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Abstract: We present a laser based technique combined with the Talbot
effect for microstructuring surfaces. The use of the Talbot effect is
introduced as a solution to avoid damage of the periodic object used for
micropattering different surfaces during the ablation process. The
fabrication of two periodic objects (a mask and a microlens array) for
micropattering surfaces and the identification of their Talbot planes is
presented. A metal foil is ablated at distances corresponding to selected
Talbot planes of the periodic objects. The setup allows us to design the
desired pattern and the result is a multistructured surface with a high
number of identical microholes, achieving a minimum diameter around
4um. The different aspect of the periodic object working in direct contact
and working at these Talbot distances is shown. These pictures reveal the
advantages of working of using Talbot effect for a rapid, repeatable and no-
contaminant multistructuring. Some industrial applications are illustrated.
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1. Introduction

Surface microstructuring presents a high interest in industry due to its various applications
[1]. By modifying the surface of a material, tribological properties such as wettability or
friction, can be altered. Therefore, a substrate can be functionalized in order to behave as
hydrophobic or hydrophilic [2] or to modify its adherence can be increased or decreased [3].
Also, the surface texturing plays an important role in the process of metallization of plastics,
which traditionally includes very toxic and contaminant steps.

Over the years, different forms to modify the surfaces at the micrometer and
submicrometer scale were developed. Some examples of these surface texturing techniques
are photolithography [4], chemical etching [5,6], face sealing [7] or laser ablation [8,9]. Laser
ablation presents a great advantage among all of them: versatility, speed and the ability to
adapt to a wide different range of structures without altering the properties of the material
[10,11]. However, a rapid and precise control of geometrical features is necessary to obtain
the full potential of the surface micropattering with laser. Due to this fact, the efforts must be
focused on the implementation of rapid manufacturing techniques and, in this context,
microoptics plays an important role in various industrial manufacturing process like
microelectronics [12], laser-machining [13,14] and materials processing [15,16].

Some of the authors have reported the use of periodic object and microlens arrays for
performing laser microstructuring [17]. In the case of the periodic object for performing the
ablation of a sample with laser, a periodic object is usually employed as a mask that transfers
its pattern to the substrate and it must be placed in direct contact with the sample. In the case
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of the microlens array, the target is placed at the focal length of the array. In this case, each
microlens of the array concentrates more energy at focus and the process is more efficient.
The use of microlenses is particularly well suited for manufacturing, optimization of laser
beam delivery as well as improvement of production efficiency with the intention of cost
reduction [18]. In previous work some of the authors have demonstrated the structuring
capabilities of microlenses arrays over a variety of different material, such as stainless steel,
aluminium, copper and polymer [17]. Nevertheless, both the mask and the microlenses,
present a problem of durability due to the interaction of the material expelled from the
substrate during the ablative process and these elements. To avoid the rapid contamination
and deterioration of the periodic object and the microlenses, it was realized that the best
option will be to separate the target a distance enough for the expelled material does not reach
the optical element used for the structuring. To overcome this, in this work we propose the
use of the Talbot effect.

Some other authors have demonstrated in the past the possibility of combine the Talbot
effect, or self-image phenomenon, with laser irradiation using optical elements in order to
multistructure different materials. For example, this effect was used with an array of
microlenses to structure a thin film, creating micropatterns of dots over the substrate at certain
distances from it [19,20]. Also using a microlens array, materials like photoresist were
microstructured with laser using the self-image phenomenon and different patterns from the
one created at the focal length were obtained [21].

The Talbot effect consists of the repetition of the complex amplitude distribution of a
periodic object or the foci of microlenses at several finite distances from it, called the Talbot
distances, when the object is illuminated by coherent light. These Talbot distances depend on
the period of the object, the wavelength and the kind of illumination employed [22]. The
longitudinal repetition of the image along the optical axis does not need any optical elements,
such as lens or mirrors, and it was demonstrated that not only periodic objects cause this
effect, but every object that satisfies the called Montgomery conditions [23]. So, the
periodicity of the object is just a sufficient but not a necessary condition. Nevertheless, the
periodic objects are the most employed to observe the Talbot phenomenon [24]. In this work,
we present the fabrication of a periodic object by a laser direct-write technique that after a
thermal treatment turns into a microlens array. The initial periodic object and the final
microlenses are employed for micro-patterning surfaces, using the Talbot effect as a tool to
overcome the problem of the damage caused to the object during the ablation process since it
allow us to increase the distance between periodic object and substrate. In section 2 we
present the materials and methods. Section 3 is devoted to the use of the Talbot effect as a
solution to the deterioration problem. In section 4 we describe some industrial applications.
Section 5 presents the conclusions.

2. Materials and methods

In order to perform the microstructuring of the glass to fabricate the initial periodic object that
would act as a mask, a Rofin model Nd:YVO, laser was used. This is a solid-state laser,
operating at 1064 nm wavelength and using a Q-Switch regime, with pulses of 20
nanoseconds. Subsequently, an Easy Mark CO, laser system with a fundamental wavelength
of 10.6pm providing a maximum power of 124W was employed to apply a post thermal
treatment for obtaining the microlens array from the previous structure [25].

A confocal microscope SENSOFAR PLp 2300 allow us to perform topographic
measurements on the surface and to obtain 3D images of the generated microposts and
microlenses. The results presented were acquired using a 20xEPI microscope objective, with
a numerical aperture of 0.45 and a working distance of 4.5mm. The glass used as substrate for
fabricating the microlens arrays was a commercial soda-lime glass, provided by a local
supplier.

A He-Ne laser model JDS Uniphase 1144P is used for the identification of the Talbot
planes and for choosing the most suitable, with a 20X microscope objective and a CCD
camera. A Nd:YAG laser with parameters A = 532nm, pulse width 20 ns at 50Hz and M*<1.2
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is employed for the surface microstructuring. The target used is a stainless steel of 1 mm
thickness. A Nikon MM-400 microscope is used for the visual characterization and a
scanning electron microscope FESEM ZEISS ULTRA PLUS is used to achieve images of the
periodic objects after ablation.

3. Talbot effect

The aim of this work is to multistructure different surfaces using a simple and efficient
technique. Is well known that the Talbot effect is a diffraction phenomena that occurs for
periodic object and consists of the repetition of the image at certain distances from the object
with no need of any optical elements [26]. Our purpose is to use by one hand a mask
fabricated by laser direct-writing and by the other hand the foci of a microlens array obtained
after expose the initial structure fabricated to a thermal treatment as periodic object for the
Talbot object. If we place the surface to be structured at the axial length corresponding to the
integer Talbot distances, we obtain the same multistructure pattern than if it is placed in direct
contact for the first case proposed or if the substrate is at the focal plane of the microlenses in
the second case. Using this approach we increase the distance between the object and the
target, avoiding that the material expelled from the target damage the elements.

Firstly, we identify Talbot images of the periodic objects (the mask and the foci) when are
illuminated by the He-Ne laser. The Talbot distances depend on the period of the object, the
wavelength and the kind of illumination employed. A plane wave is chosen as incident wave
because is the most simple kind of illumination for which the Talbot condition can be
calculated, and the Talbot distances are given by [27]

2
zZ,=n % €]
where zr is the distance between the periodic object and the Talbot image, n is an integer,
p is the period of the object and A is the wavelength of illumination
When an array of microlenses is used as periodic object, the Talbot distances measured
from the object are given by [28]

o o)

where fyy; is the foci of the microlens and zr is the Talbot distance. The magnification for this
kind of illumination is the unity. We use a He-Ne laser for the identification of the Talbot
planes, because can easily be recorded than when use a pulsed power laser for
multistructuring different targets.

3.1 Fabrication of periodic objects

We manufacture the periodic objects that are employed in this work because in this way we
can perform design the structure we want increasing the versatility of the processed
technique. Firstly, a periodic object that acts as a mask is fabricated in a commercial soda-
lime glass by a laser direct-write technique with a Q-Switch Nd:YVO, laser with a
fundamental wavelength of 1063nm. Through the movement of the laser beam, controlled by
a galvanometer mirror system, cylindrical microposts are fabricated by direct laser ablation of
circular trenches (Fig. 1(a)). Laser parameters were: average power 7W, repetition rate of
9kHz and scan speed of 70mm/s. The packing pattern of the array of microposts is a
hexagonal pattern with 50um period. This periodic object is going to be employed in the next
section as a mask that transfers its pattern to the substrate to be structured.

If this initial periodic object is exposed to a thermal treatment (Fig. 1(b)) we can obtain an
array of microlenses and use its foci as the periodic object that repeats its image along the
propagation axis. By using a roller furnace combined with a CO, laser, the material at the top
of the microposts achieves the transition temperature of the soda-lime glass and reduces its
viscosity. Consequently, the surface tension of the melted material induces the modification
of the surface shape while the rest of the substrate remains at a lower temperature. The
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original microposts become spherical microlenses with good optical quality [25]. Lasers
parameters were: wavelength of 10.6pm, repetition rate of 10kHz and a scan speed of
350cm/s.

Figure 1 shows setups used for the fabrication of the periodic objects. The profile of the
mask obtained by a laser direct ablation can be observed in Fig. 1(c). The thermal treatment to
achieve the microlenses is described in Fig. 1(b) and the final profile is shown in Fig. 1(d). By
this manufacturing process we can fabricate the two different periodic objects that are
employed in this work. The topographic measurements were done with a confocal microscope
SENSOFAR PLp 2300.

Laser
a) Iy — beam ) y b)
| ID———— Nd:WO, 4
‘ CO, Laser
Galvanometer
system
g Flat-field lens
| | Sample
\ | movement
/ Beam
. Flat-field s f‘ motion. =
Beam motion (‘rb lens
s Micropost array ~ ——>
Furnace
Soda-lime
glass

Fig. 1. a) Experimental setup for the fabrication of the mask by a laser direct-write technique,
b) experimental setup of the thermal treatment for achieving the microlenses array, ¢) confocal
image of the microposts structure after the laser ablation and d) confocal image of the
microlenses after the thermal treatment.

3.2 Identification of the self-images

Now that the periodic objects are fabricated, we proceed to the identification of Talbot planes.
We look for those images that shown a uniform irradiance profile. The position of the self-
images must attend to Eq. (1) under plane wave illumination and the theoretical formula has
to be verified experimentally. For this purpose, the setup described in Fig. 2 was used.
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Fig. 2. Experimental setup for the identification of the Talbot images when a periodic object is
illuminated by a HeNe laser. The laser beam passes through a collimation system (formed by a
20X microscope objective; a spatial filter and a lens), that illuminates the periodic object. The
image system acquisition for capturing the Talbot images is formed by a 20X microscope
objective and a CCD camera. The image acquisition system is moved laterally to capture the
different Talbot images.

Figure 2 shows the experimental setup for the verification of the Talbot distances when a
mask is used as periodic object. The laser beam is collimated by using a 20X microscope
objective that concentrates the light on a pinhole that acts as spatial filter. The pinhole is
placed at the focal length of a convergent lens. The collimated beam illuminates the periodic
object. This object is fabricated over a soda-lime glass substrate. The Talbot images are
acquired with an image system formed by a 20X microscope objective and a CCD camera.
The acquisition image system is moved laterally at the theoretical Talbot distances,
corresponding to the fifth (zs = 19.75 + 0.03mm), sixth (zs = 23.75 £ 0.03mm) and seventh (z;
= 27.70 + 0.03mm) Talbot images. The irradiance distribution of each plane is recorded by
the CCD camera.

When the focal plane of the microlens array is used as periodic object, the setup used for
the identification of the Talbot images of the foci is described at Fig. 3.

Sixth Talbot plane Eleventh Talbot plane |mage acquisition system

Microlens Foci

Collimation system

Microscope CCD camera
objective

Microscope

> 4 &
objective Pinlicle Lens
|«

Laser beam

20X CCD |—

Image acquisition system movement

Focal length Sixth Talbot distance

Eleventh Talbot distance

Beam propagation

Fig. 3. Experimental setup for the identification of the Talbot images when a microlens array is
illuminated by a HeNe laser. The collimation system is the same that this described in Fig. 2 as
well as the image system acquisition. Note that the periodic object used for the Talbot effect is
the focal plane of the microlens array.

When the focal plane of the array of microlenses is used as periodic object, the value of
the focal length 0.34 £ 0.03mm in our case, needs to be add up to the theoretical value of the
Talbot distance for taking the origin of measurement at the microlens array. The setup
consists of the same elements as in the case of the mask (Fig. 2) and the acquisition image
system is placed at distances calculated theoretically by Eq. (2), that is at 24.07 £ 0.03mm for
the sixth Talbot plane and 43.79 + 0.03mm for the eleventh one.
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Figure 4 shows the Talbot images when the mask is used and Fig. 5 presents the images
obtained in the case we use the microlens array. The images were obtained with an
acquisition image system provided with a 20X microscope objective.

290 ¢9 "'l."
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T » 3 o oEN

XX L

Fig. 4. CCD-images of the mask obtained with the experimental setup that employs a HeNe
laser a) object, b) fifth Talbot plane, ¢) sixth Talbot plane and d) seventh Talbot plane.
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Fig. 5. CCD-images of the microlens array obtained with the experimental setup that employs
a HeNe laser a) object, b) foci of the microlenses, c¢) sixth Talbot plane and d) eleventh Talbot
plane.

Figures 4 and 5 permit us to say that the theoretical values are in good agreement with the
experimental results. Moreover, in both cases the magnification of the image is the unity as
expected. Figure 4(c) shows a worse image in term of the homogeneity of the irradiance
distribution than in the other cases. This could be because of a mild discrepancy between the
theoretical value and the experimental position. Nevertheless, the image of the mask is
repeated and the hexagonal pattern is obtained.

4. Surface multistructuring

After the selection of the Talbot planes that present a more homogenium aspect we proceed to
microstructure different materials. In order to have energy enough to structure the substrates,
we use a more power Nd:YAG Q-switch laser (see section II), commonly employed in
industrial applications.

Periodic

Convergent object Substrate

lens
r N

Laser beam

Talbot

- —_—
distance .

Beam propagation

Fig. 6. Experimental setup for performing the surface ablation with a Nd:YAG laser and the
mask. The laser beam passes through a convergent lens and illuminates the mask. The
substrate is placed at the theoretical Talbot distances from the object.
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Figure 6 depicts the setup employed for the microstructuring of the surface when the mask
is used as periodic object. It is formed by a Nd:YAG working at its second harmonic (A =
532nm), with a pulse width of 20ns at 50Hz and M*<1.2 and a convergent lens of 7cm focal
length located at 3.5 = 0.1cm from the object, that allow us to increase the irradiance on the
target. The mask and the substrate will be separated by a distance equal to the chosen Talbot
distance.

When the focal plane of the microlens is employed as the periodic periodic object, we
must take into account the approximation given by Eq. (2), so the resulting setup for the
surface ablation is shown in Fig. 7. In this case the lens is placed at 4.5 £ 0.lcm from the
object.

Convergentlens Microlens array Focal plane Substrate

VN

Laser beam

Talbot
distance

v

Beam propagation

Fig. 7. Experimental setup for performing the surface ablation with a Nd:YAG laser and the
microlens array. The laser beam passes through a convergent lens and illuminates the
microlenses. The substrate is placed at the theoretical Talbot distances measured from the foci.

In both setups, we have to take into account that the kind of illumination has changed
respect to the He-Ne case, it is no longer a plane wave, so the condition for the Talbot
distances must be calculated again. We assume that a plane Gaussian beam emerges from the
laser and passes through the lens, obtaining a new Gaussian beam with different parameters.
The radii of curvature of the beam after the lens has been approximated by the distance
between the lens and the object [29]. After solving the diffraction integral for this case, the
Talbot condition is given by

2
R_
PRz

A R T

where R is the radii of curvature of the Gaussian beam. So the Talbot distances for this kind

of illumination is
R++R*—4Rp*n/ A
Zp = > . 4)

©)

where the positive sign has been chosen for recovering the initial conditions, because the radii
takes a negative value because it is convergent. Again, if we want to find the self-images of
the foci of the microlenses, the repetition of the foci will be found at positions z from the
array such as

z= fin +2;. ®)

As the illumination has changed and a lens is placed to have enough energy for perform
the ablation, the magnification is no longer the unity. In fact, in our case we will obtain self-
images with magnification below the unity. The formula for the magnification is given by the
ratio between the position of the self-image and the position of the object [27]
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M (6)
where R is the distance from the periodic object and the lens and zr is the Talbot distance. In
our case the value of R has a negative sign to indicate that the light converges.

Once we achieved the theoretical formula for the distances with the Nd:YAG setup, these
theoretical values must be verified experimentally. We use the setup shown in Fig. 6 when we
use a mask as a periodic object and the one described in Fig. 7 when a microlens array is
employed. We also include a 40X microscope objective between the periodic object and the
image in order to magnify and record the image. In each case, we place the observation plane
at the distances predicted theoretically. For the mask, these distances correspond to 16.09 +
0.03mm for the fifth Talbot plane, 18.45 = 0.03mm for the sixth and 20.67 = 0.03mm for the
seventh. For the microlenses, the theoretical values correspond to 20.26 + 0.03mm for the
sixth Talbot plane and 31.63 + 0.03mm for the eleventh. The CCD-images for the mask and
the microlens array are shown in Figs. 8 and 9, respectively. The images were obtained with
an acquisition image system provided with a 40X microscope objective.

Fig. 8. CCD-images of the mask obtained with the experimental setup that employs a Nd:YAG
laser a) object, b) fifth Talbot plane, ¢) sixth Talbot plane and d) seventh Talbot plane.

N

Fig. 9. CCD-images of the microlens array obtained with the experimental setup that employs
a Nd:YAG laser a) object, b) foci of the microlenses, c) sixth Talbot plane and d) eleventh
Talbot plane.

The tolerances (RMS values) of the Talbot planes in engraving mask were evaluated to be
a 0.18%, 0.16% and 0,14% for the fifth, sixth and seventh Talbot image, respectively. In the
case of the microlenses, the tolerances were achieved to be 0.15% and 0.09% for the sixth and
eleventh Talbot planes, respectively. As it was expected the tolerance decrease as the axial
distance increases. Moreover, the high order Talbot images would not have energy enough for
performing patterning by laser ablation on the substrate materials presented in this paper. The
walk-off effect was not considered in this paper because the number of illuminated elements
of the periodic object is high enough to produce the Talbot images used in this work
[28,30,31].

From Figs. 8 and 9, we realise that the magnification is no longer the unity and that the
period of the image decreases as long as we increase the Talbot order. For the mask, these
theoretical values of the magnification correspond to Ms = 0.54 for the fifth Talbot image, Mg
= 0.47 for the sixth and M5 = 0.41 for the seventh. For the microlenses, the theoretical values
correspond to Mg = 0.58 for the sixth Talbot image and M;; = 0.35 for the eleventh. This
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decrease of the magnification causes a blur of the image and consequently, a deterioration of
it.

Once the Talbot distances are known and verified, we proceed to the ablation of a metal
surface with a laser. The setups used are the ones described in Figs. 6 and 7. The substrate is a
stainless steel of Imm of thickness and it is placed at the theoretical Talbot distances. The
laser parameters for ablation are: pulse repetition rate of 50Hz and energy per pulse of 450pJ.
This energy is enough to structure the metal foil with the presented setups. Figure 10 shows
the optical images of the microholes created using the mask when the stainlees steel foil is
placed at distances 16.09 + 0.03mm, 18.45 £ 0.03mm and 20.67 £ 0.03mm from the object,
corresponding to the fifth, sixth and seventh Talbot distances respectively. The time of
processing is around 7 seconds.

i\\\i\ v“\‘ \ \ \\z. ;

Fig. 10. Images obtained after the ablation of a foil of stainless steel with thickness of 1mm
using the mask when the surface is placed at a distance corresponding to a) the fifth Talbot
plane, b) sixth Talbot plane and c) seventh Talbot plane from the object. The period p is
indicated in the images. The images were obtained with a microscope in reflected mode and
bright field.

As you can see in Fig. 10, by illuminating the periodic object presented in Fig. 1(c) with a
Nd:YAG laser beam, we use the fifth, sixth and seventh Talbot images to structure a metal
foil of thickness 1 mm. It is visible in this figure that the magnification is not the unity, as it
was expected. The magnification attends to Eq. (6) and the original period of 50um of the
object now decreases, with theoretical values of 27.01um for the fifth Talbot distance,
23.62um for the sixth and 20.45um for the seventh, which are in good agreement with the
experimental ones that are shown in Fig. 10. Also, the diameter of the microspot decreases
with values of 8.62 + 0.10um when it is placed in the fifth, 6.48 = 0.10um in the sixth and
5.71 £ 0.10pm in the seventh. The deep of the microholes is around 1um.

Figure 11 shows the micropattering obtained when the microlens array is employed and
the substrate, a stainless steel of 1mm thickness, is placed at distances 0.34 = 0.03mm (focal
length), 20.26 £+ 0.03mm (sixth Talbot distance) and 31.63 + 0.03mm (eleventh Talbot plane)
from the object. The exposition time it is around 7 seconds.
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Fig. 11. Images of the microholes obtained after the ablation of a foil of stainless steel with
thickness of 1mm using the foci of the microlenses when the surface is placed at a distance
equal to a) the foci of the microlens, b) sixth Talbot plane and c) eleventh Talbot from the
object. The period p is indicated in the images. The images were obtained with a microscope in
reflected mode and bright field.

Figure 11 shows the obtained patterns when the stainless steel foil of 1mm thickness is
placed at a distance equal to the focal length (Fig. 11(a)) and at the sixth and eleventh Talbot
distances, respectively (Figs. 11(b) and 11(c)). As predicted, the period is different since the
magnification changes. In particular, the period of the pattern decreases as long as the Talbot
order increases due to the fact that the magnification is below the unity for this kind of
illumination. The theoretical period of the ablation patterns can be calculated from the
magnification given by Eq. (6), so we obtain that the period for the sixth self-image of the
foci would be 29.24pum and 17.40um for the eleventh. These results are in good agreement
with those shown in Fig. 9. The diameter of the hole also decreases as the Talbot plane
increases, taking a value of 6.69 + 0.10um for the sixth plane and 4.68 £ 0.10um for the
eleventh. The microholes have around 1um depth.

In order to ensure the integrity of the optical elements, the samples were analysed using an
electronic SEM microscope. Figures 12 and 13 show the optical elements working at a Talbot
distance and working in direct contact in the case of the mask and at a focal length in the case
of the microlenses, respectively. Since the mask is fabricated by laser ablation, the interstices
among each micropost are not highly transparent and a small opacity remains. This fact
allows us to work in direct contact. In the case of the microlens, it would be not possible
because after applying the thermal treatment, the interstitial areas become transparent.

Debris %

expelted
= fromdhey’
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Fig. 12. SEM images of one micropost when the microstructuring was performed at a) the
Talbot planes presented in Fig. 10 and b) direct contact.
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Fig. 13. SEM images of one microlens when the microstructuring was performed at a) Talbot
planes shown in Fig. 11 and b) the focal plane.

We can see in Fig. 12 that when ablation is performed in a Talbot plane from the mask the
periodic objects remains practically intact (Fig. 12(a)) meanwhile when we work in direct
contact, the mask results damaged (Fig. 12(b)) It is clear in Fig. 13 that if the substrate is
placed in the foci of the microlens array, the array suffers several damages due to the expelled
particles for the substrate foil (Fig. 13(b)). As consequence, the periodic object results
damaged and its useful life decreases. If the ablation is performed in a Talbot plane, the
particles expelled do not damage the array and the quality of the object is kept (Fig. 13(a)).
Although this process can be improved by using low absorption and high quality optical
material, the low cost of the material and fabrication process makes this technique attractive
compared with other methods.

4.1 Industrial applications

Surface microstructuring by laser ablation allows to generate a high number of identical
structures in a short exposition time and in a no contaminant ambient. This technique is
employed in several industrial applications but with the inconvenient of the rapid
deterioration of the objects that transfers the geometry to the system. The Talbot effect has
been presented as a possible solution that allows to separate the periodic object from the
substrate. As a consequence, the damage in the objects can be avoided and they can be
employed at series laser surface texturing processes.

The possibility of microstructuring surfaces with laser over different materials avoiding
the damage of the periodic object that transfers the patterns presents numerous applications in
industry, where a rapid, precise and cheap technique is require to modify the tribological
properties of different substrates to adapt them to the diverse needs from different fields.
Avoiding the replacement of the damaged periodic object very often, cost can be reduced.
Figure 14 depicts the same ablation pattern that corresponds to the sixth Talbot distance of the
mask over different substrates in order to illustrate the different applications of the
modification of the surface.
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Fig. 14. Images with a metallurgic microscope of the ablation over a) a Imm thick stainless
steel foil, b) a soda-lime glass substrate with a coat of cooper of 1um of thickness and c) a
polypropylene substrate of 0.5mm. Each substrate is placed at the sixth Talbot distance from
the mask. The images were obtained with a microscope in reflected mode and bright field.
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Figure 14(a) shows a micropattern performed on a metal substrate, a stainless steel foil.
The microstructuring of these surfaces at a micrometric level is necessary to modify the
tribological properties of the material. The generation of microholes in these substrates is
useful to create microstructures that act as traps for abrasive particles when two surfaces are
in contact. They also act as a reservoir of lubricant liquid in friction [9]. The size and
distribution of these holes is a determinant factor to calculate the friction forces between two
structures, which can be easily controlled by the design of the periodic object that creates the
holes.

In Fig. 14(b) we can see how the cooper coat has been eliminated selectively. The pattern
is not as clear as in other materials but the result obtained can be used to generate new objects
that act as masks in diverse processes such as photolithography.

Plastic surfaces, as the polypropylene one we can see in Fig. 14(c), are widely employed
in processes like sealing, gears fabrication, artificial joints, engines or automation machinery
that require a precise alteration of the tribological properties of the material [32]. Nowadays,
plastic replace a lot of metal pieces because of weight, cost or design reasons, so industry
metallizes the polymer for aesthetic motives or to make the piece conductor. We can find
metallized plastic in the motoring area, in accessories for construction, decorative elements,
etc. In order to metallize the plastic, the surface of the material must be altered because the
adhesion of the metal to this surface is purely mechanic and not atomic. One of the most
common techniques for the preparation of the substrate is the chemical etching that includes
hexavalent chromium and palladium in the process, which are very toxic components [33].
For this reason, it is very interesting to look for new ways to make this process without any
contaminants. Surface texturing for its metallization using chemical agents can be replace by
a laser microstructuring technique as the one proposed in this work, which is no-contaminant
at all, combined with the Talbot effect to avoid the damage of the periodic object.

5. Conclusions

In this paper, we have created a mask formed by microposts by a direct-write laser technique
with a Nd:YVO, laser and a microlens array by exposing the mask to a thermal treatment
with a CO, laser. The mask and the focal plane of the microlens array were employed to
fabricate a high number of identical structures onto a substrate by laser ablation in a short
exposition time. The use of the Talbot effect in this procedure allows to increase the distance
from the object to the target resulting in a decreasing of the deterioration caused by the
particles spelled from the substrate during the ablation process of the target and therefore, the
useful life of the periodic object is increased.
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