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Nanotechnology @ EMPA

Starting from previous efforts in the nineties EMPA focused its activities in the year 2000 in a «Center of
Competence in Nanotechnology» sponsored both by the ETH Board and the Swiss Research
Program «TOP NANO 21» (projectwise funding). Beginning of 2004 EMPA has restructured its involvement
in nanotechnology by defining a dedicated interdisciplinary research program, which still gives much
attention to nanostructured materials but sets new priorities in the field of instrumentation and tooling,
nano electronics and photonics as well as highly functional surfaces. The specific objectives of EMPA
are summarized in four modules.

The module «Instruments and Tools for Nanoscience and Nanotechnology» is closely related to the
construction and adoption as well as implementation and application of cutting-edge probe microscopes
(SPM). Thus, EMPA is establishing a unique UHV low temperature scanning force microscope (LT-SFM)
set-up, based on technology that has been developed within the TOP NANO 21 at the University of
Basel. In order to investigate fundamental phenomena of biocompatibility, corrosion, etc. new micro/nano-
scopic strategies using capillary electrochemistry are followed. An alternative approach to manipulate
matter on the nanoscale arises from the combination of scanning probe instruments with advanced
beam methods and patterning techniques, resulting in highly flexible «nanofactory tools». EMPA has a long
time experience in dedicated FIB technology, assisted by experimental electron microscopy with
sophisticated in-situ equipment.

Subject of EMPA activities in the module «Nano Electronics and Photonics» are electronic, optic and
magnetic materials resp. functional structures with relevant features below 100 nm, including their integra-
tion in micro- and nano-devices. In order to continue electronic miniaturization, entirely new structural
and computational paradigms are required; the idea to build circuits by molecular structures, called
molecular electronics, is highly challenging. Furthermore the discovery and evolution of carbon nano-
tubes (CNT) has lead to novel technological solutions in electronics. Another promising theme are polymer
based electronics/photonics, focusing on functional nanocomposites for OLED’s, OFET’s or solar cells.
Reliability will be an important issue in all these topics.

EMPA’s module «Nanostructured Materials and Coatings» includes nanopowder pilot production
aiming at higher manufacturing rates and more complex powder systems. In metal/ceramic composites,
we follow a powder metallurgy approach with tailored dispersion of nanoparticles to improve materials
properties. Nanostructured plasma coatings promise advantages in friction and wear, fiber and textile
properties as well as in data storage and advanced energy conversion. Polymer/ceramic hanocomposites
provide high added value including better mechanical properties as well as new electrical/optical func-
tionalities. Within its biomimetic initiative, EMPA has succeeded in elaborating procedures to isolate
cellulose nanofibrils from wood for reinforcing polymers and adhesives.

Our goal in the module «(Bio)Organic Nanostructured Surfaces» is to create functional systems
based on the rational assemblage of molecules, supramolecular systems and biological matter.

The brochure illustrates EMPA’s capabilities within these four modules by highlighting specific nano-
technological instruments, procedures, developments and applications.

Please find for each single topic the coordinates of the responsible scientists. We shall be happy to discuss
with you innovation in nanotechnology!



Instrumentation and Tools

Scanning Tunneling Microscopy

Scanning Tunneling Microscopy (STM) has become an important tool for the
investigation of surfaces on the atomic level. In surface science and technology,
EMPA makes use of different Scanning Tunneling Microscopes (STM) operating
in ultrahigh vacuum, air or liquid. The most advanced instruments are the
variable temperature STM (VT-STM) and the low temperature STM (LT-STM).
The VT-STM with an accessible temperature range from 25 to 1500 K is ideal
for the study of dynamic processes on conductive surfaces (e.g. adsorption,
diffusion and segregation). The LT-STM operates between 4 and 80 K and
features the extremely high position stability (drift =0.3 nm/day) needed for
the investigation of the local electronic structure on surfaces and single mol-

ecules.

Electron waves scattered Ordered and disordered
at individual CO molecules phases on the Si(111) surface
on Cu(111)

Pentagonal tiling of the five-
fold symmetric surface of
a i-Al-Pd-Mn quasicrystal
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Instrumentation and Tools

Atomic Force Microscopy

In an atomic force microscope (AFM) or scanning force microscope (SFM) an atomically sharp tip integrat-
ed into a micro-fabricated cantilever is brought into close proximity with the sample. Like in an old-fash-
ioned record player, in the simplest mode of operation the SFM cantilever tip is in contact with the sample.
As the tip scans the sample the cantilever will deflect up and down following the topography, which is thus
measured. A more complex SFM operation mode achieves atomic resolution. The AFM is operated in UHV
and the cantilever is forced to oscillate at its resonance frequency with an amplitude of a few nanometers.
Electrostatic, van der Waals and interatomic tip-sample forces cause a measurable shift of the cantilever’s
resonance frequency. Since 1995 true atomic resolution was obtained on a variety of insulating, semicon-
ducting and metallic samples. With the construction of a sophisticated SFM operating at a few degrees
above absolute zero (UHV-LTSFM), the measurement of the force between a single pair of atoms became
possible. At these low temperatures the AFM is virtually free of drift and creep, so a tip can analyze an atom
selected from a previously recorded image (see left image below). In this case the interatomic force arising
from the incipient chemical bond between atoms can then be derived from the measured frequency shift.

A new, most advanced UHV-LTSFM system is presently under construction at EMPA. It will be optimized to
map interatomic and intermolecular forces with increased sensitivity, and to measure energy loss on the
atomic scale. In addition, the new UHV-LTSFM will be used to build nanostructures from single atoms and

molecules.
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Surface recorded with a low temperature AFM. At tempera- The new UHV-LTSFM at EMPA contains a new sensor optimized to measure the deflection of
tures a few degrees above absolute zero, the AFM tip can be  ultra-small cantilevers. Also, the atom arrangement of the SFM tip itself is imaged and fine-
positioned above selected atomic sites. The distance depend- tuned with a Field lon Microscope (FIM) attached to the UHV system. An atomically sharp tip
ence of the interatomic force can then be measured. The red  appears as a bridght circular spot in the FIM below (see inset). Once a tip has been optimized
curve shows the force generated by a single incipient covalent it can be transferred into the AFM chamber and be used to image a sample

bond between the tip apex atom and the adatom (atom on the

outermost layer) on the surface



3 Instrumentation and Tools

Local Electrochemical Methods

A lot of important surface phenomena like biocompatibility and corrosion are controlled or initiated by
nanometer scale interaction at a metal(oxide) — solution interface. As a matter of fact all the surfaces in
contact with air are covered by liquid layers even if there is no bulk electrolyte present. Very localized phe-
nomena also take place on real materials with structural inhomogeneities at a micro- and submicrometer
level. These inhomogeneities can trigger detrimental localized electrochemical(chemical) reactions. In
order to optimize characterization and understanding of these processes, tools for local measurements
and subsequent modeling at the nm scale are necessary. Two advanced complementary measurement
strategies allow to obtain, with high lateral resolution, kinetic and thermodynamic data for the reactions
taking place on a surface.

The Scanning Electrochemical Nanocapillary (SEN) Methods allow confining the solution to the measured
area by means of a fine glass capillary used as an electrochemical cell. Already obtained lateral resolution
are in the 200 nm region with full electrochemical control. Scanning Kelvin Probe Force Measurements
(SKPFM) performed in air after solution emersion have shown that the lateral potential distribution on the
surface can be related to the electrochemical potential measured in solution. The main difference to the
SEN method is a nanometer lateral detection limit. In the field of corrosion, this allows to detect micro-
scopic potential gradients that are a driving force for local breakdown phenomena.
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Instrumentation and Tools

Electron Microscopy

EMPA has a long time experience in the field of electron microscopy and analysis; in scanning electron
microscopy (SEM) we followed all evolutionary steps since the 70ies and in electron spectroscopy since
the 80ies. Within this topic we concentrate on transmission electron microscopy (TEM) and environmental
SEM (ESEM), respectively.

EMPA operates a Philips CM30 (TEM) combining imaging, diffraction, and analytical techniques at high
spatial resolution (0.14nm line resolution). Fully electronic image acquisition is available in TEM/STEM
bright and dark field and diffraction mode. For analytical electron microscopy our TEM is equipped with
an energy dispersive X-ray spectrometer. A variety of heating and cooling sample holders are available
for in-situ experiments.

The ESEM FEG XL30 allows a chamber pressure up to 20 mbar. Low vacuum imaging (0.1-2.0 mbar)
prevents charging and hence insulating materials (e.g. ceramics or polymers) can be investigated without
any coating. In the wet-mode dynamic materials behavior such as crack propagation, melting, crystal-
lization, condensation or fluid migration on a sub-um scale can be studied. The ESEM is equipped with
a Peltier cooling stage (-20 to 50°C), a hot stage (0 — >1500°C), two nanomanipulators and EDX system.
A particle analysing software allows automatic detection and morphological and chemical analysis of

sub-pm particles.

TEM bright field image of Diamond
interfacial nanocrystalline
TiC formed during active
brazing of diamond
#
y &

Y -} 100 nm

. - brazing filler metal matrix

High resolution TEM image of TiC nanoparticles in a
Cu matrix formed by in-situ reaction during brazing

Nanomanipulators
equipped with

glass needles installed
in the ESEM

Particle sticking to the glass needle of the ESEM
Nanomanipulator. The TEM grid, where the particle
will be transferred to, is visible in the background




5 Instrumentation and Tools

Focused lon Beam Technology

Focused lon Beam (FIB) is a very effective workbench for microstructured devices. These can be built,
modified, cross-sectioned or micropolished in dimensions between about 10 nm and 100 um. Both
milling (etching) of nearly any material and depositions (tungsten, platinum or Si-dioxide) are possible
as well as direct imaging in a quality comparable to high-resolution scanning electron microscopes.
Milling processes can be enhanced or slowed down by suitable gas chemistry, allowing material-selective
microetching. In summary, FIBs open up new prospects in material science like target preparation of
TEM lamellae and cross sections resulting in high phase contrast 2 or 3 dimensional images which are
indispensable in the micro- and nanotechnologies. In this context, FIB technology also enables sample
preparation with phases of extremely different hardness without smearing or producing artifacts,
though it has to be noted that the ion beam amorphizes and contaminates some atomic layers at the
surface. The combination of an electron and an ion column within an advanced dual beam FIB system, as
available at EMPA, allows better control of possible defects. Sophisticated applications are in materials
and life science as well as in micro/nano electronics and photonics.

FIB preparation
of TEM lamella

Dual Beam FIB

FIB machined
cross section of
ESD failure




6

Instrumentation and Tools

Nanofactory Tools

With increased industrial demand for materials, structures and devices in the nanometer range, there is
a growing need for smart tools to perform the handling, assembly and testing of such components and
systems. The control of these tools and processes requires an integrated, microscopic observation
instrument that allows a detailed visualization of cm2-sized areas with nanometer resolution. Newly
developed scanning electron microscopes (SEM) provide the necessary flexibility and allow furthermore
the integration of sophisticated tools like e-beam lithography and electron backscatter diffraction.
Within several European and national research projects we develop new sample handling, structuring
and measurement devices for small objects inside the SEM. In-situ procedures like nanoscratching
inside the SEM allow a direct sample observation during testing and a correlation of the material behavior
(for example crack formation) to discontinuities in load-displacement data. In addition, nanoscratching
is used for controlled structuring of surfaces, e.g. as seeds for selective electrodeposition. Another area
of interest is the manipulation of small objects via nanomanipulators controlled by image processing.

Carbon nanotubes for depo-
sition onto the edge of a
razor blade are fixed to the
tip of an atomic force micro-
scope by using nanomanipu-
lators and electron beam
induced welding

Observation of pile-up
formation and structure as
produced during the
structuring of a Ni-surface




7 Nano Electronics and Photonics

Reliability of Nanodevices

Dr Urs Sennhauser
Dubendorf

+41 44 823 41 73
urs.sennhauser@empa.ch

Dr Philipp Nellen
Dubendorf

+41 44 823 43 53
philipp.nellen@empa.ch

High reliability is expected for nanodevices, but so far, only few attempts have been made to apply reliabil-
ity theory to nanotechnology. Reliability considerations should be made already in the exploration phase,
when defining functionality of new nanostructures. Failures of nanosystems can be treated as stochastic
processes or by their physical failure mechanisms. They are usually caused by mechanisms of an order of
magnitude smaller than the functional elements. Therefore, even reliability analysis of today's state of the
art microelectronic and photonic devices requires nanotechnological methods. Reliability analysis includes
mathematics of failure (probability and statistics, reliability analysis, algorithms, mathematical and soft-
ware tools, systems modeling), physics of failure considering also fundamental principles of thermal fluc-
tuations, quantum statistics, and Heisenberg uncertainty relation (failure analysis, materials properties,
reaction kinetics, stress factors, testing procedures, modeling, and ab initio calculations), and instrumen-
tation for analysis, testing, and repair (SPM, REM, TEM, FIB, EDX, WDX, X-ray, etc.). EMPA is taking care
of reliability problems by operating a Reliability Center. It is providing reliability and failure analysis, investi-
gations of lifetime and degradation mechanisms. It operates a reliability network with industrial partners
and participates in European research networks on nanotechnology.

Cross section of a semiconductor laser.
Top layer is partially etch attacked
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of a semiconductor laser
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Nano Electronics and Photonics

Molecular Electronics

Dr Roman Fasel
Dubendorf

+41 44 823 43 48
roman.fasel@empa.ch

Dr Oliver Gréning

Thun

+41 33 228 22 25
oliver.groening@empa.ch

Dr Pascal Ruffieux

Thun

+41 33 228 22 96
pascal.ruffieux@empa.ch

Scanning Tunneling

Microscope (STM) image of

Hexabenzocoronene (HBC)
monolayer on Cu(111)
(Diameter (HBC) = 1 nm)

Structures with characteristic dimensions of a few nanometers will be at the
heart of future applications in nano-electronics, nano-optics or as functional
materials on the nanometer scale. Within this field of research, single mole-
cule devices are highly promising, because their functionality can be chemi-
cally tailored and their potential for industrial production is very high. We
address one of the central scientific and technological problems related to
the transition of present day electronics into electronics based on molecular
scale devices, which is the lack of efficient strategies for building integrated
circuits by bottom up integration from the molecular scale. Surface science
today provides us with a vast body of practical knowledge about surface
conditioning and surface growth, e.g. by epitaxial methods. We utilize this
knowledge for the fabrication of template surfaces with regular nucleation
sites on which different functional molecular groups are self-assembled in a
step-wise fashion. These self-organised supramolecular assemblies can be
functionalized to tailor their electronic structure and transport properties in
view of next generation storage, sensor, actuator, responder and electroopti-

cal applications.

lllustration of a self-assem-
bled HBC monolayer on
Cu(111) determined by STM
and X-ray Photoelectron
Diffraction (XPD)
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Carbon Nanotubes

The wide range of exceptional properties qualifies Carbon Nanotubes (CNT)
for application in transistors, sensors, thermal management, mechanical rein-
forcement and electron sources, to mention only a few.

We are currently investigating the field emission properties of CNT cathodes
using a home built scanning anode field emission microscope (SAFEM) to
characterize and gain deeper understanding in the processes determining
the performance of theses cathodes. In close collaboration with partners
from industry and academia we are currently trying to introduce CNT field
emitter in applications spanning from displays to X-Ray and travelling wave
tubes.

Further we are conducting fundamental research using our low-temperature
scanning tunneling microscope (LT-STM) on the modification of the electronic
structure of CNT by introduction of specific defects on the atomic level, with
the perspective of one day controlling the electronic properties for CNT
based electronic devices — some day in the future. The LT-STM serves here
for the investigation of the local structural as well as the electronic properties.

STM image of a single atomic vacancy in the
surface plane of graphite induced by a
hydrogen-plasma. The vacancy is acting as
strong electron scatterer. When present

on a single-walled carbon nanotube such a
defect will alter considerably the electronic
transport properties of the nanotube

SEM image of a regular array
of plasma-enhanced CVD
grown CNT. In collaboration
with Prof. W. Milne,
University of Cambridge and
P. Legagneux, Thales LCR
(Paris)
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Nano Electronics and Photonics

Magnetic Materials
and Data Storage

Nanocrystalline hard magnetic materials and their rapid deployment in data storage have led to a tremen-
dous increase in magnetic storage density over the past decade. As a consequence, the size of a single bit
shrunk below 200nmx20nm. In order to test the applicability and reliability of the magnetic multilayer
materials used in today’s and tomorrow’s disk drives, high resolution magnetic force microscopy (MFM) is
the tool of choice to non-destructively resolve the magnetic structure of bits in detail. Paired with quantita-
tive analysis methods we are able to characterize these materials on a nanometer scale.

One of our main goals is the tailoring and characterization of new magnetic materials which allow for even
higher bit densities needed in next generation magnetic storage devices.

Furthermore, we are conducting fundamental research using our low temperature MFM, vibrating sample
magnetometer (VSM) and torque magnetometer on the exchange bias effect apparent magnetic multilayer
systems. Even though the effect is already used in commercial applications like hard disks, its nanomag-
netic origin is still subject to intense research.

Image of an open magnetic hard disk
drive. A stack of platters is mounted
onto a rotor drive. Over each platter sur-
face flies a read/write head suspended
on a positionable arm

6 um x 6 um MFM overview
image of several tracks written
into a perpendicular magnetic
recording material. Several
tracks with different bit sizes
(down to 80nm in the track
on the left side) are visible.
The fine speckle pattern
bet-ween the tracks shows
the native magnetic structure
of the material

High resolution zoom (2pm x 2pm) on two tracks of another
recording material. The ragged nature of the bit transitions are
visible. This could lead to data loss on the disk
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Polymer Based
Electronic/Photonic Devices

At the laboratory for Functional Polymers we aim at the design, synthesis and application of novel poly-
meric materials and engineered macromolecular material systems with unique functional properties. We
are particularly interested in polymers with optical and optoelectronic properties.

Photo luminescent polymer blends derived from a host polymer and a fluorescent dye molecule as
guest, can exhibit a pronounced variation in their emission color as a function of composition, process-
ing conditions, temperature and mechanical deformation.

Numerous application based on this principle can be conceived such as internal strain sensors in poly-
meric objects, temperature sensors or security features for packaging or ID cards.

Conjugated polymers can be used in thin film solar cell devices. Such cells offer the advantages of
cheap solution processing and mechanical flexibility, but still require considerable research efforts to
achieve higher efficiency an increased lifetime. We are interested in the synthesis of self-organized
polymer films that show nano-phase separation of electron donating and electron accepting phases.

In the search for renewable energy resources, polymer solar cells are promising candidates amongst
other technologies, especially when flexibility and cheap production is required.

Fluorescent olig(p-phenylene
vinylene) derivatives doped in
a polyethylene matrix. Green
emission is obtained for the
molecularly dispersed form,
while red emission comes
from the aggregated form.
Mechanical deformation
induces a color change from
red to green

; = electron-hole pair

metal electrode

injection layer

Working principle of
bulk-heterojunction

selective charge
polymer solar cells

glass substrate

Photon transparent metal-oxid layer

electron donor electron acceptor
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Empa’s pilot plant for the plasma production of
non-oxide nanoparticles

Nanostructured Materials and Coatings

Nanopowder Manufacturing

Nanoparticles play a key role in advanced catalysts, ceramics, electronic devices, sensors as well as

polymer composites and coatings, due to their different physical and chemical properties compared to

conventional material. EMPA has the established know-how and facilities for nanoparticle synthesis in

pilot-scale powder batches. Flame aerosol (FAP) and flame spray processes (FSP) allow synthesis of

oxide nanoparticles such as silica, titania, tin oxide, zirconia, perovskites, mixed oxides and composite

particles with well defined composition, morphology and surface. Tailored oxide nanoparticles in polymer

composites and coatings are known to lead to improved mechanical properties and enhanced scratch

resistance, super-hydrophilicity, easy-to-clean and anti-bacterial properties. In high energy ball milling

nanopowders are manufactured from bulk material of tailored composition, such as glass with several

constituents, bio or medical filler materials.

Non-oxide nanoparticles like carbides, nitrides and pure metals will be produced preferentially out of

solid precursors using the inductively coupled vacuum plasma process (ICP). EMPA’s pilot plant

enables the production of nano-powders in relevant quantities thanks to specially designed equipment.

Safe handling under totally controlled atmospheric conditions is guaranteed. The carbides and nitrides

can be used in metallurgical applications for dispersion hardening, improving so hardness, wear resistance

and toughness. Due to their enhanced activity, metallic nanoparticles like silicon or titanium are inter-

esting candidates in catalysis or in pyrotechnical applications, as well as Ferro fluids (Cobalt, Nickel,

etc.) for magnetic field monitoring or gaskets.

TEM picture of

wcC (dBET =20 nm)
produced

by plasma processing (ICP)

e

TEM picture of spherical
SiO, - TiO, composite
nanoparticles, where TiO,
anatase segregations

(dark spots) are embedded in
a silica rich Si-O-Ti matrix

TEM picture of spherical
TiO, anatase nanoparticles
synthesized by FAP
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Nanostructured Materials and Coatings

Metallic/Ceramic
Nanocomposites

The functional and structural performance of metallic and ceramic materials, including e.g. thermal and
electrical conductivity, CTE, hardness, wear resistance, elevated temperature stability, can be considerably
enhanced by novel materials' architectures, in particular by the integration of ultrafine nano-sized struc-
tures.

The properties of nanocomposites are determined not only by the morphology and spatial distribution
of the nanophase, but also depend on mutual chemical and physical interactions between the different
phases involved. The successful development of nanocomposites requires advanced process technologies
such as liquid phase infiltration of nano-structured preforms, in-situ reactive synthesis and powder metal-
lurgy. At EMPA, these technologies are continuously, steadily and decisively pushed to develop and fabri-
cate novel materials and prototypes for applications such as:

High temperature sensors (doped SizN,), heat resistant pistons (dispersion strengthened Al), thermal
management materials (tailored metallic/ceramic composites), brazing materials (with active fillers), solide
oxide fuel cell (SOFC) electrodes (nano-porous composites).

Detailed TEM investigations reveal the specific structure and interface phenomena of the nanocomposites.

Al/diamond composite for thermal manage-
ment applications

100 nm

.2

TiN nano-particles for reinforcement of SizN, elevated
temperature sensors

In-situ nanodispersion of Ti-silicides and Zr-/Ti- oxides in
active brazing filler metals
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Cellulose Nanofibrils
for Technical Applications

The light-weight structure of wood with excellent properties can serve as a basis for the development of
new nano-materials. As a matter of fact, agglomerated cellulose fibrils embedded in the lignin matrix in
the wooden cell wall are a predominant reason for the outstanding tensile strength of wood. The break-
down scheme below emphasizes the specific role of these nanofibrils in the diameter range below 100 nm.
EMPA has elaborated procedures to isolate these fibrils by a combination of chemical and/or mechani-
cal processes. Out of the obtained dispersions and selected polymers, homogeneous and transparent
fibril flms and composites were prepared. The addition of fibrils to the polymers led to a distinct
improvement of their mechanical properties

Application areas of fibrils are supposable in biopolymers where biodegradability and at the same time
a high strength and visual transparency are required. Further, the fibrils could be used in adhesives (e.g.
instead of synthetic fibres) to improve systematically their application and exploitation as well as ther-
mal creep. Due to their ability to form aqueous gels, cellulose fibrils could also be used as rheological
modifier e.g. in water-borne coatings.

Cellulose
molecule

Secondary wall Compound
(3 layers) middle lamellae

Breakdown of the wooden cell wall
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wo cellwall

Single nanofibrils (arrows) are solved out of the wooden cell wall (SEM-micrograph) Network of cellulose fibrils; single filaments have diameters
below 100 nm and length of several tens of micrometers
(SEM-micrograph)
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Nanostructured Materials and Coatings

Biomimetic Engineering -
Tailoring of Porosity
for Energy Application

Easy shaping, light-weight structure and excellent mechanical properties make wood an attractive
material to build large structures which can be converted into activated carbons and/or ceramics.

The active layer of electrochemical double layer capacitors (SuperCap) consists of large amounts of
inactive carbon material which is not contributing to the overall capacitance. To optimize electrochemical
capacitors and fully utilize the active electrode material a pore size conforming to ion size of the elec-
trolyte is crucial.

Porosity, pore size and surface area of wood can be tailored in the carbonaceous state in the nanometer
scale by activation with carbon dioxide. Therefore pyrolysis of wood materials in an inert atmosphere is
a prerequisite. Pore sizes created in the micro (nano) meter range are interesting for the creation of
additional surface in the active carbon layer of today’s electrochemical double layer capacitors
(SuperCap). For optimal capacitive performance not only micro but a mixture of micro (nano) and meso
pores is favourable. Mesopores provide a good ionic contact to the nano pores inside the active layer
and are given by the nature of wood itself.

Artificial manufacturing of such bimodal pore size distributions by known forming devices is not possible.

1

Nanoporosity: Storage

Schematic model of ideal electrode with tailored porosity for surface charge
in the nm-range and ion transport in the meso pore range (left), nano and
meso porosity in the natural cell wall of carbonized and activated pine (right)

Different magnification
of pine after pyrolysis
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Microstructured Textile Fibers

Many of the advances of synthetic fiber technology are based on the enlarge-
ment of the surface area. Nowadays, fibers are profiled by spinneret nozzles,
which enable a rather coarse surface and so many effects based on micro- and
nanostructures cannot be applied. With tailored procedures for microstructuring
fibers it should be possible to produce textiles which can take up large quanti-

ties of moisture; advanced fibers will be used in stents or artificial tissue for bio-
medical applications with controlled cell growth.

To produce microstructured fibers, the surface relief of a metal stamp is
transferred onto a fiber by moulding at a defined temperature. The stamps
are generated by lithographical methods and are copied into metal using
electroplating.

EMPA developed a method to produce completely microstructured fibers in a
continuous process. The results show that this method can be applied for the
lateral structuring of polymer fiber surfaces.

microstructured roll

— ing roll
s \ pressing rol
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Principle of fiber-microstructuring

A patterned PET fibre (diameter 100 pm) with a complex
microstructure

SEM micrographs of a PET
fibre: The patterned area
shows a sine grating of 1 pm
period and 200 nm depth




17 Nanostructured Materials and Coatings

Functional Fibers and Textiles

Plasma technology enables the surface modification of materials by etching and deposition techniques,
producing tailor-made surfaces in the nanometer range. Due to the localized surface treatment,
functionalized textiles and fibers reveal new qualities leaving the bulk textile properties as well as the
touch unaffected.

Nano-scaled metal and ceramic coatings on textiles and fibers open up new possibilities of applica-
tions, including the medical field and smart textiles. Nano-porous siloxane or hydrocarbon coatings
can be provided with accessible functional molecules within the film volume for enhanced permeability
and wetting properties. Plasma techniques also allow for the deposition of custom-made nano-com-
posite coatings (anti-bacterial, non-fouling) where the particle/cluster and the matrix content can be
tuned by varying process parameters. The in-situ immobilization of nano-particles during the plasma
deposition provides a one-step coating process that eliminates the necessity of direct handling of
nano-particles. These films are deposited by different PVD (physical vapor deposition) and plasma
CVD (chemical vapor deposition) processes, where batch reactors as well as pilot plant size coaters
for continuous textile and fiber treatments are available.

Moreover, novel wet-chemical approaches are investigated to obtain nano-scaled coatings for stain
repellence, odor control, and flame retardance.

Woven fabric of antibacterial
active fibers which are
modified by a 50 nm silver
coating
Argon sputtering of a
titanium target to
deposit conductive
nanolayers on fibers
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Nanostructured Thin Coatings

Nanocomposites and nanomultilayers provide solutions to challenging demands like increased hard-
ness combined with excellent oxidation resistance ( TiN/Si3N,) or high hardness along with low friction
(TiC/a-C:H). These outstanding properties are a consequence of suppressed dislocation activity at very
small grain sizes and the properties of the amorphous phase. Therefore, those properties are only
obtained when the appropriate microstructure is met. R+D activities focus both on the practical appli-
cation as well as on elucidating the physical backgrounds for the non-classical properties of hardness-
enhanced nanocomposite coatings.

These films are deposited by different PVD and PACVD processes, both under practical conditions of
an industrial process as well as under UHV for research studies. The sample size may vary between a
few square centimeters in model experiments and more than twenty centimeters in a pilot plant size
coater. Surface analytical methods including XPS, AES/SAM, XRD/XRR and other techniques such as
TEM are used for thin film research and development.
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Scanning electron microscope picture of an anchor wheel coated

XPS analysis of a nanocomposite coating con- with diamond like carbon containing ceramic SiC nanoclusters

sisting of nanocrystalline TiC with amorphous
carbon (a-C:H) 0 20 40 60 80 100
a-C:H fraction [at %]
Nanocomposite TiC/a-C:H is a material that

has dramatically reduced wear rate against
steel at increased hardness

TEM cross section of a

SizN,4 -TiN multilayer film
grown on TiN. The bright lines
are 1 nm SigNy, the darker
ones are 5 nm TiN
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Polymeric Nanocomposite
Coatings and Microencapsulation

Nanoparticles embedded in a polymer matrix or coating provide added val-
ues like scratch resistance, easy-to-clean properties or tailor made optical
properties. In contrast to microparticles, homogeneously and completely dis-
persed nanoparticles will improve the mechanical properties of their polymer
host matrix. Very interesting perspectives lie furthermore in electric, electro-
chemical as well as optical properties. The understanding of local particle
dynamics and its influence on processing and stability of nanocomposites is
fundamental for large-scale applications of organic-inorganic hybrid materi-
als and is therefore studied thoroughly.

Polymeric microcapsules filled with active agents, ranging from <1 up to
1000 um diameters, bring even more opportunities. Normally, they are spherical
or roughly of the shape of the enclosed material. Shell materials are selected
according to the physical properties of the core (solid, liquid or gas) respec-
tively the application in mind (e.g. controlled release systems, masking, drug
delivery).
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Nanocomposite consisting of silica
nanoparticles embedded in a methylacrylate matrix

Antifouling compound zosteric acid (coumaric acid sulfate) encapsulated in
polystyrene microcapsules - Electron micrograph of a microcapsule cross-section
prepard by FIB milling
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Biocompatible Surface
Engineering

Large efforts are performed to fulfil the clinical demand in replacing non-functioning tissues by implants
or to support their regeneration. To meet these demands, we develop, design and improve implants
and scaffolds by elucidating the surface features that steer cell behavior. Surfaces are characterized by
their structure and chemistry. Cell — surface interactions are determined using primary human (e.g. stro-
mal cell, bone cells, fibroblasts) and animal cells (e.g. nerve cells, glial cells, myoblasts) as well as cell
line cells. Cell performance and behavior are characterized by analysing cell migration behavior, synthe-
sis of cell specific peptides and proteins as well as gene activity (Q-RT-PCR). In addition, cells are
transfected with a fluorescent protein-reporter gene construct to report for the activation of single
genes. In case of nerve cells electric activity of cells are monitored to report for their functional state.
Non-biocompatible materials and toxic medium constituents are recognized by our accredited biocom-
patibility test that is performed conform to ISO10993-5.

Confocal laser scanning microscope picture of a microtubuli (green), SEM-picture of a rat bone marrow cell culture
vinculin (red) and nucleus (blue) stained primary human stromal cells. on a nanostructured surface






