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Lecture Title:
Laser Patterning of Crystals in Glass

Abstract:

Laser irradiation to glass has been regarded as a process for spatially selected structural
modification and/or crystallization in glass. The phenomenon taking place during laser
irradiations depends on the combination of the laser type and materials type (system,
composition, thermal stability against crystallization). In this lecture, recent progress in the
patterning (dots or lines) of functional crystals on the glass surface by using conventional
lasers such as Nd:YAG laser (wavelength: A=1064 nm) is described. Two techniques for
the patterning of crystals have been developed, i.e., rare-earth atom heat processing and
transition metal atom heat processing, in which continuous lasers are irradiated to the
glasses containing rare-earth (RE: Sm’", Dy’") ions or transition metal (TM: Ni**, Fe*,
Cu’") ions. The patterning of crystals such as nonlinear optical B-BaB,O,, ferroelectric
LiNbOs, and lithium ion conductive LiFePO4has been succeeded. It is clarified from the
azimuthal dependence of second harmonic intensity, polarized micro-Raman scattering
spectra, and X-ray diffraction analysis that crystal lines consist of highly oriented crystals
along the crystal line growth direction, i.e., like single-crystal lines. It is also possible to
pattern two-dimensional crystal bending or curved lines by just changing the laser
scanning direction. The mechanism of the laser-induced crystallization has been discussed.

Fig.1

Polarization optical micrograph and second
harmonic observations for a crystal line
(designed as ground picture (bird) in Nazca ,
Peru in South America) patterned by Nd:YAG
laser irradiations (power: P=0.8-0.9W, scanning
speed:  S=4um/s) on the surface of
88m203—37Bi203—55B203 glass.
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Lecture Title: Glass Surfaces and Coatings in Biotechnology

Abstract:

The surface is a critical feature for glass and for its many applications in biotechnology. In
some cases, it is the passivity of the glass surface that makes it useful for test tubes, glass
slides and chromatography. In other cases, it is the surface chemical functionalization or
coating of the glass that enables it to be the substrate for DNA and protein microarrays, or
multi-functional microfluidic devices. And for still other applications, glass can be
designed with high surface-activity so that it triggers chemical bonding reactions with soft
or hard biological tissue, or dissolution reactions to locally deliver drugs.

This lecture will review fundamental features of glass surfaces and their relevance to
biological, biomedical and related applications including:

surface characteristics and properties such as surface charge, surface energy,
contact angle, wettability and surface reactivity;

the mechanisms and effects of leaching and corrosion;

surface chemical functionalization and coatings to modify glass surfaces;

glass manufacture and processing effects for commercial glass substrates;

methods for surface analysis and characterization;

DNA microarrays and other medical assays, bioglass, pharmaceutical packaging,
chromatography and drug delivery.

Some of the specific surface treatments, coatings and applications in this list will be
addressed through group discussion of selected review and journal articles.
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Lecture Title:
Vacuum-ultraviolet transparency of silica glass and its relation to processes
involving mobile interstitial species

Abstract:

Silica glass has been extensively studied as model amorphous oxide because (1)
it is one of the simplest light metal amorphous oxides; (2) large size crystalline
polymorph (a-quartz) is available; (3) it shows good mechanical properties and
chemical stability; (4) high purity commercial products are available. In addition,
silica glass (amorphous SiO2) is technologically important and is widely used as
optical components, gate dielectric films, catalysis, etc. This situation makes the
research on silica glass very attractive.

This talk is intended to outline the optical properties of silica glass, in particular,
vacuum-ultraviolet (VUV, below 200nm) transparency, because the improvement of
VUV transparency and hardness has been a recent research topic on silica glass.
The influences of major defect species (or impurities) in synthetic silica glasses on
VUV transparency are shown; such defect species include (a) strained Si-O-Si
bonds, (b) network modifires, and (c) mobile hydrogen molecules embedded in
interstitial voids in silica glass. Their concentration optimization is crucial in
developing photomask substrates for excimer laser photolithography and deep-UV
(below 300nm) optical fibers for ArF laser ., ., a5
(A=193nm) transmission. Interstitial oxygen
molecules and atoms are another class of
fundamental defect species in silica glass.

Phaton energy (eV)
3 4 5 B 7

[ A [ i [

A S vacu """U_"M
Current understanding of diffusion and O; SohumannZRiings band
reactions on interstitial oxygen species is | CaFy
presented. TR
Si0g glass

Fig. Transparency region of various = Prerees
UV-transparent optical materials.

1. K. Kajihara, J. Ceram. Soc. Jpn., 115, 85(2007)
2. K. Kajihara, T. Miura, H. Kamioka, A. Aiba, M. Uramoto, Y. Morimoto, M.
Hirano, L. Skuja, H. Hosono, J. Non-Cryst. Solids, in press
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Lecture Title: Electrical Properties of Glass Composites

Abstract:

Composites provide unique electrical properties that are not found in homogeneous materials. For
example, metamaterials are composites that are assembled in a controlled spatial arrangement to
create a negative refraction index. Glass composites with dispersed nanoparticles are promising
candidates for capacitors because conduction is controlled by particle/matrix interfaces. In the first
part of this lecture, we will explore the fundamental dielectric properties and conductivity in
crystalline and amorphous materials. Permittivity, which is related to electric polarization, will be
described in terms of lattice and electronic motion. Electrical conductivity in amorphous materials
will be briefly covered.

After the initial lecture, there will be interactive sessions in which participants will collaborate and
discuss the following topics with related publications:

1) High permittivity glass ceramics - The manuscript by J. Du et al. provides a background on the
types of glass systems that produce high permittivity glass ceramics. We will discuss other
potential glass systems.

2) Synthesis and properties of nanocomposites to control conductivity — Most of the
nanocomposite research for high breakdown strength dielectrics is in the polymer literature
and the paper by Cao et al. from General Electric provides a basis for our discussion on glass
nanocomposites.

3) Metamaterials — This is a new topic pioneered by Pendry and his paper is included for
discussion. What types of glass processes can produce metamaterial structures?
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Lecture Title: Designing glasses to meet specific mechanical properties

Abstract:

Glasses are brittle materials. Nevertheless, both the amount and the diversity of available glasses
are quickly rising and materials with very different hardness, stiffness and toughness values are
available. At every stage of the life of a glass specific mechanical properties are required. These
properties should allow the elaboration and the shaping stages with industrial means and warrant a
good durability in service.

1) The case of hardness: The formation of a permanent indentation under a sharp contact loading
at the surface of a material is a complex phenomenon involving both reversible and irreversible
matter displacements. At the macroscopic scale, these matter displacements control the
mechanical characteristics and have a major incidence upon the fracture toughness.
Soda-lime-silica, silicon oxynitride, chalcogenide, and bulk metallic glasses exhibit tremendous
differences regarding the indentation behavior. Much different deformation mechanisms were
brought to light depending on the glass system and Poisson's ratio (v) shows up as a
discriminating parameter.

2) The case of elastic properties: Elastic moduli are intimately linked to the average interatomic
bond energy and to the volume density of bonds. There are thus various ways to reach a specific
stiffness, either by playing on the bond strength within the skeleton of the glass network, or by
filling the intermolecular space (free volume) by adding atoms of different sizes. As a matter of fact,
bulk metallic ZrCuAlINi glasses (high atomic packing density), soda-lime-silica window glasses and
amorphous silica (low packing density) exhibit almost same value for Young’s modulus (70 to 80
GPa) while their atomic packing densities and glass transition temperatures greatly differ.

The elastic moduli of inorganic glasses cover a wide range. Young's modulus (E) extends from 5
GPa for glassy ice to 180 for an oxynitride glasses and 365 GPa for a metallic glass and Poisson's
ratio is as low as 0.1 for an oxycarbide glass and as high as 0.4 for a bulk metallic glass. Beside the
essential role of elastic properties for materials selection in mechanical design, elastic
characteristics (E, v) at the macroscopic scale provide an interesting way to get insight into the
short- and medium-range orders existing in glasses at the nanoscopic scale. In particular, v, the
packing density (Cq) and the glass network dimensionality appear to be strongly correlated.
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Lecture Title: Transparent Glass-ceramics

Abstract:

I will introduce and explain the basic concepts and main theories which describe crystal
nucleation and growth in glasses. Then I will discuss the strategy to produce traditional
glass-ceramics (GC), finalizing with various types of existing and new transparent
glass-ceramics (TGC). These new materials include nano-structured TGC, large (micron) size
grained TGC, and TGC produced by laser crystallization

During the lectures there will be interactive sessions in which participants will collaborate and
discuss the following topics with related publications:

-FOKIN, V. M; ZANOTTO, E. D.; YURITSYN, N. S. and SCHMELZER, J. W. P, "Homogeneous
crystal nucleation in silicate glasses: A forty years perspective”, J. Non-Cryst. Solids 352
(2006) 2681.

-NASCIMENTO, M. L. F.; FERREIRA, E. B. and ZANOTTO, E. D. "Kinetics and mechanisms of
crystal growth and diffusion in a glass-forming liquid”, J. Chem. Phys. 121 (2004) 8924-8928.

-BERTHIER, T.; FOKIN, V. M.; ZANOTTO, E. D., “New large grain, highly crystalline,
transparent glass—ceramics”, J. Non-Cryst. Solids (2007)
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Lecture Title:

Role of alkoxysilanes for the design of silica-based nanomaterials

Abstract:

Recent progress in the synthesis of nanostructured siloxane—organic hybrids
based on self-assembly of amphiphilic silicon-based precursors will be presented.
A variety of ordered hybrid materials have been obtained by molecular design of
precursors. Alkoxysilanes with covalently attached hydrophobic organic tails are
hydrolyzed to form amphiphilic molecules containing silanol groups, leading to the
formation of mesostructures. The design of molecules having alkyl chains and
large oligosiloxane heads led to the formation of mesophases consisting of
cylindrical assemblies, providing a direct pathway to ordered porous silica.
Designed alkylsiloxane oligomers are also infiltrated into void space of an opal film
composed of polystyrene beads to form a hierarchical structure.? Several
oligosiloxanes with well defined cage-like structures® have also been utilized for the
preparation of mesostructured materials. Synthesis, structural features, and
formation processes of these hybrid mesostructures will be discussed.
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Figure 1 Self organization of designed siloxane oligomers and formation of porous silica.
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