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Abstract. This overview reports recent experimental and theoretical investigations on laser
processing. Among these are the submicron- and nano-patterning of surfaces by means of both
nearfield optical techniques and microlens arrays formed by self-organization processes; the pulsedlaser deposition (PLD) of thin films including organic, inorganic and composite materials, and the
modification of material surfaces. The latter field, and in particular the surface modification of
polytetrafluoroethylene (PTFE, Teflon), has various different applications in biotechnology and
medicine. Many of these results have been achieved during the long-standing collaboration between
the groups in Linz and Bucharest.
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1. INTRODUCTION
Laser processing can be classified into conventional laser processing and
laser chemical processing. Conventional laser processing can be performed, at least
in principle, in an inert atmosphere. It includes scribing, cutting, drilling, and
welding, but also annealing, recrystallization, and glazing. Laser chemical processing
is characterized by an overall change in the chemical composition of the material or
the activation of a real chemical reaction. This field includes laser-induced surface
doping, alloying, oxidation, nitridation, and laser-induced etching and deposition.
The technique has actual and potential applications in micromechanics, metallurgy,
integrated optics, electronic device and semiconductor manufacture, optoelectronics,
sensor technology and chemical engineering [Bäuerle 2000].
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In this overview we concentrate on recent achievements obtained mainly
within the collaboration between our laboratory and the group of Professor Maria
Dinescu in Bucharest. Among these results are different types of laser-induced
patterning, coating and physico-chemical modification of material surfaces.
Laser-induced single-step patterning has been demonstrated by direct
focusing of the laser light onto the substrate (direct writing), by projecting it via a
mechanical mask, by employing a contact mask, or by laser-beam interference.
More recent techniques that permit submicron- and nano-patterning of surfaces are
discussed in Chapters 2 and 3. These include SNOM-type setups (SNOM stands
for scanning near-field optical microscopy) and two-dimensional lens arrays. The
latter are formed by self-assembly from colloidal solutions. In Chapter 4 we
present new results on the fabrication of thin films by pulsed-laser deposition.
Among those are investigations on high-temperature superconductors, piezoelectric
materials and composite materials. Laser-induced surface modifications, and in
particular of PTFE, are discussed in Chapter 5, mainly with respect to applications
in biotechnology and medicine.
2. LASER-INDUCED SURFACE PATTERNING BY SNOM
Nanopatterning of surfaces by means of a SNOM-type setup has been
investigated in detail for the light-induced etching of silicon in chlorine atmosphere
[Wysocki et al., 2001, 2004]. This model system has been studied in great detail by
using either a laser beam propagating perpendicular and/or parallel to the Si surface
[Kullmer and Bäuerle 1987, 1988]. In the SNOM-type setup shown in Fig. 2.1, the
distance between the fiber tip and the sample surface is controlled by means of a
shear-force sensor. Here, the fiber is glued onto one of the arms of a quartz tuning
fork. From the frequency response of the tuning fork, the distance between the
fiber tip and the sample surface can be controlled within an accuracy of a few
nanometers. Fig. 2.2 shows atomic force microscope (AFM) pictures and profiles
of holes in (100) Si. The hole in a) has been etched with 351 nm Ar+-laser
radiation. Its diameter at full width half maximum was d(FWHM) = 115 nm. For
514.5 nm Ar+-laser radiation at otherwise unchanged conditions, almost no etching
is observed. With this wavelength, etching occurs only at much higher light
intensities. Fig. 2.2b shows an AFM-picture and -profile of a hole etched with a
laser power of Ptip (514.5 nm) ≈ 2.5 mW. The irradiation time was τA = 10 s, and
the Cl2 pressure 300 mbar. The width of this hole at full width half maximum is
d(FWHM) ≈ 30 nm. On the basis of our earlier investigations it is clear that with
these laser parameters etching is mainly thermal because 514.5 nm radiation cannot
efficiently photodissociate chlorine molecules. Because of the strong nonlinearity
of photothermal processes and the much smaller diffusion lengths of electron-hole
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pairs at higher temperatures, the chemical reaction between the silicon and chlorine
is much more localized. This is reflected in the much smaller width of holes produced
in this regime. The much lower laser-light intensities required with 351 nm
radiation, which photodissociates Cl2 molecules, and the shape of the holes, suggest
that within this regime of parameters etching is mainly photochemical. This is
consistent with our earlier investigations: Photochemical etching of Si in chlorine
atmosphere requires both electron-hole pairs and Cl radicals. It is based on the
formation of Cl-ions on the Si surface by charge transfer of electrons and the diffusion
of these ions into the Si surface under the action of the strong electric field caused
by the charged double layer. Because of the diffusion of electron-hole pairs, the
localization of the reaction is worse in comparison to the photothermal process.
Thus, the widths of holes produced within this regime are much wider [Bäuerle,
2000]. The etching of grooves by direct writing has been demonstrated as well.
The apparatus shown in Fig. 2.1 has been employed also for the exposure of
photoresists and the local depletion of oxygen in thin films of YBa2Cu3O7–d. In the
latter experiments, N2 has been used as a reducing atmosphere.
3. SURFACE PATTERNING BY MICROLENSES
Single-step surface patterning by means of regular two-dimensional (2D)
lattices of microlenses has been demonstrated for a large number of various
different systems. 2D lattices of microlenses are formed by self-assembly processes
from colloidal suspensions of microspheres. Microspheres that are transparent for
the laser radiation as, e.g., amorphous quartz (a-SiO2), focus the incident laser
radiation onto the substrate. This is schematically shown in Fig. 3.1. The technique
permits one to produce on a substrate surface thousands or millions of single
submicron features with a single or a few laser shots.
IMAGING PROPERTIES OF MICROSPHERES
According to geometrical optics, the focus of a single sphere in air with
radius rs >> λ and refractive index n is given by f = rs n/2(n – 1) where f is
measured from the center of the sphere. Due to spherical aberration the diffraction
focus is shifted towards the sphere to a position

⎛
n(3 − n) − 1 ⎞
fd ≈ f ⎜ 1 − 3λ
⎟.
8rs n(n − 1)
⎝
⎠

(3.1)

This expression approximates the position of the maximum intensity within
an error of < 5% for krs ≡ 2πrs /λ/100 and values of the refractive index 1.4. n. 1.6.
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Fig. 3.1 – From a colloidal suspension of a-SiO2 (quartz glass) microspheres a two-dimensional
hexagonal lattice is formed by self-assembly. Each sphere acts as a microlens which focuses the laser
radiation onto the substrates.

The intensity distribution behind the sphere can be calculated only numerically.
With a 2D lattice of microspheres, the number of foci within the plane z = fd is
equal to the number of spheres. This is shown in Fig. 3.1. If we increase the
distance z by an amount ε, so that the total distance between the microspheres and
the substrate is given by z = fd + ε, we can generate different interference patterns
in the Fresnel region, which show periodically ordered well-defined maxima of
similar intensities. In this case, the distances between these (secondary) maxima are
much smaller than the diameter of the spheres. Both primary and secondary
intensity maxima have been used for various different types of surface processing.
Because of their thermal stability and optical properties, we mainly employ
microspheres of a-SiO2 on fused quartz supports. Clearly, the maximum laser
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fluence that can be used in such experiments has to be well below the threshold
fluence for the detachment of the spheres from the support.
SURFACE PATTERNING BY ABLATION AND ETCHING
Both primary and secondary structures have been generated on different
polymer surfaces by ablation. For example, with polyimide (PI) foils and single-shot

Fig. 3.2 – Holes produced by local ablation of PI (polyimide) by means of a-SiO2 microspheres
(d ≈ 3 μm) and KrF-laser radiation (fluence φ ≈ 50 mJ/cm2, pulse length at full width half maximum
τA (FWHM) ≈ 28 ns). The lower part shows the (uncorrected) depth profile measured by means of an
atomic force microscope [after Piglmayer et al., 2002].

7

Laser processing and chemistry

941

248 nm KrF-laser radiation, we observe strong ablation of the polymer foil within
the foci of the microspheres. This is shown in Fig. 3.2. The arrangement of holes
clearly reveals the hexagonal structure of the microspheres. By using spheres of
various diameters, the distance between holes can be varied by at least two orders
of magnitude. Secondary structures generated by ablation of PI had a width at
FWHM of 160 ± 40 nm and a depth of 100 ± 20 nm [Piglmayer et al., 2002;
Bäuerle et al., 2002]. The microscopic mechanisms of photoablation of PI have
been described in [Bäuerle 2000]. With 302 nm laser radiation and pulse lengths
between 10 ns ≤ τA ≤ 1 s ablation was found to be purely thermally activated.
With an arrangement similar to that in Fig. 3.1 we have also demonstrated the
etching of thin films of W on a-SiO2 substrates in WF6 atmosphere [Denk
et al., 2003].
MATERIAL DEPOSITION
Material deposition from the gas-phase was investigated for W by using
mixtures of WF6 and H2 as precursors. The W dots had a diameter of
d(FWHM) ≈ 1.4 μm and a height of about 100 nm [Denk et al., 2003].
Liquid-phase processing permits higher reaction rates and avoids problems of
reactant depletion related to the narrow gap between the spheres and the substrate.
As a model system we have investigated the deposition of Pd from solutions of 0.1
mol PdCl2 in 1 mol aqueous NH3 . A theoretical analysis of the thickness profile of
dots generated with both 248 nm KrF- and 350 nm Ar+-laser radiation suggests
that, under the conditions employed, the deposition of Pd is mainly based on a
photochemical (non-thermal) process [Bäuerle et al., 2004].
PATTERNING BY LIFT
Solid-phase deposition by laser-induced forward transfer (LIFT) has been
performed by using thin metal foils in close contact between the microspheres and
the substrate. By this means, hexagonal patterns of metal dots on arbitrary substrate
materials together with the corresponding holes in the metal foils have been
produced by single-shot KrF-laser irradiation [Landström et al., 2004, Bäuerle et
al., 2003].
MICROLENSES WITH APERTURES
Patterns similar to those obtained from metal foils have been generated from
metal films that were directly evaporated onto the surface of the microspheres.
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Scanning electron microscope (SEM) pictures of the 2D lattice of microspheres after the LIFT process reveal that the evaporated film is removed from the
surfaces of spheres only within a certain region of diameter ρ. Similar to the size of
the metal dots generated on a substrate, ρ depends on the size and index of
refraction of the microspheres, the type and thickness of the evaporated film, and
the laser parameters [Landström et al., 2004, Bäuerle et al., 2003]. In any case, this
technique permits one to generate 2D lattices of microlenses with well-defined
apertures. Such systems can be employed, e.g., as highly efficient contact masks.
Due to the focusing nature of the microspheres, the incident intensity can be almost
totally used for surface patterning. The situation is quite different to standard
shadow masks where a significant amount of the incident intensity is lost. The
amplification of the local intensity related to the focusing microspheres is of the order
of (rs /λ)q with 1. q. 2. Fig. 3.3 shows a 2D lattice of microspheres with aperture radii
that are smaller than the caustic radius ρ < ρc = (4 − n2 )3 / 2 rs 3 3n2 ≈ 0.53 μm.
Lens arrays with apertures with 2ρ < λ are particularly well suited for investigating
near field effects.

Fig. 3.3 – Apertures fabricated on a 2D lattice of SiO2 microspheres (d = 4 μm) covered
with 75 nm Au. Single-pulse Ti:Sapphire-laser radiation (λ ≈ 800 nm, τA ≈ 120 fs) was
employed [after Langer et al., 2005].
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4. PULSED-LASER DEPOSITION

Pulsed-laser deposition permits thin epitaxial or large-grain oriented films,
heterostructures, and films with ‘step-like' morphology to grow. It also allows
metastable materials to be synthesized, small grain and even nanocrystalline films
to be deposited, and composite materials consisting of different constituents to be
fabricated [Bäuerle, 2000].
4.1. FILMS OF HIGH-TEMPERATURE SUPERCONDUCTORS (HTS)
Our recent studies on thin films of HTS include the fabrication of both
epitaxial layers and of vicinal films with step-like morphology [Pedarnig et al.,
2002], ion-beam patterning of thin films [Lang et al., 2004], investigations on the
double sign reversal of the vortex Hall effect in YBa2Cu3O7–δ [Göb et al., 2000],
the photo-induced increase of the superconducting coherence lengths in oxygendeficient YBa2Cu3Ox [Stockinger et al., 2000], and the magnetoresistance of
REBa2Cu3O7–δ with RE = Y, Gd, Eu, Tm, and La [Lang et al., 2000].
Vicinal YBa2Cu3O7–δ (YBCO) thin films grown on 10° miscut (001) SrTiO3
substrates revealed a tilt of the YBCO c-axis by an angle of ~ 10° against the
substrate surface normal and a step-like surface morphology. Films of thickness
h = 20–480 nm showed strongly anisotropic resistivities, c-axis texture and critical
temperatures that drastically depend on layer thickness. The critical thickness of
vicinal YBCO films, hc ~ 35 nm, was found to be much larger than for epitaxial
layers.
4.2. FILMS OF PIEZOELECTRIC OXIDES
Our present research activities on piezoelectric materials concentrate on the
fabrication of novel thin films that can be used for sensor applications. The work is
focused on the growth of pure and doped ZnO films with c-axis inclined
orientation and on fundamental investigations on the growth of GaPO 4 films.
High-quality ZnO thin films are attracting strongly renewed interest due to
numerous potential applications. Among the piezoelectric applications of ZnO thin
films are surface acoustic wave (SAW) devices and bulk acoustic wave resonators
with operational frequencies in the GHz range, delay lines, ultrasonic transducers,
gas- and bio-sensors. ZnO films show a strong tendency to crystallize with c-axis
orientation. However, for many applications, e.g., in bio-sensors, films of c-axis
inclined orientation are required. We have deposited inclined ZnO thin films with
inclination angles of θ = 20°, θ = 42° and of θ = 90° on SrTiO3 and Al2O3 sub-
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strates, respectively. A transmission electron microscope (TEM) picture of such a
film is shown in Fig. 4.1. The films were uniformly tilted and very smooth (surface
roughness of ~ 1.5 nm for 700 nm thick layers) and the epitaxial relationship was
identified by X-ray diffraction and high-resolution transmission electron
microscopy investigations [Peruzzi et al., 2004]. Inclined double-layers consisting
of Al-doped and Li-doped ZnO thin films have been fabricated. The piezoelectric
excitation of different acoustic modes (longitudinal, shear) by such double-layers
has been demonstrated [Pedarnig et al., 2005].

Fig. 4.1 – TEM picture of c-axis
inclined ZnO film grown by PLD
on 25° miscut (100) SrTiO3 substrate. The angle of film inclination is θ ≈ 20°. The interface
between film and substrate is
indicated by the dashed line. The
bright lines in ZnO are oriented
parallel to the a,b-plane of the ZnO
unit cell. The inset shows details
of the film structure [Peruzzi et
al., 2004].

Gallium phosphate (GaPO4) is a novel piezoelectric material that is especially
interesting for high-temperature applications. It outperforms quartz with respect to
the superior material properties. The fabrication of high-quality GaPO4 films has
not been reported so far, probably due to the complex material chemistry. We have
recently achieved polycrystalline GaPO4 thin films by F2 – laser ablation of
ceramic GaPO4 [Pedarnig et al., 2005]. The films were electrically insulating and
their dielectric permittivity was ε′r ≤ 10 (measured from 10 Hz to 3 GHz at 300 K).
More detailed investigations are currently in progress.

4.3. COMPOSITE MATERIALS
The PLD technique can be employed also for the growth of composite thin
films. We have synthesized novel nano-composite thin film materials by PLD
using polymer/ceramic mixed targets for ablation. The targets contained various
different oxide particles (e.g., BaTiO3, BaO2, BaCO3, TiO2) that were embedded in
a polymer polytetrafluoroethylen (PTFE) matrix. The novel thin films produced
from such targets revealed a giant dielectric permittivity ε′r ≈ 10000 at temperature
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25°C and frequency 1 kHz, whereas the targets had rather low permittivity ( ε′r < 20)
[Vrejoiu et al., 2003].
Detailed investigations have been performed for films produced from BaTiO3
/ PTFE targets of varying volume filling factors f [Vrejoiu et al. 2005]. Large
dielectric permittivities were observed for ~ 2 μm thick films fabricated from
targets with 0.09 = f = 0.55 (Fig. 4.2). The dielectric permittivity exhibited also a
strong dependence on film thickness and ε′r was found to increase monotonously
with increasing layer thickness in the range 0.5–10 μm (f = 0.22 and f = 0.34).
These films revealed a complex composition with micro- and nano-sized inclusions.
They were investigated by means of electron microscopy, electron diffraction, xray diffraction, Raman spectroscopy and transmission electron microscopy (TEM).
Besides the target materials BaTiO3 and PTFE, new phases such as nano-particles
of BaF2 and nanocrystalline graphite were found in the films.
The formation of this novel composite material is probably related to the
target structure and the process employed for film deposition. Chemical reactions
between the different target constituents are likely to occur during deposition and
can result in the formation of new phases. The giant dielectric permittivity of films
is probably related to the strongly heterogeneous microstructure and composition.
The films contain phases with strikingly different electric conductivities. Interfacial
polarization effects may be responsible for the dielectric properties of this material.
Further investigations are currently being performed in order to clarify this matter
[Matei et al. 2005].

Fig. 4.2 – Dielectric permittivity of composite films produced by PLD
from BaTiO3 / PTFE targets with filling factor f = 0–0.55. The thickness of
films was ≈ 2 μm. The dielectric measurements were performed at 1 kHz
and 25°C. Solid symbols refer to the real part ε′r of the dielectric permittivity
and open symbols to the imaginary part ε′′r [Vrejoiu et al., 2005].

946

D. Bauerle et al.

12

5. LASER-INDUCED SURFACE MODIFICATIONS

With many systems, laser-light irradiation in a reactive or non-reactive
ambient medium causes physical and/or chemical modifications of the surface.
Such surface modifications may be advantageous or disadvantageous, depending
on the particular system and application.
Among the various different types of surface modification is the polishing
(smoothening) and glazing of surfaces [Bäuerle, 2000]. Clearly, surface smoothening
decreases the effective surface area and thereby suppresses rapid recontamination
based on physical, chemical or biological processes. Additionally, surface
smoothening may decrease tribological effects, increase the optical transparency of
the material, etc. A recent example for the latter application is the ablation and
polishing of polytetrafluoroethylene (PTFE) foils for various different applications,
as e.g. for liquid crystal displays (LCD) [Gumpenberger et al., 2005a].
In the following we present mainly results on the light-induced modification
of surfaces using monolayers of a-SiO2 microspheres.
INORGANIC MATERIALS

Fig. 5.1 – Silicon cones fabricated on a (100) Si surface by single-shot KrF-laser radiation
(φ = 250 mJ/cm2, τA = 28 ns) using a regular lattice of a-SiO2 microspheres (d = 6 μm) for focusing.
The height of cones with respect to the original surface is 350 ± 30 nm [after Wysocki et al., 2003].
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Fig. 5.1 shows a regular lattice of cones that has been generated on a (100) Si
surface by single-shot KrF-laser radiation. The process has been explained semiquantitatively on the basis of the anomalous behavior of the density of Si near the
melting point [Wysocki et al., 2003].
Fig. 5.2 shows a typical hexagonal pattern generated by a single KrF-laser
pulse on a thin film of the high-temperature superconductor YBa2Cu3O7–δ on a
MgO substrate. In such a primary pattern, the distance between neighboring spots
is d = 2rs. It has already been demonstrated in [Liberts et al., 1988] that laser-light
irradiation of high-temperature superconductors in a reducing atmosphere causes a
depletion of oxygen. This changes the material properties from superconducting to
semiconducting (δ/0.45). The dark dots in Fig. 5.2 consist of small humps with a
maximum height of 5 to 8 nm with, probably, local oxygen depletion. Such a
structure possibly yields additional well-defined periodic pinning centers for
magnetic flux lines (“vortices”) [Brodoceanu et al., 2005].

Fig. 5.2 – YBa2Cu3O7–δ film on (100) MgO
patterned by means of 248 nm KrF-laser
radiation (τp ≈ 24 ns) and a 2D lattice of aSiO2 microspheres (d = 1.5 μm) [after Brodoceanu et al., 2005].

ORGANIC POLYMERS
Well-defined surface “roughening” based on the interference of the radiation
from neighboring spheres (secondary intensity maxima) has been demonstrated for
polyethylene-naphthalate (PEN). The dimensions of the structures are significantly
smaller than those of the corresponding primary structures [Bäuerle et al., 2003].
Polytetrafluoroethylene (PTFE) is used in various different fields of physical
and chemical technology, in medicine and biotechnology. The wide range of
applications of this material is related to its high chemical resistivity and thermal
stability, to its low adhesion properties, its low wettability for various liquids, its
high electrical resistivity, etc. For applications that require a coating or
hydrophilic/lipophilic properties of the surface, either the whole surface or
restricted areas thereon must be modified. To achieve this, radiation treatment in
reactive ambient media has been extensively investigated [Gumpenberger et al.,
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2005a,b, Heitz et al., 2004, Benson 2002, Bäuerle 2000]. Many of these
investigations have been performed with either 193 nm ArF excimer-laser radiation
or with 172 nm Xe2*-lamp (20 mW/cm2 ) radiation in NH3 atmosphere. The high
wettability of surfaces treated in this way is ascribed to polar groups introduced
into the PTFE surface by substitution of F radicals. The subtraction of F is
mediated via atomic H which is generated in the dissociation reaction NH3 +
hν (172 nm, 193 nm) → NH2 + H. In comparison to 193 nm ArF-laser radiation,
172 nm radiation is more efficient with respect to the wettability achieved.
However, it also causes more structural damage of the material surface.
Subsequently, we discuss our present activities in this field with respect to
applications in biotechnology.
APPLICATIONS IN BIOTECHNOLOGY
The biocompatibility of polymer surfaces treated with UV-radiation in
reactive atmosphere has been investigated for various different types of biological
cells. Among those are human umbilical vein endothelial cells (HUVEC). Such
cells form the inner surface of blood vessels in direct contact with the blood
stream. They play an important role in the avoidance of thrombosis, the immunoresponse after injuries or the vascularization of tissues [Alberts et al., 2002].
Therefore, they are regarded as the optimal coating for artificial blood vessels,
which are currently fabricated either from expanded PTFE or from knitted
polyethyleneterephthalate (PET) fibers.
HUVECs seeded onto treated PTFE surfaces start to proliferate and grow to
dense confluent multiple layers within about 8 days [Gumpenberger et al., 2003].
This observation is either related to the adsorption of adhesion-mediating proteins
from the cell culture medium or to direct interactions of the cell membrane, or
specific receptors thereon, with the new species that substitute F on the modified
PTFE surface.
The biocompatibility of PTFE achieved by UV-irradiation in reactive
atmosphere offers the possibility to coat artificial blood vessels before implantation
with the own (autologous) endothelial cells of the patient.
The increase of biocompatibility of PTFE surfaces with UV-treatment results
also in a loss of mechanical stability. This is related to the scission of polymer chains,
especially for light-sources with wavelengths below 193 nm [Gumpenberger et al.,
2005b]. Fig. 5.3 a shows the decrease in tear strength of thin PTFE foils with 172
nm Xe2*-lamp irradiation. This decrease in mechanical stability can be diminished
by creating only “pinning centers” for cell adhesion instead of uniform modification
of the surface. Cell adhesion to extra-cellular proteins as, e.g., collagen, fibronectin,
or fibrin, is based on interactions of receptors in the cell membrane with specific
ligands in the proteins. The adhesion receptors with dimensions of, typically, 10 nm,
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Fig. 5.3 – Modification of PTFE foil by 172 nm Xe2* light in 5 mbar NH3 .
a) Change in tear strength with irradiation time [adapted from
Gumpenberger et al. 2005a]. b) Phase contrast microscope picture of
HUVECs grown on a PTFE surface after irradiation through a 2D lattice
of SiO2 microspheres (d = 6.8 μm). The image was taken 4 days after
seeding with 64 000 cells/cm2 [after Bäuerle et al., 2005].

are not homogeneously spread in the cell membrane, but form local adhesion
points with lateral dimensions of about 1 μm [Alberts et al., 2002]. Therefore, by
diminishing photochemical surface modifications to spots with a diameter of about
1 μm and with a suitable spacing, cell adhesion similar to that obtained with
homogeneously modified surfaces can be achieved. We have demonstrated this by

950

D. Bauerle et al.

16

using again a 2D lattice of SiO2 microspheres (d = 6.8 μm). The result is shown in
Fig. 5.3 b. The PTFE sample was first irradiated through the 2D lattice of microspheres with 172 nm Xe2*-light in 5 mbar NH3. Subsequently, the microspheres
were removed and HUVECs were seeded onto the surface after sterilization.
Adhesion and proliferation of the HUVECs on such locally modified surfaces was
similar to that on homogeneously irradiated surfaces. Again, cells did not adhere on
non-irradiated areas. The distance between the dark points in Fig. 5.3 b is equal to
the diameter of the SiO2 microspheres. We assume that these points are formed by
local photochemical modification of the PTFE surface due to focussing of the light
by the microspheres.
The selectivity of adhesion and growth of cells can be tested by irradiating
the surface with 172 nm Xe2*-light through a contact mask. Phase contrast
microscope pictures of such surfaces taken 3 days after seeding with HUVECs are
shown in Figs. 5.4 a,b for different seeding densities. If we define the selectivity of
adhesion by the ratio of the number density of cells on the irradiated spots and the
total number density of cells N * = Nspots /Ntotal, we find that N * is between 70%
and 90%. This is a very high value, in particular if we take into account that only
about 8.7% of the total surface was irradiated. The high selectivity and resolution
achieved in these experiments are very promising with respect to applications of
this technique in the fabrication of micro-cell arrays. Such micro-cell arrays permit
high-throughput analysis of gene functions, pharmacological testings, etc. in living
cells [Ziauddin and Sabatini, 2001, Wu et al., 2002, Silva et al., 2004].
Miniaturization also allows efficient use of potentially rare cells or biological
samples. Furthermore, such cell arrays are very useful for cell multiplexing,
because hundreds of arrays can be produced from a single set of source plates.
Cell arrays, maybe even single-cell arrays with one cell per spot, can also be
fabricated by generating pinning centers by means of the microsphere technique.

Fig. 5.4 – Phase contrast microscope pictures of HUVECs grown on a PTFE surface
irradiated through a contact mask for 20 min with 172 nm Xe2*-light in 5 mbar NH3. The
images were taken 3 days after seeding with (a) 21 000 cells/cm2 and (b) 32 000 cells/cm2
[adapted from Mikulikova et al., 2005].
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Clearly, the spacing between such centers must exceed at least the dimensions of
single cells. Such a technique would have a wide range of novel applications.
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Fig. 2.1 – SNOM-type setup employed for nanopatterning. The picture on the left shows the tuning
fork with the fiber tip [adapted from Wysocki et al., 2004].

Fig. 2.2 – AFM pictures and profiles of holes etched in (100) Si in a Cl2 atmosphere at a pressure of
p(Cl2 ) = 300 mbar. a) Photochemical etching with 351 nm Ar+-laser radiation. The laser power at the
tip of the fiber was Ptip ≈ 10 μW and the illumination time τA = 5 s. b) Same as a) but for 514. 5 nm
Ar+-laser radiation, a power of P tip ≈ 2.5 mW and time τA = 10 s [adapted from Wysocki et al., 2004].

