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Abstract: Glass is one of the most important technical
surfaces for numerous applications in automotive,
optical, and consumer industries. In addition, by produc-
ing textured surfaces with periodic features in the micro-
metre range, new functions can be created. Although
laser-based methods have shown to be capable to produce
structured materials in a wide amount of materials, due
to its transparency large bandgap dielectrics can be only
processed in a controlled manner by employing high-
power ultra-short pulsed lasers, thus limiting the employ-
able laser sources. In this article, an interference-based
method for the texturing of soda-lime glass using a 15 ns
pulsed (1 kHz repetition rate) infrared (1053 nm) laser is
proposed, which allows fabricating different periodic pat-
terns with micrometre resolution. This method consists
on irradiating a metallic absorber (stainless steel) put in
direct contact with the glass sample and inducing locally
an etching process on the backside of the glass. Then, the
produced plasma at the interference maxima positions
leads to the local fabrication of well-defined periodic
line-like and dot-like surface patterns. The produced pat-
terns are characterised using white light interferometry
and scanning electron microscopy.
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1 Introduction

Glass materials are commonly used for their superior
optical properties, surface stability and solvent compat-
ibility. Furthermore, they can be easily processed, making
them very attractive for a wide number of applications. In
addition, functionalised glass surfaces with superhydro-
phobic/hydrophilic, anti-condensation or low-reflectance
properties have increased their utilization in several fields
including the automotive sector, electronics, and medical
devices [1-3]. For example, due to its high resistance
to mechanical stress, heat, and chemicals, microstruc-
tured fused silica and quartz find a common application
in microfluidics, where micrometre-sized well-defined
channels are necessary for guaranteeing the performances
of the device [4, 5]. Moreover, fused silica is also one of
the most suitable materials for the fabrication of optical
elements containing microstructured areas as gratings,
masks or filters [6]. Among transparent materials, also
sapphire has been increasingly employed in several fields,
ranging from optoelectronics to medicine, due to its high
transparency, low residual stresses together with high
chemical and physical resistance [7]. Microstructured sap-
phire finds its application in light-emitting devices [8],
anti-reflective coatings for radiation in the far-IR range [9]
and other structures for microelectronics, photonics, and
microfluidics [10, 11]. In addition, it has been also dem-
onstrated that using microstructured glass as substrate
in thin-film Si solar cells permit increasing the scattering
properties of the device, thus inducing a higher photon
absorption and an overall higher efficiency [12].
Considerable efforts have been made for the devel-
opment of simple, effective methods to fabricate
micropatterns with resolution in the micron- or even
nanometre-scale and with desirable surface properties.
Among the most common methods for fabricating dif-
fractive optical elements on fused silica is lithography,
through which deep ultraviolet sources or electron beams
are employed [13-15]. Through lithographic processes
highly ordered and well defined microstructures can be
fabricated, whose shape can be exactly controlled by pro-
cessing parameters. Nevertheless, lithographic processes
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involve multi-step fabrication steps and the use of chemi-
cals for the etching phases [16].

Advanced surface functions are addressable for
instance by surface texturing methods such as laser
surface texturing. Compared with photolithographic and
etching methods, laser micromachining presents a higher
flexibility allowing a more efficient fabrication of tailored
surface topographies [17].

Generally, the direct laser based processing of
glasses require the use of either ultraviolet laser radia-
tion with fluences higher than 10 J/cm? [18, 19] or laser
sources providing ultra-short laser pulses, whose high
peak intensities initiate nonlinear absorption processes
[20, 21]. In the last case, also laser-induced periodic
surface structures (LIPSS) have been observed on trans-
parent materials like fused silica [22], soda-lime-silicate
glass, and borosilicate glass by using fs-laser pulses [23],
obtaining periodic patterns with spatial periods near to
1 um. Although LIPSS can be relatively produced easily,
the size of the periodic ripples remains in the range of
the laser wavelength and microstructures with high
depth are not easily achievable [24, 25].

An alternative to the above-mentioned methods is to
treat the transparent substrates indirectly, utilizing an
additional material (called absorber) which is capable
to absorb the laser energy at the used laser wavelength,
and is located in contact with the glass surface. Then,
the laser radiation travels through the transparent mate-
rial and induces etching on the backside of the target
materials by means of the laser-generated plasma at
the absorber’s surface. This is the case of laser-induced
backside wet etching (LIBWE), which has been already
used to treat several transparent materials and in which
liquid dyes are excited with UV-laser sources [26-29].
Particularly remarkable is the work of Zimmer et al.
that employed liquid metals (as gallium or mercury)
as absorbers, producing defined microstructures on
fused silica [30, 31]. Although LIBWE has shown to
have several advantages due to the absence of debris
and cracks in the treated materials and the possibility
to form metallic nanoparticles on the target material
surface, this method necessitates the use of toxic liquids
and high-power UV-lasers, which makes it less attrac-
tive for industrial applications [32-34]. Another possibil-
ity is to use laser-induced backside dry etching (LIBDE).
In this case, the absorber material is a thin film (usually
a metal) and similar excitation mechanisms can be
induced, creating a plasma plume on the absorber’s
surface, capable to etch the backside of the target mate-
rial. Due to the typical high absorption of metals used as
absorbers, nanosecond infrared laser can be employed
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making LIBDE more favorable for industrial applica-
tions [35].

When the absorber is not in contact with the target
material and the separation is comparable with the rough-
ness of the surfaces, a confined plasma is created, which
contains active species originated from the absorber and
is localised in the region of space where the laser beam
was focused [36, 37]. This method is described in the lit-
erature as laser-induced micro-plasma (LIMP) and micro-
structures can be fabricated on large bandgap dielectrics
by the etching strength of the plasma expansion pressure.
In fact, differently from free-expanding plasmas, confined
plasmas present a higher expansion pressure [38] and the
relation between etching rate and target distance, as well
as a detailed description of the plasma’s composition,
have been investigated by Zhang and Veiko respectively
[36, 39]. In case of higher separation between target mate-
rial and absorber (up to several hundreds of micrometres),
the technique takes the name of laser-induced plasma-
assisted ablation (LIPAA), extensively investigated by
Hanada et al., among others [40-44]. In this case, lower
etching rate in the range of a few tens of nanometres per
laser pulse are reached and metal deposition takes place
on the backside of the target material simultaneously to
the ablation [45]. Employing LIMP, several materials could
be treated and structure depths up to 10 um could be
reached using alumina powder as absorber on solar glass,
as demonstrated by Chao et al. [46]. Moreover, through the
use of a phase-mask and a UV excimer laser, 1 um periodic
lines have been fabricated on quartz [47].

Considering the fabrication of periodic patterns
with different length scales (larger or even smaller than
the laser wavelength) other well-established laser-
based texturing methods can be considered such as
direct laser interference patterning (DLIP) [48, 49]. This
method relies on the overlap of two or more coherent
laser beams, whereby an interference pattern is created.
For a given laser wavelength and number of beams, the
spatial period can be easily adjusted by modifying the
angle of the interfering beams, easily reaching in some
optical configuration sub-micrometre periodic structures
[50-53]. By changing the polarization and the geometri-
cal configuration of the interfering beams, also very dif-
ferent pattern geometries can be created. In particular, in
a two-beam arrangement a line-like pattern is generated,
while employing four beams with the same polarization,
angle and phase produces a dot-like intensity distribution
with rectangular symmetry [50, 54]. In consequence, the
combination of backside etching methods with the DLIP
technology provides both the possibility to reach features
smaller than the laser beam size and a better control of
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their depth. This has been demonstrated for LIBWE in the
works of Vass et al., where, employing deep UV nanosec-
ond lasers, periodic lines where achieved on fused silica
and transparent coatings, with a minimum periodicity
of 104 nm and 1010 nm, respectively [55, 56]. In spite of
the small size of the fabricated microstructures and high
structuring homogeneity, a rectangular prism in immer-
sion configuration is used in order to generate interfer-
ence for very small periods, making the microstructuring
approach less suitable for industrial purposes.

Here, a compact DLIP setup is used in LIMP configura-
tion in order to texture soda-lime glass substrates, using
stainless steel plates as absorber with an IR ns pulsed
laser source. Line-like and dot-like periodic structures
are fabricated using two and four beam optical configura-
tions, and topographical surface analyses are systemati-
cally performed in order to elucidate the influence of the
process parameters on the surface quality of the structures.
The produced patterns are characterised using white light
interferometry and scanning electron microscopy (SEM).

2 Materials and methods

For all the experiments, soda-lime glass slides (Carl Roth GmbH, Ger-
many) with a transmissivity of 91.5% (between 400 and 1100 nm) and
with an average roughness parameter Ra of 2.6 nm has been used. As
the absorbing material, electro-polished austenitic 304 steel sheets
(SG Designbleche GmbH, Germany) with an average roughness para-
meter Ra of 60 nm was utilised. As described in previous works, for
increasing target-sample separation, the ablation rate decreases and
the ablation threshold increases, lowering the efficiency of the textur-
ing process [36, 41, 43, 44]. Therefore, the glass slides were put directly
in contact with metal sheets without using any additional material.
Moreover, in order to avoid relative motion between the glass slides
and the metallic absorber, a special holder was constructed.

For the laser experiments, a compact diode-pumped Nd:YLF
laser (Tech 1053 basic, Laser Export, Russia) emitting 15 ns pulses
with TEM,; mode (Gaussian beam) at 1053 nm was used to irradiate
the materials. Employing an IR laser source, a higher efficiency for the
plasma generation and expansion was demonstrated. In fact, for the
same pulse energy, a lower plasma ignition thresholds were reported
for IR pulses in comparison with shorter wavelengths [57, 58]. The
main laser beam was then directed through a compact DLIP opti-
cal module (Fraunhofer IWS, Germany), which produces irradiated
areas containing the two or four-beam interference patterns (DLIP-
pixels), generating line or dot-like patterns, respectively. The selec-
tion of the number of beams has been performed by masking two
out of four beams inside the module. To cover larger areas than the
DLIP-pixel (with a diametre of approximately ~90 um), the sample
was moved using high precision air-bearing linear motor stages (Aer-
otech PRO155-05, USA), with +4 um accuracy and +0.4 pum repeat-
ability. The structuring strategy involving the specific displacement
of the DLIP-pixel has been already presented elsewhere [59]. For all
experiments, a laser fluence of 3.3 J/cm? and a repetition rate of 1 kHz
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were employed. The laser fluence was calculated as the ratio between
the employed average pulse energy (210 uJ) and the interference area
at the working position (size of the DLIP-pixel). This last was deter-
mined through the D-squared method described by Liu [60].

After the fabrication process, the samples were rinsed with etha-
nol in ultrasonic bath for 30 min. The morphology of structured sam-
ples was characterised using white light interferometry (Leica DCM
3D) employing a 50x magnification objective, with lateral and verti-
cal nominal resolution of 340 nm and 4 nm, respectively. Topograph-
ical measurements have been carried out using a Scanning Electron
Microscope (SEM) at 5 kV of operation voltage (JEOL JSM 6610LV, Ger-
many), after coating the samples with a 30 nm thick gold layer. The
chemical composition of the laser-treated surfaces was analysed by
energy dispersive X-ray spectroscopy (EDX).

3 Results and discussion

In the first set of experiments, soda-lime slides were
placed over stainless steel sheets and irradiated with an
interference pattern having a line-like or dot-like intensity
distribution. In the case of line-like patterns, the DLIP-
pixel was translated parallel to the interference pattern
by an arbitrary pulse distance p and then moved laterally
by a quantity h, called hatch distance. In particular, the
hatch distance h must be set to a multiple integer of the
spatial period A in order to guarantee a perfect period-to-
period overlap (Figure 1A). The quantity p defines also the
pulse-to-pulse overlap and can be expressed as number of
pulses per pixel (P/px) which also denotes the cumulative
fluence dose [61]. A similar procedure is applied for a dot-
like pattern, with the difference that the pulse distance p
is also equal to h, in order to perfectly match the previous
dot-like pattern in both directions (Figure 1B). It is impor-
tant to mention that, due to its rectangular symmetry,
the periodic dots are arranged at 45° with respect to the
orthogonal directions and for this reason the pulse dis-
tances are set as multiples of \/EA. Moreover, the dot-like
patterns were also re-irradiated multiple times (overscans)
in order to increase the cumulative fluence dose.

A SEM image of the line-like texture produced on the
glass substrate is shown in Figure 1C. In the experiment,
the spatial period was set to 8.5 um, using a pulse overlap
of 26 pulses per pixel (P/px) and a hatch distance of one
time the spatial period. As it can be noted, the produced
microstructures on glass perfectly follow the imposed line-
like intensity distribution, without significant variations of
the structure depth, reaching high pattern homogeneity.
Also in the case of four-beam interference (Figure 1D), the
structuring parameters can be chosen in order to homoge-
neously cover areas larger than the DLIP-pixel itself, obtain-
ing perfectly ordered 10.0 um periodic dot-like structures.
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Figure 1: Pixel-wise structuring approach for a line-like (A) and dot-like (B) interference pattern. SEM images of (C) line-like (fluence:
3.3 J/cm?, period: 8.5 um, overlap: 26 P/px, hatch distance: 8.5 um) and (D) dot-like (fluence: 3.3 J/cm?, period: 10.0 um, pulse distance:

10.0 um, overscans: 10) patterns on soda-lime glass.

The mechanism involved in the structure formed at the
glass substrate can be attributed to the LIMP process,
confirming the hypothesis in this study. This implies that,
due to the shape of the interference pattern, the ablation
of the metallic absorber is induced only at the interference
maxima positions the generated plasma locally etches the
backside of the glass slide.

From Figure 1, it can also be noted that the spatial
period imposed by the interference process and the one
resulting on the glass surface perfectly matched. This is
ascribable to the fact that the metal plate’s roughness pre-
vents a perfect glass-metal contact, thus leaving a thin air
gap (Figure 2). In fact, assuming a perfect contact between
glass and absorber, for the employed angle in two-beam
interference (7.1°) a period of 12.75 um would be expected,
which considerably differs from the one found on the
glass surface (8.5 um). In consequence, the sub-beams are
firstly refracted at the glass interface, thus changing their
incident angle, and then due to the air-gap their recover
their previous angle, meaning that the final interference
angle is the same as the one of the incoming sub-beams at
the glass surface.

In order to investigate the relationship between struc-
ture depth and texture quality in dependence on the struc-
turing parameters, a systematic study was conducted,
varying both the pulse and hatch distances. In particular,
depending on the geometry the distances were set to a
multiple of the spatial period as mentioned in the previ-
ous paragraph. This is relevant to avoid the creation of
periodic inhomogeneities [59]. Figure 3A summarises the
results of the line-like interference-based LIMP process
with a spatial period of 8.5 um in a contour diagram.

3@ e’?}e

Figure 2: Scheme of the interference-based LIMP microstructuring
mechanism using a glass sample and a stainless steel plate,
between which the not perfect contact creates an air gap and allows
recreating on the metal in the same interference angle as the one
imposed on the glass surface.

This was obtained producing a 9x11 matrix, analysing
the resulting structure depth (data-points marked in the
diagram) and interpolating them through a 48 planes
three-dimensional linear interpolation. It can be noticed
that for low hatch distance and high overlap values, the
structure depth reaches values of up to 4.4 um which
corresponds to an aspect ratio of ~0.5. In addition, the
fabricated structures have been evaluated with respect
to the overall structure quality, in particular whether
a periodic modulation deriving from a specific hatch



DE GRUYTER
A Depth (um) B
4.40
3.85 T
2
_g 3.31 "‘:Ei'}
B 276 ©
a
£
g 221
=]
2 166
& E
112 =
F=4
=1
0.57 8
o : < > L 0.02
17 34 51 68 85
Hatch distance (um)
Legend: @ Homogeneous structures M Hatch distance visible

S. Alamri et al.: Interference-based laser-induced micro-plasma ablation of glass

— 83

h =34 pm

\ J")';"‘.t
°1 @ L&’\w"‘ AN

h=93.5 ym
0.0 Ww’\-f\/m .J UM'\/\/ j’w\f\/\ A
-1.04

0 20 40 60 8 100 120 140 160

Position (pm)

Figure 3: Structure depth as a function of the pulse overlap and hatch distance for the case of a line-like pattern with spatial period 8.5

um (A) and examples of measured profiles of the fabricated structures with homogeneous and non-homogenous characteristics (B). The
upper and lower profiles in (B) were produced with Fluence: 3.3 J/cm?, period: 8.5 um, overlap: 31 P/px, hatch distance: 34 um and Fluence:
3.3 )/cm?, period: 8.5 um, overlap: 16 P/px, hatch distance: 93.5 um, respectively (the lines are for guidance only).

distance is visible (squares in Figure 3A). For example, for
hatch distance values higher than eight times the spatial
period (68 um), a periodic modulation comparable with
the imposed hatch distance appears which reduces the
overall homogeneity of the surface pattern. This can be
ascribed to the laser beam profile (TEM, ) whose inten-
sity decreases in the radial direction following a Gaussian
distribution, which results in a modulation of the interfer-
ence pattern itself, as described in a previous work [62].
Thus, microstructures with lower depth in the outer part
of the DLIP-pixel are obtained, which influence the overall
pattern homogeneity for large area texturing, as described
by Aguilar-Morales et al. [59]. This effect can be better
observed in Figure 3B, where a comparison between two
texture profiles is reported. While the line-like structures
fabricated with an high overlap corresponding to 31 P/px
and a hatch distance of 34 um (upper profile) any addi-
tional modulation is observed, the glass substrate treated
with an low overlap of only 16 P/px and a hatch distance of
93.5 um (lower profile) clearly shows also a low-frequency
modulation, with a characteristic size which is compara-
ble to the hatch distance used. Both types of morphologies
are indicated with circles or squares in Figure 3A.

A similar study was conducted employing a four-beam
interference-based LIMP processing scheme, creating
an experimental 3x10 matrix and analysing it similarly
to Figure 3A. The obtained results are summarised in
Figure 4A for a spatial period of 10.0 um. In particular, the
pulse distance was varied up to three times the quantity

\/EA (in both lateral directions) and the structured area
was over-scanned multiple times (up to 10 times). The
obtained results show that for low pulse distances and
more than 5 overscans, the structure depth increases,
reaching a maximum value of 2.8 um. As for the line-like
structuring, the choice of the pulse distance plays a funda-
mental role for the texture appearance, as reported in the
two exemplar profiles in Figure 4B (overscans =5). Also in
this case, for low pulse distances (upper profile) textures
with no additional modulation are created, while for pulse
distances higher than 42.4 um a modulation comparable
with the pulse distance is visible.

In comparison with the line-like patterns produced
with the two-beam interference-based LIMP configuration,
an overall lower structure depth was reached. In order to
better illustrate the differences between the line-like and
dot-like textures, the variation of the mean structure depth
has been represented as a function of the total amount of
laser pulses in Figure 5. This was achieved using the struc-
ture depth data-points obtained in Figures 3A and 4A and
taking into account the overlap among the laser pulses, dis-
tributed according to the schemes shown in Figure 1. The
lower structure depth for dot-like structures can be ascribed
to the lower amount of pulses used for a certain area (pulse
per pixel), due to the necessity to keep the pulse overlap as
a multiple integer of the spatial period in both directions
for the four-beam configuration. For example, for line-like
structures, a hatch distance of twice the spatial period
and 41 pulses per pixels represents in total ~205 pulses
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Figure 5: Evolution of the mean structure depth as a function of the
total amount of laser pulses for 8.5 um line-like and 10.0 um dot-like
textures fabricated on soda-lime glass.

impinging the same position, leading to structure depths
of 4.4 um. In the case of dot-like pattern, a single scan with
a pulse distance of one time the spatial period translates to
only ~40 pulses per pixel, which yields a structure depth
lower than 0.3 um. Furthermore, although by increasing the
number of overscans the structure depth increases accord-
ingly, the evolution is not linear and the deepest produced
hole-like patterns were 2.8 um in depth. In particular, this
depth was obtained with 10 overscans and a pulse distance

of one time the quantity \/EA, representing theoretically
~400 total pulses. The low effectiveness of the overscans
could be ascribed to the presence of the pre-textured surface
when successive overscans follow the first structuring step,
which might result in diffraction of the laser radiation and
thus a reduction of the effective fluence dose.

As for the line-like structuring, the aspect ratio of
the dot-like structures sensibly depends on the employed
pulse distance, producing a structure depth of 0.4 um and
2.8 um when using a pulse distance of three and one time
the quantity f A, respectively. This observation can be
traced back to the different total amount of laser pulses
per area (i.e. the total fluence dose) with which the struc-
turing is carried out. In particular for a single scan, a pulse
distance of three times the period corresponds to 7 P/px
and a pulse distance of one time the period to 63 P/px,
thus creating a much rougher texture in the second case
than in the first due to the higher fluence dose.

In addition to the depth of the structures, the amount
of used laser pulses also influences the morphology of the
produced periodic arrays. A comparison between the fab-
ricated line-like microstructures at two different process-
ing conditions is shown in Figure 6A and B for a period of
8.5 um and a hatch distance of twice the spatial period.
For low pulse overlap (6 P/px, Figure 6A) the structure
appears shallow and barely visible, while employing a
higher overlap (41 P/px, Figure 6B) results in deeper micro-
structures with an additional roughness, especially at the
interference minima positions (i.e. at the areas surround-
ing the ablated lines). A similar behaviour can be noticed
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Figure 6: Secondary electron micrographs showing the comparison between 8.5 um line-like textures on soda-lime glass for low (6 P/px)
(A) and high (41 P/px) (B) overlap conditions, and dot-like textures fabricated using a pulse distance of 42.4 um (C) and 14.1 um (D) and 10

overscans. The used laser fluence per pulse was 3.3 )/cm?.

for the dot-like microstructures, comparing the textures
fabricated with pulse distances of 42.4 um (Figure 6C)
and 14.1 um (Figure 6D), applying 10 overscans in both
cases. The increase of the surface roughness for high pulse
overlap values can be also attributed to the higher quan-
tity of reactive species formed in the etching plasma.
Moreover, deposited material in the form of parti-
cle clusters is also visible in the presented SEM images,
which are possibly metallic particles coming from the
etched absorber’s surface. In order to prove the assump-
tion and assess the cleanliness of treated regions, EDX
measurement have been carried out on the glass surface
patterned with 8.5 um line-like structures employing an
overlap of 21 P/px and a hatch distance also of 8.5 um.
To enhance the contrast between glass and any external
contaminant, backscattered electrons images have been
acquired (Figure 7A) where bright spots can be identi-
fied, which on first examination can be ascribed to metal
particles. In the same area, the signals of silicon (Ka1),
iron (La1,2) and oxygen (Kol) have been mapped (Figure
7B, C and D, respectively). As it can be observed, the
oxygen signal (Figure 7D) is homogenously distributed
all over the analysed area except in the regions where
particles are located. Differently, the intensity for Si
(Figure 7B) decreases at the positions corresponding to
the topography heights (interference minima) as well as
in the regions where the particles are located. Regard-
ing the Fe intensity map, the opposite behaviour was
observed (Figure 7C). In consequence, it can be deducted
that the particles observed in the image correspond to

Fe (unoxidised) transferred from the metallic substrate
to the glass material. These large particle clusters are
typically caused due to the physical ejection of part of
the absorber material due to the creation of shock waves
during the ablation process [34].

Regarding the increase of the intensity of Fe at the
topography heights (which is complementary to the Si
signal) as well as considering that the intensity of oxygen
is not affected at these positions, we suggest that the
observed chemical signals correspond to iron in oxi-
dised form. In fact, the deposition of oxidised metal par-
ticles can be explained considering the origination and
expansion of the plasma generated by the sine-like laser
intensity distribution. In this context, the plasma, rich
in metallic species originated by the stainless steel [63],
expands following the imposed line-like pattern, directly
etching the glass in the central region of the micro-lines
(interference maxima) and depositing oxidised metal par-
ticles where the intensity is lower (interference minima).
The oxidation can be explained taking into account the
relative long pulses (15 ns) employed, which is typical
phenomenon for the laser ablation of metals in the
nanosecond regime [64, 65].

4 Conclusions

Line-like and dot-like periodic micro-structures were fabri-
cated on a soda-lime glass using DLIP combined with the
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Figure 7: Backscatter SEM image of a glass surface textured through the interference-based LIMP (A) and the respective EDX-mapping for
the signals Si-Ko1 (B), Fe-La1,2 (C) and O-Kol (D). The employed structuring parameters were: spatial period=8.5 um; overlap=21P/px;

hatch distance=8.5 um.

LIMP structuring approach. The glass slides were placed
on a flat metal absorber of stainless steel and irradiated
with different periodic energy distributions, generated by
a nanosecond pulsed infrared laser. In both cases, it was
observed that the glass material was locally etched on the
backside locally at the interference maxima positions, cre-
ating microstructures that perfectly follow the incoming
interference intensity distribution. A systematic variation
of the structuring parameters, together with the topo-
graphical analyses, permitted to assess the surface quality
of the produced structures and to identify the factors for
which the textures appear homogeneous and well-defined.
For example, surfaces textured with high hatch distances
presented a low-frequency modulation with a period of the
same value. When using structuring parameters such high
pulse overlaps, deeper surface textures were obtained,
however, in most of the cases they were covered with an
additional roughness (in the nanometre range), which is
ascribable to a more intense etching process characterised
by redeposition of metallic particles in the glass’ surface.
Further studies will be carried out, involving the use of dif-
ferent absorber materials, as well as a detailed chemical

analysis of the glass surfaces resulting after this indirect
interference-based process.
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