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Abstract
A method for producing large-area, broadband, quasi-omnidirectional low-reflectivity glass
surfaces is presented. Using block copolymer patterning and inductively coupled plasma
etching, near-periodic arrays of pillars are formed in glass. The patterned surface has reflectivity
<0.5%—almost an order of magnitude smaller than plain glass—with a bandwidth of
∼300 nm. Substrates etched on both sides transmit >99.5% across the wavelength range
850–1200 nm, with >99% down to λ= 650 nm. The process is demonstrated on a 5 cm
diameter fused silica wafer and high transmittance is maintained up to at least 70◦ incidence.
The resulting substrates might find application as lab optics (windows, lenses, etc) display
screens for televisions, computers, phones, and as encapsulants for optoelectronic devices.

Supplementary material for this article is available online
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(Some figures may appear in colour only in the online journal)

1. Introduction

Anti-reflective coatings are common across lab and consumer
devices. Lasers, light-emitting diodes, computer monitors,
optical lenses and windows, etc have their surfaces modified
to decrease reflection and improve their performance. Sev-
eral methods have been developed to reduce surface reflectiv-
ity, such as thin-film coating and surface structuring [1–5].
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Thin films decrease the amount of reflected light by tak-
ing advantage of destructive interference and can thus yield
nil reflection at discrete wavelengths and angles. However,
coatings of many individual films are required to achieve
broadband and omnidirectional anti-reflectivity. Each film in
a coating must have its refractive index in between that of the
substrate and the ambient and thus a large range of materi-
als can be required for the coatings to be effective over a sig-
nificant bandwidth. Porous layers formed by leeching or by
coating have also been demonstrated as films of adjustable
refractive index [2, 6–8]. Surface structuring is an alternat-
ive method whereby structures (typically sub-wavelength) are
formed on the surface of the substrate either by etching or
by coating [5, 9–12]. These protuberances cause the refract-
ive index to vary from ambient to substrate. By deliberate
shaping of the structures, a gradient refractive index (GRIN)
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layer is formed. GRIN layers are known to minimise reflec-
tions over a wide band of wavelengths and a broad range of
angles [3, 13, 14]. These types of surfaces have been found
in natural, biological entities such as moths’ eyes and the
wings of certain butterflies and have extremely low reflectiv-
ity [15–17]. Techniques such as nano-imprint lithography,
laser interference lithography, rapid thermal annealing, dir-
ect etching and others have been used to fabricate nano-scale
structures [18–29]. However, these processes struggle to com-
bine good periodicity, large-area patterning and deeply sub-
micron resolution while maintaining scalability and minim-
ising cost-vs-throughput. Block copolymer (BCP) patterning
is an emerging nanopatterning technique which has recently
gained interest in the photonics community because it can
produce nanoscale features on both curved and flat surfaces
with uniformity over large areas without the requirement of
stitching [30–33]. BCPs have the capability to produce well-
defined nanoscale features over macroscale areas (2′′ wafer
[34, 35]; 12 ′ ′ × 3 ′ ′ substrate [36]; 4′′ wafer [37]; here, we
demonstrate 5 cm diameter) and, further, can define periodic
patterns—advantageous in many photonic applications. BCP
patterning has been demonstrated on a variety of substrates
and with numerous materials incorporated in the pattern.

BCP patterning is recognised as a promising approach
for nanofabrication [38–42]. BCP self-assembly can gener-
ate periodic arrays of microdomains with versatile morpho-
logy and regular feature size in the range 5–100 nm, driven by
minimisation of free energy of the BCP system. The dimen-
sions and morphology of the arrays can be tuned in a num-
ber of ways, such as: (a) control volume fraction ( f ) of one
of the segments; (b) segregation strength (χN ), where N is the
overall degree of polymerisation and χ is the Flory-Huggins
interaction parameters, which measures the thermodynamic
compatibility between the two segments [43]; and (c) per-
forming solvent vapour annealing (SVA) can facilitate self-
assembly of the BCP into specific (periodic) morphologies
(lamellar, hexagonally packed cylinders, gyroids, and spheres)
[44, 45]. BCP patterning has been used to produce uniform
and nanoscale features in arrays on wafer scale [34–37].
Using suitable chemistry, one of the polymer domains can
be selectively infiltrated with a given compound to achieve
a desired functionality [41, 46]. In this work, high molecu-
lar weight (MW) 793 kgmol−1 polystyrene-b-poly(vinyl-
pyrridine) (PS-b-P2VP) is used to form the domains and nickel
oxide is then incorporated and used as an etch mask. Higher
MW can give thicker films and larger feature sizes, meaning
there is more material in the etch mask so it can survive a
longer or stronger etch and produce taller pillars. Having taller
pillars and larger periods extends the anti-reflective effect to
longer wavelengths [13, 47] thus this work focuses on improv-
ing transmission for red and near-infrared wavelengths. These
larger structures and spacings could also find use as diffractive
optical elements.

The elimination of reflection as a result of surface struc-
turing has been demonstrated by a few groups in recent
years. Liapis et al achieved high transmission of fused silica
(FS) substrates across the visible spectrum (peak of 99.8%
at λ= 656 nm) using a method similar to the one described

here [11]. The size of the structures made them suitable for
visible wavelengths, however, and the transmission dropped
below 99% approaching 1 µm wavelength. Busse et al cre-
ated random anti-reflective surface structures using a direct
etch method on FS and demonstrated broadband transmit-
tance >99.5% in the range 775–1350 nm at normal incid-
ence but did not report measurements of non-normal incid-
ence [24]. Surface structures have also been found to have
higher laser induced damage thresholds than traditional thin-
film coatings [48, 49]. The aim of this work was to develop
a technology that can be scaled up to produce large-area sur-
faceswith low reflectivity over a broad range ofwavelengths—
spanning the visible and near-infrared spectra—and a wide
range of angles. Here we show ultra-low reflectance of 5 cm
FS wafers patterned with conical pillars on the front and back
surfaces. Transmittance >99.5% across the wavelength range
850–1200 nm (and >99% from 650 to 1550 nm) was demon-
strated at normal incidence and high transmittance was main-
tained for angles of incidence (AOI) up to 70◦. This work goes
beyond previous research by extending antireflective perform-
ance in the near infrared. Previous work using BCP patterning
achieved transmittance >99% for wavelengths 400–1000 nm
[11]. Here, by using highMWBCPs in forming the etch mask,
transmittance>99% is maintained from 650 to 1550 nm. This
work demonstrates that optical quality components can be fab-
ricated using HMW BCPs.

2. Experimental section

2.1. Simulations

Prior to fabricating samples, different surface structures were
simulated to provide insight into any suitable design paramet-
ers or targets. A height range of 50–500 nm was used and was
based on the durability of the etch mask in the inductively
coupled plasma (ICP) etch process. The pillars were posi-
tioned on a hexagonal close-packed (HCP) latticewith a period
of 160 nm to match the pattern formed with the high MW PS-
b-P2VP used in this work. The pillar shape was a truncated
cone and the tip and base diameters of the pillars were var-
ied independently in the ranges 10–80 nm and 80–160 nm,
respectively, as these profiles were deemed achievable by fine-
tuning of the etch process. Simulations were performed in
MATLAB® using the rigorous coupled-wave approximation
(RCWA) method in GD-Calc [50, 51]. RCWA is a relatively
fast method designed for and based on periodic arrays and the
trends observed in simulation provided direction for the final
structure to be achieved by the etching process. Some addi-
tional information on the simulation can be found in the sup-
plemental document.

The wavelength range used in simulations was
400–1500 nm, covering the visible spectrum and part of the
near infrared and the incident angle was varied from 0◦ to 60◦.
The refractive index values for FS were taken from Malitson
[52]. The reflectivity of a single surface—for a beam travelling
from air to glass—was calculated and it was assumed that the
lowest reflectivity in this configuration would perform well
for the beam travelling from glass to air.
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Figure 1. (a) Etch mask fabrication. (i) AFM image of BCP film after solvent vapour annealing showing P2VP cylinders (dark spots) in a
PS matrix and (ii) SEM image of nickel oxide dots after polymer removal. Scale bars are 1 µm. (b) Simplified experimental set-ups for (i)
total and (ii) direct optical transmittance measurements.

2.2. Block copolymer patterning

The BCP pattern was made using commercially avail-
able (from Polymer Source) high MW poly(styrene-b-2-
vinylpyridine) (PS440-b-P2VP353) of around 793 kgmol−1.
Clean FS substrates (from University Wafer) type JGS2—
2 cm× 2 cm for single-sided samples and round, 5 cm dia-
meter for double-sided samples and 0.5 mm thick in all
cases—were spin-coated with 2 wt% PS-b-P2VP in 4:1 tolu-
ene:tetrahydrofuran (THF) at 4500 rpm for 30 s. The BCP film
was then solvent vapour annealed in a closed jar containing
a mixed solvent of 2:1 THF:CHCl3 for 105 minutes at room
temperature to cause phase separation. The phase separated
BCP film formed P2VP cylinders in a HCP lattice within a
PS matrix (figure 1(a)(i)). The samples were then placed in a
jar containing ethanol solvent for 45 minutes at 40◦C to cause
swelling of the film. At this point, nickel was incorporated into
the P2VP domains by spin coating (3000 rpm, 30 s) a 0.6 wt%
nickel nitrate salt (from Fischer) in ethanol. Oxygen plasma
was used to remove the matrix polymer forming a hard mask
of nickel oxide dots on the FS surface. Nickel oxide dots of
average diameter 85 ± 5 nm and period 165 ± 5 nm were
obtained (see figure 1(a)(ii)). After pattern transfer on one side,
the above process was repeated to pattern the etch mask on the
second side of the sample. The quality, coverage and dimen-
sions of the BCP film and nickel oxide dot pattern were similar
to the first side patterning.

Having produced the hard mask, samples were then etched
using an Oxford PlasmaLab 180 ICP etch tool. The etchant
supply was a mixture of CHF3 and O2. The pressure, gas com-
position, and source powers were varied in order to create

an optimised etch recipe. After etching, any remaining nickel
oxide was removed by a nitric acid wash and the removal was
confirmed by XPS measurements. Scanning electron micro-
scopy (SEM) images of a substrate after etching are shown in
section 3. Images were taken with a Zeiss Ultra SEM in both
plan-view and at 70◦.

2.3. Optical measurements

Measurements of total transmittance were performed with a
PerkinElmer LAMBDA 1050 UV–Vis-NIR with an integrat-
ing sphere. Samples were placed at the entrance port to the
integrating sphere so that all the transmitted light was collec-
ted (see figure 1(b)(i)). Total transmittance is a measure of all
the light that passes through the sample, so it is only reduced
by reflections or absorption (absorption is negligible for FS in
this wavelength range other than near 1400 nm). Direct trans-
mittance measures only the light that passes straight through
the sample, so it is also reduced by scattering. Scans were run
on the wavelength range 360–2100 nmwith steps of 10 nm and
the integration time was 0.6 s. Scans were repeated at least
three times per sample at different positions. For measure-
ments on the single-side patterned samples which were 1 cm
× 1 cm (samples were split in half before and after etching
so that processing steps could be monitored), a lens was used
to reduce the spot size to a diameter of 3 mm. For the angu-
lar measurements on all samples, an adjustable aperture was
placed in the beam path to achieve the same. When using the
adjustable aperture, the integration time was increased to 0.8 s.
Individual measurements with the unaltered beam naturally
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averaged over a relatively large area because it had a spot size
of 6 mm × 15 mm.

Measurements of direct transmittance were taken using
a Cary 50 scan UV–Vis. Samples were placed 6 cm from
the detector so that the diffuse transmittance was not collec-
ted by the detector. Scans were run on the wavelength range
360–1000 nm with steps of 5 nm and the integration time was
0.25 s. Scans were repeated at least three times per sample at
different positions.

For angular measurements, a manual rotation stage was
used to align the sample. The stage had 2◦ between markings
implying some uncertainty in the measured AOI. Measure-
ments were taken in 10◦ intervals from normal incidence up
to a maximum angle of 60◦ and 70◦ for single- and double-
side patterned samples, respectively. The maximum angle
was limited by the beam encompassing the sample. A Glan-
Thompson polariser (Thorlabs) was used to linearly polarise
the light source when taking angular measurements. Measure-
ments were taken with s-polarised and p-polarised light and
subsequently averaged.

3. Results and discussion

From simulations, it was found that a conical pillar shape
outperformed cylindrical for reducing reflection over a broad
range of wavelengths and a wide range of angles. Better per-
formance (i.e. lower reflection) was generally achieved by hav-
ing a narrower tip diameter (dt), a wider base diameter (db) and
greater height (hp); although, increasing hp above 400 nm did
not significantly improve the performance in the wavelength
range under consideration. Increasing db while keeping the
pitch fixed means that the space between pillars (at the base)
reduces and thus there is a smaller step in refractive index
from pillar to substrate. A narrower dt has a similar effect at
the air-pillar interface, while taller pillars allow for a more
gradual change of refractive index between tip and base. A
sample of the data is given in figure 2. The structures pro-
duced here would work for the near infrared and long vis-
ible wavelengths because performance drops off at shorter
wavelengths where diffraction effects set in for periods larger
than about λ/(2 ns)—where λ is the free space wavelength
and ns is the refractive index of the substrate.

The data shown in figure 2(a) are suggestive of thin film
interference where reflections from the air-pillar interface
interfere with reflections from the pillar-substrate interface
giving rise to distinct peaks and troughs in the calculated
reflectivity. For this base and tip diameter (db = 100 nm and
dt = 80 nm, respectively) low reflectivity could be achieved for
a narrow range of wavelengths and the range could be varied
by changing the height of the pillars. For figure 2(b), db was
increased to 120 nm and dt reduced to 40 nm. It can be seen that
this reduced reflectivity at shorter wavelengths and also gave
lower reflectivity in the trough regions (each graph in figure 2
is on the same colour scale). In figure 2(c), dt was reduced
to 20 nm with a db of 160 nm, meaning that adjacent pillars
touched at the base, and this produced further reductions of
the reflectivity at shorter wavelengths. It can be seen that an

array of pillars with the dimensions used for figure 2 would
reflect an average of roughly 0.16% over the wavelength range
400–1000 nm and beyond for pillar heights >250 nm. This
gave the guidelines for the etching to produce (i) a tip diameter
<40 nm, (ii) to have the bases of adjacent pillars touching and
(iii) to have a pillar height of >250 nm to cover the visible
wavelength range. Samples were fabricated for experimental
measurement using the procedure described in section 2. Vari-
ations in reflectance intra-sample and inter-sample made it dif-
ficult to directly compare with the simulations; however, cer-
tain conclusions were drawn from the samples and additional
measurement data is given in a supplemental document.

Patterned substrates (see figure 1(a)) were etched under
a variety of conditions to produce a range of pillar heights
and were then measured in two transmittance set-ups (see
figure 1(b)). Further details are given in section 2. A sample
of the etched substrates is shown in figures 3(a)–(c). There
was some variation in height on individual samples, which is
believed to have been caused by incomplete masking. A histo-
gram of measured heights is given in figure S1. Total transmit-
tancemeasurements taken at normal incidence showed that the
patterned samples greatly increased the transmittance of the
glass compared to a sample of unpatterned FS (see figure 3(d)).
The data plotted for unpatterned FS was averaged over four
wafers. Initially, measurements were made on samples which
had been patterned on only a single side. The improvement
was achieved over the entire measured range (360–2100 nm)
and, depending on the sample, peaked somewhere between
600 nm and 1100 nm, see figure 3(d). Total transmittance
greater than 96% was achieved over a bandwidth of more than
400 nmby the single-side patterned samples with pillar heights
270 ± 65 nm and 400 ± 95 nm. These samples come close
to the maximum theoretical transmission for a single air-glass
interface which was calculated from the transmission of unpat-
terned FS (dashed line in figures 3(d) and (e)). The height of
the pillars was measured from SEM images and was found to
vary slightly across the sample surface, hence the uncertainty
in quoted heights. From these two samples alone, it would
appear that taller pillars improve the transmission at longer
wavelengths but do not perform as well as shorter pillars at
shorter wavelengths. The supplementary information section
contains a comparison of optical performance versus pillar
height for a larger set of samples (see figure S2). It might be
expected that taller pillars are needed to reduce reflection at
longer wavelengths because the gentle gradient index change
needs to be maintained. It is not so clear, however, that taller
pillars would hinder transmission at shorter wavelengths. We
believe it is due in the main to defects in the etch mask com-
bined with the period of the etch mask. Any defects which
do not result in pillars during the etch process leave a large
gap and/or isolated pillars, causing scattering; as the etch
time (/pillar height) increases so too does this effective rough-
ness and thus the scattering—this type of scattering is greater
for shorter wavelengths and that is why there is a fall-off in
transmission.

In figure 3(d), it can be seen that transmissionwas increased
by as much as 2.7% by patterning a single side. This is a
very strong improvement as the calculated maximum possible
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Figure 2. Calculated reflectivity of a single air-glass interface. The glass surface is covered in an array of pillars on a HCP lattice with a
160 nm period. The pillar bases are (a) 100 nm, (b) 120 nm, (c) 160 nm in diameter and tips are (a) 80 nm, (b) 40 nm, (c) 20 nm in diameter.
The pillars’ geometries are illustrated above the graphs.

Figure 3. Angled SEM images of substrates etched on a single side with nominal pillar heights of (a) 170 nm, (b) 270 nm and (c) 400 nm.
Scale bars are 500 nm. (d) Total and (e) direct transmission at normal incidence of FS patterned on one side. Samples match those shown in
(a)–(c) and are compared to unpatterned FS, dotted line signifies calculated transmission for a single air-FS interface. Error bars mark one
standard deviation.
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Figure 4. (a) Total and (b) direct transmission of 5 cm FS wafer patterned on both sides. Measurements were taken at normal incidence and
samples are differentiated by the typical pillar height (similar on both sides). Unpatterned FS is plotted for comparison. (c) Total and (d)
direct transmission at different angles of incidence for sample h= 380 nm compared to unpatterned FS, markers and dashed lines
respectively.

increase for this FS would be ∼3.3%. The transmittance dip
at 1350 nm is caused by OH groups present in the FS due to
the production process. The transmission of a single surface
was calculated using the measurement data of the unpatterned
substrate and is plotted as a dotted line. Samples with high
direct transmission are therefore necessary when it is desir-
able to maintain the beam’s shape, such as for laser optics,
while high total transmission would be sufficient when simply
looking to reduce reflections. Between samples h= 400 nm
and h= 270 nm the real major difference is the pillar height;
the pillar spacing (and coverage) are consistent, the top and
base radius are similar, however, inspection of h= 400 nm
shows some defects lying on top of the pillars in certain areas
which are expected to be broken pieces of other pillars (see
figure 3(c)). It is not certain whether these defects were present
before transmittance measurements or were produced while
preparing the substrate for SEM imaging. The defects are
believed to be part of the reason for reduced performance of
h= 400 nm at shorter wavelengths. The data show that broad-
band low-reflection can be achieved in the visible and near
infrared, and that the operating range can be tuned by vary-
ing the height of the pillars.

The direct transmission (see figure 3(e)) of patterned FS
was also higher than unpatterned FS although, compared with
total transmission, the improvement was confined to smal-
ler ranges of wavelengths (which varied sample-to-sample).

It was seen that even relatively short pillars (165 nm, roughly
one quarter of the wavelength of maximum transmission) can
drastically improve the direct transmission and in fact outper-
form the taller pillars. Comparing figure 3(d) with (e), it can be
seen that the samples which had higher total transmission had
lower direct transmission. A comparison of diffuse-to-total
transmission is given in figure S3. This was attributed partly
to missing pillars in the surface array as a result of defects in
the etch mask and to an exaggeration of defects caused by the
etching of taller structures thus leading to increased scatter-
ing which is enhanced for shorter wavelengths. It is our belief
that increasing the transmission of the patterned samples in the
visible range further would come from improving the homo-
geneity of the etch mask or by having a smaller period of the
mask.

The total transmittance of FS which was patterned on both
sides is plotted in the graph in figure 4(a) and the improvement
compared to unpatterned FS is substantial. The three samples
shown had different etch durations but were otherwise fabric-
ated under identical conditions. The etch duration was kept
constant for the front and back surface on each sample in order
to keep the pillar heights similar on both sides. The substrates
used here were 5 cm wafers and there was only slight vari-
ation in transmission across the substrate (the absolute devi-
ation from the mean for the six measurements taken on sample
h= 380 nm is plotted in figure S4). Each sample achieved
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close to or above 99% total transmission at normal incidence.
Of these samples, pillar heights of∼380 nm resulted in the best
performance with >99.5% transmission across the wavelength
range 850–1200 nm. Similar to samples patterned on a single
side, it appears that having taller pillars redshifts the peak
transmission. Themeasured transmission implies a reflectance
of<0.5% which is a reduction of more than one order of mag-
nitude compared to unpatterned FS. The samples patterned
on both sides also had higher direct transmission than unpat-
terned FS (see figure 4(b)) for longer wavelengths. Here, the
h= 380 nm performed best, having higher transmission than
unpatterned FS for wavelengths longer than ∼500 nm, and
was approaching 99% transmission near 1000 nm. This cor-
responds to a relative increase of ∼80%. As before, the pat-
terned samples had lower direct than total transmission and,
again, this was ascribed to scattering.

The increased transmittance is a result of the surface struc-
turing. For most wavelengths that were measured, the struc-
tures and spacing are deeply subwavelength and thus can be
approximated by an effective medium. This effective medium
has a gradually varying refractive index from the top of the
layer to the bottom because of the increasing diameter of the
pillars and this gradient is known to greatly reduce reflec-
tion. For wavelengths approaching the separation of the struc-
tures, the effective medium is no longer a suitable description.
Here, scattering will set in and this is seen in the decrease
in direct transmittance at shorter wavelengths. In this size-
wavelength regime, forward scattering dominates and so, high
total transmittance is maintained. As the wavelength decreases
further, the amount of scattering increases so that backscatter-
ing becomes significant and the total transmittance drops off
as well.

Studies have predicted that the wavelength of maximum
transmission and perhaps the maximum transmission value
itself depend on the height of the pillars [47, 48]. There were
not enough samples in this study for statistical significance to
be given to any trends; however, rudimentary investigations of
such a dependence were made (see figure S2) and it is planned
to continue these investigations in future work.

To test the directionality of these samples, measurements of
transmission were made at different AOI. It was found that the
patterned samples maintained higher transmission than unpat-
terned FS even for large AOI (see figures 4(c) and (d)). The dir-
ect transmission of the double-side patterned sample reduces
gradually as the AOI increases, at a lower rate than unpatterned
FS up to at least 60◦. The decline in transmission at lower
wavelengths (⩽500 nm) is exaggerated as the AOI increases.
However, very high transmission is maintained towards the
near infrared and the patterned sample has higher transmission
at 60◦ AOI than the unpatterned FS has at normal incidence.
There is a similar trend in total transmission. Here, because
of the larger measurement range, it can be seen that increas-
ing the AOI decreased the bandwidth of transmission-a nar-
rower range of maximum transmission emerged. The decline
was slower on the long wavelength side. Despite this, the pat-
terned FS still had significantly higher transmission across a
vast range of wavelengths. For an AOI of 70◦, the unpatterned
FS transmitted ∼75% at a wavelength of 750 nm while the

patterned sample transmitted ∼90%. This is an increase of
∼15%, corresponding to transmission losses reducing bymore
than half. It should be noted that at large AOI there was a gap
between the sample and the integrating sphere so part of the
diffuse transmission would not have been collected in the total
transmission measurements.

The high values of total transmission confirm that the
samples have low reflection. For wavelengths⩽600 nm, a con-
siderable portion of both the transmitted and reflected light is
diffuse (see SI). Thus, the performance of the samples could be
improved by reducing scattering which might be achieved by
fully optimising the etch mask or by using a BCP system with
a smaller period. This demonstrates that broadband, multi-
directional ultra-low reflection can be achieved in the visible
and near infrared by surface structuring through BCP pattern-
ing with high MW systems. This advances previous work by
extending the substrate size and wavelength range and furthers
the case for BCP patterning as a candidate for AR functional-
ising. As is, the samples would be suitable as coverglasses for
photoresponsive cells where the diffuse nature of the transmis-
sion may prove beneficial.

4. Conclusion

A method for producing low reflectivity FS glass by BCP pat-
terning was demonstrated. Using high MW PS-b-P2VP and
metal salt inclusion an etch mask was formed and the pat-
tern was transferred to the FS substrate by ICP etching. Sim-
ulations predicted that an array of pillars with tip diameter
<40 nm, bases touching and pillar height >250 nm would
reflect <0.2% over the wavelength range 400–1000 nm and
beyond. The resulting surface of densely-packed, conical pil-
lars increased transmittance to >99.5% at normal incidence
and maintained high transmittance up to at least 70◦ incidence
for a broad range of wavelengths. It was found that diffuse
transmittance and reflectance was significant for wavelengths
⩽500 nm and that the highest transmittance was achieved at
∼900 nm. Optical properties were seen to vary with pillar
height (which was controlled by the etch process) but further
investigation is required before detailed conclusions can be
drawn. Further work will focus on reducing the diffuse com-
ponents of transmission and reflection and improving perform-
ance at shorter wavelengths. It is also intended to etch larger
substrates and substrates with curved surfaces, e.g. lenses.
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