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This article presents experimental investigations of effects of the process parameters on the medical
grade polydimethylsiloxane (PDMS) elastomer processed by laser source with irradiation at UV (266 and
355nm), VIS (532 nm) and NIR (1064 nm).

Systematic experiments are done to characterize how the laser beam parameters (wavelength, fluence,
and number of pulses) affect the optical properties and the chemical compositionin the laser treated areas.
Keywords: Remarkgble change.s of the opticf'il properties and the chemical composition are observed. Despite the
PDMS ela;tomer low optical absorption of the native PDMS for UV, VIS and NIR wavelengths, successful laser treatment
uv is accomplished due to the incubation process occurring below the polymer surface.

With increasing of the fluence and the number of the pulses chemical transformations are revealed in
the entire laser treated area and hence decreasing of the optical transmittance is observed. The incubation
gets saturation after a certain number of pulses and the laser ablation of the material begins efficiently.
At the UV and VIS wavelengths the number of the initial pulses, at which the optical transmittance begins
to reduce, decreases from 16 up to 8 with increasing of the laser fluence up to 1.0, 2.5 and 10J cm~2 for
266, 355 and 532 nm, respectively. In the case of 1064 nm the optical transmittance begins to reduce
at 11th pulse incident at a fluence of 13Jcm~2 and the number of the pulses decreases to 8 when the
fluence reaches value of 16] cm~2. The threshold laser fluence needed to induce incubation process after
certain number of pulses of 8 is different for every wavelength irradiation as the values increase from
1.0 for 266 nm up to 16 ] cm~2 for 1064 nm. The incubation and the ablation processes occur in the PDMS
elastomer material during its pulsed laser treatment are a complex function of the wavelength, fluence,
number of pulses and the material properties as well.
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1. Introduction numerous pharmaceutical and medical applications [6-8]. Owing
to its remarkable properties, the PDMS-elastomer is also used in

Silicone-based elastomer polydimethylsiloxane (PDMS) is one biomedicine as encapsulation and/or as substrate insulator car-

of the most popular technical polymeric materials due to its advan-
tageous properties: simple and inexpensive fabrication process,
mechanical flexibility and stability, high dielectric constant and
breakdown field, optical transparency in the UV, VIS and NIR
spectral regions, high biocompatibility and biostability. PDMS is
widely used in the fabrication of 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
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rier for long term neural implants [9,10]. Highly flexible polymeric
microelectrode arrays (MEAs) based on PDMS-elastomer scaffold
composed by micro-channeled tracks as electrodes are applied as
neural interfacing technologies for monitor and/or stimulation of
neural activity [11-14]. Elastomeric MEAs can be rolled and flexed,
thus offering an improved structural interface with neural tis-
sues. Hence, the modification or structure formation of the PDMS
elastomer surface opens an interesting research field for different
applications.

Laser ablation of polymers is a well established process in
industrial applications as an alternative to the traditional litho-
graphic methods. Direct laser writing (DLW) based on multiphoton
polymerization has been proposed for the production of 3D
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micro/nanostructures in 1997 [15]. UV, VIS and NIR ns- and fs-laser
irradiation of PDMS-elastomer under ambient conditions is an easy
and powerful method of micromachining allowing activation and
functionalization of the surface without altering its bulk proper-
ties [3,15-28]. Laser micromachining is based on the laser direct
ablation, which appears as a very suitable, low cost and versatile
controlled processed parameters technique for the fabrication of
tracks and complex 2D/3D structures with dimensions of several
tens of microns or less in wide range of materials. 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) [27,28].

PDMS belongs to the specific class of polymers that are based on
Si atoms. They are constituted of Si—O chains to which CHs-radicals
are fixed via Si—C bonding. In spite of the high transmittance in
UV-VIS-NIR range of the spectra, it is possible to modify the sur-
face of the PDMS elastomer by lasers irradiating in this range. This
process is possible because incubation occurs below the surface by
local chemical transformations. Apparently, the incubation effects
are significant for the weakly absorbing materials such as the PDMS
polymer. Under the laser exposure the polymer undergoes sub-
stantial degradation that alters its optical properties, making the
material much more absorptive. It results in increase of the lin-
ear absorption coefficient and decrease of the laser fluence, which
should be delivered in order the ablation to begin. Different mech-
anisms (photothermal and photochemical) are proposed in terms
of the dependence of the dynamics of the etching process on the
laser fluence, wavelength, pulse length, number of pulses (incuba-
tion), and the intrinsic properties of the polymer materials [29-33],
and details of quantitative understanding are still controversial.
Some authors declared that both photothermal and photochemical
mechanisms contribute to the ablation at low laser fluences. More-
over, defects creation into the material, i.e. incubation, is considered
as responsible for laser ablation of polymers.

In this work we seek to characterize and compare the optical
properties of the PDMS elastomer processed by NIR, VIS, and UV
pulsed ns-laser irradiation. The study is focused on understanding
of the effects of three main process parameters — wavelength, laser
fluence and pulse overlapping - on the optical absorption (incuba-
tion process), ablation depth, and chemical composition changes in
order to activate the surface for further successful metalization of
the tracks. Our work can enrich the discussion about laser induced
changes in thin PDMS sheets which can be exploited in the con-
text of the direct laser writing of microchannels for applications
as microelectrode arrays (MEAs) in neural interfacing technologies
for monitor and/or stimulation of neural activity.

2. Experimental

170 wm thick medical grade PDMS elastomer sheets (MED 4860)
are irradiated with the fundamental frequency (FF, 1064 nm), sec-
ond (SH, 532nm), third (TH, 355nm) and fourth (FH, 266 nm)
harmonics of a Q-switched Nd:YAG (pulse duration t=15ns and
repetition rate of 1-10 Hz) laser in air environment. The laser beam
is focused normally on the PDMS surface by lens with focal length
of 22 cm. The laser spot diameter is between 1.0 and 1.3 mm. The
laser fluence increases from 0.5 to 16 ] cm~2 depending on the laser
wavelength applied. The data of the processing laser parameters are
shown in Table 1. The samples are mounted on a stepper-motor x-
y table with minimum step of 12.7 wm. The experimental setup
configuration allows structuring of a single spot or a single line on
the sample surface by pulsed laser ablation when the translational

Table 1

Summary of the laser processing parameters. Comparison of the linear absorption
coefficient and the average ablation depth. The absorption coefficient and the pen-
etration depth are calculated according to the Beer-Lambert law, as the scattering
is ignored, i.e. the values represent the linear absorption coefficient.

Wavelength 266 nm 355nm 532nm 1064 nm
Laser fluence (Jcm~—2) 0.5-1.0 2.0-4.0 7.0-10.0 13.0-16.0
a(cm™1) 149 7.38 3.58 2.86
Penetration depth (pum) 669 1354 2794 3502
Ablation depth (pm) 40 72 134 150

table is at standstill or the sample is translated along x- or y-axis,
respectively. Single spot ablation is performed by applying of dif-
ferent number of pulses from 1 to 110 pulses with repetition rate
of 1Hz.

Continuous linear tracks are obtained by overlapping of each
adjacent spot of the laser beam on the surface so as every unit of
area is treated by 22 or 33 consecutive pulses. The moving speed
of the x-y table is determined according to the number of pulses
needed to perform at a unit of area and the laser repetition rate.

Before the laser treatment the PDMS samples are cleaned by the
following steps: cleaning in a detergent solution using ultrasound
bath; rinsing with deionized water; again cleaning with ethanol in
ultrasound bath; and air stream drying finally.

The experimental techniques applied for characterization of the
PDMS samples are: optical spectroscopy (Ocean Optics HR 4000
spectrophotometer) for measurements of the optical transmis-
sion in the near ultraviolet (UV), visible (VIS) and near infrared
(NIR) range of the spectra; optical microscopy (Zeiss Opton) for
observation of any visible permanent modifications of the sur-
face and measurement of the ablation depth; VK-9700K Color 3D
laser Microscope (KEYENCE) for viewing and analyzing of the laser
treated areas; p.-Raman spectroscopy (RMS-310 p-Raman spec-
trometer (Photon Design)) equipped with laser source operating
at A=532nm for determination of the chemical composition and
scanning electron microscope (SEM) SEM/FIB (Lyra/Tescan dual
beam system) for the assessment of the laser tracks.

3. Results and discussion

We chose to work with thin medical grade PDMS sheets in accor-
dance to the small size requirements of the potential application as
implantable medical devices (neural or muscular surface interfac-
ing). The changes of the optical properties of the PDMS samples
after laser irradiation with different wavelengths (266, 355, 532,
and 1064 nm) and different number of pulses in single spot abla-
tion mode at various laser fluences are investigated by measuring of
the optical transmittance (Fig. 1). It is known that the native med-
ical grade silicones as PDMS elastomer are optically transparent
from the near UV up to NIR region of the spectra. Laser treat-
ment of such materials with wavelengths in this spectral region
is possible because of the effect of incubation process attributed
to increase optical absorption due to accumulation of damages or
defects below the surface. It is considered that the incubation in
the polymers is a result from the chemical transformations (inter-
molecular bonds breaking) occur in the local area laser treated
without changing the bulk material properties. These modifications
depend simultaneously on the wavelength and the laser fluence
applied, and appear after a certain number of pulses. It means at
given wavelength and laser fluence, the absorption increases dur-
ing the laser irradiation with the initial incident pulses, i.e. certain
number of pulses is required to accumulate local chemical trans-
formations and to reach the ablation conditions.

In our experiments any visible permanent modification of the
laser treated area of the PDMS surface observed by optical micro-
scope at 625x magnification is defined as ablation. At a given



98 N.E. Stankova et al. / Applied Surface Science 374 (2016) 96-103

a 3.0 b 100
oo | e
—_ g 80 I s s B f o e ]
@ -
% g2 e § L
£
> EL P LS e
e 2 20 QO 60F _.—-—"""
; [ [ - --- 8pulses
;’ 15 o 200 400 600 800 1000 S A= 266 nm = = 11 pulses
= % —- 16 pulses
g »om) E 401 F=10Jcm’ —-- 22pulses
g CH, » — 33 puls'es‘
8 PDMS chemical structure —— sli—o# g 20— T
-
2 CH, -
0.0 ok
L L '} L 1 1 L 1
200 400 600 800 1000 400 600 800
A, nm Wavelength (nm)
C 100 d 10
e DY G T s — -—
P T L . x 8%
S S
1 d | camsieee s -
g 60 |- --- 8pulses g 60k -=—=---
& — — 11 pulses
,.‘E l: 388 nm 2 —- 16 pulses ‘.‘2 === 8pulses
= 40 | F=25Jom —-- 22pulses = 40 L A= 532nm = = 11 pulses
1] — 33 pulses £ F= 10Jcm? —- 16 pulses
(7] 7)) —— 22 pulses
= c
20 20}
S S [ \
- .. e i ~ = L.~
o e e R et -
0 ol
1 1 1 1 1 il
400 600 800 400 600 800
Wavelength (nm) Wavelength (nm)
e 100
S i
® -
~ === 11pulses
Q A= 1064 nm = = 14 pulses
O 60 F= 13 J cm? —- 16 pulses
< —— 22 pulses
1]
s | e —e -
— 40} e T
E ./"-
n =
S 20}
-
Ll L | |
(LS

1
400

' 1
600 800

Wavelength (nm)

Fig. 1. Optical properties spectra: (a) UV-VIS-NIR absorbance and transmittance of the native medical grade PDMS samples (thickness of 170 p.m). Optical transmittance of

the PDMS areas laser treated by irradiation at (b) 266 nm, (¢) 355 nm, (d) 532 nm, (e) 1064 nm, and different number of pulses and fluences. Incubation effect begins at the
8th pulse for UV and VIS light and at 11th pulse for NIR light. Incubation saturation occurs at the 22nd pulse.

wavelength the number of the initial pulses, at which the optical
transmittance begins to reduce (i.e. optical absorption increases;
Fig. 1(b)-(e)), decrease with increasing of the laser fluence. The
investigation of the optical properties shows thatat 266 and 355 nm
the optical transmittance begins to decrease rapidly after the 8th
pulse emitted at the fluences of 1.0 and 2.5]J cm~2, respectively.
Whereas at the lowest values of the fluence it happens after the 16th
shot at 266 nm and after the 11th pulse at 355 nm. In the case of the
visible wavelength (532 nm) the optical transmittance decreases
after the 8th pulse emitted at the highest fluence of 10]cm—2
applied. At the lower flunces between 9 and 7] cm~2 this behavior
is observed between 11th and 16th pulses incident, respectively. At
1064 nm the number of the pulses incident, which cause the optical
transmittance reduce, are 11 at the lowest laser fluence of 13 ] cm—2
applied, and decreases up to 8 with increasing of the fluence to
16] cm~2. It could be explained by the higher energy delivered to
the sample spot from every consecutive pulse, which accumulates
chemical modifications enough below the surface. Comparison of

the optical microscope images of the laser treated spots with dif-
ferent laser parameters are presented in Fig. 2. It is seen that after
irradiation with pulses up to 16 the chemical transformations (the
visible damages) and the microstructuring below the surface are
still distributed nonuniform. With increasing of the number of the
pulses the defects occur almost in the entire area laser treated
and the ablation and ablation products are clearly visible. Strong
decrease of the optical transmittance could be explained by the
certain amount of chemical modifications occurring in the laser
treated area, which, respectively, leads to high increase of the opti-
cal absorption. It means the incubation in this area saturates and
the laser ablation of the material begins efficiently.

We observed that the lowest number of the incubation pulses
(at which the changes mentioned above are observed) is eight (8)
for all four wavelengths applied but different laser fluencies are
needed to deliver (Fig. 1(b)-(e)). The fluence at which the incuba-
tion begins at the 8th pulse emitted and the optical transmittance
starts decreasing in the case of processing with the wavelength of
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Fig. 2. Laser microscope images of irradiated PDMS samples with: (a) UV (266 and 355 nm); (b) VIS (532 nm); and (c) NIR light (1064 nm) with fluences of 1.0, 2.5, 10 and
13] cm~2, respectively. The microscope is focused onto the surface. Chemical transformations located below the surface appear less sharp. Areas of ablation and the ablation
products are apparent.
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266 nm is the lowest one —1.0 ] cm~2. Whereas, the energy density,
which causes visible damages at the same number of pulses emit-
ted at the fundamental wavelength, is much higher about 16 Jcm=2.
Under irradiation with wavelengths of 355 and 532 nm the incu-
bation begins at the 8th pulse at fluences of 2.5 and 10.0] cm~2,
respectively. The transmittance decreases gradually with further
increasing of the number of the pulses and at 22 pulses and higher
the material becomes almost opaque in the entire area laser treated
with UV and VIS wavelengths (266, 355, and 532 nm) at fluences
of 1.0, 2.5 and 10] cm~2, respectively (Fig. 1(b)-(d)). Whereas, at
1064 nm the laser treated area becomes opaque at lower number
of pulses — at the 14th pulse emitted (at fluence of 16]Jcm2). It
must be noted that at 532 nm irradiation with pulses more than 22
the sample is drilled, while at 1064 nm this effect occurs earlier -
after the 14th pulse at the fluences mentioned above. Drilling of
the material irradiated with both UV laser lights with parameters,
at which incubation reveals at the eighth pulse, is observed after
pulses more than 110. It should be noted that in the case of NIR
irradiation, the PDMS sample becomes opaque at the 22nd pulse
when the laser fluence decreases up to 13Jcm~—2. However, at this
fluence the incubation begins after higher number of the pulse (11)
and after the 22nd pulse emitted the material is drilled.

Much higher values of the laser fluence needed to induce incu-
bation process in the PDMS material by VIS (532nm) and NIR
(1064 nm) light irradiation could be explained by the lower pho-
ton energies of 2.3 and 1.2 eV, respectively, in comparison with
the UV photon energies of 4.7 and 3.5 eV for wavelengths of 266
and 355 nm, respectively. Despite the low optical absorption (lin-
ear absorption coefficient, Table 1) of the PDMS elastomer to the
photons with energy in the range of 5.0-1.2eV (248-1064 nm
wavelengthrange, respectively), UV photons are probably absorbed
selectively and exclusively onto Si—C electron bonds with binding
energy of 3.3eV. It is expected organic radicals to be ejected as
a result from the laser irradiation of the surface, while the back-
bones Si—0 and C—H bonds, which have higher binding energy of
4.7 eV and 4.3 eV, respectively, could be broken with higher fluence.
Obviously, much higher energy should be delivered into the laser
treated area in order the corresponding chemical bonds to be bro-
ken and the material to be ablated by using VIS and NIR irradiation
light. This assumption is confirmed by the p-Raman spectroscopy
measurements performed.

Furthermore, the drilling observed at the significant lower num-
ber of pulses performed for the wavelengths of 532 and 1064 nm
is probably due to the occurrence of incubation effects below the
surface in a depth deeper than the depth at which the UV light
penetrates. This is a consequence of the lower absorption coef-
ficient of the native PDMS in the VIS-NIR region in comparison
with UV region of the spectra, which results in higher penetra-
tion depth of the longer wavelengths in the sample (Fig. 1(a)). The
laser ablation depth of the spots processed by the four laser wave-
lengths (266, 355, 532, and 1064 nm), 22 pulses, and fluences of
1.0,2.5, 10, and 13 ] cm~2, respectively, is the highest (~150 pm) at
1064 nm, and gradually decreases with the wavelength decrease.
The ablation depth reaches the lowest value (~40 wm) at 266 nm,
the summarized data are provided in Table 1. In addition to the
material structural properties influence, different mechanisms of
ablation (photothermal and photochemical) also can contribute
significantly to the different depth and the width of the etched
holes, when the PDMS sample is processed by differentlaser param-
eters (wavelength and fluence). Therefore the ablation depth (as a
result from the incubation process in the PDMS elastomer samples)
is a complex function simultaneously of the wavelength, fluence,
number of pulses and the material properties.

The results obtained show that direct laser writing on PDMS
elastomers for production of microchannels for applications as
microelectrode arrays (MEAs) in neural interfacing technologies

could be performed successfully by laser sources irradiating in UV,
VIS or NIR range of the spectra with exposure parameters appro-
priately selected.

Linear tracks in PDMS material with depth between 40 and
150 wm and width higher than 1000 wm (because the laser beam
spot is higher than 1000 pwm) are performed by laser irradiation
at all four wavelengths, 22 consecutive number of overlapping
pulses, and laser fluences of 1.0, 2.5, 10, and 13]cm2, respec-
tively. Optical microscope and SEM measurements showed uniform
laser processed tracks. Microchannels with different size (depth
and width) in micron and submicron scale can be produced by vary-
ing of the laser beam parameters. It could be considered that UV
laser processing of medical grade PDMS elastomer is more appro-
priate than VIS and NIR lights in accordance to the fine size and
high density requirements of the electrode channels in terms of the
ability to provide safe stimulation at high resolution of implantable
interfacing devices such as neuroprostheses [14].

Typical Raman spectrum of the native PDMS elastomer material
shows following peaks characterizing the various chemical bonds:
488 cm~! (Si—0—Si symmetric stretching); 685 cm~! (Si—CH3 sym-
metric rocking); 709 cm~! (Si—C symmetric stretching); 787 cm™!
(CH3 asymmetric rocking + Si—C asymmetric stretching); 859 cm™!
(CH3 symmetric rocking); 1262cm~! (CH3 symmetric bending);
1411 cm~! (CH3 asymmetric bending); 2909 cm~! (CH3 symmetric
stretching); and 2970 cm~! (CH3 asymmetric stretching) [34]. The
chemical composition of the laser treated spots of PDMS elastomer
is investigated by p-Raman spectroscopy. The spectra acquired
after the measurements in different points in the laser treated
area (where the chemical transformations occured) differ signif-
icantly from the spectrum of the native PDMS sample (Fig. 3).
Regardless the laser wavelength applied strong and sharp peak
between 515 and 519cm~! appears in all spectra, which can be
attributed to mono and/or polycrystalline or only to monocrys-
talline silicon (c—Si) [35]. Its intensity increases with increasing
of the laser fluence and becomes more dominant with further rise
of the number of pulses, while the intensity of the Si—O—Si peak at
488 cm~! decreases. It could be due to the reduction of the Si—0—Si
bonds by breaking of the Si—O bond and as a result Si crystallites
are formed. Also the intensity of the peaks at 685, 709, 787 and
859cm~! decreases, which reveals that the Si—CH3, Si—C and CHj3
bonds are broken and probably it contributes to the c—Si formation.
The weak broad peak between 936 and 960 cm~! can be ascribed
to the microcrystalline Si—C bond [36]. It is better expressed in the
VIS and NIR laser irradiated areas.

Two wide but pronounced peaks in the range of 1330-1336 and
1590-1615cm™1, respectively, are observed in the Raman spectra
of some points of the areas treated with both UV lights with number
of pulses higher than 33. It is seen that the high signal on the peaks
tails hinders the other Raman features (Fig. 3(a)). In the cases of the
VIS and NIR irradiation these two peaks are much less expressed,
which could be a result from the irradiation with number of pulses
lower than 33. The Raman spectra of carbons according to the liter-
ature contain two peaks called D and G modes, which lie at around
1360 and 1560cm™! at visible excitation. They are attributed to
the disordered carbon with sp? bonds [37]. It is known that amor-
phous carbon contains a mixture of sp3, sp? and sp! sites. These
two peaks dominate, because sp? sites have cross section much
higher (~55) than this one of the sp3 sites at the visible excitation of
514 nm. It is worth noting that only for high quantity of the sp3 sites
(which are related to the diamond phase) the D peak can be seen at
1332cm~! (Raman peak of phase mixed by the hexagonal and the
cubic diamond could be extended in the range between 1300 and
1350 cm~1 [38]), which is usually broadened and lowered because
of the phonon confinement at visible excitation. Also, the investi-
gations show that carbon materials, which contain simultaneously
sp? and sp? phases, reveal shift of the G band over the 1600 cm™!
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figures.

[37,39]. Hence, it could be concluded that the laser treated areas of
PDMS elastomer, especially with UV light (266 and 355 nm) contain
significant fraction of sp? carbon bonds.

The formation of inorganic products (silicon and carbon) after
the laser processing of the PDMS material certainly proves the
actual chemical activation of the surface. Obviously, the treatment
of the PDMS material with all four laser wavelengths causes chem-
ical transformation, i.e. silicone decomposition, irrespective of the
corresponding photon energies applied. This behavior is due to
rather the significant contribution of the higher energy delivered
by increasing the laser fluence and/or the number of the pulses than
only to the wavelength.

The chemical activation of the surface is expected to influence
significantly the nucleation and the growth rate of the correspond-
ing metal layer (usually it is Pt) during the following process of met-
allization, which is related to the adhesion and the thickness of the
electrode arrays and hence to the DC resistance of the laser tracks.

4. Conclusions

The results of our investigation of the surface modifications
after processing of PDMS-elastomer by ns-laser irradiation with
four wavelengths (266, 355, 532 and 1064 nm) with different laser
fluence and number of pulses can be summarized as follows. Inves-
tigation of the optical properties revealed that incubation occurs
by local chemical transformations after a certain number of pulses
emitted below the surface enough of the laser treated area without
changing the bulk material properties. As a consequence decreasing
of the optical transmittance in the area laser treated is observed.
With increasing the number of the pulses the chemical modifi-
cations (the intermolecular bonds breaking) occurs in the entire
laser treated area, the optical absorption highly increases, which
leads to saturation of the incubation, and hence the laser ablation
begins efficiently. At a given wavelength the number of the ini-
tial pulses, at which the optical transmittance begins to reduce,
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decrease from 16 to 8 with increasing of the laser fluence up to 1.0,
2.5and 10] cm~2 for 266,355 and 532 nm, respectively. The number
of pulses decreases from 11 to 8 when the laser fluence increases
from 13 to 16] cm~2 at wavelength of 1064 nm. The threshold laser
fluence needed to induce incubation process after certain number
of pulses (eight) is different for every wavelength irradiation as the
values increase from 1.0 for 266 nm up to 16 ] cm~2 for 1064 nm. The
ablation depth is the highest (~150 wm) for 1064 nm and decreases
with decreasing of the wavelength (~40 wm for 266 nm). This is
related to the lower linear absorption coefficient of the native mate-
rial and the higher penetration depth of the laser light at the NIR
wavelength. The incubation and the laser ablation depth depend
simultaneously on the wavelength, the laser fluence, the num-
ber of the pulses applied and the material properties. Direct laser
writing on PDMS elastomers for production of microchannels for
applications as microelectrode arrays (MEAs) in neural interfac-
ing technologies could be performed successfully by laser sources
irradiating in UV, VIS and NIR range of the spectra with exposure
parameters appropriately selected.

-Raman characterization revealed that chemical activation by
decomposition of the silicone and formation of inorganic products
(silicon and carbon) is occurred after treatment of the surface with
UV, VIS and NIR laser irradiation, irrespective of the corresponding
photon energies applied. Strong decrease of the intensities of the
Si—0—Si stretching mode at 488 cm~!, Si—CH3 symmetric rocking
at 685cm~!, Si—C symmetric stretching at 709 cm~!, CH3 asym-
metric rocking + Si—C asymmetric stretching at 787 cm~1, and CH3
symmetric rocking at 859 cm~! modes is observed, since the cor-
responding chemical bonds are broken by the laser irradiation. As
a result important features are defined, such as: (i) Si crystallites
are formed; (ii) amorphous carbon containing sp? and sp3 sites is
formed during the laser activation of the surface. sp3 Bonds could
be related to the presence of nanocrystallites of diamond phase in
the laser treated area; and (iii) the local chemical decomposition is
a complex function rather of the laser fluence, the number of the
pulses (incubation) and the material properties than only of the
wavelength.

Our results show promising prospects with respect to apply
such methods of laser-based micro- or nano-fabrication of tracks
by using direct laser writing with irradiation in the UV, VIS and NIR
range of the spectra on PDMS-elastomer surface without using a
mask. The further successful metallization of the tracks will give
high definition devices used as MEMS, NEMS and MEAs, having
applications for implantable neural interfacing technologies for
monitor and/or stimulation of neural activity.
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