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Abstract—A novel and simple approach is demonstrated for fab-
ricating silicon nanowire arrays (SNWAs) with controllable side-
wall profiles. A single-step deep-reactive-ion etching (SDRIE) is
used to transfer the holography patterned photoresist template to
silicon or silicon-on-insulator substrates. With the SDRIE etching
process, scalloping of the sidewalls can be avoided while reserving
the high-mask selectivity over resist and high-etching rate. The
sidewall angle of resultant patterns can be adjusted by tuning the
composition of the gas mixture of the process. A modified-SDRIE
process with a linearly changed gas flow is further developed to
extend its capability. A post-high-energy argon plasma treatment
is used to create sharp tips on the top of SNWAs and to increase the
filling factor. Broadband antireflective (AR) window with a low re-
flectivity can be realized from tall SNWAs with high-filling factor.
Depositing silicon dioxide over SNWAs can further enhance the
AR performance. The position and bandwidth of the AR window
can be controlled by tuning the SNWA parameters.

Index Terms—Antireflection (AR), holography lithography, sili-
con nanowire array (SNWA), single-step deep-reactive-ion etching
(SDRIE).

I. INTRODUCTION

S ILICON nanowire arrays (SNWAs) have been extensively
used in many emerging technologies, including biomedical

sensing [1], chemical sensing [2], electronic field emission [3],
optical waveguiding [4], [5], field-effect transistors [6], and
photovoltaic devices [7]–[9]. Except for bottom-growth tech-
niques, a sequence of patterning and etching processes are usu-
ally required to realize nanostructures in semiconductors. Most
of nanostructures are patterned using electron-beam lithogra-
phy, which has the disadvantages of being time consuming and
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low throughput. However, holographic lithography is an attrac-
tive method for periodic pattern generation with high unifor-
mity over a large area. For transferring the SNWA patterns to
semiconductor structures, numerous etching schemes have been
reported for attaining high-aspect-ratio nanostructures. Most of
them require a metal hard mask for the following deep etch-
ing [10]–[13]. The metal hard mask may require an additional
liftoff step that will degrade the profile resolution and increase
process complexity. Recently, self-masked dry etching tech-
nique is proposed by depositing nanoclusters formed by reactive
gas mixtures [14], [15]. However, the resultant nanostructure
arrays are lack of regularity. Deep-reactive-ion etching (DRIE)
is mainly used for microelectromechanical systems (MEMS)
and microfluidic device fabrication. Multiple cycles of the two-
step Bosch process enable anisotropic etching of silicon with
high-mask selectivity [>200:1 for silicon oxide and >75:1 for
photoresist (PR)] and high-etching rate (several micrometer per
minute) [16]. The major concern for using this technique to
etch nanostructures is the scalloping of the sidewalls, where
the peak-to-valley height can be in the scale of several hundred
nanometers. Recently, researchers have demonstrated the use of
Bosch etching to realize submicrometer structures [17], [18] and
silicon nanopillar arrays with a high-aspect ratio and reduced
scalloping of the sidewalls [19]. However, the scalloping effect
is still a critical issue for etching deeper nanowires.

In this paper, we have realized 2-D resist templates by using
the holography lithography [20]. We developed a single-step
DRIE (SDRIE) scheme using Ar/SF6 /C4F8 chemistry to di-
rectly transfer the PR patterns into silicon-based structures. The
effects of various process parameters are investigated in order
to control the resultant profile. A modified-SDRIE process is
developed for obtaining tall SNWAs. A tip-sharpening scheme
is also developed to realize tapered nanowires with large filling
factor. The antireflection (AR) characteristics of the SNWAs re-
alized with the new fabrication schemes are then measured and
discussed.

II. SINGLE-STEP DEEP-REACTIVE-ION ETCHING

We developed a novel SDRIE technique for fabricating
SNWAs by simply using the PR template as the mask. For
the etching of silicon nanowires, we use a Plasma-Therm 770
SLR series system with a loadlock for deep-etching silicon pil-
lars. The system has an inductively coupled plasma (ICP) coil
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and a capacitively coupled substrate RF supply to independently
control the plasma density and ion energy in the system. This
system can be used to deeply etch silicon by means of the
conventional Bosch process, which cycles between a polymer
deposition cycle using C4F8 gas without substrate bias and an
etching cycle using a SF6 mixture with substrate bias. Due to
the isotropic etching nature of SF6 dry etching, it causes scal-
loping on the sidewalls. We developed a SDRIE process with
a controlled mixture of Ar/SF6 /C4F8 gas to avoid this scallop-
ing issue, while simultaneously achieve high-etching rate and
high-mask selectivity. Polymer deposition for protecting lateral
sidewalls and deep silicon etching proceed simultaneously in
the SDRIE process.

The difference in the etched profiles between the conventional
Bosch process and SDRIE can be clearly observed from Fig. 1
for etching a 2-μm-wide waveguide. Detailed information of
the process condition is listed in Table I. Although higher etch-
ing rate (∼2.3 μm/min) and higher selectivity (∼88.46) can be
obtained in the Bosch process, serious scalloping occurs on the
sidewalls (∼265 nm) of the resultant profile. On the contrary,
patterns with smooth and vertical sidewalls become possible by
using the SDRIE process. Although the elimination of the scal-
loping sidewall profile is achieved at the expense of reduction
in etching rate, around 300–400 μm/min of etching rate is still
comparable with the existing single-step approaches [21]–[24].
Table II shows the comparison of the proposed SDRIE with
other state-of-art single-step etching approaches. Cl2 /HBr/N2-
based etching technique has been widely used in IC manu-
facturing and known to have a good controllability over the
sidewall slope [21], [22]. SF6 /O2 /HBr-based etching technique
has shown the ability to realize high-aspect-ratio features in sil-
icon because silicon etching by F radical is a lot faster than Cl
and Br ones [23], [24]. However, both approaches require ox-
ide or nitride hard mask and relatively complicated control of
gas composition (three different gases involved) for deep silicon
etching. On the contrary, Ar/SF6 /C4F8-based SDRIE technique
provides high-etching selectivity over both resist (∼16) and
silicon nitride (∼32) materials. Directly pattern transfer from
resist template into silicon becomes possible by SDRIE pro-
cess, which is particularly useful for etching high-aspect-ratio
silicon nanostructures, since it is difficult to define nanometer-
scale patterns in very thick resist layers or thick oxide/nitride
layers. Unlike Cl2 /HBr/N2 and SF6 /O2 /HBr approaches, which
create SiOx or SiNx layers for sidewall protection, sidewall pas-
sivation in Ar/SF6 /C4F8-based SDRIE is achieved by directly
depositing polymers on the surfaces, allowing higher etching
selectivity. Besides, SDRIE only requires the control of gas
composition between two reactive gases (SF6 for etching and
C4F8 for passivation, the effect of Ar flow is neglectable).

Fabrication of SNWAs includes two steps: pattern forma-
tion by holography lithography and silicon etching by SDRIE.
2-D SNWA resist patterns are realized by means of two-beam
interference principle with double exposure and sample rotation
steps. The sample is exposed to a 1-D interfered stripe with a
sinusoidal intensity profile at 0◦ and 90◦ of sample rotation for
obtaining square-oriented 2-D periodic patterns. With an opti-
mized process procedure, the width of the resultant patterns can

Fig. 1. Schematic of etching process and the resultant profiles for (a) Bosch
and (b) SDRIE process.

be adjusted and fine-tuned by controlling the total exposure en-
ergy and development time [20]. In this paper, a 270-nm-thick
PR template (OHKA THMR-M100) rather than a thin one [18]
is used as the mask for deep etching. The SNWAs have a square
lattice with a lattice constant of 350 nm. High uniformity can
be achieved over a large area with the help of an AR coating
(ARC). Transferring PR patterns into the bottom ARC layer is
carried out by using the anisotropic O2 plasma using a conven-
tional RIE machine with an O2 flow of 10 sccm, a pressure of 10
mTorr, and a RF voltage of 250 V. The substrate is then etched
by SDRIE using the PR/ARC pattern as a mask. After SDRIE,
the remaining PR/ARC is removed by the isotropic O2 plasma
with an O2 flow of 20 sccm, a pressure of 80 mTorr, and a RF
voltage of 250 V. Finally, the substrate is cleaned with a Piranha
solution (H2SO4 :H2O2 = 3.75:1 by volume) at a lifted temper-
ature of 100◦C. The resultant structures are then characterized
using a SEM.

In order to control the SNWA profile, we will report the
effects on the resultant profile by varying the process conditions.
For comparisons, the reference process condition is set as the
flow rate of Ar, SF6 , and C4F8 being 20, 26, and 54 sccm,
respectively, the dc-bias power of 9 W, ICP power of 800 W,
and the chamber pressure of 19 mTorr.

A. Effect of Ar/SF6 /C4F8 Gas Mixture

The gas mixtures will affect the etching rate and slope of
nanowire sidewalls. The incorporation of Ar gas during the
SDRIE process is to stabilize the helium gas in the system.
The contribution of additional physical bombardment by Ar gas
to the silicon etching rate in the SDRIE process is relatively
small. Therefore, in this experiment, we vary only the relative
flow rate of SF6 and C4F8 from the reference condition. The
total flow rate of SF6 and C4F8 is fixed at 80 sccm. Fig. 2(a)
shows the silicon etching rate and the corresponding sidewall
angle against the gas flow rate of C4F8 . The C4F8-dominated
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TABLE I
ETCHING CONDITIONS OF BOSCH PROCESS AND SDRIE, AND THE CORRESPONDING RESULTANT PROFILES

TABLE II
COMPARISON OF THE PROPOSED SDRIE WITH OTHER STATE-OF-ART SINGLE-STEP ETCHING APPROACHES

Fig. 2. Etching rate and sidewall angle, as defined in (b), for different C4 F8
gas flow rate.

(SF6-dominated) process condition has lower (higher) silicon
etching rate and smaller (larger) sidewall angle. Here, the side-
wall angle is defined as the inner angle of the pillar, as shown
in Fig. 2(b). When the etching and deposition processes are bal-
anced, high-aspect-ratio patterns with vertical sidewalls can be
obtained. However, pillars with a tapered profile and a sharp tip
can be realized by increasing the flow rate of C4F8 . Undercut
can appear in the pillars as the SF6 flow rate rises, which may
lead to the collapse of patterns. In our previous report, we have
demonstrated hexagonal-oriented SNWAs with almost the same
height, but different sidewall angles by tuning the gas mixture
and etching time [25]. Here, the etching time is fixed at 3 min
for obtaining the variation of etching rate and SNWA profile un-
der different gas mixture. Lower C4F8 (SF6) flow rate results in
lower (higher) silicon etching rate and smaller (larger) sidewall
angles. Around 10◦ sidewall tunable angle is achieved, verify-
ing that tall SNWAs with controlled profiles can be realized by
adjusting the gas mixture.

B. Effect of Chamber Pressure

The chamber pressure can also affect the etching rate and
slope of nanowire sidewalls. SNWA samples are fabricated by
varying only the chamber pressure from the reference condition.

Fig. 3. Silicon etching rate and SNWA sidewall angle against the chamber
pressure.

The etching time is fixed at 5 min. Fig. 3 shows the silicon
etching rate and the SNWA sidewall angle against the chamber
pressure. The silicon etching rate is increased with the chamber
pressure due to the increased fluorine radical density [26], [27].
However, the increased fluorine radical density also causes the
undercut-etching problem. The saturation of silicon etching rate
happens as the pressure is higher than 19 mTorr.

C. Effect of DC-Bias and ICP Power

The degree of dissociation of fluorine is of primary impor-
tance in determining etching rate and profile shapes. As the
electromagnetic field induced by the ICP source power, a low-
source power process can lead to neutral-driven etching rather
than ion-driven etching. From our experimental results, the etch-
ing rate is relatively insensitive to the ICP source power.

To study the influence of dc-bias power on the SDRIE pro-
cess, SNWA samples are fabricated by SDRIE with the refer-
ence process condition except that the dc-bias power is set as
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Fig. 4. Etching rate of SDRIE and etching selectivity to resist template under
different dc-bias power.

4, 7, 9, 11, and 13 W, respectively. The etching time is fixed at
3 min. Fig. 4 shows the etching rate and selectivity of SDRIE
under different dc-bias power. Lowering the physical bombard-
ment on the wafer surface induced by the ion acceleration leads
to isotropic etching with undercut etching. By increasing the
dc-bias power, the addition of physical etching enhances the
etching rate of silicon and PR/ARC and minimizes the silicon
lateral etching rate, which will eliminate the pattern shrinkage.
However, in case that the physical etching process dominates,
the etching selectivity decreases as the dc-bias power rises. Be-
sides, the sidewalls become rough as a high-dc-bias power is
applied in the SDRIE process. The compromised value for the
dc-bias power of SDRIE is around 9 to 11 W, which will provide
an etching rate of around 3 nm/s, a selectivity of around 16, and
smooth sidewalls.

III. MODIFIED SDRIE AND TIP SHARPENING

A. Modified SDRIE With Linearly Changed Gas Flow

Low-silicon surface reflection can be realized with the help
of tall nanostructure arrays [29]. Tapered profile of nanostruc-
tures could further improve the AR properties [30]. The goal of
this paper is to realize tall silicon wire arrays with tapered rods
and moderate filling factor (radius to lattice-constant ratio). Al-
though the SDRIE process is good for making silicon nanopillar
arrays with a high-aspect ratio and smooth sidewalls, the issues
of pattern shrinkage, RIE-lag [26], and undercut etching may
limit the process flexibility. We can realize tall nanostructures by
increasing the etching time of SDRIE. However, as the etching
proceeds deeper, the etching rate in the vertical direction will
be decreased due to the RIE-lag effect. Thus, it will require a
longer etching time to achieve taller pillar structure. However,
the pattern shrinkage becomes serious for a long etching process
due to the lateral etching of the PR and silicon. For example,
the SDRIE A and B processes, as listed in Table III, result in
very narrow pillars as the height exceeds 900 nm. Thus, it is

difficult to realize tall nanowire structures, while maintaining
a large filling factor by using the SDRIE process. It can be
clearly seen from Fig. 3 that the lateral undercut is serious in
tall nanostructures, since it is hard for both the etching (SF6)
and protection (C4F8) gases to flow into the high-aspect-ratio
nanostructures. From Fig. 2, more C4F8 gas flow for sidewall
passivation is needed to achieve vertical sidewalls. The reduced
total gas flow inside tall nanostructures will result in the SF6-
dominated etching process, thus cause lateral undercut etching
in the bottom of pillars. Serious lateral undercut may lead to the
collapse of patterns.

From Fig. 4, the pattern shrinkage problem can be reduced
by increasing the physical bombardment (increase the dc-bias
power) and decreasing the chemical etching (decrease/increase
the SF6 /C4F8 gas flow). To verify this point, we change the
bias power from 9 to 13 W and the SF6 /C4F8 gas mixture from
26/54 to 25/55 sccm. The process condition and resultant profile
is listed as “SDRIE C” process in Table III. After 5 min etching,
a 906-nm-tall silicon array can be realized to have an improved
filling factor of 0.13 and vertical sidewalls.

In order to obtain silicon wire arrays with larger filling factors,
we demonstrate here a “modified SDRIE” process, as listed in
Table III, by linearly changing the gas flow. During the process,
the flow rate of C4F8 (SF6) changes linearly from 55 (25) to 55.8
(24.2) sccm in five steps. Silicon nitride (SiNx) is used as the
hard mask for deep silicon etching. A stronger hard mask is also
good for maintaining the width of the resultant patterns. Pattern
transfer from PR/ARC into SiNx is carried out by anisotropic
CHF3 plasma etching. The etching time in each step is set to
1.5 min. Higher bias power (13 W) is used to eliminate the
pattern shrinkage. The resultant profile after each step of the
process is shown in Fig. 5 and the corresponding parameters are
summarized in Table III. The pillar height can reach 632 nm
after 3 min etching (after step 2). A 1340-nm tall and tapered
silicon wire array with an aspect ratio of 10.89 and a filling
factor of 0.18 is obtained with a total etching time of 7.5 min
(after step 5).

B. Tip-Sharpening Process

Another approach for making nanotip array is to utilize the
post-tip-sharpening process. Tip sharpening can be performed
by using high-energy argon plasma treatment after the SDRIE
etching. In the experiment, two set of samples with almost the
same sample area are fabricated by the SDRIE process to have
a height of 464 nm (Sample A) and 880 nm (Sample B), respec-
tively. These samples are then exposed to the plasma atmosphere
for 20 min with an argon gas flow of 20 sccm, a chamber pres-
sure of 80 mTorr. The RF-bias voltage is varied from 50 to
500 V for observing the tip-sharpening process.

Fig. 6 shows the SEM photos of resultant profiles after postar-
gon plasma treatment for different RF-bias voltages. It can be
found that a bias voltage of 50 V for the tip-sharpening process
has little effect on the resultant pattern profiles. The top of the
pillars become rounded as the bias voltage is raised to 200 V.
The tip sharpening of Si pillars happens with a bias voltage of
350 V or larger. We believe that the tip-sharpening effect is due
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TABLE III
COMPARISON BETWEEN THE ORIGINAL AND MODIFIED-SDRIE PROCESS

Fig. 5. SEM views of resultant profiles after each step of the modified SDRIE with linearly changed C4 F8 /SF6 gas flow.

Fig. 6. SEM views of resultant profiles (Samples A and B) after postargon plasma treatment with different RF-bias voltages.
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Fig. 7. Height and width of resultant profiles (Samples A and B) after postar-
gon plasma treatment with different RF-bias voltages.

to the existence of higher electric field at the pillar edges, result-
ing in an enhanced sputtering rate there. However, the height of
resultant patterns decreases as the bias voltage increases because
of the enhanced physical bombardment, as shown in Fig. 7. It is
interesting to find that the width of resultant patterns increases
with the bias voltage. This might be due to the fact that the sili-
con material of pillar arrays is sputtered out and attached on the
sidewalls, resulting in an increase in the filling factor of silicon
wire arrays.

IV. OPTICAL REFLECTION

A. Modified-SDRIE Realized SNWAs

We have fabricated tall SNWAs with moderate filling factor
by using the modified-SDRIE process. Optical reflection spectra
of the resultant SNWA samples are characterized using a spec-
trophotometer (Filmetrics F20-UV). Fig. 8 shows the reflection
spectra of the SNWAs after each step of the modified-SDRIE
process. Since the resultant SNWAs are not tall enough after step
2 of the modified SDRIE, the reflection can be as high as 25%
in the visible region. The AR effect is improved as the SNWAs
become taller and tapered. The reflectivity between 550 and
700 nm of wavelength can be as low as 0.2% for the SNWAs
after step 5 of the modified SDRIE. The reflectivity can be less
than 7% over the whole visible region.

B. SNWAs After Argon Plasma Treatment

The argon plasma treatment after SDRIE etching can be used
to sharpen the tips of SNWAs and to increase their filling factor.
Fig. 9 shows the reflection spectra of the SNWAs after argon
plasma treatment with different RF-bias voltages for Sample A
and B in Figs. 6 and 7. Since the original SNWAs of Sample A
are relatively short, low reflectivity can only be obtained over a
narrow wavelength range. The lowest reflectivity for the original
Sample A is around 3% at 625-nm wavelength. The reflection
spectrum of Sample A after 200 V argon treatment is slightly
improved to be around 2.4%. For Sample A, after 500 V argon
treatment, the height and width of the resultant SNWAs change
to 173 and 211 nm, respectively, with sharp tips on the top. Due

Fig. 8. Measured reflection spectra of SNWAs after each step of the modified
SDRIE with linearly changed C4 F8 /SF6 gas flow, as listed in Table III.

Fig. 9. Measured reflection spectra of Samples A and B in Fig. 6 after postar-
gon plasma treatment with different RF-bias voltage.

to the shallow nanostructures, the resultant SNWAs lose the
photonic crystal property, but provide surface roughness effect,
resulting in an around 10% reflectivity throughout the visible
region.

For the taller Sample B, the minimum reflectivity is around
1.2% in the visible region. The reflectivity is slightly reduced to
be around 1% after 200 V argon treatment. The height and width
of resultant SNWAs change dramatically to 543 and 236 nm,
respectively, after 500 V argon bombardment. With sharp tips
on the top and enlarged filling factor, 33.7%, the low-reflectivity
window is red-shifted. The reflectivity is increased for shorter
SNWAs.

C. SiO2 Coated SNWAs on Silicon-on-Insulator Substrate

The SNWAs reported in previous sections are fabricated on
bare silicon substrate. In this section, we address the properties
of SNWAs on silicon-on-insulator (SOI) wafers, which are of-
ten used for fabricating optical ICs or thin-film optoelectronic
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Fig. 10. Measured reflection spectra of bare SOI, 250-nm-tall PR/ARC tem-
plates on SOI, 700-nm-tall square SNWAs on SOI, and the 700-nm-tall SNWAs
coated with a 186-nm-thick SiO2 film.

devices. The SOI wafer contains a 2-μm-thick silicon dioxide
as the intermediate layer and a 6-μm-thick silicon layer on the
top. SNWA samples are fabricated using the SDRIE process.
Fig. 10 shows the reflection spectra of the bare SOI, 250-nm-
tall PR/ARC templates on SOI, 700-nm-tall SNWAs on SOI, and
the 700-nm-tall SNWAs coated with a 186-nm-thick SiO2 film.
The SiO2 film is deposited by plasma-enhanced CVD (PECVD)
over the tall SNWAs to serve as a buffer layer between SNWAs
and air.

Lower reflectivity of PR/ARC templates on SOI is due to
its lower effective index, which serves as a buffer layer be-
tween air and silicon substrate. Reduced reflectivity over the
UV wavelengths is due to the absorption characteristic of the
ARC film. SNWAs on the SOI substrate can provide lower re-
flectivity than the bare SOI wafer over a wide wavelength range
due to its deeper subwavelength structure. The overall reflectiv-
ity of this nanostructure is below 20% in the entire UV to visible
region and is around 2.5% in the wavelengths between 500 and
550 nm. The reflectivity is further reduced by depositing a SiO2
film on top of the SNWAs. The reflectivity is below 10% over
the entire UV to visible region and below 1% for the wave-
lengths between 500 and 600 nm. It verifies that SNWAs coated
with a SiO2 film of right thickness can also improve the AR
performance. Since SOI wafer contains Si–SiO2–Si structures,
multicavity resonance can be observed in the longer wavelength
side of the reflection spectra.

D. Change of AR Spectra With SNWA Parameters

To figure out how the SNWA parameters affect the character-
istic of AR window, we fabricated several SNWA samples on
SOI substrate to have different widths, lattice constants, and
heights. Fig. 11(a) shows the reflection spectra for SNWAs
with different holography exposure time that leads to differ-
ent pillar widths. The SNWAs with smaller pillar width have
blue-shifted reflection spectrum and reduced bandwidth of AR
windows. Fig. 11(b) compares the reflection spectra for SNWAs
with different lattice constants. Again, the low-reflectivity win-
dow becomes narrower and moves to shorter wavelengths for
the SNWAs with a smaller lattice constant. The trend shown

Fig. 11. (a) Measured reflection spectra of 330 nm spaced square SNWAs
on SOI substrate with different exposure time during holography for obtaining
different pillar widths. (b) Measured reflection spectra of SNWAs on SOI sub-
strate with different lattice constants. (c) Measured reflection spectra of square
SNWAs on SOI substrate with different SDRIE etching time for obtaining dif-
ferent pillar heights.

in Fig. 11(a) and (b) agrees with the rigorous coupled-wave
analysis (RCWA) simulation results. Fig. 11(c) shows the re-
flection spectra for the SNWAs with different SDRIE etching
time that result in different pillar heights. The RCWA simulation
indicates that taller SNWA results in the broadening and red-
shifting of the AR spectrum. However, for SNWAs realized by
the SDRIE process, pattern shrinkage in taller SNWAs leads to
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TABLE IV
OPTICAL PROPERTY VARIATION FOR DIFFERENT SNWA PARAMETERS

smaller pillar width because of the lateral silicon etching. Thus,
the overall reflection spectrum is broadened, but blue-shifted,
as shown in Fig. 11(c). The effects of the SNWA parameters on
the AR property of SNWAs are summarized in Table IV.

V. CONCLUSION

A novel and simple approach for fabricating tall SNWAs
with high uniformity is demonstrated. PR templates realized by
the holographic lithography can be used directly as the mask
for the SDRIE etching. The SDRIE process with a controlled
mixture of Ar/SF6 /C4F8 gas can be used to attain smooth and
controllable sidewalls on the resultant SNWA patterns, while
simultaneously keeping the advantages of high-mask selectivity
and high-etching rate. The sidewall angle of resultant patterns
can be adjusted by adjusting the composition of the gas mixture
of SDRIE process. A modified-SDRIE process with a linearly
changed gas flow is developed to solve the undercut-etching
issue, to eliminate the pattern shrinkage by using a higher dc-bias
power and a stronger hard mask. The high-energy argon plasma
treatment after SDRIE etching can be used to increase the filling
factor and create sharp tips on SNWAs. This postetching process
can be used to amend the reflection spectra of SNWAs.

We also demonstrate that SNWAs coated with a SiO2 film can
be used to obtain good AR performance, which is comparable
to what we have achieved from tapered SNWAs [8]. How the
SNWA parameters affect the characteristic of AR window is also
investigated. With increased height, width, and lattice constant
of SNWAs, the AR window will be widened and red-shifted.
The highly ordered SNWAs fabricated with the SDRIE process
and the postetching treatment can be used for reducing surface
reflection with high controllability.
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