstation in-
terfaced to a Personal Computer �PC� was employed for cell param-
eter control and for data acquisition. The surfaces of the anodized
samples were examined using a Veeco Explorer atomic force micro-
scope �AFM�. Electron transparent sections for plan-view and cross-
sectional TEM examination were prepared by thinning to electron
transparency using standard focused ion beam �FIB� milling
procedures28 in a FEI 200 FIB workstation. The TEM characteriza-
tion was performed using a JEOL 2000FX TEM operating at
200 kV.

Results and Discussion

Electrochemical growth of nanoporous InP.— Figure 1a shows
a linear sweep voltammogram �LSV� of an n-InP electrode in
5 mol dm−3 KOH. The potential was scanned at 2.5 mV s−1 from an
initial potential of 0 V. There is little current at potentials less than
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0.3 V, but continued anodization to potentials greater than 0.4 V
results in a rapid increase in the current density to a peak value of
20 mA cm−2 at 0.48 V. Above 0.48 V, the current density decreases
quite rapidly, reaching a value of �3 mA cm−2 at 0.6 V. A signifi-
cant anodic process clearly occurs above �0.4 V and becomes self-
limiting at higher potentials. Figure 1b shows a LSV of a similar
n-InP electrode in 1 mol dm−3 KOH at the same scan rate
�2.5 mV s−1�. As in Fig. 1a, an anodic peak can similarly be ob-
served, but at a higher potential ��1.25 V�.

The electrodes formed during anodization in the two KOH elec-
trolyte concentrations were examined using TEM. The micrographs
shown in Fig. 2 demonstrate that the anodic processes are remark-
ably different in the two different concentrations of KOH. Figure 2a
shows that anodization in 5 mol dm−3 KOH results in the formation
of a nanoporous InP layer, and, as discussed later, similar nano-
porous layers were observed in 2 and 3 mol dm−3 KOH. Figure 2a
was taken in an under-focus condition and thereby uses phase con-
trast effects to enhance the visibility of the pores formed within the
upper part of the InP. The sense of the Fresnel contrast changes seen
as a function of the defocus conditions in through focal series of
bright-field micrographs confirmed the formation of the low-density
regions described, although it should be emphasized that the nanop-
ores are heavily interspersed with a high volume fraction of micro-
crystalline material. Figure 2b, by comparison, shows that, after a
similar linear potential sweep �LPS�, there appears to be little
change in the electrode during anodization in 1 mol dm−3 KOH
other than a thin ��25 nm� surface film, as marked at A. The results
presented in this paper are for nanoporous InP formation in 2–
5 mol dm−3 KOH. Preliminary results on the anodization of n-InP in

Figure 1. LSV at 2.5 mV s−1 of an n-InP electrode in �a� 5 mol dm−3 KOH
and �b� 1 mol dm−3 KOH.
1 mol dm−3 KOH have been reported29 and a detailed study will be
described elsewhere. The transition to porous layer formation in
electrolytes with concentrations in the range 1–2 mol dm−3 is cur-
rently being investigated.

LSVs were performed in 5 mol dm−3 KOH over a range of scan
rates and in all cases an anodic current peak was observed,30 as in
Fig. 1a. While the current densities increase at higher scan rates, the
charge density corresponding to the anodic peak was found to re-
main relatively constant �0.57 C cm−2�, indicating that an approxi-
mately equal amount of InP is oxidized irrespective of the scan rate.

TEM was used to examine the anodization process in further
detail. Figure 2a shows the porous region, marked at A, extending
�1 �m into the InP substrate �B�, and capped by a thin layer
��40 nm� close to the surface that appears to be unmodified �C�.

Figure 2. �a� Under-focus bright-field TEM micrograph of an n-InP elec-
trode after an LPS from 0 to 0.63 V �SCE� at 2.5 mV s−1 in 5 mol dm−3

KOH. A nanoporous InP layer �A� is observed above the InP substrate �B�
and beneath a dense near-surface layer �C�. �b� Bright field TEM micrograph
of an n-InP electrode cross section after a LPS from 0 to 1.3 V �SCE� at
2.5 mV s−1 in 1 mol dm−3 KOH. A thin surface film �A� is observed above
the InP substrate �B�. The surface of the sample was capped by the amor-
phous deposit marked at C during specimen preparation for TEM.
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The thickness of the nanoporous region is generally uniform, al-
though in some cross sections the interface with the substrate was
characteristically found to be nonplanar. The average pore width and
interpore distances are noted to be similar ��40 nm� to one another
as well as to the thickness of the near-surface layer. Figure 3 shows
a higher magnification dark-field TEM micrograph of part of the
region shown in Fig. 2a and from where the inset diffraction pattern
was taken. The pattern itself demonstrates the unmodified form of
the nonporous parts of the InP electrode given the near �110� orien-
tation of the InP.

The mechanism by which a porous region can form within the
substrate by electrochemical oxidation despite the presence of this
dense InP layer at the surface at first sight appears to be inconsistent
with the microstructures seen in Fig. 2 and 3. The near-surface re-
gion of the anodized InP, however, was found to contain a sparse
distribution of localized channels, and one such area is shown in
dark field in Fig. 4. The dense, near-surface layer can be seen to
contain a channel �at A� from which the pores underlying it appear
to emanate. This observation suggests a mechanism by which the
porous layer can grow, i.e., the porous region is connected to the
bulk electrolyte via localized channels within the near-surface layer.
Further evidence for the existence of these channels was obtained
from AFM examination of the surface of electrodes after anodiza-
tion, as discussed in detail elsewhere.31 It is assumed that both the
porous layer and the channels through the near-surface layer are
filled with electrolyte, which connects the porous structure with the
bulk electrolyte. This enables ionic current to flow and electro-
chemical oxidation of InP to proceed, thus providing a mechanism
by which the porous layer can grow. The channels contained within
the near-surface layer can thus be seen to play a critical role in the
formation of the nanoporous structure.

Effect of electrolyte concentration.— Experiments were carried
out at lower KOH concentrations. Figure 5 shows LSVs of InP

Figure 3. Dark-field TEM micrograph of the region marked at A in Fig. 2
and associated electron-diffraction pattern.
electrodes in 2 and 3 mol dm−3 KOH under similar conditions to
those given in Fig. 1. A similar overall response is seen in Fig. 5 as
in 5 mol dm−3 KOH: anodic current peaks are observed at 0.46 V in
3 mol dm−3 KOH and at 0.52 V in 2 mol dm−3 KOH. A shoulder is
also observed on the higher potential side of the peak in the
3 mol dm−3 curve and a second peak at 0.7 V in the 2 mol dm−3

curve.
Cross-sectional TEM demonstrated the formation of nanoporous

layers corresponding to the observed anodic currents in these elec-
trolytes. Figure 6a and b shows bright-field images of electrodes that
had been subjected to potential sweeps from 0 to 0.825 V in
2 mol dm−3 KOH and from 0 to 0.675 V in 3 mol dm−3 KOH, re-
spectively. In each case, a porous zone similar to that described
above for the 5 mol dm−3 KOH was found to have been formed, and
the porous region is capped by a thin, dense, near-surface layer. The
�40 nm near-surface layer was again found to contain a number of
channels, as at A in Fig. 6b.

Experiments at constant potential in 2–5 mol dm�3

KOH.— Experiments were carried out at constant potential. A series
of experiments was performed in 5 mol dm−3 KOH, in which the
potential was stepped from open circuit to potentials in the range
0.5–0.75 V �i.e., where nanoporous layer formation is observed on a
typical LSV�. Figure 7 shows the current-time curves obtained at
potentials of 0.5, 0.6, and 0.75 V. In each case, the current initially

Figure 4. Dark-field TEM cross-sectional micrograph of the near-surface
region of an InP electrode after an LPS from 0 to 0.63 V �SCE� at
2.5 mV s−1 in 5 mol dm−3 KOH. A channel has been formed through the
near-surface layer of the electrode �at A�.

Figure 5. �Color online� LSVs of InP electrodes at 2.5 mV s−1 from an
initial potential of 0 V �SCE� in �a� 2 mol dm−3 KOH and �b� 3 mol dm−3

KOH.
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increases with time, reaching a peak after 23 s �0.5 V�, 8 s �0.6 V�,
and 5 s �0.75 V�, and subsequently decreases. The peak current den-
sity can be seen to rise and shift to shorter time with increasing
potential.

Cross-sectional TEM examination was performed on electrodes
anodized for 100 s at 0.5, 0.6, and 0.75 V �see Fig. 7�. Figure 8a-c
shows bright-field images of typical near-surface regions of the elec-

Figure 6. Cross-sectional bright-field TEM micrograph of an InP electrode
after a LPS �a� in 2 mol dm−3 KOH from 0 to 0.825 V �SCE� and �b� in
3 mol dm−3 KOH from 0 to 0.675 V �SCE�. The scan rate was 2.5 mV s−1.

Figure 7. �Color online� Current-time curves for InP electrodes in
5 mol dm−3 KOH at potentials of �a� 0.5 V, �b� 0.6 V, and �c� 0.75 V �SCE�.
trodes formed at the three potentials. In each case, a nanoporous
region has been formed beneath a thin near-surface layer, as was
observed under potential sweep conditions. The near-surface layer
was shown by electron diffraction to be essentially unmodified InP
and thus to be in the same orientation as that of the bulk substrate.
The pore size as well as the pore morphology vary somewhat as a
function of potential. Similar observations have been reported for
InP electrodes anodized galvanostatically in HCl-based
electrolytes.15,32 Channels within the near-surface layer were again
found to have been formed and an example can be seen at G in Fig.
8a. Figure 9 is a higher magnification dark-field image of a sample
that was anodized at 1.1 V for 100 s and provides further evidence
for channels that extend through the full thickness of the near-
surface layer, as at A and B.

Constant potential experiments were also carried out at lower
KOH concentrations. Typical current-time curves of InP electrodes
at 0.75 V in 2 mol dm−3 KOH and 3 mol dm−3 KOH as well as in
5 mol dm−3 KOH are shown in Fig. 10. Cross-sectional TEM was
used to confirm the formation of nanoporous layers corresponding to
the observed anodic currents in these electrolytes, Fig. 11a and b
showing the near-surface regions of electrodes that had been sub-
jected to anodization at a constant potential of 0.75 V for 150 s in 2
and 3 mol dm−3 KOH, respectively. In each case, a nanoporous
layer similar to that obtained in 5 mol dm−3 KOH has been formed
and is capped by a thin, dense, near-surface layer.

Characteristics of the nanoporous region.— The average values
of thickness of the nanoporous layers formed under potential sweep
conditions in 2, 3, and 5 mol dm−3 KOH were determined from
TEM micrographs such as those shown in Fig. 2a and 6. The mean
pore width was also estimated from higher-magnification micro-
graphs of each porous layer. The dependence of the porous layer
thickness and mean pore width on the electrolyte concentration is
shown in Fig. 12, in which the porous layer thickness as well as the
mean pore width can be seen to decrease with increasing KOH
concentration. Measurements of porous layer thickness and mean
pore width were similarly obtained from TEM micrographs of
samples that had been potentiostatically anodized at 0.75 V in 2, 3,
and 5 mol dm−3 KOH. Figure 13 shows the variation of the mean
pore width and porous layer thickness with KOH concentration. It is
observed that an increase in KOH concentration results in a decrease
in both the pore width and the porous layer thickness, in a similar
manner to that observed in Fig. 12. A similar trend has also been
reported for porous silicon formed in HF solutions,33 although
lightly doped substrates have been found to show no changes in
their mean pore width, or, in some instances, an increase with in-
creasing electrolyte concentration at low current densities.

For each of the samples used in the layer thickness measure-
ments described above, the corresponding charge density was esti-
mated by integration of the current density with respect to time. The
measured thickness of the porous layer was then plotted against the
corresponding charge density, as indicated in Fig. 14. A theoretical
value for the ratio of layer thickness to charge density was also
estimated: using Faraday’s law, the ratio of the thickness d of InP
oxidized to the charge density Q is given by

d

Q
=

VM,InP

nF
�1�

where VM,InP is the molar volume of InP, n is the number of elec-
trons per formula unit of InP, and F is the Faraday constant. Using
a value34 of 30.31 cm3 mol−1 for VM,InP and assuming n = 8, a the-
oretical value of 0.393 �m C−1 cm2 is estimated from Eq. 1 for d/Q,
the ratio of layer thickness to charge density for complete removal
of InP. This theoretical ratio is represented by the broken line in Fig.
14. The slope of the least-squares best fit line for the experimental
data provides an estimate of 1.13 �m C−1 cm2 for the correspond-
ing ratio de/Q of experimental porous layer thickness de to charge
density. The ratio of these estimates of d/Q and de/Q gives a value
of r = d/d = 0.347, i.e., the estimated thickness of a compact InP
e
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layer, which represents the quantity of InP removed, is a fraction
r = 0.347 of the corresponding as-measured porous layer thickness.
The porosity of the layers formed after anodization of InP in KOH
electrolytes is thus estimated to be �35%.

Effect of carrier concentration.— Experiments were carried out
on wafers with lower ��5 � 1017 cm−3� and higher ��6
� 1018 cm−3� carrier concentrations than that of the standard ��3
� 1018 cm−3� n-InP used in the anodization treatments described
above. Each substrate was subjected to an LPS at 2.5 mV s−1 from
an initial potential of 0 V, and the resulting LSVs are shown in Fig.
15. By comparison with the standard n-InP, it is clear that the higher
doped n-InP electrode gives a similar current peak but at a consid-
erably lower potential. The peak current density �24 mA cm−2� is
slightly higher than for the standard InP �20 mA cm−2� as is the
corresponding charge density: 0.86 C cm−2 for the higher-doped InP
as compared with 0.57 C cm−2 for the standard InP. A very much
smaller anodic peak is obtained �peak current density of
�0.1 mA cm−2 and charge density of 0.012 C cm−2�, however, for
the lower doped InP at a potential of 0.64 V.

Figure 9. Cross-sectional dark-field TEM micrograph of an InP electrode
after constant-potential anodization at 1.1 V �SCE� in 5 mol dm−3 KOH.
Evidence for channels in the near-surface layer is shown at A and B.
Cross-sectional TEM examination of each of the electrodes was
carried out after anodization. Figure 16 is a bright-field TEM image
of the higher-doped InP electrode after a potential sweep from 0 to
0.3 V. A nanoporous region can be seen to have been formed be-
neath a thin near-surface layer, as was observed for the standard InP
electrodes described above. The morphology of the porous region
appears to be generally similar to that obtained for the standard InP
electrode �Fig. 2a� after potential sweep anodization, although the
thickness of the near-surface layer is now �25 nm compared with
�40 nm for the standard InP. The mean pore width and the inter-
pore distance seen in Fig. 16a are similarly rather lower
��25 nm� than for the standard InP ��40 nm�. The thickness of the
porous region of the higher-doped InP, as determined from lower
magnification micrographs of the entire layer, is �1.6 �m, in com-
parison with �1 �m in the case of standard InP �Fig. 2a�.

In sharp contrast with higher-doped InP and standard InP, cross-
sectional TEM has demonstrated that no porous region is formed for
the lower-doped InP electrode, and such an image is shown in Fig.
16b. This is consistent with the observation of a very small anodic
current peak in Fig. 15 ��200 times lower than that measured for
standard InP samples under similar conditions� and a correspond-
ingly lower charge density.

Figure 8. Cross-sectional bright-field
TEM micrographs of InP electrodes after
constant potential anodization at �a�
0.5 V, �b� 0.6 V, and �c� 0.75 V �SCE� for
100 s in 5 mol dm−3 KOH.

Figure 10. �Color online� Current-time curves for InP anodized in �a�
2 mol dm−3, �b� 3 mol dm−3, and �c� 5 mol dm−3 KOH at a constant poten-
tial of 0.75 V �SCE�.
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Pore growth process.— In the absence of light, n-InP can etch
anodically only if holes are supplied by a breakdown mechanism,
such as tunneling. The flatband potential measured30 for a typical
�n-type, �3 � 1018 cm−3� InP electrode in 5 mol dm−3 KOH was
–1.45 V �SCE�. Using an abrupt one-sided junction
approximation,26 this gives a value of 30 nm for the depletion layer

Figure 11. Cross-sectional bright-field TEM micrographs of n-InP elec-
trodes after anodization at a constant potential of 0.75 V �SCE� in �a�
2 mol dm−3 KOH and �b� 3 mol dm−3 KOH for 150 s.

Figure 12. Plots of porous-layer thickness ��� and mean pore width ���
for n-InP electrodes after an LPS at 2.5 mV s−1 from 0 to 0.825 V, 0.675 V,
and 0.7 V in 2, 3, and 5 mol dm−3 KOH, respectively.
thickness and a corresponding value of �108 V m−1 for the electric
field at the surface at an applied potential of 0.4 V �i.e., where the
current increases significantly in Fig. 1a�. Further evidence that the
anodic process involves holes supplied by a breakdown mechanism
of the depletion layer is provided by a comparison of the current-
voltage curves for standard ��3 � 1018 cm−3� and higher-doped
��6 � 1018 cm−3� n-InP electrodes �Fig.15�. The anodic peak oc-
curs at a lower potential value for the higher-doped InP as a result of
the thinner depletion layer ��25 nm�.

TEM has provided strong evidence that the nanoporous layer
forms by the penetration into the surface of localized pits from
which the pore propagation is subsequently controlled. For pitting of
the surface to occur, a mechanism that limits current flow across the
semiconductor-electrolyte interface is necessary to establish the con-
ditions for localized preferential etching.27 Current limitation could
occur due either to the absence of available holes at the surface �i.e.,
the electric field not being high enough for breakdown of the deple-
tion layer� or to the formation of a passivating oxide film on the
surface. Breakdown of the depletion layer at defect sites occurs at
lower potentials,30,35,36 and enhanced etching will occur at these
sites resulting in pitting.17 A similar effect may occur due to break-
down of an otherwise stable oxide film on the surface. Whether pit
initiation stems from a breakdown mechanism within the semicon-

Figure 13. Plots of the porous-layer thickness ��� and mean pore width
��� for n-InP electrodes after constant-potential anodization for 150 s at
0.75 V in 2, 3, and 5 mol dm−3 KOH, respectively.

Figure 14. �a� Plot of porous-layer thickness for InP samples anodized at
constant potential ��� and after an LPS ��� as a function of the charge
passed. �b� The theoretical thickness of a dense layer corresponding to the
amount of InP oxidized.
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ductor or from breakdown of a surface film, the resulting effect is
the same: pitting of the substrate occurs. Once a pit is formed, the
electric field is greatly enhanced due to the small radius of curvature
at the base of any given pit. Preferential hole generation thus occurs
in the vicinity of the pit tip, leading to an enhanced etch rate and
consequent pore growth. The electrolyte within the porous structure
is connected to the bulk electrolyte by the channels through the
dense near-surface layer enabling ionic current flow and mass trans-
fer so that etching then proceeds at pore tips.

Figure 15. �Color online� LSVs of n-InP electrodes with three different
carrier concentrations in 5 mol dm−1 KOH at 2.5 mV s−1. The current scale
is magnified by 50 for the lower doped sample.

Figure 16. �a� Cross-sectional bright-field TEM micrographs of �a� higher-
doped ��6 � 1018 cm−3� InP electrode following an LPS at 2.5 mV s−1 in
5 mol dm−3 KOH from 0 to 0.3 V �SCE� and �b� lower-doped ��5
� 1017 cm−3� InP following an LPS at 2.5 mV s−1 in 5 mol dm−3 KOH from
0 to 0.85 V �SCE�.
The existence of a dense near-surface layer appears to be related
to the depletion layer. The near-surface layer thickness for the more
highly doped InP ��6 � 1018 cm−3� is �25 nm �Fig. 16a� by com-
parison with �40 nm for the standard InP electrode �Fig. 2a�. The
estimated thickness of the depletion layer is �20 nm for the more
highly doped InP as compared with �30 nm for standard samples,
indicating that the thickness of the near-surface layer scales with
that of the depletion layer. In both cases, the interpore distance of
the InP is similar to the near-surface InP layer, suggesting that this
dimension is also related to the depletion layer. Such a relationship
to the thickness of the near-surface and interpore InP is reasonable if
the etching process is controlled by holes supplied by breakdown of
the depletion layer.

The detailed electrochemistry of nanoporous InP formation re-
quires further investigation, but it is speculated that etching occurs
directly by a process such as

2InP + 22 OH− + 16h+ → In2O3 + 2PO4
3− + 11H2O �2�

or

2InP + 16 OH− + 12h+ → In2O3 + 2HPO3
2− + 7H2O �3�

where h+ denotes a hole, leading to the formation of In2O3 and
oxo-anions of phosphorus in solution. The formation of PO4

3− �a PV

oxo-anion� corresponds to an eight-electron �per InP� process, while
the formation of a PIII oxo-anion such as HPO3

2− corresponds to a
six-electron process.

Conclusions

Anodization of highly doped �1018 cm−3� n-InP in 2–5 mol dm−3

KOH under potentiostatic or potentiodynamic conditions resulted in
the formation of a nanoporous subsurface region beneath a thin
�typically �40 nm� dense near-surface layer. LSVs showed a pro-
nounced anodic peak, typically at 0.48 V for a 2.5 mV s−1 scan in
5 mol dm−3 KOH, corresponding to the formation of the porous
region. Current-time curves at constant potentials in the range 0.5–
0.75 V similarly showed current peaks. However, no porous regions
were formed during anodization in 1 mol dm−3 KOH.

Nanoporous layers formed under various conditions were, exam-
ined by cross-sectional TEM. The porous region was typically 1-
3 �m in thickness, depending on the formation conditions: the
thickness decreased with increasing KOH concentration. Pore
widths were typically in the range 25–75 nm and decreased with
increasing KOH concentration. The porosity was approximately
35%.

The thickness of the near-surface layer and the interpore spacing
both decreased with increasing carrier concentration and appeared to
scale with the estimated thickness of the electron depletion layer at
the semiconductor surface at the potential where etching occurred.
The potential of the anodic current peak decreased with increasing
carrier concentration, consistent with electric-field-induced break-
down of the depletion layer.

TEM evidence was obtained that the nanoporous layer structure
is formed by penetration of surface pits to form channels through the
dense near-surface layer at particular points with pore propagation
within the InP originating at these points. Such channels provide the
required connectivity between the bulk electrolyte and porous re-
gion, thus enabling etching to proceed at the pore tips. The dense
near-surface layer is believed to originate from electron depletion at
the semiconductor surface.
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