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Abstract

We have fabricated porous silicon nanopillar arrays over large areas with a rapid, simple, and low-
cost technique. The porous silicon nanopillars show unique longitudinal features along their entire
length and have porosity with dimensions on the single-nanometer scale. Both Raman
spectroscopy and photoluminescence data were used to determine the nanocrystallite size to be < 3
nm. The porous silicon nanopillar arrays also maintained excellent ensemble properties, reducing
reflection nearly fivefold from planar silicon in the visible range without any optimization and
approaching superhydrophobic behavior with increasing aspect ratio, demonstrating contact angles
up to 138°. Finally, the porous silicon nanopillar arrays were made into sensitive surface enhanced
Raman scattering (SERS) substrates by depositing metal onto the pillars. The SERS performance
of the substrates was demonstrated using a chemical dye Rhodamine 6G. With their multitude of
properties (i.e., antireflection, superhydrophobicity, photoluminescence, and sensitive SERS), the
porous silicon nanopillar arrays described here can be valuable in applications such as solar
harvesting, electrochemical cells, self-cleaning devices, and dynamic biological monitoring.

1. Introduction

Reducing the dimensions of bulk materials to the nanometer-scale can introduce unique
characteristics strongly related to the size of the structures. For example, porous silicon and
silicon nanowires and nanopillars have demonstrated that nanoscale dimensions can
correspond to important fundamental changes in the electronic band structure of the
material, which can influence electronic, optical, and thermal material properties [1-9]. A
large number of these studies have been motivated by the possibility of light emission from
silicon-based materials, as it presents an attractive opportunity to bridge current gaps
between photonic and electronic circuits [10-12]. Indeed, both porous silicon and silicon
nanowires have demonstrated luminescent properties, generally attributed to quantum
confinement of the electron wave functions inside the nanosized material [13-19]. In a
similar regard, nanoscale dimensions can also effectively confine lattice vibrations, or
phonons, to significantly alter heat dissipation and improve thermoelectric performance
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[20,21]. Finally, decreased nanostructure size corresponds to increases in the surface area to
volume ratio, which have been exploited for a variety of biochemical surface-based sensing
techniques [22-30]. Strong interest in silicon-based nanostructures will continue while it
remains the major workhorse of the microelectronics industry.

Both porous silicon and silicon nanopillar/nanowires have been fabricated with nanoscale
dimensions during wet etching in the presence of bulk silicon. Generally, a galvanic cell is
used to drive an electrochemical reaction to form porous silicon from single-crystalline Si
wafers [25]. The porosity is usually initiated at energetically favorable nucleation sites,
where a locally enhanced etch rate leads to nanoscale porosity [31]. Metal-catalyzed
chemical etching has also demonstrated the production of porous silicon using a random
network of metal nanoparticles to define pore etching sites [32,33]. The metal acts as a
carrier transport layer to locally remove charge from the adjacent silicon, making it
vulnerable to a chemical etchant [34,35]. Nanopatterned metals have utilized this principle
to produce ordered arrays of one-dimensional silicon nanostructures by creating relief in a
flat Si wafer surface [36—38]. Although improvements in nanofabrication have steadily
decreased the size of these nanostructures, it is still difficult to produce uniform size
distributions in the sub-10 nm regime where quantum confinement becomes relevant
[18,39].

In this regard, multiscale porous nanostructures with size on the order of hundreds of
nanometers and porosity on the order of single nanometers can bridge the gap between the
mesoscopic and quantum regimes. Although both porous silicon and silicon nanopillars/
nanowires have been thoroughly studied [31,40-48], limited studies have been conducted on
the combine system, i.e., porous silicon nanopillars. Such a combine system offers the
unique possibility of integrating advantages from multiple length scales into a single
material or device. Deep subwavelength (<10 nm) porosity, for instance, can have
significant effects on the electronic and optical properties of the materials, while
wavelength-scale periodicity can affect mechanical and optical surface properties including
wetting and reflection [49,50]. Structures with such diverse properties offer exciting
potential for use in a variety of applications including optoelectronics, optomechanics,
electromechanics, and a number of sensing-based systems [41-53].

In this work, we developed a multifunctional nanoporous silicon nanopillar array through a
simple fabrication procedure and characterized it for a variety of potential applications in
biology, chemistry, optics, and electronics. Our method can fabricate highly uniform
nanoporous silicon nanopillars with ordered arrays covering up to cm?, and it can be realized
at very low-cost—an important feature for a variety of potential applications. The pillars
reported here have several unique characteristics, including sharp, longitudinal grooves from
the metallic mask and nanometer-scale porosity. The nanoporous silicon nanopillar arrays
demonstrate a reduction in the reflection from a polished Si wafer and a strong resistance to
wetting by water-based solutions due to the long-range periodic nature of the nanopillar
array. They were further used as sensitive surface enhanced Raman scattering (SERS)
substrates after the deposition of a metal coating. This work demonstrates the versatility of
porous silicon nanopillar substrates, and discusses their potential applications in sensors,
solar cells, electronics, electrochemical cells, and self-cleaning devices.
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2. Experimental details

Fabrication Procedure

The porous silicon nanopillar arrays were fabricated in two major steps: nanosphere
lithography [54-57] to fabricate a hexagonal nanohole array in a thin gold film (Fig. 1la—1d)
and a subsequent wet chemical etch of the underlying (100) silicon substrate (Fig. 1e). Each
step involved in the fabrication procedure (e.g., nanosphere self-assembly, reactive ion
etching, metal-catalyzed silicon etch, metal deposition) is described in detail in the
following sections. We demonstrate that this procedure can be used to introduce single-
nanometer scale porosity and surface features to the nanostructures (Fig. 1f).

Nanosphere Self-Assembly

In nanosphere self-assembly, the polystyrene monolayer was prepared as previously
reported [58-67]. First, Corning glass microscope slides were cut into approximately 1”
squares and ultrasonicated for 1 h in piranha (3:1 H,S04:H>0,) then 1 h in RCAL (5:1:1
H>0:NH40H: H,0,) to thoroughly clean the surface. Later procedures substituted extensive
plasma cleaning (20 min in a Harrick Plasma Cleaner at approximately 10.15 W) to achieve
comparable surface cleanliness as seen through surface wetting.

The freshly cleaned, superhydrophilic glass slides were mounted into a spin coater with 10—
20 pL of stock 1 um polystyrene beads from Bangs Laboratories. A uniform coating of the
beads was achieved by slowly dispersing the beads onto the substrate in a spiral pattern
outward from the center. The substrate was then spun between 400 and 600 rpm for 3 min
until the majority of the solvent had evaporated. The liquid remaining at the corners was
removed with a lint-free tissue. The dried substrate was then slowly immersed into
deionized water at an angle of approximately 60° to the surface normal. A polystyrene
monolayer was detached from the sample surface and allowed to float on top of the liquid
surface. The monolayer was picked up by a piece of a silicon (100) wafer that had been
sonicated in ethanol for 10 min. Finally, the silicon substrate and monolayer system was
allowed to completely dry in air.

Reactive lon Etching and Gold Deposition

Before reactive ion etching (RIE), the samples were heated to 110 °C for 10 min to affix
their lattice positions by inducing a slight material deformation. A Plasma-Therm 720 was
used with various etch time (0.5-5 min), RF power (75-125 W), and base pressure (20-80
mTorr) to reduce the diameter of the polystyrene spheres. Scanning electron microscopy
(SEM) (Zeiss Leo 1530) was used to characterize the etch results and examine the resulting
surface roughness. Gold was deposited in a Kurt J. Leskar Electron-Beam Evaporation
system at base pressures below 2 x 1076 Torr; the gold films used for the chemical etch were
10 nm thick and deposited at 0.5 A/s. Optionally, the polystyrene nanosphere template was
removed via scotch tape or sonication in CH,Cl,.

Metal-Catalyzed Silicon Etch

The etchant solution was prepared by adding 160 mL of deionized water to a plastic
container, followed by 40 mL of 49% HF and 2 mL of 30% H»O,. During the etch, bubbles
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were periodically removed from the surface of the samples via gentle agitation in efforts to
ensure a homogenous etch. The etch was monitored using the change in color of the silicon
substrates, gradually getting darker with increased etch time. Finally, samples were taken
out after a specified amount of time (30, 60, or 90 min) and thoroughly rinsed with
deionized water and dried.

Optical Measurements

Contact angle measurements were taken with a commercial wetting angle apparatus (FTA
1000B, First Ten Angstroms) equipped with a rotational stage and video camera. The
experiments were carried out in ambient laboratory conditions without control of the relative
humidity. To measure each static contact angle, a 10 pL droplet was carefully placed on the
desired substrate; after a brief pause to let the system equilibrate, the image of the droplet
was taken. The contact angle was determined both by the commercial software package
included in the wetting angle apparatus and a free software package: ImagelJ. Reflection
measurements of the porous silicon nanopillar arrays were taken with a Perkin-Elmer
Lambda 950 UV-VIS-NIR Spectrophotometer. A specialized accessory allowed the
instantaneous collection of the absolute reflectance between 300 and 800 nm. The sample
collection area was approximately 4 mm x 4 mm and covered a small portion of the porous
silicon nanopillar substrate.

Metal Deposition and SERS Experiments

Two methods were attempted to deposit a thin conformal metal film onto the porous silicon
nanopillar substrates. The first was an electrochemical method which used a two-electrode
configuration driven by a constant potential. The electrolyte solution was prepared by
dissolving 0.4 g AgNO3 and 0.4 g H3BOg3 into 40 ml deionized water. The silicon nanopillar
array served as the working electrode with a piece of Pt foil used for the counter electrode.
All of the samples were driven with a potential of 2 V for 2 min. The second method utilized
a thin film sputter coater (Bal-Tec 050 Sputter Coater) without substrate biasing to deposit
approximately 20 nm of gold. The gold was sputtered below 5 x 1072 in three 180 s intervals
to ensure that the system did not build up too much heat. Additionally, the gold-sputtered
substrate was heated to 500 °C to alter the film morphology on the pillar surfaces.

To prepare the substrates for SERS measurements, they were incubated in 1 uM of a
Rhodamine 6G (R6G) dye overnight and then rinsed with water to ensure monolayer of R6G
molecules attached. The SERS measurements were made on a WITec CRM 200 Confocal
MicroRaman system equipped with four laser lines. All the measurements taken in this
report used a 488 nm laser with a 40x objective. A DV401A-BV He cooled CCD was used
in conjunction with a Pl Acton 2300i Spectrograph to collect the IR spectra with a resolution
of approximately 0.39 nm. Finally the laser power used in the experiment varied from 15 to
30 mWw.
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3. Results and discussion

Fabrication and Characterization of Porous Silicon Nanopillar arrays

The first step in the fabrication procedure used nanosphere lithography to produce nanoholes
in a gold film. The resulting arrays had long-range order on the length of centimeters with
large grain sizes and minimal lattice defects. An oxygen-based RIE was used to reduce the
diameter of the close-packed polystyrene nanospheres, introducing a tunable gap between
the structures based on the duration of the etch. Fig. 2 demonstrates the variation in
geometric parameters with etch time, roughly demonstrating a linear etch rate. The
capacitively-coupled plasma, in addition to reducing the diameter of the polystyrene beads,
also introduces surface roughness to the exposed bead surface that increases with increased
etching time. The origin of the surface roughness remains unclear, although it has been
proposed that it might originate from highly mobile surface monomers on the polystyrene
surface [68]. Regardless of the mechanism, the roughness is highly repeatable and can be
carefully controlled using the RIE etch parameters. In this experiment, the sharp nanoscale
features associated with the polystyrene roughness were transferred to the circumference of
the gold nanohole using a highly directional e-beam PVD deposition method (Fig. 2). These
features can be seen in the nanohole patterns in Fig. 2, but are more evident as longitudinal
features along the length of the pillars in Fig. 4. Despite the lack of an adhesion layer,
omitted because of the gold’s role in the subsequent etch, the gold film maintained the sharp
features from the polystyrene mask with excellent precision (Fig. 2b, 2d, and 2f).

As seen in Fig. 2, the 2-D surface roughness of the etched polystyrene spheres is essentially
projected onto the 2-D silicon surface to create the gold nanohole template with line-
roughened edges. These features were maintained throughout the wet chemical etching of
silicon due to the highly anisotropic nature of the etch in the (100) direction. The
directionality of the etch was enhanced by using a very high etch parameter (0 =0.97 where
p =[HF)/([HF]+[H20,]) to ensure that the etch process was limited by the rate of hole
injection into the silicon. Minimizing hole diffusion away from the gold-Si interface is vital
to confining the Si etch locally to the interface. The longitudinal grooves, produced from the
line-edge roughness in the gold nanoholes, are on the order of 1-10 nm in size with little
variation along the entire length of the pillar. In fact, these surface features demonstrate
aspect ratios well over 2000 and can be tuned via the oxygen RIE in the polystyrene etch
step.

To examine the collective effects of periodic silicon nanopillar arrays, the height and
subsequently aspect ratio of the silicon nanopillars was controlled by varying the duration of
the catalytic etch with constant nanopillar diameter. Figs. 3b, 3c, and 3d show pillars that
were created by etching for 30, 60, and 90 min respectively. The corresponding pillar
heights were approximately 1.60 um, 3.69 um, and 7.38 um. And the corresponding aspect
ratios were approximately 2, 5, and 10. The overall etch rate for these samples was between
50 and 90 nm/min, but was strongly dependent on the etch conditions, including the
chemical composition of the etchant, temperature of the bath, development of gaseous
byproducts, and substrate itself. The etch rates presented here are lower than some
previously reported works, most likely due to the low H,O, concentration limiting the
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process speed [32,66]. It is possible to drastically improve the aspect ratios of the structures
simply by reducing the radius or increasing the etch time, however, high-aspect-ratio pillars
are difficult to dry without introducing tip bundling at the tips.

The silicon nanopillar produced in this report also exhibit unique nanoscale porosity. The
thickness of the overall pillar prohibits TEM characterization, but the pore-size appears to be
on the order of single nanometers from the high-resolution SEM images (Fig. 4).
Additionally, earlier studies have shown that porosity can be characterized by its effect on
the energy of the longitudinal optical (LO) phonon in silicon [3]. Fig. 4d shows that the LO
peak shifts to lower wavenumbers in the porous silicon nanopillar substrates when compared
to the crystalline silicon (c-Si). The energetic shift of the LO peak has been attributed to
phonon confinement in quasi-spherical nanocrystallites, and can be used to model the
crystallite size. The silicon nanopillars in this experiment demonstrate a LO phonon peak at
approximately 509 cm~1 and correspond to a nanocrystallite size of 2-3 nm [3]. These
estimations agree well with the photoluminescence data described in later sections (Fig. 8).

Nanoscale porosity in silicon has been reported in the catalytic etching of highly doped
silicon substrates (0.01-0.001 Qcm™1), under highly oxidizing chemical environments (o =
0.3), and in Ag-containing solutions. The previously proposed mechanisms for the non-local
etching (i.e., etching at defect sites, hole diffusion, and ion diffusion) cannot satisfactorily
explain the porosity developed in this work. Generally, defect sites on the silicon surface do
provide favorable sites for etch nucleation, however, the lightly doped substrates in this
experiment (10-100 Qcm™1) have much lower defect concentrations than the substrates used
in [44]. Additionally, control samples (i.e., clean silicon wafer) do not develop any porosity
when subjected to the same etch conditions. Hole diffusion away from the catalytic interface
has been demonstrated to cause porosity in Si in experiments where the etching regime is
limited by the amount of corrosive element (HF) supplied to the surface, although the
reported porosity does not closely resemble the nanoporous structure seen here [32]. Further
control experiments with planar thin gold films indicate that the porosity is not confined to
the immediate vicinity of the gold-Si interface, but extend up to millimeters away from it.
Furthermore, the porosity is uniform regardless of its proximity to the catalytic interface,
and should therefore not rely on the diffusion of holes away from the gold surface. Finally,
gold has excellent chemical stability, which prevents the dissolution of the catalytic film into
free Au+ ions in solution. The extremely high aspect ratios of the surface features also point
to the fact that the integrity of the gold film was maintained throughout the etching process.
While reasonable explanations have been proposed for the development of porosity in
catalytic silicon etching under various conditions, they cannot fully explain the results from
these experiments, suggesting that a different underlying mechanism is behind the porosity
observed here. Further work needs to be done to fully elucidate the mechanism at work here,
however, the presence of the gold and highly non-local nature of the porosity point to
transport effects through the etchant solution at the silicon interface.

Antireflection Properties of Porous Silicon Nanopillar Arrays

Fig. 5 plots the absolute reflectance of three porous silicon nanopillar samples etched for 30,
60, and 90 min at both 10° and 45° incidence (B) over the visible spectrum. The shape of the
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reflection curves is generally consistent with a polished silicon wafer, although a wafer
generally has a reflectance of about 35% in the visible range and nearly 80% in the UV [69].
From Fig. 5, the porous silicon nanopillar structures reduce the reflectance approximately
twofold (30 min etch) or nearly fivefold (60/90 min etches) compared to the polished
silicon, with the longer pillars generally exhibiting reflectance below 10% in the visible/NIR
range. The porous silicon nanopillar geometry used in this work is not optimized for
reflection reduction and could be improved by optimizing the aspect ratio and period. Fig. 5
also indicates that the nanostructured substrates effectively reduce reflection for a broad
range of incidence angles, shown through the reflectance curves at both 10° and 45°
incidence (8). The reduced reflection is consistent with previous reports on structured silicon
arrays and indicates that the porosity does not diminish the ensemble properties of the
porous silicon nanopillar arrays [70,71].

Superhydrophobicity Properties of Porous Silicon Nanopillar Arrays

Fig. 6a plots the contact angle of a water droplet on substrates with various pillar heights,
including an angle of 94° for the water on a flat Si substrate. The images in Fig. 6b, 6¢c, and
6d are taken for the porous silicon nanopillar samples etched for 30, 60, and 90 min. Our
results show that increasing the height of the nanostructures causes the water contact angle
to increase, up to nearly 140° in this case—this observation is consistent with other reported
works [72,73]. To qualitatively explain the wetting behavior, we fit the data with Cassie and
Baxter’s model. Comparing the model to a fit of our data, we were able to extract
approximate values of the areal fraction of the liquid-solid interface (red curve in Fig. 6a).

The results indicate that increasing the pillar height simply increases the amount of air that is
trapped underneath the liquid, and only small portions at the top of the nanopillars are
exposed to the liquid. The minimal surface area in contact with the liquid could be
invaluable for a variety of biosensing and lab-on-a-chip applications.[74-801 As before, the
porous silicon nanopillar arrays developed in this work were not optimized for applications
in hydrophobicity and can be further improved by tuning the geometric parameters of the
arrays.

SERS Properties of Porous Silicon Nanopillar Arrays

In order to use the porous silicon nanopillar arrays for SERS substrates, metal deposition
onto the porous silicon nanopillar surfaces was accomplished via two mechanisms:
electrochemical plating and sputtering. These two methods were utilized in an attempt to
deposit a conformal film onto the surface of the pillars to utilize their nanoscale features for
large volumes of electromagnetic field enhancement.

In the first approach (i.e., electrochemical deposition of Ag), the pillars served as nucleation
points for metal particle growth. As growth proceeded, the isolated Ag particles made
connections to form a mesoscale Ag network. Characterization indicates that the Ag growth
can occur between the silicon nanopillar below the surface of the original substrate, although
it is much less common. Precise control of the growth conditions was required to prevent the
formation of a continuous Ag film. The second attempt to deposit a thin metal film on the
pillar surfaces utilized a thin film sputter coater to coat the substrates with Au. The
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deposition resulted in a continuous gold film only at the top surface of the silicon
nanopillars. A subsequent treatment at 500 °C helped redistribute some of the metal to the
nanopillar sidewalls. The resulting morphology is that of a continuous film on the top
surfaces of the pillars with a discontinuous nanoscale network of Au particles covering the
nanopillar sidewalls. Our results indicate that the silicon nanopillar arrays can perform as
excellent SERS substrates and potentially be improved by reducing the nanopillar diameters
on the order of 100 nm for stronger plasmonic enhancement.

To examine the SERS performance, we used a popular chemical dye — Rhodamine 6G,
because of its well documented Raman transitions. A representative SERS spectrum from
the Rhodamine 6G on the Ag-coated silicon nanopillar substrates incubated in R6G is shown
in Fig. 7. We note that the prominent peaks at 1651, 1576, 1510, 1362, 1127, 775, and 614
cm~1 are all consistent with literature on the Raman transitions of the Rhodamine 6G
molecule [81-83]. We also note that the smaller peaks at 1190, 1305, and 1410 cm™1 can
potentially be attributed to unreacted agents or byproducts left behind from the solution-
phase electrochemical deposition. The spectrum is given from the Ag-coated substrates
because they resulted in a stronger SERS response from the Rhodamine 6G. The strong
SERS spectra in Fig. 7 indicates that these substrates can be used for sensitive SERS
detection, as the Rhodamine 6G Raman signal on a bare silicon wafer cannot be detected at
all with the same setup.

Photoluminescence Properties of Silicon Nanopillar Arrays

Finally, photoluminescence from the nanopillar structures was examined using a laser
excitation at 405 nm. The 3 mW laser was coupled through an attenuator and microscope
before being filtered out of the collection beam. We noted that the relatively high laser
power (MW range) generally caused beam-induced morphology changes localized to the
focused laser spot and subsequently utilized the attenuator to diminish these fairly common
effects. A representative spectra is given in Fig. 8, with a clear emission band at 600 nm, a
peak generally attributed to quantum confinement in the nanocrystallite that agrees well with
the 2-3 nm sizes of the Si nanocrystallites estimated from the LO phonon peak shift in the
Raman scattering data [84]. A smaller peak at 480 nm is also visible as a shoulder to the 600
nm peak; this peak can be attributed to either luminescence from 2.0 nm crystallites [85,86]
or surface recombination states on the Si surface related to oxide defect states or hydroxyl
conjugated terminations [87,88]. The photoluminescence emission is consistent across all
porous control and nanopillar samples, indicating highly uniform crystallite size.

4. Conclusion

We have demonstrated the fabrication of highly-periodic, well-aligned, porous silicon
nanopillar arrays using a metal-catalyzed etch of a (100) Si substrate. The resulting pillars
retain nanometer scale features from the template, including grooves along their length that
could have significant impacts for SERS sensing. The pillars also have a nanoporous
structure that could lead to important applications in batteries and energy storage. Reflection
and wetting data show that the porous silicon nanopillar substrates strongly reduce the
reflection from the Si surface and discourage the wetting of water-based solutions. To
demonstrate the multi-functionality of a single sample, all of the tests were performed on the
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same porous silicon nanopillar substrate, but the parameters of the silicon nanopillars can
certainly be optimized for each property. Finally, the same sample was used in the
electrochemical deposition of Ag and served as nucleation sites for Ag nanoparticle growth
to demonstrate the ability to be highly sensitive SERS substrate.

The multifunctional nature of the porous silicon nanopillar substrates could play an
important role in their future development as optical and electrical sensors, energy storage
and harvesting units, electronic biological interfaces, and electronic and photonic materials.
For example, the fluidic confinement demonstrated in this work could be used to deliver
highly dilute analytes to a very small volume at the top of the porous silicon nanopillar
arrays, enabling highly sensitive optical detection schemes. Furthermore, the nanoscale
porosity could enable highly sensitive optical and electronic sensors, in addition to efficient
Si anodes in the development of Li-ion batteries. Finally, the combination of microscale and
nanoscale features could provide important electronic interfaces in biology, and photonic
materials with unique dispersive properties.
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Figure 1.
Schematic of the porous silicon nanopillar fabrication procedure: (a) formation of a monolayer of polystyrene (PS) nanospheres,

(b) nanosphere etching via reactive ion etching, (c) gold deposition, (d) bead removal, and (e) catalytic chemical etch of the
underlying silicon substrate. (f) Tilted SEM image of a porous silicon nanopillar array.
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Figure 2.
SEM images of PS arrays (coated with gold for imaging purposes) after O, RIE for (a) 1 min, (c) 3 min, and (e) 5 min. (b), (d),
and (f) are the corresponding gold nanohole arrays after removing the PS beads from (a), (c), and (e) respectively.
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d

Figure 3.
(a) Top-view SEM image of the nanopillar array to illustrate periodicity. Cross-sectional SEM images of the silicon nanopillars

etched for (b) 30 min, (c) 60 min, and (d) 90 min.
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Figure 4.
Contrast-enhanced SEM images of the porous silicon nanopillars: (a), (b) at the top surface of the pillars, and (c) along the

length of the pillars. (d) Raman spectra of the LO phonon peak for both a crystalline silicon wafer and porous silicon nanopillar
sample.
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Figureb.
Absolute Reflectance from the porous silicon nanopillar arrays with various etch times (30, 60, 90 min) and incidence angles
(10° and 45°).
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(@) Plot of contact angle (left axis) and areal fraction of liquid-solid interface (right axis) vs. silicon nanopillar height. Contact
angle images of water droplets on the silicon nanopillar samples with various etch times: (b) 30 min, (c) 60 min, and (d) 90 min.
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Figure7.
data from electrochemically-deposited silver silicon nanopillar substrates incubated in R6G.
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Figure8.

Photoluminescence spectra from the porous silicon nanopillar arrays excited using a 405 nm laser.
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