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Medical grade polydimethylsiloxane (PDMS) elastomer is a widely used biomaterial as encapsula-
tion and/or as substrate insulator carrier for long term neural implants because of its remarkable
properties. Femtosecond (A =263 and 527 nm) and nanosecond (266 and 532 nm) laser processing of
PDMS-elastomer surface, in air, is investigated. The influence of different processing parameters, includ-
ing laser wavelength, pulse duration, fluence, scanning speed and overlapping of the subsequent pulses,
on the surface activation and the surface morphology are studied. High definition tracks and electrodes
are produced. Remarkable alterations of the chemical composition and structural morphology of the
ablated traces are observed in comparison with the native material. Raman spectra illustrate well-defined
dependence of the chemical composition on the laser fluence, pulse duration, number of pulses and wave-
length. An extra peak about ~512-518 cm~', assigned to crystalline silicon, is observed after ns- or visible
fs-laser processing of the surface. In all cases, the intensities of Si—O—Si symmetric stretching at 488 cm~,
Si—CHj3 symmetric rocking at 685 cm™!, Si—C symmetric stretching at 709 cm~!, CH3 asymmetric rock-
ing + Si—C asymmetric stretching at 787 cm~!, and CH3 symmetric rocking at 859 cm~!, modes strongly
decrease. The laser processed areas are also analyzed by SEM and optical microscopy. Selective Pt or Ni
metallization of the laser processed traces is produced successfully via electroless plating. The metalliza-
tion process is not sensitive with respect to the time interval after the laser treatment. DC resistance is
measured to be as low as 0.5 2 mm-~". Our results show promising prospects with respect to use such a
laser-based method for micro- or nano-fabrication of PDMS devices for MEMS and NEMS.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

constant and breakdown field, optical transparency in the ultra-
violet (UV)-visible (vis) spectral regions, high biocompatibility

Silicone-based elastomer polydimethylsiloxane (PDMS) is and biostability. PDMS is widely used in the fabrication of

among the most popular technical polymeric materials due to
its advantageous properties: simple and inexpensive fabrica-
tion process, mechanical flexibility and stability, high dielectric
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various micro-electro-mechanical systems (MEMS) and nano-
electro-mechanical systems (NEMS) devices such as lab-on-a-chip,
waveguides and memory-based devices [1-4], dielectric elastomer
actuators [5], as well as in numerous pharmaceutical and medical
applications [6-8]. Owing to its remarkable properties, the PDMS-
elastomer is also used in biomedicine as encapsulation and/or as
substrate insulator carrier for long term neural implants [9,10].
Highly flexible polymeric microelectrode arrays (MEAs) based on
PDMS-elastomer scaffold composed by micro-channeled tracks as
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Table 1
Summary of the laser processing parameters.

uv vis
fs-laser
Beam spot at the surface S(r) (cm?) 037 x104 037 x 1074 Lens focal distance - 7.5 cm
Fluence range F; (Jcm~2) 1.1-3.9 1.1-54
Absorbed fluence?® F (Jcm=2) 0.43-1.52 0.07-0.32
ns-laser
Average beam spot at the surface S(r) (cm?) 22x10 2.5x 1074 Lens focal distance - 22 cm
Fluence range F; (Jcm~2) 0.7-4.3 3.0-4.0
Absorbed fluence® F (Jcm~2) 0.27-1.68 0.18-0.24

2 It should be emphasized that the given absorbed fluences are valid only for the first laser pulse hitting the material. During the multipulse processing the material

absorption increases because of the incubation process.

electrodes are applied as neural interfacing technologies for moni-
tor and/or stimulation of neural activity [ 11-13]. Elastomeric MEAs
can be rolled and flexed, thus offering an improved structural
interface with neural tissues. Hence, the modification or struc-
ture formation of the PDMS elastomer surface opens an interesting
research field for different applications.

UV ns- and fs-laser irradiation of PDMS-elastomer under ambi-
ent conditions is an easy and powerful method of micromachining
allowing activation and functionalization of the surface without
altering its bulk properties [14-22]. NIR (near infrared) fs-laser
microstructuring of PDMS polymer is also investigated [3,23,24].
Since laser micromachining is based on the laser direct ablation,
it appears as a very suitable and low cost technique for the fabri-
cation of tracks and complex 2D/3D structures with dimensions of
several tens of microns or less. It can be effectively applied to a wide
range of materials, because of the versatile control of the laser beam
parameters. Consequently, this approach allows the numbers of
electrodes and pads to be increased by miniaturization of the tracks
on the PDMS substrate and thus, to increase the nerve selectivity.
After laser processing, selective metallization of the as-processed
surface is obtained by immersion of the sample into autocatalytic
bath containing metal ions (Ni or Pt). For the metallization step, a
quite complicated method has been developed for electroless plat-
ing of the polymer materials and applied very soon after the ns-laser
treatment [14,25,26].

Laser ablation of polymers is a well established process in
industrial applications. However, different mechanisms (photo-
thermal and photochemical) are proposed in terms of the
dependence of the dynamics of the etching process on laser
fluence, wavelength, pulse length, number of pulses (incuba-
tion), and intrinsic properties of the polymer materials [27-33],
and details of quantitative understanding are still controversial.
However, two general processes originating from the excited
electronic state created by UV laser light absorption are dis-
tinguished: photochemical decomposition [27,28], resulting in
direct bond breaking, and photothermal decomposition [29],
due to the vibrational relaxation of the excited states. Some
authors declared that both thermal and photochemical mecha-
nisms contribute to the ablation at low laser fluences [27,30,31].
Moreover, defects creation into the material, i.e. “incubation”,
is considered as responsible for UV laser ablation of polymers
[27-32].

The conception of laser-assisted activation of the silicone PDMS
surface is described in details elsewhere [14-16,25], and it is
expressed in increasing surface chemical reactivity via photolytic
decomposition. Briefly, in spite of the low optical absorption of
the PDMS polymer to photons with energy in 5.0-2.3 eV range
(248-532 nm wavelength range), UV photons are absorbed selec-
tively and exclusively onto Si—C electron bonds. In fact, optical
absorption starts at 3.3 eV (~375nm) in such complex compounds
as PDMS-elastomer. As a result, under laser irradiation, organic
radicals are expected to be ejected from the surface, whilst Si—O

back-bones (the optical absorption starts at 4.7 eV for this) remain
as the sole part of the polymer, but with two unpaired electrons
named “dangling bond” materializing the surface chemical activa-
tion [14,25].

The aim of this paper is to present new approaches in the
processing and characterization of PDMS-elastomer treated by
UV and vis emitting ns- and fs-laser and the metallization of the
obtained tracks, which could remove some critical issues involved
in previous approaches regarding the time interval between laser
treatment and metallization for both, ns- and fs-laser processing.
Additionally, changes of the chemical status and morphology of
the processed PDMS surface using different pulse durations and
wavelengths is considered. Second, a direct metallization is applied
in order to obtain tracks by electroless plating of Ni or Pt excluding
sensibilization and chemical activation usually preceding this
process.

2. Experimental

PDMS-elastomer sheets (KCC-corporation, South Korea)
(800 wm thick) are irradiated with 2nd HG (A =527nm) and
4th HG (A=263nm) of Nd:Glass laser system (pulse duration
T~ 300fs and rep rate of 33 Hz), respectively. The material is also
processed by 2nd HG (A=532nm) and 4th HG (A=266nm) of
Q-switched Nd:YAG laser (pulse duration T=15ns and rep rate of
10Hz). The laser beam is focused perpendicularly to the sample
surface using lenses with 7.5 and 22.0 cm focal distance for fs- and
ns-laser irradiation, respectively. The data of the laser processing
parameters are summarized in Table 1. It is worth noting that
the ranges of the absorbed fluences presented in the table are
valid only for the first laser pulse hitting the material. The next
consecutive pulses interacting with the material cause changes
of its optical properties. Despite the low absorption of the native
PDMS-elastomer material for wavelengths in the range between
263 and 532 nm with (0.39 for A =263 nm and 0.06 for A =532 nm),
the laser treatment with the fluences applied (see Table 1) at the
wavelengths indicated above is possible because of an incubation
process. The latter occurs as a result from the multipulse processing
and enhances the optical absorption of the material. The laser
processing is performed in air at ambient temperature in a multiple
pulsed regime in order to obtain continuous tracks. The laser line
tracks are obtained by overlap (up to 90%) of the adjacent laser
beam spots. The samples are mounted on a moving stepper-motor
computer-controlled x-y table and shifted with a speed in the
interval of 8-76 wms~1. The number of the consecutive pulses
(from 8 to 110) per laser beam spot on the material surface is
controlled by the moving speed of the table. Continuous trenches
with lengths between 3 and 10 mm and widths between 50 and
150 wm, depending on the laser parameters, are produced.

Before laser treatment the PDMS samples are cleaned by fol-
lowing steps: cleaning in a detergent solution using ultrasound
bath; rinsing with deionized water; again cleaning with ethanol
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in ultrasound bath; and finally air stream drying. After the laser
treatment, the PDMS samples are prepared for metallization by
rinsing with deionized water and air stream drying. Cleaning is
an important step to avoid quick spontaneous decomposition of
the electroless solution. Then, electroless deposition of Pt or Ni is
applied to the laser processed tracks. Sensitization by tin and acti-
vation by palladium usually preceding the electroless deposition
on non-conducting materials are not applied. Hydrazine hydrate is
used as reducing agent. The pH of the plating baths is ~12 and the
deposition temperatures are 70 °C for Pt and 80°C for Ni, respec-
tively. The deposition is performed for 25 min in a thermostatic
vessel, under rigorous stirring. After metallization, the samples are
washed with deionized water and dried. It is worth noting that the
Ni metallization is the best and cheaper analog of the classic Pt elec-
troless plating process, based on the hydrazine hydrate reducer. The
as described metallization, similar to this presented in briefin [22],
is much more simple and not as sensitive with respect to the time
interval between laser treatment and metallization as proposed in
[25,26].

Different experimental techniques are applied to character-
ize the PDMS-elastomer, as well as the irradiated and metalized
tracks: optical spectrometry (Ocean Optics DH-2000); optical
microscopy (Opton, West Germany); scanning electron microscopy
(SEM) (Hitachi SU-70 with field emission gun) and SEM/FIB
(Lyra/Tescan dual beam system); p.-Raman spectrometry (LabRAM
HR Evolution-Horiba Scientific), equipped with 100x magnifica-
tion objective and laser source operating at A =532nm. Second
K-Raman spectrometer (Invia, Renishaw) using 514 nm excitation
wavelength and beam spot on a sample ~5 pum x 5 um for 100x
objective is also applied. The spectral resolution of both Raman sys-
tems is ~1 cm~1. The p-Raman spectra of the laser treated PDMS
surface are acquired from five different sections at the bottom of
each track and compared to the Raman signals of the native mate-
rial. Cross-sectional thin foils of composite Ni/PDMS perpendicular
to the PDMS surface are prepared using the focused ion beam
(FIB) technique applying FEI Quanta 200 3D dual beam. These foils
are investigated with a scanning transmission electron microscopy
technique (STEM) coupled with facility for selected area electron
diffraction (SAED) PHILIPS CM 20 Ultratwin.

3. Results and discussion

As is indicated above, the laser processing is accomplished in
a multipulse regime in order to obtain continuous tracks. Optical
microscopy technique is used to evaluate continuity and depth of
the tracks produced at different conditions. The ablated trenches
depths depend on the overlapping of the consecutive pulses applied
and also are function of the laser energy density. The ablation depth
is evaluated by measuring and averaging of five different points at
the bottom of the trench with respect to the non-processed sur-
face. Fig. 1(a) and (b) reports the ablation depth for ns- and fs-laser
processing as a function of the pulse numbers at a given fluence.
As is seen, for all cases the ablation depth increases almost linearly
with the number of pulses applied and have some tendency for
saturation. Moreover, the ablation depth obtained in case of ns-
laser processing (Fig. 1(a)) is much higher compared to the fs-laser
processing (Fig. 1(b)).

The chemical composition of the laser treated PDMS surface
is investigated by p-Raman spectroscopy. The w-Raman spectra
are taken and averaged from five different points at the bottom
of each track. Typical pw-Raman spectra of the native PDMS-
elastomer material show the following peaks (see Figs. 2 and 3)
characterizing the various chemical bonds: 488cm~! (Si—0—Si
symmetric stretching); 685cm~! (Si—CH3 symmetric rocking);
709 cm~! (Si—C symmetric stretching); 787 cm~! (CH3 asymmetric
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Fig. 1. Ablation depth of the trench produced by the number of subsequent pulses
applied at different fluences: (a) ns-laser processing and (b) fs-laser processing.
Filled symbols are for UV light and open symbols for vis light, respectively.
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Fig. 2. p-Raman spectra of native and fs-laser processed PDMS-elastomer. Laser
fluence is 3.9] cm~2 in both cases and 83 subsequent laser pulses are applied.
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Fig. 3. Changes of the structure of the p-Raman spectra caused by ns-laser
processing: (a) A=266 nm and (b) A =532 nm. The inset show spectra obtained from
some sections of the laser tracks at both wavelengths applied, respectively. The
laser fluence applied is 4.3] cm~2 in case of UV light and 4.0Jcm~2 in case of vis
light, respectively.

rocking + Si—C asymmetric stretching); 859 cm~! (CH; symmetric
rocking); 1262cm~! (CH3 symmetric bending); 1411 cm~! (CH3
asymmetric bending); 2909 cm~! (CH; symmetric stretching); and
2970 cm~! (CH3 asymmetric stretching) [34].

Fig. 2 reports that the pw-Raman spectra of the fs-laser treated
PDMS-elastomer surface differ from the native one, for both
263 nm and 527 nm wavelengths. Local changes in the chemical
composition occur at both wavelengths. The intensity of the peaks
corresponding to the Si—0—Si, Si—C and methyl stretching bonds
gradually decreases with the laser fluence and number of the
pulses. It is worth noting that a sharp peak between 512 and
518 cm~!, which can be ascribed to mono and/or polycrystalline or
only to monocrystalline silicon (c-Si) [35], appears only in the case
of processing with 527 nm. Its intensity increases with the number
of the pulses and the laser fluence and is highest at 5.4]cm~2.
According to our knowledge, this is the first observation of c-Si for-
mation by irradiation of PDMS with vis fs pulses. Instead, at 263 nm
all the spectral features are similar to the native one, but only a drop
of the peaks intensity is observed, as indicated in Ref. [22], which
could be explained by depletion of the corresponding chemical
bonds.

Fig. 3(a) and (b) represents the p-Raman spectra of the PDMS-
elastomer surface after ns-laser irradiation at 266 nm and 532 nm

at the highest laser fluence. The insets in Fig. 3(a) and (b) show
p-Raman spectra acquired in some local laser-treated areas. Sig-
nificant differences can be observed with respect to the native
material surface, demonstrating that ns-laser irradiation induces
local chemical transformations of the sample. In spite of the fs-
laser treatment areas, the strong and sharp peak between 513 and
518cm~! occurs in both cases of UV and vis ns-laser processing
and is observed in all spectra (i.e. at all processing parameters
applied). Its intensity raises with the enhancement of the laser
fluence at both irradiation wavelengths, whereas the intensity of
the Si—0—Si peak at 488cm™! decreases. Also, it becomes more
dominant with increasing the number of pulses. Therefore, the
increase of c-Si band is accompanied by a corresponding reduction
of Si—0—Si bonds. The similar Raman spectra measured after UV
and vis ns-laser treatment are indicative that at both wavelengths
the Si—O bonds are broken, and as a result the formation of the Si
clusters is induced. Furthermore, considerable drop of the intensity
of the peaks at 685, 709, 787 and 859cm~! is observed. It clearly
reveals that Si—CH3, Si—C and CH3 bonds are also broken after the
laser treatment, which probably contributes to the formation of
Si crystallites as well. Finally, a weak broad Raman band appears
between 940 and 960 cm~! after laser treatment with UV (266 nm)
light at any number of pulses (Fig. 3(a)), whereas at 532 nm this fea-
ture is only observed at the highest number of pulses applied (110
pulses) (Fig. 3(b)). This spectral band can be attributed to the micro-
crystalline Si—C bond [36]. Obviously, the fs- and ns-laser pulses
ablation of the PDMS-elastomer causes similar chemical transfor-
mation of its surface, irrespective of the wavelength (i.e. photon
energy - UV or vis) applied.

Moreover, after ns-laser processing two new broad peaks are
observed in the Raman spectra. It is observed, that in case of UV ns-
laser irradiation they appear at 1332 and 1570 cm~! and become
dominant at 110 pulses (inset of Fig. 3(a)). Similar trend at 532 nm
irradiation is observed, but the peak positions are in the range of
1336-1342 and 1590-1600 cm™1, respectively, when they appear
simultaneously with the other Raman peaks (see Fig. 3(b)). How-
ever, the w-Raman spectra obtained from some sections of the laser
tracks show only these two peaks (see the inset of Fig. 3(b)). Their
appearance is the most expressive feature associated with irradi-
ation with number of pulses larger than 11. It is worth noting, in
this case the bands are downshifted at 1332 and 1590 cm~!, respec-
tively. As one can see clearly at both cases (at wavelengths of 266
and 532 nm) the high signal on the peaks tails hinders the other
Raman features (insets of Fig. 3(a) and (b)).

According to Refs. [37,38], the broad peaks between 1340 and
1360cm~! and in the range of 1570 + 1600 cm~! can be assigned to
the D band (breathing mode) and G band (stretching mode), respec-
tively, of the sp2 bonds in amorphous carbon, namely revealing the
formation of highly disordered graphite structures, whereas the
Raman peak about 1332 cm~! could due to the presence of fraction
of sp? carbon bonds.

The appearance of the inorganic products (silicon and carbon) in
the Raman spectra is certain proof for actual chemical activation of
the laser-treated surface. It seems that the surface chemical trans-
formation, i.e. silicone decomposition, is a complex function rather
of the laser fluence, pulse duration and the number of the pulses
than only of the wavelength. Obviously, as is mentioned above the
effective absorption of the PDMS-elastomer is higher enough than
that measured at both UV and vis wavelengths used. Therefore,
the incubation occurs during the irradiation with every consecu-
tive pulse with respect to the initial laser pulse, which increases
the absorption coefficient of the polymer. Most probably, both
photothermal and photochemical reactions with ratios could con-
tribute to the ablation mechanism depending on the laser beam
parameters (fluence, pulse duration and wavelength) as well as the
polymer properties.
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Fig. 4. SEM images indicating PDMS-elastomer surfaces processed by: (a) fs-laser (A =263 nm, fluence 3.9]cm~2); (b) fs-laser (A =527 nm, fluence 3.9] cm~2); (c) ns-laser
(A =266 nm, fluence 4.3] cm~2); and (d) ns-laser (A =532 nm, fluence 4.0 ] cm~2). The inserts at upper right corners depict part of the tracks areas produced with 83 pulses
for fs-laser processing and 77 pulses for ns-laser, respectively. The inserts at the upper left corners show high magnification (200 nm) of the laser processed area with the

corresponding laser parameters given above.

Finally, all w-Raman spectra are measured up to 3200cm~1.
However, they are presented in Figs. 2 and 3 up to 1800cm™!,
since the peaks of the methyl group at 2909cm~! (CH3 sym-
metric stretching) and 2970cm~! (CH3 asymmetric stretching)
do not express changes in the form, but their intensi-
ties only decrease with the fluence or number of pulses
increase.

The surface morphology of the laser-processed tracks is studied
by SEM and the effects of the various parameters (pulse duration,
wavelength, and number of overlapping pulses at the highest flu-
ence) are investigated. Generally, the morphology of all processed
areas is characterized by a high roughness. SEM analysis shows
broadly similar morphologies for fs- and ns-laser irradiation. As
an example, Fig. 4(a)-(d) reports SEM images for UV and vis fs-
and ns-laser irradiation, respectively. Additionally, parts of the
tracks are exposed as insets at the upper right corners. It is evi-
dent that the UV and vis ns- (Fig. 4(c) and (d)) and vis fs-laser
(Fig. 4(b)) processed material has very chaotic granular chondrites-
like structure with voids, whereas the UV fs-laser treated surface
is more regular and uniform. Pores and cavities with different sizes
are formed in all cases, but they are much larger for UV and vis

ns-laser and vis fs-laser treatment. Also, their concentration and
size increase with the number of pulses. Moreover, for both ns-
and fs-laser treatment, nm-scale grains can be clearly observed,
which origin could due to the inorganic products after the sil-
icone decomposition. Melting and solidification of the material
is clearly observed at UV and vis ns- and vis fs-laser treatment
independent on the number of pulses applied. Whereas, at UV
fs-laser micromachining this trend is weakly expressed and the
concentration of the grains is much higher (see the insets at high
magnifications of HR SEM images in Fig. 4, insets at the upper left
corners).

The following step after the laser activation of the polymer sur-
face is the selective metal deposition by immersion of the sample
in autocatalytic bath. It should note the well-known fact, that the
silicon and the carbon both induce successful electroless metal (Ni
or Pt) plating. Pt and Ni metalized tracks are also characterized
using SEM. SEM pictures of electroless deposited Ni areas of UV
fs- and ns-laser processed samples are presented in Fig. 5(a) and
(b), respectively. It is seen that the metal coats uniformly the laser
processed surface. In the case of tracks produced by ns-laserirradia-
tion, Ni crystallizes in “pappus” globules-like structure, whereas for
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Fig. 5. SEM pictures indicating the Ni metallized tracks by electroless plating after:
(a) UV fs-laser processing of PDMS-elastomer, laser energy is 3.9 ] cm~2 and 83 pulses
are applied; (b) UV ns-laser processing of PDMS-elastomer, laser energy is 4.3 ] cm—2
and 77 pulses are applied.

fs-laser tracks are coated with fine needle-like Ni crystals. It should
be underlined that according to our knowledge, first successful
metallization of vis (wavelength of 527 and 532 nm) laser-treated
PDMS-elastomer is performed.

The best way to demonstrate the ability to activate PDMS for a
direct metallization with visible laser is to present a cross section of
the composite Ni/PDMS - Fig. 6. The interface of PDMS-Ni is seen
there: Fig. 6(a) both components have different density and due
to this one can see the complicate interface profile generated by
the laser treatment. The complex interface morphology favors the
good nickel adhesion through the so called “button up” effect. The
details of the electroless deposited Ni crystalline structure, typical
for a metal coating are demonstrated in Fig. 6(b) as well as its SAED
in Fig. 6(c).

DC resistance of Pt and Ni tracks is measured, resulting always
between 0.5 and 15 Q/mm. It should be noted that the metal-
lized polymer sample keeps most of its original flexability, which
is important property for neural probe applications.

Fig. 6. FIB TEM images of the cross section of Ni metalized tracks produced by vis
fs-laser at laser energy 3.9] cm~2: (a) the interface Ni-PDMS; (b) bright field image
in Ni area; (c) SAED: Ni crystalline structure.

Finally, the influence of the time interval between the PDMS-
elastomer irradiation and the electroless deposition is investigated.
We observed that this time lag is not a very critical parameter for
the successful metallization of the samples with Ni and Pt as it
is pointed out in Refs. [25,26]. In fact, as is shown before in case
of fs UV laser treatment only [22], successful metallization of the
tracks is achieved even after 4 or more weeks after surface laser
processing. This result represents an important advantage of the
simple procedure used here, which is relevant from the point of
view of a practical use of this technology.
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4. Conclusions

The results of the investigation of the surface modifications due
to micromachining of PDMS-elastomer by fs- (A =263 and 527 nm)
and ns-laser (266 and 532 nm) irradiation can be summarized as
follows: Itis found by p-Raman characterization that chemical acti-
vation by decomposition of the silicone is induced after fs- and
ns-laser treatment of the surface, which results in strong decrease
of the intensities of the Si—O—Si stretching mode at 488 cm™!,
Si—CH3 symmetric rocking at 685 cm~1, Si—C symmetric stretching
at709 cm~!, CH3 asymmetric rocking + Si—C asymmetric stretching
at 787cm~!, CH3 symmetric rocking at 859 cm~1CHs, CHs sym-
metric at 2909 cm~! and CH3 asymmetric at 2970 cm~! stretching
modes. Several different important features are evidenced, such as:
(i) Si crystallites are formed into tracks fabricated by ns-laser abla-
tion at both wavelengths (266 and 532 nm), while in the fs case,
this only happens for processing at 527 nm; (ii) during the ns-laser
activation of the surface amorphous carbon containing sp? and sp3
sites is formed. As the Si crystalline peak becomes more prominent,
the intensity of the carbon bands decreases accordingly. The local
chemical transformations are a complex function rather of the laser
fluence, pulse duration and the number of the pulses (incubation)
than only of the wavelength.

Optical microscopy and SEM revealed the following peculiar-
ities: (i) all processed areas show a high-roughness morphology
with the presence of pores and cavities of different sizes, which
are much larger in the case of ns- and vis fs-laser treatment; (ii)
the ns- and vis fs-laser processed material presents a more chaotic
structure, whereas the UV fs-laser treated surface is more regu-
lar and uniform; (iii) all laser treated samples show the presence
of nanometer-scale grains. The increase of the number of overlap-
ping pulses leads to more pronounced structure seemingly due to
melting and solidification of the material.

The laser treatment is followed by a successful electroless
deposition of Ni or Pt in the tracks, excluding sensibilization and
chemical activation usually preceding this process. In this way a
selective metallization is performed without application of masks
or external templates. It is worth noting, that this process is suc-
cessfully accomplished after vis laser treatment. Strikingly, it is
found that when both fs- or ns-laser are applied, the time interval
between laser treatment and metallization is not a critical process
parameter.

Our results show promising prospects with respect to apply such
methods of laser-based micro- or nano-fabrication and electroless
metal plating of PDMS-elastomer devices used as MEMS, NEMS and
MEAs, having applications for implanted neural interfacing tech-
nologies for monitor and/or stimulation of neural activity.
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