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Abstract

High aspect-ratio etchings are a key aspect of the fabrication of III-V semiconductor devices. The increasing demand for diverse geometries with
various characteristic lengths (from the micro- to the nano-meter scale) requires the constant development of new etching recipes. In this article,
we demonstrate a versatile mask-plasma combination for micro- and nanofabrication of GaAs substrate using an Inductive Coupled Plasma-
Reactive Ion Etching (ICP-RIE) system. We identify five recipes at 25 °C, with high selectivity, and apply them on one photoresist (AZ4562)
and two hard (Chromium and Nickel) masks. The optimized etching plasma chemistry (BCls/Cl,/Ar/N;) shows a pattern transfer on GaAs with
a high rate (>5.5 yum/min), a high anisotropy, a high selectivity (>4:1 with photoresist mask, and >50:1 with hard masks), a good etch surface
morphology, and smooth sidewalls profile (>88°). Herein, we detail the requirements definition, the engineering processes with detailed recipes,
the verification, and validation of three device geometries (ridges, cylinders, and nanopillars). The presented results can be valuable for a wide
range of applications from the microscale to the nanoscale, and are compatible with a manufacturing process using only a single commercial
ICP-RIE tool with two chambers dedicated, respectively, for metallic masks and photoresist mask.

Keywords: Microfabrication, Nanofabrication, Dry etching, Chlorine plasma

1. Introduction good surface morphology in the microscale as well as in the
nanoscale. However, the critical manufacturing step to obtain
nearly perfect anisotropic profiles, with respect to the various
devices, is sensitive to the choice of both plasma etching chem-
istry and masking material. Therefore, the latter needs to be
finely selected and tuned.

Conventional III-V compounds etch masks consist of hard
masks based on metals [20], dielectric layers (silicon oxide or
silicon nitride) [21] and thick photoresists [22, 23]. Some mask
materials adapted to chlorine chemistry processes already ex-
ist but little is known about the reliability of these materials
used for pattern transfer on III-V compounds, particularly con-
cerning the defects encountered during the micro- and nano-
fabrication. Since the mask interacts with the plasma, it is cru-
cial to understand each mask behavior to obtain a high fidelity
pattern textcolorredtransfer on the III-V compounds over the
entire etching period. Moreover, information on the etching
rate and selectivity for each mask enables a better and reliable
manufacturing process. Several investigations on etchants tar-
geting specific materials have been made but would only re-
port on the etching rates on III-V compounds, and would rarely

Micro- and nanotechnologies using ICP-RIE technology are
widely used in both manufacturing and research laboratories
[1, 2, 3, 4]. III-V semiconductors suit high performance ap-
plications beyond optoelectronics due to the higher electron
mobilities and peak velocities compared to silicon based de-
vices [5, 6, 7]. However, the different processing techniques
on III-V materials are still challenging and needs further de-
velopments. For instance, there is a growing interest for the
advancement of reliable plasma etching technics on III-V ma-
terials for electronic and photonic applications. ICP-RIE etch-
ing technology enables plasma etching to operate at lower
pressures (1-30 mTorr) with anistropic features and etch rates
comparable to or higher than conventional reactive-ion etching
(RIE) [8, 9, 10, 11, 12]. There have been numerous reports
on the etching of silicon [12, 13, 14] and semiconductor de-
vices based on GaAs/AlGaAs, which are widely used for the
fabrication of microsystems [15, 16], electronic and photonic
devices [17, 18, 19]. These various applications require high
etching rates, anisotropic etching profiles, smooth sidewalls and
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discuss the selectivity of the mask transfer from microscale to-
wards nanoscale (viz. GaAs vs mask transfer layer). At the
micrometer scale, the degree of anisotropy can be improved
by adding inert gases such as argon (Ar) with a mixture of
Cl,, BCl; gases on GaAs/AlGaAs substrate [24, 25]. In con-
trast, at the nanometer scale, the choice of an ideally balanced
BCl3/Cly/Ar chemistry is difficult to obtain due to under etching
[26]. To protect the sidewalls, N, gas is added into BCl3/Cl,/Ar
plasma. The presence of N, also improves the selectivy, cleans
the surfaces, and maintains a high anisotropy for different scale
ranges [27, 28, 29, 30, 31].We have previously demonstrated
the feasibility of the chlorine-based GaAs/AlGaAs etch plasma
chemistries at the microscale [32] and we have improved the
etch rate, the selectivity, the quality of sidewall surfaces and
the verticality of the ridge structure commonly used for quan-
tum cascade lasers [18]. Nevertheless, the lack of knowledge
in how to apply and integrate engineering processes from mi-
croscale towards nanoscale technologies is an obstacle to the
selection of specific plasmas in dry etching systems. Hence, we
develop in this article manufacturing engineering methodolo-
gies that integrate the chlorinated plasma chemistry to obtain
with high reliable microdevices and nanodevices of predeter-
mined shapes.

We demonstrate that the desired etching characteristics on
GaAs, meaning vertical sidewalls, very low or insignificant
roughness on the surface sidewalls, can be obtained in ICP-RIE
with a BCl3/Cl,/Ar/N, plasma chemistry and using a photore-
sist mask or a selected hard mask. We present here the different
mask transfer methods and etching recipes which allow to ob-
tain straight and smooth sidewalls at the nanoscale supported
by GaAs etching profiles analysis.

2. Experimental section

The experiments were performed in a Surface Technology
Systems (STS) reactor, equipped with a maximum available
power of 900 W, 13.56 MHz RF coil generator. The gases
employed in this study were BCl3, Cl,, Ar, N and O,. Dur-
ing all the experiments, the temperature of the electrode was
fixed at 25 °C. To avoid contamination of the ICP reactor using
exclusively chlorine chemistries, two chambers are dedicated
separately for metallic masks and photoresist mask. A 5-min-
long oxygen cleaning procedure was performed between each
run to remove any polymer from the reactor sidewalls, minimiz-
ing contaminations, and preserving process repeatability. The
samples were loaded into the reactor by mounting them on an
8” (200 mm) alumina (Al,Os3) carrier wafer with “glue” (vac-
cum grease) to enhance good thermal contact. As part of the
optimization of the etching parameters, a mask designed with
different kinds of test structures (trenches and cavities) to help
characterizing the process outcome was employed. In this in-
vestigation, an inspection of the resulting dry etching parame-
ters (etching rates, profiles, surface qualities and selectivities)
was the best way to check the quality of our etching process.
All test samples were 1 cm x 1 cm pieces of bulk (100) GaAs
oriented. In this study, the ratio of the coil power /platen power
(Picp / Ppias) was fixed to 8:1, for 800 W P;cp, and 80 W Ppg;,s.

3

Selected typical parameters from those of the optimized pro-
cesses presented in our previous work [32] are summarized in
Table I, with the recipes (T) abbreviated names.

The samples were characterized using an optical microscope
and a Scanning Electron Microscope (SEM). The mask selec-
tivity was estimated by calculating the ratio of the semiconduc-
tor etching rate to the photoresist or hard masks etching rates.

Table 1. Typical parameters from the different etching processes used in this
study with coil power: platen power fixed to 8:1. [32]

] Gas Flow rate (sccm) ‘

Recipe | P (mTorr) | BCl3/Cl, | BCl3; Cl, Ar N
T1 10 6 15 25 5 3
T2 10 20 50 25 5 3
T3 20 20 50 25 5 5
T4 30 20 50 25 5 3
T5 30 20 50 25 5 5
3. Results

3.1. Microscale

There are numerous important parameters which affect the
etching process such as etching rate, masking materials, se-
lectivity and surface roughness. Kovacs et. al [33] provide
with a general comparison between different etchants proper-
ties regarding the aforementioned important etching character-
istics required. They also discussed about the suitable mask-
ing materials for such etching processes. In our work, micro-
and nanometer-sized patterns were fabricated using a top-down
approach with an organic or inorganic mask, combining litho-
graphic methods (viz. lift-off), metal deposition and dry etch-
ing. This allowed us to obtain well-controlled densities, diam-
eters, spacing and spatial positions. Fig.la-d presents the flow
chart of the process using the 6 um-thick photoresist AZ4562,
as the organic mask material to pattern and transfer test geome-
tries on GaAs wafers at the microscale. The wafer was then
cleaved in different samples and further set into little batches
(1 cm?) for the different investigated recipes. After the etch-
ing process, each samples were cleaved perpendicular to the
trenches axis to observe their profiles.

In contrast to pure Cl, plasma etching on GaAs, where under-
cut etching occurs, Franz et al. [34] reported that the addition
of BCI; to Cl, enables to easily obtain vertical sidewalls due
to the phenomenon of sidewall passivation by formation of the
polymer B,Cly. The addition of BCl; increases the etching
rate significantly because it facilitates chlorine ions generation
according to the following equation :

BCI; + Cl, — BCl + CI* 1)

Pearton et al. extensively investigated the effect of a small
addition of the inert gas N, to BCls/Cl, chemistries to in-
duce sidewall protection when using a UV photoresist mask
[27]. Other studies confirm that with these adjusted chemistries,
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Figure 1. a) Flowchart of the GaAs trenches manufacturing process, and (b) etching rate of GaAs and the resist selectivity as function of the BCl3/Cl, gas ratio from

Table 1.

straight and smooth sidewalls can be obtained on other sub-
strates such as InP and GaN [35, 36, 21]. Furthermore, pre-
vious works on GaAs/AlGaAs heterostructure have shown that
the addition of Ar to the BCl3/Cl,/N; mix can improve the de-
gree of control of the anisotropy [27, 21, 32]. As presented
in Fig.1b, we observed that the etch rate (red curve) increases
gradually from 1.8 um/min to 5.5 ym/min, when the pressure is
raised from 10 mTorr (recipe T2) to 30 mTorr (recipe TS). The
increase in the etch rate for higher pressure is attributed to an
increase in the concentration of reactive chlorine species which
enhances the etching capacity of the chemical components. ,
Increasing the pressure can improve the selectivity (blue curve)
on the photoresist mask than lower pressure. Photoresist masks
offer the simplicity of a single processing step with a good se-
lectivity, approximately 4:1 at 10 mTorr and 16:1 at 30 mTorr.
Therefore, it is possible to use a thinner layer of photoresist on
GaAs substrates in higher pressure conditions. The latter eases
the photolithographic patterning of the transfer mask with small
dimensions.

For microsystem applications, several additional etching profile
defects must be avoided, among them bowing, notching, micro-
trenching and non flat bottom surfaces. Fig.2 shows the cross
section of the trenches obtained for different process recipes
(see Table I). We observe that the bowing effect is sensitive to
the mask opening size as seen in Fig.2a, and it improves for
the largest mask openings provided that the ratio of gas mix-
ture BCl3/Cl, is around 20. When the pressure increases up to
30 mTorr (T4), sidewall passivation deteriorates and bowing ef-
fects appear. This problem can be limited by increasing the N;
flow rate (TS), as observed in Fig.2b. The process T35, at 30
mTorr, with BCl3/Cl, ratio of 20:1 and adjunction of 5 sccm of
N, gas is adapted for microfabrication devices that require high
aspect ratio and good profile control as this recipe presents low
bowing effects on the side walls. This recipe also has the advan-
tage of providing high etching speed and a good selectivity on
resist masks. In general, the resist-mask obtained with photo-

T1 Gas

Straigth sidewalls

GaAs
——

T5

Figure 2. Cross-section of the trenches obtained for two process recipes :(a)
T1, and (b) TS. The profiles were etched at different pressures 10 mTorr and 30
mTorr, see the corresponding recipe in Table I, and presented in Fig.1(e).

lithography must be transferred vertically. However, the side-
wall angle formed between the top of the substrate and the resist
is never perfectly 90°, the resist could recess with the direc-
tive etching plasma and expose the top of the substrate ridges,
leading to deterioration (ie roughness). To avoid the roughness
sidewalls, the resist thickness is chosen so that only half of the
resist is consumed during the etching process. The minimum
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Figure 3. Flowchart of the microdevices manufacturing process: (a)-(b) Metal Lift-off; (c) plasma etching surface, (d) mask removal, and e) SEM micrographs of
the microdisk transferred from a Cr-mask to the GaAs substrate using T2 recipe. The spacing between each disk grouping was 100 um with diameter of 30, 50 and

80 um.

resist-thickness is governed by the equation:

Tmin>2><[

1 2
mask

where T, is the required minimum thickness of the mask

transfer in order to avoid faceting as well as rough sidewalls,

H is the desired etching depth, and S, is the selectivity of the

mask tranfer to that of the etching substrate.

Therefore, deeper etching requires thicker photoresist masks
during prolonged process but the resolution of the pho-
tolithography pattern transfer is then limited.  Although
thick photoresist-protected microstructures using chlorine-
based chemistries (BCl3 and/or Cl,) with Nj are attractive, they
cannot be adapted to the fabrication of submicron devices. The
challenges in the nanotechnology scale are very different and
need to be adjusted in consideration. In the next section, we
investigate the effect of hard mask for the manufacturing of mi-
crodevices as well as nanodevices to improve the selectivity.

3.2. Nanoscale

The increasing interest for the nanoscale has been focused on
GaAs nanopillars for various applications including solar cells
[29], nano-lasers [5], light emitting diodes [37] and others [38,
39]. However, the main difficulty in nanodevices manufacturing
lies in their dimensions: obtaining nanodevices with vertical
sidewalls of several um of depth, high aspect ratio and smooth
surfaces remains a technological challenge. It is well known
that deeper etching is not easy with thinner tone-resist masks
due to low selectivity and mask profile degradation during a
prolonged process. We have opted for the use of metal masks
for the nano-device fabrication process.

In this section, we manufactured micro-disks in order to val-
idate (Fig.3) the quality of the sidewall’s quality at the mi-
croscale and to pre-select recipes that might be used at the
nanoscale. In Nanoscale, we have used a process combining
electronic beam lithography (EBL) and a lift-off processes to

14 T T T T T T T
25
9C
12 o 04 éu -
t : E
N . ]
o 15 J
~ 10 E‘ B
€ 2] N Cu
(o] L - el e °
PR I . ]
o 7] é s N Ni ]
SO B e : | 9 ]
£ 1 0 - T o T s H 1
2 6 0 700 150 200 250 300 350 400 450 ]
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<)
< 4] ]
Al
] QoAu
24 [ QCu 1
0 4+————T
0 50 100 150 200 250 300 350

Young Modulus (GPa)

Figure 4. Physical properties of the common mask materials used in dry etching
chemistry, where p, E, and D are respectively the resistivity, the Young modulus
and the mass density [40].

create metal pattern on GaAs substrate [41, 42, 43, 44]. Fig.3a-
d presents the process steps for the inorganic masks obtained
with the deposition of a thin metal layer and a lift-off in acetone
at the microscale and nanoscale. Due to the brittle nature of
the material (thin layer and mechanical properties), the metal
cleanly fractures and easily lifts off. Based on the flow chart
presented in Fig.3, the starting mask was composed of 30 um
to 80 um diameter disks obtained by optical lithography and
nano-disks with diameters ranging from 450 nm to 550 nm pro-
cessed with EBL. The pitch between the nanodisks was 10 um x
20 um. All the samples at the microscale were etched five min-
utes whereas at the nanoscale, the etching time was reduced to
the range from 60 to 100 seconds due to a thinner mask layer
and a high aspect ratio.
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Figure 5. SEM profile obtained after 60 s of etching using T2 recipe : (a) with nickel mask (b) with the chromium mask with the defect of mask transfer, and (c) the
optimized lift-off providing the perfectly transferred nanopillar with chromium mask.

Among all possible materials, this study focuses on thin-
metallic masks. As presented in Fig.4, these masks have in-
teresting features, such as thermal conductivity, density, resis-
tivity, Young modulus and integration with electronics. Moving
from the micro- to the nanoscales requires a review of the se-
lected materials. Gold (Au) because of its high electrical and
thermal properties, is used as an electrical contact,but cannot
be suited as a hard mask because this metal is a bad mask for
plasma etching processes. We have selected chromium (Cr) and
nickel (Ni) with high Young modulus(>200 GPa), as a hard-
mask because of their high resistance to plasma etching and
their low redeposition on the sample during the etching (low
mass density (<10 g/cm?®), as seen in Fig.4).

In this technology process, the deposited thickness of each hard
mask was 150 nm of Cr, or 100 nm of Ni and validated with a
profilometer. The Cr masks presented straighter and smoother
sidewalls and seem the most suited for chlorinated chemistry
plasma etching. As expected, we have observed an increase in
selectivity of Cr-masks compared to the photoresist mask. The
Cr-mask has a lower etching rate (0.025 pum/min) compared
to the AZ9260 photoresist mask in the same BCls/Cly/Ar/N,
plasma chemistry. A selectivity > 60:1 is measured on the Cr
mask for an 28 ym etching depth of and a pressure of 30 mTorr,
compared to a selectivity of 16:1 on the photoresist mask in the
same etching condition. The addition of the N, improves the
sidewalls quality for the whole pressure range (10 mTorr - 30
mTorr). In Fig.3e, an under-etching is observable on top of the
disk (dark layer). This defect is the recessing effect due to the
use of a thin metallic mask for deeper etching. Concerning the
surface morphology, we observed that GaAs etched using the
photoresist mask and the Cr-mask was better in microscale us-
ing the T2-recipe.

However, at the nanoscale, the catalysis of the Ni mask oc-
cured at the top of each GaAs nanopillars as shown in Fig.5a.
This catalysis of Ni has precedently been observed with other
chemistries (Cly/N») by Jalabert et al. [20]. The use of Ni mask
results in domed round head GaAs nano-pillars. For this rea-
son, we have preferred the use of the Cr mask. However, Cr

mask leads to residues on the sides of the mask which remain
on the pattern after lift-off as it does not tear off well from the
sidewalls of the pattern as shown in Fig.5b. This is a common
problem with Cr which is exacerbated as the thickness of the
mask is increased, especially at the nanoscale. The optimized
lift-off presented in Fig.5c shows that we can provide a perfect
transferred nanopillar with chromium mask.

4. Discussion

In this ICP- DRIE study, we have investigated both photore-
sist masks and metal masks during the etching processes: mi-
crofabrication was optimized to achieve straight, smooth side-
walls and a deeper depth, while the nanofabrication etching
was improved to obtain the desired nanopillar shape. There are
many parameters in the processing such as pressure, coil power/
platen power and gas mixture, and we find that :

o Various demands on mask selectivity, etching rate and pro-
file can be met in the fabrication of the III-V compounds based
on this starting point recipes.

e Deep etching achieved at reasonably high etch rates using
a thick photoresist mask provides better flexibility.

e A baseline on controlling the profile of microdevices and/
or nanodevices opens a wide area of applications in one tool.

With these optimized processes we have successfully etched
trenches ranging from 10 ym of width and 30 um depth to
50 pum wide trenches with 117 um depth. The results give an in-
dication of the etching selectivities, with recommendations for
the optimal choice of pattern transfer processes for each type
of etch plasma chemistry during the manufacture of III-V de-
vices. The micromachined micro-disks fabricated in this work
have applications for terahertz microcavity lasers [6], as seen in
Fig.6.

We highlight the effects of chlorine-based GaAs etch plasma
chemistries on profile evolution and hence etch fidelity. Table
I and Fig.1b present results of these trenches, which have been
etched during 5 min. Low process pressure recipes (T1 and
T2) are beneficial for high-aspect ratio etching, as exchange of
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Figure 6. SEM image of the fabricated micro-disks using for terahertz micro-
cavity lasers.

species in narrow deep trenches is accelerated by higher mean-
free path of the gas molecules and radicals. However, at low
pressure of 10 mTorr, mask selectivity gets degraded to 4:1
due to physical plasma etching with a lower etch rate as pre-
sented in Fig.1b, thus limiting the etch depths. Moreover, for
the nanofabrication, processes at low pressure, for instance T1,
causes a necking profile, while with an increasing BCl3/Cl, ra-
tio up to 20 :1 (T?2), this necking effect was overcome.

For the photoresist and hard mask layers we compared the
processing results of GaAs etching using the recipe T2. Table
II summarizes the thickness, the etch rate and the selectivity of
each targeted mask materials. When the selectivity is too low, a
thicker mask is required to achieve the desired etching depths.
For these reasons, deep GaAs etching requires higher selectivity
masks. Ni shows a high selectivity for etching GaAs nanopil-
lars but appears to be inadequate for some applications, for
instance in the manufacturing of superconducting nanopillars
[29]. However, the nanopillars with high aspect ratio often col-

Table 2. Comparison of the different masks used in our work using an ICP-
DRIE reactor with the T2 recipe.

Mask AZ4562  Cr Ni
Thickness (um) 6 0.15 02
Mask etching rate (um/min) 0.34-0.45 0.05 0.02
Selectivity 4-16 60 75

lapse due to over etching of the sidewalls at their base. Due to
the better selectivity of Cr-mask, a thin mask layer was remain-
ing after completed the GaAs etching at higher pressure. The
profile was obtained with controlled under-etching as shown in
Fig.7a which is shaped with a top diameter of 450+20 nm and a
bottom diameter of 190+20 nm. Therefore, to protect sidewalls
at higher pressures, it is required to increase N, flow rate to pre-
vent lateral etching. A SEM image is presented in Fig.7b, using
a Cr-mask, which shows a tall nanopillar obtained using the op-
timized etching process (T5). With a N, flow of 5 sccm, such a
passivation layer prevents under-etching, leading to higher as-

AceV SpotMagn  Det WD |——— 2ym
500k 30 15000x SE 55

Figure 7. Cross-sectional SEMs, taken at 45° of high aspect ratio GaAs nanopil-
lars at 30 mTorr of a) 4.14 um tall GaAs nanopillar with the inset shows a
closeup, and b) 450 nm diameter and 5.6 um tall GaAs nanopillar.

pect ratios (e.g. 450 nm diameter and 5.6 um tall GaAs nanopil-
lar). Nevertheless, for N, flow rate >5 sccm at lower pressure
(20 mTorr), the addition can cause micromasking (rough sur-
face) due to the passivation effect. The verticality of the etch-
ing profile decreases with the increasing in etching time but the
mechanical stability of the nanopillars is unaffected up to 100
seconds.

In Table III, we have presented the manufacture of GaAs
nanopillars into two approaches: dry etching and wet etching
by using an ICP-RIE and MacEtch technology respectively.
Unlike the ICP-RIE, the Mactech technology is essentially a
wet etching based system with mechanisms involving a local-
ized electrochemical process. The latter can achieve anisotropic
high aspect ratio GaAs micro and nanostructures. However,
the sidewall is rougher than ICP-DRIE technology using chlo-
rinated chemistry [45].

In addition, the performances of III-V devices depend on
the geometry of the cavity (coupling with the electromagnetic
field) and the thickness of the active region (overlap with the
electromagnetic fields). Thick heterostructures (>20 um) are
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Table 3. Comparison of different GaAs dry etching techniques.

’ Reference Reference [29] Reference[21] Reference [20] Reference[45] Our work
Lithography EBL EBL EBL EBL EBL
Dry technology ICP-RIE ICP-RIE ICP-RIE MacEtch ICP-RIE
Combined with —_— — e wet etching e
Mask Al/Cr Al Ni Au Cr
Temperature 20 °C 20 °C 20-45 °C 40-45 °C 25°C
Chemistry Clz/Nz BC13/C12/A1‘/N2 Clz/Nz H2SO4 /KMHO4 BC13/C12/AI‘/N2
Diameter (nm) 50-400 520 30 500-1000 450-550
GaAs etching rate (um/min) 0.1 1.5 >5 1-2 >5
Height (um) of GaAs 22 2.85 1 <35 >5

achievable with long epitaxy time [46] or wafer-bonding of ac-
tive regions [47]. However, the heterostructure thickness results
generally in a cavity geometry with a high aspect ratio that is
challenging to fabricate. The high aspect ratio is particularly
critical for the etching of the active region, and a good combi-
nation mask/recipe is required to obtain a high quality etching
with vertical and smooth sidewalls.

This engineering work delivers methodologies, processes,
and tools to enable the efficient integration and exploitation of
GaAs compound technologies. We provide the manufacturing
and development of micro-and nano-technology-based devices
and chlorinated plasma chemistry in order to increase devices
reliability. These investigations also bring more attention in the
selective etching processes for other III-V semiconductor com-
pounds with potential applications in the manufacturing of the
optoelectronic devices and microsystems MEMS and MOEMS.
We believe that the present findings offer a new platform for
novel approaches to achieve efficiency and reliable manufactur-
ing.

5. Conclusion

This work reports on an optimized ICP etching process at the
micrometer and nanometer scale of GaAs substrate through our
optimized BCl3/Cl,/Ar/N; plasma chemistries conditions. For
microdevices manufacturing where straight and smooth side-
walls are requested, the photoresist masks or Cr-masks have
better results than Ni-mask. We highlighted the selection of the
hard mask properties towards the nanoscale, and some interest-
ing effects may arise. In particular, for the manufacturing of
nano-scale devices, a Cr-mask is necessary to increase the se-
lectivity as well as to reduce the surface roughness. The work
done here paves the way towards achieving microdevices and
nanodevices using III-V semiconductor compounds for various
applications in microelectronics, microsystems and optoelec-
tronics.
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