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Study of transparency limiting factors and of mechanisms of defect generation in

optical glasses for high-power and ultraviolet laser applications

HZHAR

Purpose

The broader purpose of the project was to establish the reasons
which limit the applicability of glassy silica as material for
ultraviolet and high-power laser optics. While the presence of
molecular hydrogen generally is beneficial to laser toughness of
silica, our recent work has found an anomalous increase of stable
defect creation when irradiation takes place at low temperatures.
The problem was traced down to the interaction of fluorine laser
excitation with primary radiation products, interstitial atomic
hydrogens (L. Skuja, K. Kajihara. M. Hirano, H. Hosono,
Anomalously Efficient Creation of Stable Color Centers in Wet
Silica Glass by High-Dose Fluorine-Excimer Laser Irradiation.,

2004.11.1~12.20 & 2004. 1/4~1/24

Proc. XX Internat. Congr. Glass, Kvoto, Sept.27-Oct.1 2004, paper
0-14-052, p.1-6.).

The specific purpose of the current research was to find out
the micromechanism, by which this low-temperature increase of
room-temperature stable defect creation takes place. While the
previously observed creation of oxygen dangling bonds could be
explained in a relatively straightforward way. by destruction of
silanol (Si-O-H) bonds, the origins of laser induced silicon hydride
(Si-H) and silicon dangling bonds ('E" centers’) are not obvious.
Therefore, the current study was mainly focused on the structure
of silicon dangling bonds in Fa-laser irradiated wet silica.




Experimental.

The samples studied involved synthetic "wet" silica samples
having hydroxyl (silanol) concentration between 10" and 10%cm®.
Some of the samples were subjected to prolonged heat treatment
in deuterium atmosphere, which resulted in different degrees of
hydrogen-deuterium isotopic exchange, from 0 to better higher
than 95%. The samples were irradiated by fluorine excimer laser
(157 nm, 7.9 eV) with typical accumulated doses around 100
J/em® Irradiation temperatures ranged from 80 to 300K. CW and
pulsed-mode electron paramagnetic resonance (EPR)
measurements of the samples were performed in X-band and Q-
band microwave regions. The changes in silicon hydride and
silanol groups due to irradiation were controlled by Fourier-
transform infrared (IR) spectrometer, and the changes in optical
absorption were measured by double beam VIS-UV
spectrophotometer.

Experiments were performed at TIT Nagatsuta campus, few
Q-band EPR experiments were done in NINS Institute for
Molecular Science in Okazaki.

Results and discussion.

The most important result of this study was an identification of a
new kind of silicon dangling bonds in silica (E' centers). This is
one of the most basic intrinsic defects in glassy and amorphous
silica and a subject of numerous papers and reviews. However, in
the Filaser irradiated samples showing anomalously intense
defect generation a new, previously not described variant of E'
center appeared, which showed new structures in EPR spectra
(see Fig) and smaller than usual silicon hyperfine splitting (400 G).
Comparison of samples with different degree of deuterium-

EFRHREAZRARS

hydrogen exchange unambiguously confirms that the 0.8 G
splitting, seen in the EPR spectra (Fig) is due to superhyperfine
splitting on protons. This conclusion was further corroborated by
EPR measurements at higher microwave frequencies (Q-band)
and electron spin

A
A
_ Non deuterated i o
2 \, I\I /.
Partially T\ '\ ‘v”,
deuterated \“‘b, S
. ————
ol Completely
deuterated
Magnetic field, G

echo envelope modulation (ESEEM) measurements. The size of
the proton superhyperfine splitting and the relative orientation of
the axis of hyperfine interaction tensor shows that the proton is
located on the hydroxyl group (Si-OH), attached to the dangling
paramagnetic silicon bond. This assignment is in good agreement
with the existing predictions of ab initio calculations. Previously
this kind of centers has been observed only on the surfaces of
silicon dioxide. The presence of this defect in the volume (bulk) of
glassy silicon dioxide points to a new class of defect processes
involving breaking of two silicon oxygen bonds at the same
silicon site. This may have important consequences to analysis of
photoinduced processes in this optical material.

Department of Chemistry, National Taiwan University Ru-Shi LIU
Tokyo Institute of Technology Maarit KARPPINEN

Zz5%EE New-Generation Material-Design for Functional Oxides: Quantitative XANES and

Multivariate Data Analysis

Multi-layered transition metal oxides form an important group
of next-generation functional materials: the potential applications
range from spintronics to thermoelectrics. The layered crystal
structure enables us to introduce multiple functions into a single
unit cell. The best known examples are (i) the M,A:Q..;
CunOupszs20+5 high-T. superconductors with superconductive
Cu0:(@-Cu02),: layer-blocks and AO-(MO;+s m)a-AO "blocking
blocks" (for charge balancing), and (i) the misfit-lavered [(MO,.,,
)elal(AO1+,),),Co0: thermoelectrics with CoO: layers of high
electrical conductivity and nonstoichiometric [(MO;:)lnl(AO; . ).l
blocks of low thermal conductivity. Such multi-layered oxides
characteristically show not only anisotropic physical properties
but also inhomogeneous charge distribution along the piling
direction of the different lavers. An essential step for the deeper
understanding of these materials is to characterize them for the
layer-specific properties.

The present research project is concerned with the interplay
among the precise atomic arrangements, layer-specific
charge/carrier concentrations and the functional properties of
various multi-layered oxide materials [1-5]. Such interplay has
been discussed in a quantitative manner utilizing bond-valence-

sum (BVS) calculations, wet-chemical redox analyses, x-ray
absorption near-edge structure (XANES) spectroscopy.
Méssbauer spectroscopy, neutron diffraction and Seebeck
coefficient measurements as experimental tools. We have
moreover employed techniques of "statistical multivariate data
analysis" or "chemometrics' to look for the relations among the
chemical composition, redox state, precise crystal structure (bond
lengths and angles). and the magnetic, electrical and other
relevant material characteristics. The obtained results assist us to
evaluate on how we should delicately tailor the materials in
atomic-arrangement level to optimize the desired macroscopic
properties, thus contributing in finding a more organized design
approach for multi-layered functional oxide materials.

As one of the most prominent techniques, XANES
spectroscopy was elaborated to a highly quantitative level within
the scope of our project. The XANES spectra were collected for
both the O K and transition metal (Cu, Fe or Co) Lz3 edges at the
HSGM beamline of the National Synchrotron Radiation Research
Center (NSRRC, Hsinchu) in Taiwan that covers the photon
energy range of 90-1300 eV. In Fig. 1, we show O K-edge XANES
spectra for a series of Cu(BagszEuns)(CeozzEuns):Cuz0s+5 samples



of the Cu-1222 superconductor phase with a fluorite-structured T T T
(Ce.Eu)-O-(Ce.Eu) block between the superconductive CuO- planes
[3]. The pre-edge peak seen for all the samples about 528.1 eV is
the well-known signature of hole states in the p-type doped CuO:
planes in high-Tc superconductors. Partly overlapping with this

CuO,5
charge
reservior
i
peak another pre-edge peak is seen about 527.3 eV. This peak is
due to the hole states in the CuO,-; charge reservoir. From Fig.

1, it is revealed that loading the phase with increasing amounts of
9+6=9.02

Relative Intensity (a.u.)

oxvgen increases the hole concentration both in the
superconductive CuO: planes and in the nonsuperconductive
Cu0O,+; charge reservoir. Utilizing our high-pressure oxygenation
technique, samples with optimally doped CuO. planes were EUOz plane
successfully synthesized and a record-high T. value of 62 K was 520 330 340 350 360
achieved for the Cu-1222 superconductor. Photon energy (eV)

Fig. 1. O K-edge XANES spectra for variously oxygenated Cu-1222-phase
samples of Cu(Bags7Eup)2(Ceoa3EU0 67)2Cu20g-+5 : +H
contributions from the CuO.-plane and CuQ, + ;-charge-reservoir o
hole states are indicated. =]
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and Processing of High-T. Superconductors
and Related Materials (Chem-HTSC X)
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