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Outline of the Ultraviolet Synchrotron Orbital Radiation Facility

What is UVSOR?

The Institute for Molecular Science (IMS) is a national institute used by scientists who investigate new functional synthesis,
reaction path ways, the utilization of photon energy and/or chemical energy etc., and basic researches on the structures and
functions of molecules and molecular aggregates (clusters). The ultraviolet synchrotron orbital radiation facility (UVSOR) at
the IMS is a synchrotron radiation light source research facility. Various investigations for molecular science are promoted at
UVSOR with the use of synchrotron radiation.

What is synchrotron radiation?

It is well-known that an electron emits electromagnetic radiation when the electron is accelerated. The radiation is also emit-
ted when the electron traverses a magnetic field. If the velocity of the electron is almost the speed of light, the radiation emis-
sion pattern is concentrated markedly onto the forward direction, being tangential to the orbit of the electron. This is called
"synchrotron radiation". Synchrotron radiation has a continuous spectrum ranging from infrared/visible light to ultra-

violet/X-ray wavelengths. And synchrotron radiation also has many
The Synchrotron Radiation Spectrum of UVSOR

excellent properties such as being tightly collimated, highly polarized,

sharply pulsed, and partly coherent. Various spectra of the radiation

15
from the sources available at UVSOR are shown in the right figure. L
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750 MeV Storage Ring

The UVSOR facility is composed of three accelerators, that is, a 15 MeV linear
accelerator for electron injection, a booster electron synchrotron (about 8.5 m
diameter) for accelerating the electron beam up to 600 MeV, and a 750 MeV
storage ring for producing synchrotron radiation.

Wy Bending magnet

\
7 ®  Quadrupole magnet

% Sextupole magnet

Optical resonator for free electron laser

Electron beam from synchrotron

UVSOR Storage Ring General parameters of the storage ring

The storage ring has a quasi-octagonal shape with the com- Circumference 532m

bination of 8 bending magnets and 8§ straight sections. In Energy T30 MeV (600 MeV.at injection)
Number of bunches Multi-bunch mode: 16

straight sections, undulators which are used for producing
Single bunch mode: 1

higher brightness synchrotron radiation and a RF cavity Pt Gl Wbl mpfies 310, G, 5000

which is used for compensating energy loss through emit- Single bunch mode: 60~70 mA

ting synchrotron radiation are installed. There are 2 branch Beam lifetime Multi-bunch mode: 8 h (at 200 mA)

beamlines at each bending magnet section at UVSOR. Single bunch mode: 1 h (at 50 mA)
Beam sizes 0.39 mm (horizontal)/0.27 mm (vertical)
Pulsed light period Multi-bunch mode: 11 ns

Single bunch mode: 176 ns
Pulsed light width ~1Ins with a harmonic cavity system (min. 20 ps)

Vacuum pressure ~1X10"1 Torr
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Electron Gun & Linac

600MeV Electron Synchrotron

Injectors

The injection system for the UVSOR storage ring comprises a linac and a booster synchrotron. The linac generates electrons
with an electron gun and accelerates them to an energy of 15 MeV. The accelerated electron beam is injected to the booster
synchrotron which raises the energy to 600 MeV. At this energy the electron beam is extracted from the booster synchrotron
and transferred to the storage ring. The energy of stored electron beam in the storage ring is then raised to an operation ener-
gy of 750 MeV.

Helical Undulator

Undulator

An undulator is a device having periodic magnetic structures, which generate beams of radiation with higher brightness than

the bending magnets. One of the two undulators installed in the storage ring of UVSOR has helical fields which produce cir-
cularly polarized radiation. This device is called "helical undulator" due to the movement of electrons within. It generates

completely circularly polarized radiation ranging from 5 to 43 eV,



.
Free Electron Laser

The free electron laser (FEL) system is composed of an undulator and an optical resonator
which consists of two mirrors facing each other at both ends of the undulator. Owing to the
interaction of the high energy electron beam in the undulator field and the radiation in the
optical resonator, laser action with positive gain takes place. At UVSOR, the shortest wave-
length of FELs all over the world was successfully achieved by utilizing a helical optical
klystron in 1997. Since 2000 the FEL has been used for users' researches.

High reflectivity mirror

Optical klystron type helical undulator

Microtime (ms)
50 100

Electron beam

High reflectivity mirror

Microtime (ns)
o

FEL lasing in the visible region

An accurate synchronization between an optical pulse and
an electron beam is required for the stable FEL lasing. Fig-
ures show variation of temporal structure of FEL owing to
only a small detuning. In users' experiments, the stable CW
mode is kept using a feedback system developed at
UVSOR.

PULSE MODE
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Experiments using Synchrotron Radiation at UVSOR

In order to perform experiments using synchrotron radiation, a pre-focusing mirror system for intro-

ducing the radiation to an experimental setup, a monochromator for selecting a certain photon ener-

gy, and an instrument for data taking are required. A total combination of these elements is called

"beamline' and every beamline is numbered. At UVSOR, priority has been given to the research

fields related to the following subjects; 1) spectroscopic investigations (absorption, reflectivity and

luminescence), 2) photoelectron spectroscopy, 3) photochemistry, 4) basic processes of chemical reac-

tion, 5) photochemistry of solid state and surfaces, and 6) syntheses of new materials by photoexcita-

tion. The preparation of beamline systems for such research fields results in growing scientific activi-

ties at UVSOR. The list of all available beamlines at UVSOR and their related experimental appara-

tuses are summarized below.

Beamlines of UVSOR

Beamline

BL1A
BL1B
BL2A
BL2BI1
BL2BZ2
BL3A1
BL3A2

BL3B
BL4A1

BL4A2
BL4B

BL5SA
BL5B
BL6AI
BL6A2
BL6B
BL7A
BL7B
BLBA
BL8BI

BL8B2

Monochromator Wavelength Experiment
Region

Double Crystal 2.1-0.3nm Solid state (photoemission)
Im Seya-Namioka 650 - 30 nm Solid state (absorption)
1m Seya-Namioka 400 - 30 nm Bioscience (irradiation)
2m Grasshopper 60 -1.5 nm Solid & Surface (photoemission, absorption)
18m Spherical Grating 60 - 6 nm Gas(photoemission, photodissociation)
None (Filter, Mirror) 50 -15 nm Solid & Irradiation (photodissociation)
2.2 m Constant Deviation 100- 10 nm Gas & Solid (photoionization &
Grazing Incidence photodissociation)
3m Normal Incidence 400- 30 nm Gas (photoemission)
Multi-Layered-Mirror 23- 13 nm Irradiation
Monochromator Mo/Si MLMs

—— Lithography
Varied-line Spacing Plane 1.5- 14 nm Gas(photoemission,photodissociation)&
GratingMonochromator Solid (photoemission)
SGM-TRAIN 250 -5 nm Solid (absorption)

Free Electron Laser
Plane Grating 200 - 2 nm Calibration, Gas & Solid (photodissociation
& absorption)

Martin-Puplett FT-IR 3000 - 30 mm Solid (absorption)
Michelson FT-IR
Plane Grating 650 - 8 nm Solid (photoemission)
None Irradiation
Double-crystal 1.5-0.8 nm Solid (absorption)
3m Normal Incidence 1000 - 50 nm Solid (absorption)
None (Filter) Irradiation & Users' Instruments
15 m Constant Deviation 40 -2 nm Gas & Solid (absorption)
Grazing Incidence
Plane Grating 650 - 8 nm

Spectrometer "SGM-TRAIN"

Solid (photoemission)



@Absorption spectroscopy

Observation of absorption spectra of photons on materials
(molecules).

©Photochemistry

Studies of chemical reactions using synchrotron radiation
photons.

photon

@©Photochemistry of solidstate (surface)

Studies of the dynamical behavior of solidstate(surfaces)
irradiated with synchrotron radiation photons.

@ Photoelectron spectroscopy

Observation of electrons' emission from materials (mol-
ecules) irradiated with synchrotron radiation photons.

$°

photon

@Basic processes of chemical reaction

Studies on behavior of ions and radicals using synchrotron
radiation photons.

.= electron

photc>wf;,--"'o \ ‘:

;

electron

O New functional synthesis by photoexcitation

Synthesis of a new molecule using synchrotron radiation

photons.
photon Vs &
¥
?
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Recent Research Activities at UVSOR

Examples of recent research activites are presented here.

Investigation of lon Desorption
Caused by Core-Level Excitation
— Application to Optical Knife -

Monochromatized synchrotron radiation can excite the core elec-
trons of an atom in a specific chemical environment selectively, dis-
criminating the core electrons from those of atoms in different
chemical environments. This site-specific excitation often results
in site-specific fragmentation. which occurs selectively around the
atom where the photoexcitation has taken place. In fact, the H" and
F' ions are desorbed by the photoionizations of the 2p electrons of
the Si atoms bonded to the methyl groups and the fluorine atoms in
Si(CH3)3CH2CH2SiF3, respectively (figure ¢). However, one should
be careful about the fact that the site-specific fragmentation is neg-
ligible for the case of Cl3SiSi(CH3)3 in which the two Si sites are
located closely to each other (figure a). The site-specific fragmenta-
tion is potentially useful for synthesizing materials through selec-
tive bond breaking: monochromatized synchrotron radiation could
be used as an optical knife.

Experiments combining laser with
synchrotron radiation

Combining laser with synchrotron radiation has attracted wide-
spread attention of molecular scientists, in connection with possibil-
ities for conducting various types of pump-probe or double reso-
nance experiments on spectroscopy and dynamics of rovibronic
states in detail by making the most use of different features of the
two photon sources. In UVSOR, laser-synchrotron radiation combi-
nation studies have been realized for many molecular systems by a
precise synchronization of a mode-locked Ti:sapphire laser with
undulator radiation from BL3A2. The illustration shows schemati-
cally how this combination technique is combined with an appara-
tus for two-dimensional photoelectron spectroscopy of atoms and
molecules in order to study the photoionization dynamics of polar-
ized atoms. From the angular distribution of the photoelectrons
from the polarized atoms, we are able to gain insight into the mag-
nitude and phase shift difference of transition dipole matrix ele-
ments.

Silicon Nanostructure Self-Formation by
ilumination of Synchrotron Radiation

Si wafers covered with oxide were irradiated by Synchrotron Radia-
tion (SR) at ~700 T. The surface was observed by scanning tunnel-

ing microscope (STM) after several hours illumination of SR. On
the surface, we found unique self-formed Si nanostructures, for
example. a single monolayer thick stripe of which width was quan-
tized by 7x7 unit cells of surface reconstruction, as shown in upper
right-hand side in the figure. Because these nanostructures were
formed only in the SR illuminated area, any position can be chosen
for their formation. This area selective formation of nanostructures
may be suitable for application of biochip and biosensor fabrica-
ton.
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Reflection spectra of nitride ternary alloys

The blue LED has become a popular LED today, along with the
red. yellow and green ones. This is due to the drastic development
of the II-V nitrides thin films growth technique, because the [11-V
nitrides (mainly GaN) are the key material of blue LED. Further-
more, I1I-V nitride ternary (or more) alloys are the probables of the
violet and ultraviolet LEDs. Since the UVSOR is a wide wave-
length range lightsource, we can investigate the basic optical prop-
erties of these III-V nitride alloys using reflectance (see figure),
emission and excitiation spectra at visible (red to violet), ultravio-
let and vacuum ultraviolet regions.

Resonant Photoelectron spectra

of Nickel Complexes

When materials absorb a soft x-ray photon, electrons are emitted
with various kinetic energies.Emitted electron with kinetic energy
linearly increased to the incident x-ray is called photoelectron. Elec-
tron, which has the constant kinetic energy regardless of the x-ray
energy is known as Auger electron. We have discovered a new
kind of emitted electrons in nickel complex with cyano ligands (dot-
ted line in the figure); they slow down as x-ray energy increases.
Detail behavior of these electrons, as well as photoelectrons and
Auger electrons, shed light onto the bonding and electronic struc-
ture of the nickel complexes.

Study of electronic excited states of ozone

Ozone is one of the most important molecules in chemistry since
ozone in the stratosphere absorbs UV light emitted from the sun
and protects humanity from the exposure by the UV light. In view
of this ozone effect, many experimental and theoretical exertions
have been devoted to the spectroscopic studies of ozone. In order
to explore the electronic states of ozone, we have constructed an
ozone supply apparatus on the beamline BL8B1 at UVSOR facili-
ty. The photoabsorption spectra (left figure) and time-of-flight spec-
tra of ion photofragments (right figure) have been successfully
measured for the first time in the soft X-ray region 520-555 eV.
These data are particularly useful for the determination of electron-
ic states of ozone.

Absorption spectra of amino acids

Due to the fact that oxygen did not exist in the atmosphere of the
earth before the onset of photosynthesis, vacuum ultraviolet radia-
tion may have been a driving energy source of the molecular evolu-
tion prior to the orgin of life.

Vacuum ultraviolet absorption spectra of amino acids are being
measured at UVSOR in an attempt to study the molecular evolution
driven by the vacuum ultraviolet radiation.
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Equipments at UVSOR

There are a lot of unique equipments at UVSOR.
Some are shown in the following:

Photoelectron spectro-microscope with the

combination of SR and Laser

A newly developed photoelectron spectro-microscope that can
measure the specific small area of the sample has been installed at
BL6A2. The femto-second laser system was also installed to con-

duct the combination experiment with SR and laser. Using this sys-
tem, photoelectron micro-spectroscopic studies of various photo-
induced phenomena can be conducted.

Calibration apparatus of optical elements

Synchrotron radiation contains soft X-ray which is absorbed by the
air and is accessible in wide energy range. Thus synchrotron radia-
tion can be used as "standard light" for the calibration of optical ele-
ments. Beamline BL5B has a purposed-build UHV calibration
apparatus for optical elements. Calibration experiments of various
soft X-ray optical elements, such as mirrors of soft X-ray telescope
for satellites, are performed.

Infrared magnetic circular dichroism

measurement apparatus

Synchrotron radiation has good features of intense and highly polar-
ized not only in the ultraviolet region but also in the infrared
region. Elliptically polarized light can be obtained from off-axis
synchrotron radiation and measurements of magnetic circular dich-
roism are possible. BLO6AI1 has an apparatus of infrared magnetic
circular dichroism with which spectroscopic experiments of mag-
netic circular dichroism in the magnetic field of 80000 Gauss
(max) are available.

Irradiation Apparatus for Biolog

A new experimental system for the observation and the analysis of
behavioral responses of micro-organisms to ultraviolet light from
synchrotron radiation has been constructed at beamline BL2A.
Using this system, biology experiments have started in collabora-
tion with National Institute for Basic Biology and the IMS. We are
also expecting many active bioscientists to come to use UVSOR
soon.




>

Collaborations

The synchrotron radiation of UVSOR is available for researchers within the Institute for Molecu-
lar Science (IMS) and from other universities and institutes. Various investigations related to
molecular science are performed using UVSOR by IMS researchers mainly belonging to the
Department of Vacuum UV Photoscience. Biology experiments using synchrotron radiation of
UVSOR are performed in the collaboration between National Institute for Basic Biology and IMS.

Many researchers outside IMS visit UVSOR to use synchrotron radiation. The number of visiting
researchers is about 800 from 60 institutes per year. International collaboration is also active and

the number of visiting foreign researchers is over 80 from 10 countries.
UVSOR calls for proposals twice a year and also accepts proposals from industries (charged).

All the work using UVSOR are reported in the UVSOR ACTIVITY REPORT and the number of
refereed publication is more than 60 since 1996.
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PREFACE

This Activity Report covers the research activities done at the UVSOR facility in the
Institute for Molecular Science (IMS) in FY2001. This is the eighth volume in the red-covered
activity report series for the second 10 years in UVSOR. For these years the total beamtime,
beamlines, and users are in a steady state; that is, ~40 weeks/year (~2,500 hours/year), ~20
beamlines, and ~800 users/year (with ~180 projects/year). However, some of the equipment is
gradually being behind the times in comparison with undulator-based highly brilliant
synchrotron facilities in the world. In recent three years, we discussed with our Ministry
(MEXT) an additional budget for the upgrade of the light source of UVSOR to enhance our
activities even for the third 10 years. Finally we have succeeded in getting it for FY2002. We
hope that the UVSOR will begin supplying low-emittance ~27 nmrad photons and 2 or 3
additional undulator beamlines from the autumn in 2003.

In FY2001 one associate professor of three, one research associate of four and one
technical associate of six left the UVSOR facility. Dr. Masao Kamada and Dr. Shigeru Kouda
moved to the Synchrotron Light Application Center, Saga University, as professor and research
associate, respectively, in October and July in 2001. Mr. Toshio Kinoshita retires upon
completion of 19 years of service and support this March. These changes are our great loss, but
fortunately we succeeded in having two new members. In August 2001 Dr. Akira Mochihashi
came as a new research associate from the Photon Factory, the Institute of Material Structures
Science. He belongs to the light source division. In April 2002, Dr. Shin-ichi Kimura comes
back as associate professor from Kobe University. He will reinforce infrared spectroscopy and
high-resolution photoemission of correlated materials in UVSOR.

I attach herewith a report by Dr. A. M. Bradshaw. He is one of the two distinguished
foreign councilors of the IMS during FY2001-02. We are very grateful to him for a valuable
report to evaluate the present status and future of the UVSOR facility. Afterreceiving his report,
we received great news about the approval of the upgrade plan from MEXT. We will further
elaborate our future programs by taking into account his comments.

March, 2002

Nobuhiro Kosugi
Director of UVSOR



THE UVSOR FACILITY: A SHORT APPRAISAL
INTRODUCTORY REMARKS

UVSOR is known mainly in the international community for its fine work in molecular
photoionisation, photochemistry and macromolecular physics. The author of this brief
survey, a former scientific director of BESSY with research interests in molecular
photoionisation and surface science, has been familiar with the research carried out at UVSOR
for many years, but visited the facility itself for the first time during his stay at IMS from 215
— 24t October 2001.

STATUS OF THE BEAM LINES

The machine has four straight sections two of which are used for insertion devices - a linear
undulator (BL3A) and an undulator for circularly polarised light (BL5A), which is also used as
an optical klystron for a free electron laser experiment. BL3A is equipped with an irradiation
facility as well as with a constant deviation SGM used for the study of dissociative multiple
photoionisation, unique among synchrotron radiation facilities. On BL5A there is a highly
flexible SGM with an energy range of 5 - 250 eV which is used for high resolution spin- and
angle-resolved photoemission studies of solids and surfaces. More insertion device beam lines
are planned following an upgrade of the machine which is discussed below. There is also an
impressive mono-chromator park on the bending magnet beam lines, including a further eight
grazing-incidence monochromators and two crystal monochromators. A variable line spacing
PGM has just finished trials on a bending magnet beamline (BL4B). Altogether there is a total
of twenty measuring stations, including normal-incidence monochromators and beam lines for
white light and IR. Eleven of these stations are used by outside users, i.e. by scientists from
institutions other than IMS.

A BRIEF OVERVIEW OF THE RESFARCH PROGRAMME

It is not possible in such a brief account to do justice to the extensive research programme.
The examples of world-class research work chosen by the author in the following are
necessarily subjective and certainly influenced by his own research interests, as well as by

some of the very fine talks he heard at a symposium held during his visit.



Both fluorescent decay and laser-induced fluorescence have been used to study the
photofragmentation of molecules such as H,O, OCS and CH;CN following excitation with
UV synchrotron radiation as well as to characterise the frag-ments. Similarly, the coincidence
techniques PIPICO and AEPIPICO have been employed to study fragmentation in core-
ionised CF,, CD;0H and CH;CO, CD;CN, respectively. The latter study was particularly
interesting in that two-body dissociation with rearrangement was found to accompany N Is
resonant Auger decay to give CD,* and DCN™ alongside the "normal" products (C,D5" and
NT) and (CD3++ and CN™). Similarly exciting is the increased level of understanding of core
level photoabsorption of diatomic molecules achieved by both new experiments and theory. In
particular, a very simple experiment has recently been conceived for the new variable line-
spacing PGM in which two identical detectors register the photoion current at 0° and 90° to
the E vector of the incident synchrotron radiation. Since the absorption cross section will be
largest when the transition dipole is aligned parallel to the E vector the aniso-tropy in the ion
distribution will reflect the symmetry of the excited states. Thus for a linear molecule it is
possible to distinguish between final states of © and ¢ symmetry. In the case of core level
excitation of N, a previously unidentified state of © symmetry was found at 419 eV in the
region of the o shape resonance. Recent calculations by the same group show that this could
be a bound state involving a triple excitation. Combined synchrotron radiation and laser
experiments are likely to play a more important role at UVSOR in the future: The technique
has already been used to study the time dependence of photo-induced phase transitions in
inorganic systems as well as of the surface photovoltage (SPV) effect in semi-conductors. It
was found, for example, that both for the GaAs(100) surface and for a GaAs-GaAsP
superlattice that the laser-induced photoelectron core level shift is due to the SPV and that its
decay can be observed on a microsecond timescale. Beamline BLOA2 has been upgraded for
experiments of this kind and combined with a facility for photoemission investigations on
surfaces with a spatial resolution in the micron range. A deeper understanding of the
preparation and properties of Si surfaces has also been obtained, in particular of the hydrogen
adlayers resulting from etching techniques. Infrared reflection-absorption spectroscopy
played an important role in these measurements. Single crystal surface science studies at
UVSOR have also shed new light on the chemisorption of simple molecules on metal surfaces.
For example, it was shown that N,O adopts a lying-down geometry on the Pd(110) surface
and already dissociates at about 120 K, giving rise to several N, desorption states and leaving
oxygen on the surface. Studies of the electronic structure and molecular orientation of polymer
films continue at UVSOR, if not with the same intensity as in the past. Recently, angle-
resolved photoemission and NEXAFS have been used to show that the heterocyclic pendant
group in poly(9-vinylcarbazole) exhibits a larger average tilt angle at the surface than that

expected on the basis of random orientation.

iii



PLANNED UPGRADE AND FUTURE EMPHASIS

As is now widely known, an undulator is a periodic magnetic structure, or insertion device,
which is inserted into the straight section of a storage ring, causing the electron (or positron)
beam to oscillate transversally about its prescribed orbit. The intense beam of radiation
produced in the forward direction is strongly peaked at one wavelength on account of the
quasi-coherent addition of the radiation emitted from the points of maximum excursion.
UVSOR is a so-called second-generation synchrotron radiation source which was planned and
constructed at a time when the principle of the undulator was already known, but essentially
untested. Third generation sources built in the last ten years are those which contain a large
number of straight sections for undulators and wigglers. These, rather than the bending
magnets, then provide the most important sources of synchrotron radiation on the storage
ring. (The periodic excursions from the orbit are larger in the wiggler due to a stronger magnetic
field and there is no quasi-coherent addition of the emitted radiation.) UVSOR has currently
two undulators and a short wiggler with superconducting magnets which is intended as a
"wavelength shifter".

A modification to the lattice of the storage ring ("upgrade") is currently in the planning stage.
This will create — without changing the circumference — four new short straight sections which
can also be used for insertion devices. The new lattice can be created by replacing all the
separate quadrupole and sextupole magnets of the old lattice with "combined function"
magnets which have both quadrupole and sextupole fields. The bending magnets would remain
un-changed. A further attractive feature of the upgrade would be the lower emittance (27 nm-
rad as opposed to 165 nm-rad) which is an important factor in obtaining high spectral
resolution and high photon flux on the various mono-chromators installed on the beam lines.
The use of specially constructed in vacuo undulators with gaps as narrow as 10 mm will give
access to the photon energy range up to 500 eV with the first and third harmonics. The short
length available (1.5 m) for the undulators in the new straight sections means that the flux and
pseudo-monochromaticity will be somewhat lower at these photon energies than on storage
rings with electron energies in the 1-2 GeV range. However, UVSOR will still become
competitive in this important soft x-ray region where very exciting work is currently being
performed at facilities such as MAX II (Lund), ALS (Berkeley), ELETTRA (Trieste) and
BESSY II (Berlin).

At the same time, the author of this report is of the opinion that it is very important to

maintain, and to expand, the undulator capacity for photon energies from 10 to 100 eV.

Storage rings with electron energies of the order of 750 MeV optimally provide first-harmonic

v



undulator radiation in this photon energy range. The last few years has seen a reduction in the
number of such facilities available worldwide. BESSY I has been closed; Super-ACO in Orsay
will suffer the same fate when the construction of SOLEIL begins; MAX [ is used as part of
the injection system for MAX II; the ISSP ring in Tokyo has been dismantled; further, it is
not clear how long the UV ring in Brookhaven will remain in operation. UVSOR has the
unique opportunity — particularly with the upgrade — of becoming the prime facility world-
wide offering undulator radiation of very high spectral brilliance in the far UV up to 100 eV
primarily for experiments in surface and solid state physics, for fundamental photoionisation

studies (e.g. in the inner valence region) and for photochemistry.

The scientific programme already has many highlights, a few of which have been described
briefly above. In line with the mission of IMS the main thrust of these activities lies in
photochemistry (including surface photochemistry), molecular photoionisation and polymer
science. However, there are several areas, particularly in surface and solid state physics, which
are not as strongly represented as they could be, even though UVSOR has a very good
monochromator park. (After the upgrade it will no doubt improve further!) This imbalance is
all the more surprising since the ISSP ring is no longer in operation and one might have
expected that outside users particularly in the area of solid state physics would have shown
greater interest in coming to Okazaki. It therefore seems necessary — parallel to the
implementation of the upgrade — to recruit new users or to initiate new activities at IMS itself
in areas such as high energy and high angular resolution photoemission, spin-polarised
photoemission, high spatial resolution photoelectron microscopy and photoelectron
diffraction. This would establish UVSOR as an important multi-disciplinary, and
internationally unique, facility with its most important areas of research focussed on the far
UVv.

A. M. Bradshaw
Garching, November 2001



Current Status of Light Source
and Beamlines



UVSOR Light Source in 2001

Masahiro KATOH

UVSOR Facility, Institute for Molecular Science,
Okazaki 444-8585 Japan

1. Machine Operation

In 2001, the UVSOR accelerator complex was operated for
40 weeks (including machine tunings) as scheduled. Monthly
statistics of the operation time is shown in Figure 1. Three
weeks in this year were assigned for single bunch users
operation and other two weeks were dedicated for machine
studies. We had four shut down period, around the new years
day (two weeks), in spring (three weeks), in summer (three
weeks) and in autumn (one week).

In autumn, there were a few troubles on the injector. One
was the breakdown of the electron gun. Another was on the
function generator of the magnet power supply of the
synchrotron. Fortunately they were quickly recovered. The
users time was canceled only on two days in total.

Typical operation pattern in a week is as follows. Monday
and Saturday morning (from 9 to 13 o’clock), are assigned for
machine tunings and machine studies. From Tuesday to
Friday, the machine is operated for users. The beam is injected
twice a day, at 9 and 13 o’clock. The beam is stopped at 18
o’clock. It can be extended until 21 o’clock as requested by
users. On Thursday, the beam is injected additionally at 17
o’clock and is stopped at 21 o’clock. The filling beam current
is 250 mA in multi-bunch mode and 70 mA in single bunch
mode. Typical beam current histories in both modes are shown
in Figure 2.

2. Improvements
2-1. Beam position monitor system

New beam position monitor (BPM) system (Figure 3) was
successfully commissioned [1]. This system is capable of
measuring the beam position at 16 BPM heads located around
the ring, every second with resolution of a few microns.

This system has revealed orbit movements in various time
scales. There can be seen slow drift of order of few hundreds
of microns in horizontal and vertical can be seen in time scale
of hours. There is an orbit movement correlating with the
change of the cooling water temperature in a time scale of 10
minutes, which will be described in the following sub-section.

The origins and the mechanisms of these orbit movements
are under investigation. We are going to construct an orbit
stabilizing system based on this new BPM system.

2-2. Cooling water system

The new BPM system described in the preceding
sub-section has revealed an orbit movement in a time scale of
10 minutes. Soon it is found to strongly correlate with the
temperature of the cooling water, which is oscillating with
amplitude of a few degrees. This large modulation was soon
found to be due to a malfunction of the temperature stabilizing
system. During the summer shutdown, we replaced the
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temperature control unit. The temperature stability was greatly
improved as well as the orbit stability.
2-3. High Coupling Operation

In the single bunch mode, the beam lifetime is strongly
limited by Touschek effect. To improve the lifetime, we tried a
high coupling operation, in which the skew quadrupole
magnets were excited to increase the XY coupling. The larger
emittance in vertical effectively suppressed the Touschek
effect. We could improve the lifetime by a factor of 2. We
have tested the high coupling mode during a single bunch
users run. Longer lifetime resulted in larger integrated photon
flux during a run for many users. However, some users
claimed that the larger emittance resulted in lower photon flux
in their experiment. We will choose high or low coupling
modes depending on the users experiments.

2-4. Survey on the storage ring magnets

As a preparation for the upgrade project [2], we have
surveyed the storage ring magnets. This is the first time to
survey over the whole ring since its construction. Some
modern devices, such as a laser tracker, were used instead of
old equipments that were used during the construction. Same
method will be used during the reconstruction in the upgrade
project.

The results showed that there are global distortions in
horizontal plane and in vertical direction. However, the
deviations between the neighboring magnets are in the order
of a few hundred microns, which was better than expected.

3. Researches and Developments
3-1. Field measurement on the prototype of the multi-pole
magnet for the upgrade project

In the new lattice for UVSOR storage ring [2], which has
four new short straight sections and much smaller emittance
(27nm-rad), all the quadrupoles and sextupoles will be
replaced with combined function magnets, which have
capabilities of producing both quadrupole and sextupole fields
by utilizing auxiliary windings. A prototype was constructed
and the field measurement was done. It was confirmed that the
magnet can produce the required field strengths [3].
3-2. Development of [n-vacuum undulator

In the new lattice described in the previous section, each
straight section has small vertical betatron function, which
enables us to install in-vacuum and small gap devices. A
prototype of such a device is now under construction. This
undulator will be installed at the straight section between B06
and BO07, after removing the super-conducting wiggler, in
March 2002. A precise field measurement and adjustment
were finished. Final Vacuum conditioning is in progress.
3-3. Free Electron Laser

In July 2001, we have achieved 1.2W average output power
on UVSOR-FEL in visible region [4]. This is the world
highest record of the output power from a storage ring FEL.
By using this high power FEL and brilliant undulator radiation
in combination, we have succeeded in observing two-photon
excitation of Xe atom [5].
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Fig. 3 New Beam Position Monitor System

Fig. 4 Prototype of the combined-function
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Parameters of UVSOR Storage Ring

Parameters of UVSOR Injector

Circumference

Lattice

Straight Sections
Beam Energy
Bending Radius

RF Frequency
Harmonic Number
RF Voltage

Mom. Comp. Factor
Betatron Tunes
Natural Energy Spread
Natural Emittance
Natural Bunch Length
Max. Beam Current

532m

DBA X4
3m X4

750 MeV
22m

90.115 MHz
16

46 kV

0.026

(3.16, 1.44)
42x10"

165 nm-rad
160 psec”!
300mA
(multi-bunch)™
70 mA

(single bunch)

Injection Linac

Energy

Length
Frequency
Acceleration
Klystron Power
Energy Spread
Repetition Rate

15 MeV

25m

2856 MHz
27/3Traveling Wave
1.8 MW

~1.6MeV

2.6 Hz

Booster Synchrotron

Energy

Lattice
Circumference
Beam Current
Bending Radius
Betatron Tune

#1) About three times longer with harmonic cavity on

Mom. Comp. Fac.
Harmonic Number
RF Frequency
Repetition Rate

600 MeV

FODO X8

26.6 m

32 mA (8-bunch filled)
1.8 m

(2.25, 1.25)

0.138

8

90.115 MHz

2.6 Hz



Injection Linac
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Synchrotron Radiation Spectra at UVSOR

Light Source Parameters

Bending Magnets
Bending Radius 22m Helical Undulator/Optical Klystron (BL5A)
Critical Photon Energy 425 eV Number of periods 18
Period length 110 mm
Length of dispersive part 302.5 mm
Linear Undulator (BL3A) Total Length 2351.2 mm
Number of periods 24 Remanent field 13T
Period Length 84 mm Magnetic gap 30— 150 mm
Total Length 2016 mm Deflection parameter (K) 0.07-4.6
Remanent Field 09T (helical mode)
Magnetic gap 30 —-90 mm 0.15-8.5
Deflection parameter (K) 0.6-3.6 (linear mode)




Basic Parameters of UVSOR-FEL

Free Electron Laser
Wave Length
Spectral Band Width
Polarization

Pulse Rate

Maximum Average Power

Storage Ring

Beam Energy

Natural Emittance
Natural Energy Spread
Natural Bunch Length
Number of Bunches
Max. Beam Current
RF Frequency

Optical Cavity
Type

Cavity Length
Mirror

Optical Klystron
Polarization
Length

Period Length
Number of Periods

240~570 nm
~10*

Circular

11.26 MHz

1.2 W (at 570nm)

600 MeV

106 nm-rad
34x 10"

34 cm

2or4

100 mA/bunch
90.1 MHz

Fabry Perot
13340
HfO,, Ta,Os multi-layer

Circular
235 m

11 cm
9+9

Optical Cavity for FEL at BL5A
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Beamlines in 2001

Eiji SHIGEMASA

UVSOR Facility, Institute for Molecular Science

Eight bending magnets and two insertion devices are available for utilizing Synchrotron Radiation (SR) at
UVSOR. There is a total of 20 operational beamlines, which are classified into two categories. 11 of them are
so-called "Open beamlines", which are open to scientists of universities and research institutes belonging to the
government, public organizations, private enterprises and those of foreign countries. The rest of the 9
beamlines are so-called "In-house beamlines", which are dedicated to the use of the research groups within IMS.
We have two soft X-rays (SX) stations each equipped with a double-crystal monochromator (DXM), eight
extreme ultraviolet (EUV) and SX stations with a grazing incidence monochromator, four vacuum ultraviolet
(VUV) stations with a normal incidence monochromator (NIM), one infrared (IR) station equipped with FT
interferometers, one station with a multi-layer monochromator, and four non-monochromatized stations for
irradiation of white-light. Discussion with users, concerning the improvements and upgrades of the beamlines
at UVSOR, has been continuously held as series of UVSOR workshops. As a result, about one third of the
beamlines have been upgraded in recent years. More recently, discussion for the rebuilt and rearrangement of
several old beamlines has been initiated, on the basis of the review and evaluation report on the present status of

UVSOR in 2000. The following is a summary list concerning the status of the beamlines in 2001.

<Open beamlines>

BL1B covers the wavelength region ranging from 650 to 30 nm with the use of a Seya-Namioka type NIM.
Standard measurements such as photoabsorption, reflection, and luminescence can be conducted at low
temperatures down to 10 K. A variety of sample materials such as liquid, high pressure gases, and
bio-specimens etc. can be measured easily by introducing appropriate windows. A second-monochromator
system has been upgraded recently. The computer control system of the monochromator as well as the motor
drivers has been renewed. The instruments including the multi-channel analyzer and detectors have been
improved for time-resolved experiments. Several interesting experiments such as two-photon excitation,

photo-reflectance, photoionization of liquid, and others are in progress.

BL2B1 consists of a Grasshopper monochromator, which covers the photon energy region from 20 to 800 eV, a
double-pass cylindrical mirror analyzer (CMA), and an electron—ion coincidence apparatus. This beamline has
been used mainly for surface science because the experimental chamber is equipped with useful instruments for
surface science such as LEED, Auger, Ar-ion gun, and gas-inlet system. Photoelectron spectroscopy and
electron—ion coincidence spectroscopy can be carried out on adsorbed surface and bulk material. There was no

serious problem with the monochromator and photoelectron spectrometer. However, the performance of the



monochromator is far from satisfactory in comparison with more recently constructed monochromators.

Discussion with users, concerning the future plan of this beamline, has been initiated in 2001.

BL3A1/BL3A2 can share intense synchrotron radiation from a planar-type undulator. At BL3AI, the intense
undulator radiation has been used without the monochromator for SR stimulated processes such as etching and
chemical vapor deposition (CVD), light-amplification, desorption, and luminescence experiments. In 2001 two
color experiments for Xe atoms utilizing SR from BL3 undulator and Free Electron Laser (FEL) from BL5
optical klystron have been successfully performed on BL3A1. BL3A2 is composed of a constant-length
Spherical Grating Monochromator (SGM) and a rotatable time-of-flight (TOF) mass spectrometer for gas
samples. Either undulator radiation or dipole radiation can be used as a light source at this beamline.
Recently BL3A2 has been mainly used with the undulator radiation for SR-Laser combined experiments in a gas

phase. It has been decided that the undulator and beamlines will be renewed in 2003.

BLS5A is utilized for photoemission spectroscopy on solids and surfaces in the photon energy ranging from 5 to
250 eV using an SGM-TRAIN monochromator. The beamline is fitted for experiments of both valence bands
and shallow core levels. The experimental station is composed of a high-resolution photoelectron spectrometer,
and a spin- and angle-resolved photoelectron spectrometer. Apart from SR from a bending magnet, circularly
polarized radiation from a helical undulator is available at this beamline. The combined experiments with SR
and the powerful laser system consisting of a TiS laser, RegA and OPA have been carried on in recent years.

The preparation to use the undulator radiation in the low energy region is under way.

BL5B is mainly used for calibration of various optical elements and detectors in the photon energy region from
VUV to SX. There are no similar beamlines at other facilities in Japan. BL5B has been contributing to many
fields of research such as astro-science, nano-science, synchrotron science and technology for a long time. The
beamline consists of a plane grating monochromator (PGM) and three experimental chambers in tandem, which
are utilized for calibration of optical elements using a goniometer, optical measurements of solids, and
photo-stimulated desorption experiments. The project for improving the goniometer will begin around the end

of the fiscal year of 2001.

BL6A1 is used as a unique IR and FIR beamline. This beamline is composed of FT-IR and FT-FIR
interferometers, which covers wide wavelength range from sub-milli to near IR region. Numerous research
work on molecular sciences, using different experimental techniques such as high-pressure with a diamond anvil
cell, magnetic circular dichroism, and time-dependence, have been carried out. In 2001, a gate valve with a
window has been installed in between the experimental and mirror chambers, in order to make alignment of

samples with the photon beam without breaking the vacuum condition.
BL7A was constructed at the first construction stage of the UVSOR facility in the mid 1980s for SX

spectroscopy. This beamline has been providing SX in the photon energy range from 0.6 to 3 keV without a

4T-wiggler and up to 6 keV with it, using a DXM. However, the 4T-wiggler was shutdown completely due to



a mechanical problem on the cryogenic system in 1999. It has been confirmed that the photon intensity from
the KTP crystals without the wiggler is almost the same as that from YBgs crystals combined with the wiggler.
A new in-vacuum undulator will be installed at the straight section, where the wiggler lies, in March 2002.

Accordingly, all the activity on this beamline will be transferred to BL1A.

BL7B consists of a 3-m NIM working in the photon energy range from near IR to VUV with a high resolving
power. This beamline is mainly used for absorption, reflection, and fluorescence spectroscopy on solids.
Although the installation of the monochromator was time-consuming, it has been shown that the performance of
BL7B is sufficiently high to carry out spectroscopic investigations on solid samples with high resolution. New
software to control the monochromator has been developed and tested in 2001, thanks to Prof. K. Fukui of Fukui

University.

BLS8A has no monochromator and is simply equipped with a differential pumping stage that makes it useful for
measurements on gases as well as on solids. A focusing mirror having toroidal shape can be used to obtain a
smaller irradiation area, if necessary. There is no permanent end-station installed at this beamline that enables
users to install their own instruments brought from their institute or university. The UVSOR facility will
support the installation of the users’ experimental setup. Experiments on SR-CVD and SR-etching have

extensively been carried out on this beamline in recent years.

BLS8B1 is used for coincidence spectroscopy on gas samples in the photon energy range from 30 to 800 eV,
where the K-shell ionization thresholds of chemically important elements like C, N, and O lie, using a
high-resolution constant-deviation constant-length SGM. The experimental chamber at the end-station is
composed of a TOF and a CMA, which makes it possible to perform the coincidence measurements between
energy-analyzed electrons and photoions. Total electron yield measurements on solid samples are also possible.
In 2001, the front-end valve with a possibility of making the vacuum condition worse, has been replaced.

Modification to the scanning mechanism of the monochromator is scheduled in April 2002.

<In-house beamlines>

BL1A has been used for photoelectron spectroscopy on solids in the photon energy region from 600 to 3000 eV,
with the use of a DXM. An analyzer chamber is equipped with a high-resolution hemispherical electron energy
analyzer (SCIENTA SES200). In 2001, the experimental system has been removed from BLIA. This

beamline will be used for XAFS experiments as an open beamline from the fiscal year of 2002.

BL2A was constructed for spectroscopic investigations on gas samples and have produced many scientific
results. The monochromator installed at BL2A is a Seya-Namioka type NIM. Recently this beamline has
been rearranged for bioscience and has been utilized by bio-scientists in the Okazaki organization. However, it

is unfortunate that there has been no activity on this beamline through 2001.



BL2B2 is an EUV and SX beamline used for gas phase experiments. The monochromator is a Dragon-type
SGM, which has commissioned in 1999. Angle-resolved ion yield measurements have been performed for SF

and rare gases on this beamline. New experiments for fullerene samples have been initiated in 2001.

BL3B consists of a 3-m NIM and an angle-resolved electron energy analyzer with a two-dimensional detector.
This beamline has been used for spectroscopic investigations in gas phase, and has been providing interesting
results for a long time. However, the performance of the 3-m NIM has become unsatisfactory in recent years.

In 2001, the gratings installed were replaced for achieving higher performance.

BL4A1/4A2 are used for investigations on the reaction mechanism of SR stimulated processes. A
multilayered-mirror monochromator for investigating the SR etching processes is installed at BL4A1. There is
no monochromator but two branch lines (scanning tunneling microscopy (STM) and infrared reflection
absorption spectroscopy) on BL4A2. SR assisted desorption processes of SiQ, on Si substrates have been

studied aggressively by STM observations lately.

BL4B is a new high-resolution beamline in the SX region (100 1000 eV). The monochromator is a
Varied-line-spacing PGM. This beamline is utilized for various spectroscopic studies with high resolution in
the SX range. There is no permanent experimental instrument installed at this beamline. The performance
tests have been terminated at the end of January 2001. Several novel results for simple molecules have
emerged from this beamline, using photoabsorption, angle-resolved photoion yield spectroscopy, and
photoelectron spectroscopy under high-resolution condition in 2001. Very recently, new spectroscopic

investigations on surfaces and solids have also begun.

BL6A2 is composed of a PGM and a photoelectron spectromicroscopy equipment (micro-ESCA, VG
ESCALAB 220i-XL). The post-focusing mirror system has been completely changed in order to get a smaller
spot for the micro-ESCA system. The achievement of the performance has been successfully tested. The

femto-second laser system has also been installed to conduct the combination experiments of SR and lasers.

BL6B has been renewed for nano-scale photochemical reaction experiments. There is no monochromator on
this beamline. An STM apparatus that can be operated under ultra high vacuum condition (UHV-STM) has
been installed at BL6B, in order to make in situ observation for the reaction processes on Si surfaces stimulated
by SR irradiation. It is in the planning stage to transfer the UHV-STM instrument to BL7A where the

installation of a new in-vacuum undulator is programmed in March 2002.

BL8B2 is utilized for angle-resolved photoclectron spectroscopy on various organic solids such as molecular
crystals, organic semiconductors, and conducting polymers. This beamline consists of a PGM, which covers
the photon energy region form 2 to 150 ¢V, a sample preparation, a measurement, and a cleaning chamber. A
high-performance multi-channel photoelectron spectrometer has been installed and its coordination has been

terminated in 2001.



All users are required to refer to the beamline manuals and the UVSOR guidebook (latest revision in 1999),
on the occasion of conducting the actual experimental procedures. Those wishing to use the open and in-house
beamlines are recommended to contact the stationmaster/supervisor and the representative, respectively, For

updated information of UVSOR, http://www.uvsor.ims.ac.jp/.



Table 1. Station masters and supervisors of open beamlines in 2001*

Beamline Station Master Sub Master Supervisor
1B M. Hasumoto M. Kamada M. Kamada
2B1 K. Takahashi E. Nakamura M. Kamada
3A1 M. Kamada E. Nakamura M. Kamada
3A2 N. Kondo T. Gejo E. Shigemasa
SA K. Takahashi M. Hasumoto M. Kamada
5B M. Hasumoto N. Nakamura E. Shigemasa
6Al E. Nakamura O. Matsudo M. Kamada
TA E. Shigemasa N. Kondo, O. Matsudo E. Shigemasa
7B M. Hasumoto M. Kamada M. Kamada
8A T. Gejo E. Nakamura E. Shigemasa
8B1 T. Gejo N. Kondo E. Shigemasa

*Before October 2001. Prof. M. Kamada was promoted to Saga University on October 1, and

since then the name of “M. Kamada” in Table I is tentatively replaced to “E. Shigemasa”.

Table I1. Representatives of in-house beamlines in 2001.

Beamline Representative Affiliation
1A N. Kosugi Dep. VUV Photoscience
2A N. Kosugi Dep. VUV Photoscience
2B2 K. Mitsuke Dep. VUV Photoscience
3B K. Mitsuke Dep. VUV Photoscience
4A T. Urisu Dep. VUV Photoscience
4B E. Shigemasa/N. Kosugi UVSOR/Dep. VUV Photoscience
O6A2* M. Kamada* UVSOR*
6B T. Urisu Dep. VUV Photoscience
8B2 K. Okudaira Dep. VUV Photoscience
*Before October 2001. The current representative of BL6A2 is Prof. T. Urisu.




Beamlines at UVSOR

Beam Monochromator, Wavelength Acceptance Experiment
Line Spectrometer Region Angle (mrad)
Horiz.  Vert.
BL1A Double Crystal 2.1-0.3 nm 4 1 Solid (photoemission)
BL1B 1-m Seya-Namioka 650 - 30 nm 60 6 Solid (absorption)
BL2A 1-m Seya-Namioka 400 - 30 nm 40 6 photoabsorption
BL2B1 2-m Grasshopper 60 -1.5nm 10 1.7 Solid & surface
(photoemisson)
BL2B2  18-m Spherical Grating 60 -6 nm 15 6  Gas (photoionization,
photodissociation)
BL3A1 None (Filter, Mirror) (W) 0.3 0.3 Solid & irradiation
(photodissociation)
BL3A2 2.2-mConstant Deviation 100 - 10 nm 10 4 Gas & solid
Grazing Incidence (U 0.3 0.3 (photoionization &
photodissociation)
BL3B 3-m Normal Incidence 400 - 30 nm 20 6 Gas (photoemission)
BL4A1 Multi-Layered-Mirror 13 -23 nm 166 12.8 [rradiation
Monochromator Mo/Si MLMs
BL4A2 None SR-CVD
BL4B  Varied-line-spacing Plane 15-1.5nm 7.5 2  Gas (photoionization,
Grating Monochromator photodissociation) &
solid (photoemission)
BL5A None (OK) FEL
SGM-TRAIN 250 -5nm 10 3  Solid (photoemission)
BL5B Plane Grating 200 -2 nm 10 2.2 Calibration, gas
(photodissociation) &
solid (absorption)
BL6A1 Martin-Puplett FT-IR 3000 - 30 mm 80 60 Solid (absorption)
Michelson FT-IR 100 - 1 mm 80 60
BLBA2 Plane Grating 650 - 8 nm 10 6 Solid & surface
(photoemission)
BL6B None 8.3 6 Irradiation
BL7A Double Crystal 1.5-0.8nm 2 0.3 Solid (absorption)
BL7B 3-m Normal Incidence 1000 - 50 nm 65 10 Solid (absorption)
BLBA None (Filter) 25 8 Irradiation &
user’s Instrum.
BL8B1 15-m Constant Deviation 40 -2 nm 10 1.5  Gas (photoionization,
Grazing Incidence photodissociation) &
solid (absorption)
BL8B2 Plane Grating 650 -8 nm 10 6  Solid (photoemission)

SGM-TRAIN: spherical grating monochromator with translating and rotating assembly
including normal incidence mount

U: with an undulator
OK: with an optical klystron



BLIA

Soft X-Ray Beamline for Photoelectron-Photoabsorption Spectroscopy

BLI1A is a soft X-ray beamline for photoabsorption spectroscopy. The beamline is
equipped with a focusing premirror and a double crystal monochromator [1]. The
monochromator serves soft x-rays in the energy range from 585 to 4000 eV by using several
kinds of crystals such as B-AlLO;, beryl, KTP (KTiOPO,), quartz, InSb, and Si crystals. The
throughput spectra are shown in Fig. 1. Typical energy resolution (£/AE) of the
monochromator is about 1500 for beryl and InSb. The apparatus for photoelectron and
photoabsorption spectroscopies was removed from the beamline last summer. The
experimental setup for photoabsorption spectroscopy of BL7A will be moved to this beamline,

which will be opened for the researchers outside IMS from May, 2002.

Reference
[1] A. Hiraya et al., Rev. Sci. Instrum., 63 (1992) 1264.
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Figure 1. Throughput spectra of the double crystal monochromator at BL1A.

Specification

Monochromator: double crystal monochromator

Monochromator crystals: B-ALO, (22.53A, 585-1609eV), beryl (15.965A, 826-2271eV),

(2d value, energy range) KTP (10.95A, 1205-3310eV), quartz (8.512A, 1550-4000eV),
InSb (7.481A, 1764-4000eV), Si (6.271A, 2104-4000eV)

Resolution: E/AE= 1500 for beryl and InSb

Experiment: photoabsorption spectroscopy for solid



BLIB

Seya-Namioka Monochromator for General Purposes

BL1B has been constructed to perform various spectroscopic investigations such as
absorption, reflectivity, and luminescence in a condensed phase. This beamline consists of a
pre-focusing mirror, a 1-m Seya-Namioka type monochromator, and post-focusing mirrors
with different focal lengths. Three gratings of 600, 1200, and 2400 1/mm can cover the
wavelength region ranging from 40 to 650 nm. The post mirror with a longer focal length is
usually used with an LiF window to separate the vacuum condition of the monochromator
from a main experimental station, which make experiments for liquids and bio-specimens
possible, while the other is mainly utilized for solid-state spectroscopy.

The output flux from this monochromator is about 10" photons/sec. around 200 nm
with 0.1 mm slit openings. The spectral distributions for two gratings measured by a
conventional photomultiplyer are shown in Fig. I A second monochromator (Spex 270M)
and a LN-cooled CCD detector (Princeton Inc.) are available for luminescence measurements,
together with a liquid helium-flow type cryostat. To perform time-resolved experiments, a
TAC system is also available.
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Figure 1. Photocurrent from the Seya-Namioka monochromator on BL1B.

Specification

Monochromator: 1-m Seya-Namioka type

Energy range: 40 to 600 nm (2-30 eV)

Resolution: E/AE~ 1000 at 100 nm

Experiments: Absorption, reflection, luminescence spectroscopy for solids



BL2A

Gas Phase Photoabsorption and Fluorescence Spectroscopy

Photoabsorption cross section and fluorescence excitation spectra of gaseous sample
are simultaneously measured in a vacuum cell or effusive jet condition. The primary
photons in the 30-400 nm region are dispersed by a 1-m Seya monochromator. Higher order
light in the 80-120nm range is suppressed by using a long channel with a cross section 2.5 x
5.0 x 170 mm long filled with argon gas at a pressure ~ 0.3 Torras shown in Figure 1. No
filter is used between 30 and 80 nm since the photon flux at A<40 nm is very weak (see
Figure 1). The gas filter and cell are placed in a main chamber, which is evacuated by a 600
I/s turbo molecular pump (SII, STP600C). A LiF window is used for the measurement at the
105<A<210 nm range as usual. Thus the total photoabsorption cross section and
fluorescence excitation spectra are available in the wide wavelength region 30-210 nm
without or with little contamination by the higher order light. Dispersed fluorescence and
polarity of emission from the excited fragment are also measurable in addition to the total
photoabsorption and emission cross sections. In the single bunch operation of synchrotron

radiation with the period of 178 ns, a radiative lifetime can be measured.
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Figure 1. Transmitted /; intensity with and without an Ar gas filter.

Specification
Monochromator: 1-m Seya Wavelength range: 30-400nm
Resolution: £/AE= 1000 at 100 nm Grating: 1200 line/mm blazed at 96nm

Experiments: Vacuum cell or effusive jet, Total photoabsorption cross section, Fluorescence

cross section, Dispersed fluorescence, Radiative lifetime, Emission polarity



BL2B1
Soft X-ray Beamline for Solids and Surfaces

BL2B1 has been used for soft X-ray absorption and photoelectron spectroscopies of
solids and surfaces. A 2-meter grazing incidence monochromator (‘Grasshopper’ type, Mark
XV Baker Manufacturing Co.) is installed, which serves soft X-rays in the energy range from
95 to 1000 eV using a 1800 1/mm grating. The resolving power is better than 600 at C K-edge
(about 290 eV). A double-pass cylindrical mirror analyzer (CMA), a LEED of reverse type, a
quadrupole mass spectrometer, and an ion-gun for sputtering are installed in the analyzing
chamber. A pulsed leak-valve and a variable leak-valve are also installed. The samples can be
cooled with a liquid helium cryostat. The base pressure of the analyzing chamber is better
than 1x10"° Torr. The photoelectron spectroscopy including constant initial-state
spectroscopy (CIS) and constant final-state spectroscopy (CFS) can be conducted using the
double-pass CMA. Besides these standard photoemission measurements, electron-ion-
coincidence (EICQ) spectroscopy can be carried out on adsorbed surfaces and bulk materials.
In 1999, a new version of an EICO instrument has been installed, resulting in better efficiency
on collecting data. The users who plan to perform the EICO measurement should make
contact with the EICO users group. The sample preparation chamber equipped with a load-
lock chamber is connected to the analyzing chamber. Sample treatments such as cleaving,
filing, and deposition can be made under the ultra-high vacuum condition.
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Figure 1. The photoelectron yield from a Au mesh of 90 % transmission
located between the refocusing chamber and the sample.

Specification
Monochromator . 2 m grasshopper type
Energy range : 95-1000 eV (1800 1/mm)
Resolution of photon :<0.4¢eVat300eV
Resolution of photoelectron: < 0.3 eV for hv = 150 eV
Experiment : Photoelectron spectroscopy, X-ray absorption spectroscopy,

Electron-ion-coincidence spectroscopy



BL2B2

Beamline for Gas Phase Photoionization and Photodissociation Dynamics

This beamline has been developed for the purpose of studying ionization, excitation and
decay dynamics involving inner-valence electrons or 2p electrons of the third row atoms. The
monochromator is a spherical grating Dragon-type with 18 m focal length. High throughput (1
x 10" photons s™) and high resolution (E/AE = 2000 - 8000) are achieved simultaneously
under the condition of the ring current of 100 mA [see Fig. 1 and M. Ono et al., Nucl. Instrum.
Meth. Phys. Res. A 467-468, 577 (2001)]. A second-order light of 7 % is contained at a photon
energy of 45.6 eV (G3).

The optical system consists of two prefocusing mirrors, an entrance slit, spherical
gratings (G1, G2 and G3), two folding mirrors, a movable exit slit and a refocusing mirror.
The monochromator is designed to cover the energy range of 23 - 205 eV with the three
gratings: G1 (2400 lines mm™, R = 18 m) at 80 - 205 eV; G2 (1200 lines mil, R = 18 m) at
40 - 100 eV, G3 (2400 lines mm™, R = 9.25 m) at 23 - 50 eV. The including angles are 160
for G1 and G2, and 140° for G3. The detailed parameters of the optical elements are described
elsewhere [H. Yoshida and K. Mitsuke, J. Synchrotron Radiat. 5, 774 (1998)].
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Figure 1. Photon flux at the end station at a 0.1 A ring current when the entrance-
and exit-slit widths are set to 100 um. The SR is provided from a bending magnet.

Specification

Monochromator: 18-m spherical grating grazing-incidence of Dragon-type

Energy Range: 6 — 54 nm (23 — 205 eV)

Resolution: E/AE = 2000 — 8000 AE = 5 — 45 meV)

Experiments: TOF mass spectrometry, Symmetry-resolved photoabsorption spectroscopy,
and Two-dimensional photoelectron spectroscopy



BL3A1

Irradiation Port for Undulator Radiation

BL3A1 has been mainly used for irradiation experiments such as photo-chemical
reaction, SR-CVD, photo-etching, irradiation damage effects in condensed phase, light
amplification induced by core-revel excitation. The experiments that need a very high
intensity photon beam, namely, luminescence yield measurements and time-response
measurements of SR-induced desorption, are also performed on this beamline.

A planar-type undulator installed in a long straight section of the UVSOR storage
ring provides an intense quasi-monochromatic radiation to BL3A1. The undulator has 24
periods with a period length of 80 mm. The photon energy ranging from 8 to 52 eV can be
covered by the fundamentals with K-values from 0.62 to 3.6, although higher harmonics are
also generated at the same time.

This beamline has no monochromator between the undulator and the sample
chamber. The radiation is introduced into the sample chamber only by a toroidal focusing
mirror through a pinhole with 1 mm in diameter followed by a metallic filter (Al, Sn, or In).
A gold mesh is installed in the sample chamber to monitor the photon beam intensity. The
photocurrent measured using the monochromator at BL3A2 is shown in the figure below,
when the undulator gap was set at 60 mm. The photon flux at the sample position is
estimated to be about 10'* photons/sec.

A differential pumping system can be utilized for experiments in a gas phase.
MgF, windows can also be installed to isolate the sample chamber from the beamline, which
make experiments for high-pressure gases, liquids, and bio-specimens possible. A
monochromator (Jobin-YvonHR-302), a VUV monochromator (home-made, normal-incident

type), a helium storage-type cryostat and a TAC system are available.

Specification — #l
Type : planar-type undulator :
Source emittance : 164 nmrad f
Period : 80 mm SMO‘L '
Number of periods : 24 %
Magnetic field  : Kmax 3.6 foary
Photon Fulux : 10™ photons/s at 34eV i J : /\
Energy range : 8-52eV a0 5
» o 0 o ®
Froton ErereeV)



BL3A2

Gas-Phase Dissociative Photoionization Apparatus

BL3A2 has been constructed to study the formation of multiply charged molecular ions
and their dissociation processes. The monochromator is a constant-deviation grazing
incidence type with 2.2-m focal length (2.2-m CDM) and covers wide wavelength region
(10-100 nm) where many kinds of molecules and multiply charged ions are effectively
measured. Fig. 1 shows the absolute photon flux for each grating installed to CDM, with the
use of the dipole radiation. Higher intensity photon beam is available by introducing the
undulator radiation to CDM. The apparatus at the end station contains an angle-resolved
time-of-flight mass spectrometer equipped with automatic data acquisition system for
photoion-photoion coincidence measurements. It has been decided that the undulator and
beamline will be renewed in 2003.
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Figure 1. Throughput from the 2.2-m CDM monochromator on BL3A2.
(SR from the bending magnet)

Specification

Monochromator: 2.2-m Constant-Deviation Grazing-incidence
Energy range: 10 to 100 nm (15-120 eV)

Resolution: E/AE~ 550-800 AE~ 0.03-0.18 V)

Experiments: TOF photoion spectroscopy for gaseous targets
(variable drift-tube-length: 0.2-1.0 m)

Rotatable angle: 0-90° relative to the electric vector of SR



BL3B

Beam line for Gas Phase Two-Dimensional Photoelectron Spectroscopy

This beam line is devoted to studies of elementary atomic and molecular processes induced by
excitation of valence electrons. A monochromator is a vertically dispersed normal incidence
type with 3m focal length and 10° angle between the incident and diffracted photon beams.
The maximum wavelength resolution of 0.007nm is narrow enough to separate vibrational
levels of excited states for various molecules. A main component in an experimental chamber
is a spherical sector electrostatic energy analyzer which has been designed and setup for
photoelectron spectroscopy. One can perform two-dimensional photoelectron spectroscopy
with good resolution (£ 30meV) in which the photoelectron yield is measured as a function of
both photon energy and electron kinetic energy (binding energy). A two-dimensional spectrum,
usually represented as a contour plot, contains rich information on photoionization dynamics
and properties of superexcited states. For more details, please see the following papers: K.
Mitsuke et al., J. Electron Spectrosc. Rel. Phenom. 79, 395 (1996); H. Hattori and K. Mitsuke,
ibid. 80, 1 (1996); H. Hattoret al., J. Chem. Phys. 106, 4902 (1997); Y. Hikosaka? al., ibid.
105, 6367 (1996); Y. Hikosakat al., ibid. 107, 2950 (1997); 110, 335 (1999); K. Mitsukeet
al., J. Electron Spectrosc. Rel. Phenom. 112, 137 (2000).

1000 T v T r T T 1

Photen interviiy dars . unita)

i L ol A i 1 "
400 i) [ o] hlili] 200

Wavelangih {angaimom]

Figure 1. Relative photon intensity at the sample point.

Specification

Monochromator: Vertically dispersed normal incidence type with 3 m focal length
Grating: aberration-corrected concave type with 1200 lines/mm grooves

Energy Range: 30 — 200 nm (6 — 40 eV)

Resolution: E/AE = 14000 at 100 nm AE = 0.9 meV) with the slit widths of 10(m
Experiments: TOF mass spectrometry and Two-dimensional photoelectron spectroscopy



BL4AI

Multilayered-mirror monochromator beam line

for the study of synchrotron radiation stimulated process

A multilayered-mirror (MLM) monochromator beam line designed specially for syn-
chrotron radiation (SR) stimulated process experiments has been constructed for the first time.
The most important point in constructing an MLM monochromator beam line for the study of
SR-stimulated processes is the optimization of the beam line optics to obtain a large photon
flux. The second most important point is to remove the background existing in the low en-
ergy region caused by the total reflection. Optimization concerning the reduction of the low-
energy background due to the total reflection has been made for the combination of the Mo/
Si MLMs and the C filter. Mo/Si MLMs have a (normal incident) reflectivity of over 60%
can be made for the energy region around 100eV, which contains the core electron binding
energies of Al and Si (important material in semiconductor processes). The beam line was
designed by the criteria; a beam spot size on the sample surface >3 x 3 mm’, a density of total
irradiated photons > 10" photons/cm’ (for an irradiation time of a few tens of minutes to a

few hours) and low-energy background < 1 % of the output. "’
[1] H. Mekaru, et. al., Rev. Sci. Instrum., 70, 2601-2605 (1999).
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Figure 1. Top and side views of the MLM monochromator beam line (BL4A1) constructed at the UV-
SOR facility of the IMS.
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Specifications
Monochromator: Multilayered-mirror monochromator

Wavelength range:  13.3 - 22.5 nm
Resolution: 5-9eV (FWHM)

Experiments: Excitation energy dependence of the SR processing



BL4A2

SR-CVD beam line

This beam line 1s used for SR-CVD and photo-etching experiments. The beam line has
no monochromator for high photon flux to irradiate and consists of only two mirrors. One is for fo-
cussing and the other is for branching. At the beam line, the gas supply and extinction system is
equipped for using legally controlled high pressure gasses such as SiH,, Si,H, and GeH,. They
are commonly used to CVD of semiconductor crystals.

The SR-CVD and photo-etching chambers are connected to the beam line as shown
in Fig. 1. In those chambers, IRRAS system is installed to study surface photochemistry on Si
surfaces adsorbed by various kinds of molecules.

BL4A2 has one branch for ultra high vacuum STM chamber. Now, the branch is un-

der construction.

Figure 1.

Specifications

Spectral range: whole range of synchrotron radiation from UVSOR



BL4B

Varied-line-spacing Plane Grating Monochromator
for Molecular Soft X-ray Spectroscopy

The beamline BL4B equipped with a varied-line-spacing plane grating monochromator
(VLS-PGM) was constructed for various spectroscopic investigations in a gas phase and/or on
solids in the soft X-ray range. Two holographically ruled laminar profile plane gratings with
Si0, substrates are designed to cover the photon energy range from 80 eV to 1000 eV. The
gratings with the groove densities of 267 and 800 1/mm cover the spectral ranges of 75-300
and 220-1000 eV, respectively, and are interchangeable without breaking the vacuum. Fig. 1
shows the absolute photon flux for each grating, with the entrance- and exit-slit openings set
at 25 and 10 pm, respectively. Under this condition, the corresponding resolving power is
expected to be more than 3000.
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Figure 1. Throughput from the VLS-PGM monochromator on BL4B.

Specification

Monochromator: Varied-line-spacing plane grating monochromator

Energy range: 75 to 1000 eV

Resolution: E/AE> 5000 (at maximum)

Experiments: Soft X-ray spectroscopy (mainly, angle resolved photoion spectroscopy for
gaseous targets and photoelectron spectroscopy for gaseous and solid targets)



BL5A
Photoelectron Spectrometer for Solids and Surfaces

This beamline is designed for spin- and angle-resolved photoemission study for solids and
surfaces with the circularly polarized synchrotron radiation from a helical undulator and for
high-resolution photoemission spectroscopy with bending magnet radiation. The beamline
consists of a Spherical Grating Monochromator with Translational and Rotational Assembly
Including a Normal incidence mount (SGM-TRAIN), a spin- and angle-resolved photoelectron
spectrometer, and a high-resolution photoelectron spectrometer.

The SGM-TRAIN is an improved version of a constant-length SGM to aim the following
points; (1) wide energy range of 5-250 eV, (2) high resolving power, (3) use of linearly and
circularly polarized light, (4) reduction of second-order light, and (5) two driving modes by a
computer control. The second-order light is well suppressed by using laminar-profile gratings
and combinations of mirrors and gratings.

70 \|1||"“||"'1"4|[""]'!"l"l'l"" I‘II{!‘I‘I"i‘l‘rIII!E'I I”IIII‘EIK‘I‘I;‘I‘I'l‘ili“'
BL5A L
60 - BLSA _ « 500 |- Helical Undulator
z Bending Magnet £ Slit 0.05-0.05
= (=]
§ 50 L Slit 0.05-0.05 S uh L
< i <
£ 4 £ 300 |
[y { o]
2 30 - o
3 3 200 -
c 20 - =
8 g 100
= 10 | =
0 FEE i 0 TR S Tk ddak I 4 14 0 1 1 NERENEERE AR E SN ENN RSN ERE]
0 100 200 300 400 0 30 40 50
Photon Energy (eV) Photon Energy (eV)
Specifications

1. Monochromator
Type : SGM-TRAIN
Energy range : 5-250 eV
Resolution : 0.5-80 meV (with slits width of 0.01 mm)
Flux : 3x10" photons/s for bending magnet radiation (at 120 ¢V with slits width of 0.1 mm)
110" photons /s for undulator radiation in MPW mode
2. Main Instruments
Two-levels UHV chamber (1x10"° Torr)
Hemispherical electron energy analyzer (OMICRON, EA125-HR)
Spin- and Angle-resolved spectrometer (low-energy diffused scattering type)
LEED of reverse type (OMICRON)
Ton-gun (ULVAC-Phi)
Low-temperature cryostat (above 30 K)
3. Helical Undulator (Optical Klystron)
Number of periods 18
Period length 110 mm
Fundamentals 2-45 eV (Circularly polarized)



BL5B

Calibration Apparatus for Optical Elements

BL5B has been constructed to perform calibration measurements for optical elements
and detectors. This beamline is composed of a plane grating monochromator (PGM) and
three end stations in tandem. The most upstream station is used for calibration
measurements of optical elements, the middle one for optical measurements for solids and the
last for photo-stimulated desorption experiments. The experimental chamber at the most
downstream station is sometimes changed to a chamber for photoemission spectroscopy.

The calibration chamber is equipped with a goniometer for the characterization of
optical elements, which has six degrees for freedom; X-Y translation of a sample, and
interchange of samples and filters. These are driven by pulse motors in vacuum. Since the
polaziation of synchrotron radiation is essential for such measurements, the rotation axis can
be made in either horizontal or vertical direction (s- or p-polarization).
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Figure 1. Throughput spectra of BL5B measured by a gold mesh.

Specification

Monochromator: Plane grating

Energy range: 2 to 200 nm (6-600 eV)

Resolution: E/AE~ 500

Experiments: Calibration of optical elements, absorption of solids, photo-stimulated
desorption from rare gas solids



BL6AI

Fourier-Transform Middle and far Infrared spectrometers for solids

UVSOR covers a very wide energy region from a soft-X ray to a millimeter wave.
BL6A1 was constructed in order to cover a long wavelength part in the spectral distribution of
UVSOR from a near infrared to a milli-meter wave. Beamline are composed of two kinds of
interferometers, a Martin Puplett type and a Bruker-IFS66v. The spectrum from 1 um to 3 u
m regions is measureable by changing of three kinds of detectors, MCT, Si-bolometer and
InSb hot electron detector, according to each available region. Owing to the high brightness of

the SR in the long wavelength region, the present spectroscopic system is specially favorable

to the transmission and reflection measurements on so tiny specimens..

Spectral distribution of UVSOR BLEA1 (001013)

Intensity after FT (at 190~170mA BC)

| M-PUWSIO+ S bolometer
Si bolometer

{x lu’)/

Bruker(BS.M23)+
Si bolometer Bruker{BS:M6)+

Bruker(BS:NIR/Q)+
Si bolometer MCT No.3

Bruker(BS:M12)+
Bruker(BS KBr)+

T 3
METROS  prer(BSVISVQ)-
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Top view of BL6A1

Spccification

Energy resolution :

Energy range :

Interferometers :

Detectors :

500-20000
0.0005-1.5eV

10" 10" 10*
Wave number (cm’)

Throughput spectra of BL6A1

5-300cm™ by Martin-puplett interferometer

50-30000cm™ by Michelson type interferometer

Si bolometer(20-1000cm™)

Ge bolometer(with polyethylene window,30-300cm™)

Ge bolometer(with quartz window,10-200cm™)

InSb bolometer(5~500m'l)

MCT(400-10000cm™") Photovoltaic type MCT(400-10000cm™ time

responsel0nsec)



BL6A2

Photoelectron Spectro-microscope for Solids and Surfaces

The beamline BLL6A2 has been used for photoelectron spectroscopy on solids and surfaces
with bending magnet radiation. The beamline consists of a Plane Grating Monochromator
(PGM) and a photoelectron spectro-micrometer.

The PGM has several combinations of mirrors and gratings to cover the wide energy range
of 2-150 eV with less higher-order light. Since the monochromator has no entrance slit, the
resolving power depends on the beam size and the divergence. The beamline has been re-
arranged in order to have a small spot for the photoelectron spectro-micrometer. Also the
femto-second laser system was installed to conduct the combination experiments with
synchrotron radiation and laser.
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Figure 1. Through-put from the PGM monochromator on BL6A2.

Specifications

Monochromator
Type : Plane Grating Monochromator
Energy Range : 2-150 eV
Resolution : 0.1 eV at 70 eV

Photoelectron spectro-micrometer
Type : ESCALAB 220i-XL (FISONS Instruments)
Spatial Resolution : 20 pm for spectroscopy

: 2 um for imaging

Others : XPS, LEED, lon-gun

Laser
Type : Hurricane (Spectra Physics)
Fundamentals : 750-800 nm



BL6B

UHV-STM beam line

This beam line is constructed for the atom level characterization of the SR illuminated
surfaces by the in situ observation of STM. The beam line is very simple and has only one
bent cylindrical mirror as optical components for high flux of photons to irradiate.

The STM experimental system designed so that the SR beam can illuminated the
sample surface just under the STM chip, the STM observation can be made just after the SR
illumination without the sample transfer. The short undulator which is going to be inserted
to the strait part of the storage ring and emit the beam for BL7A, is under construction. The
beam line and the UHV-STM station are going to be moved to the end of the new BL7A after

the completion of the undulator.

ending Magnet

e

Bent Cylindorical Morror

UHV-STM System

Specification
Specification: whole range of synchrotron radiation from UVSOR

Beam spot size at focus point: 4.5 mm x 4.5 mm



BL7A

Soft X-ray Spectrometer for Solids

The beamline BL7A equipped with a double crystal monochromator was constructed
for spectroscopic investigation on solids in the soft X-ray range ( 0.6 to 5 keV). In order to
make the NEXAFS experiments at the Mg (~1300 eV) and Al (~1550 eV) K-edges possible, a
pair of KTiOPO, [KTP] (011) crystals was. In the past, it has been necessary to use beryl
and quartz crystals to approach these two edges. It is found that the photon intensity from
the KTP crystals without the wiggler is almost the same as that from the YBgg crystals
combined with the wiggler.

Fig. 1 shows the absolute photon flux curves for several monochromator crystals over
the photon energy range 8004000 ¢V. The photon energy ranges suitable for Beryl, KTP,
InSb, and Ge crystals are 0.83-1.5 keV, 1.2-2.5 keV, 1.8-4.0 keV, and 2.0-4.0 keV,
respectively. It has been decided that all the activity on this beamline will be transferred to
BLI1A during the periodic shut down in the spring of 2002.
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Figure 1. Absolute photon fluxes of main monochromator crystals on BL7A.

Specification

Monochromator: Double-Crystal

Energy range: 0.6~4.0 keV

Experiments: X-ray absorption (by total electron- or fluorescence-yield methods)



BL7B

3-m Normal Incidence Monochromator for Solid-State Spectroscopy

BL7B has been constructed to provide sufficiently high resolution for conventional
solid-state spectroscopy, enough intensity for luminescence measurements, a wide
wavelength coverage for Kramers-Kronig analyses, and the minimum deformation to the
polarization characteristic of the incident synchrotron radiation. This beamline consists of a
3-m normal incidence monochromator which covers the vacuum ultraviolet, ultraviolet,
visible and infrared, i.e. the wavelength region of 40-1000 nm, with three gratings (1200, 600,
and 300 I/mm). Two interchangeable refocusing mirrors provide two different focusing
positions. For the mirror with the longer focal length, an LiF or a MgF, window valve can
be installed in between the end valve of the beamline and the focusing position.

Fig. 1 shows absolute photon intensity for each grating with the entrance and exit slit
openings of 0.5 mm. A silicon photodiode (AXUV-100, IRD Inc.) was utilized for
measuring the photon intensitiy and the absolute photon flux was estimated, taking the
quantum efficiency of the photodiode into account.
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Figure 1. Throughput spectra of BL7B measured by a silicon photodiode.

Specification

Monochromator: 3-m Normal Incidence Monochromator

Energy range: 50 to 1000 nm (1.2-25 eV)

Resolution: E/AE=4000-8000 for 0.01 mm slits

Experiments: absorption, reflection, fluorescence spectroscopy, mainly for solids



BL8A
Free Port

BL8A was constructed as a free port. Synchrotron radiation is introduced into a
sample chamber either directly or through a focusing mirror. Main experiments performed
at BL8A are photochemical reaction, SR-CVD, photo-etching, irradiation damage effects in a
condensed phase.

Since this beamline has no monochromator between the bending magnet and the
sample chamber, the samples brought by users can be irradiated by white light. A gold mesh
is installed in the sample chamber to monitor the intensity of the incident radiation.

The beamline consists of a front-end chamber, a focusing pre-mirror chamber and a
differential pumping system with three stages. By the use of this system, one can perform
various experiments at the reaction chamber under vacuum condition up to 0.5 Torr, while
keeping ultra high vacuum at the pre-mirror chamber. This means that any kind of

experiment in a gas phase is also possible at the reaction chamber without any windows.
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Specification
Acceptal angles (with mirror) : 25 mrad (horizontal) X 8mrad (vertical)
(without mirror) : 7.7 mrad (horizontal) X 8mrad (vertical)
Beam spot size :3mm (horizontal) X 2mm (vertical)

Energy range: Whole energy range of the dipole radiation at UVSOR



BL8B1

Photoabsorption and Photoionization Spectrometer

BL8B1 was constructed for various spectroscopic investigations in a gas phase under
high resolution condition in the photon energy range from 30 to 800 eV, where the 1s
ionization thresholds of chemically important elements like C, N, and O lie. The
monochromator is a constant-deviation constant-length spherical grating type (CDCL-SGM).
With three gratings (G1: R= 15 m; 1080d#im, G2: R = 15 m 540 I/mm, G3: R = 7.5 m; 360
I/mm), this monochromator is designed to cover the photon energy region of interest
mentioned above. The typical resolving powers achieved are about 4000 at 400 eV and
3000 at 245 eV. The absolute photon flux for each grating measured by a silicon photodiode
is shown in Fig. 1, with the slit openings of 10 pm.

The experimental chamber with a time-of-flight mass spectrometer and a
photoelectron energy analyzer is installed at the downstream of the monochromator. This
allows us to carry out photoelectron - photoion coincidence (PEPICO) and photoion -
photoion coincidence (PIPICO) measurements. Measurements of absorption, electron yield
and emission spectra of solid samples are also feasible.
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Figure 1. Absolute photon fluxes measured by a Si photodiode
Specification
Monochromator: Constant-deviation constant-length spherical grating type
Wavelength range: 30 to 800 eV
Resolution: E/AE = 4000 at 400 eV and 3000 at 245 eV
Available Experiments: Photoabsorption spectroscopy for gas and solid samples, coincidence
experiments for gas samples



BL8B2

Angle-Resolved Ultraviolet Photoelectron Spectrometer for Solids

BL8B2 is a beamline for angle-resolved ultraviolet photoemission spectroscopy
(ARUPS) system which is designed for measuring various organic solids such as molecular
crystals, organic semiconductors, and conducting polymers. The beamline consists of a
plane-grating monochromator (PGM), a sample preparation chamber with a fast entry Load-
Lock chamber, a measurement chamber with an accurate for temperature dependence (base
pressure 1x10"°Torr), a cleaning chamber (base pressure 1x10"°Torr), and a sample
evaporation chamber (base pressure 3x10Torr). The cleaning chamber is equipped with a
back-view LEED/AUGER, an ion gun for Ar' sputtering, and an infrared heating unit. The
PGM consists of premirrors, a plane grating, focusing mirror, and a post-mirror, with an exit
slit. It covers the wide range from 2 to 150eV with exchanging two gratings (G1: 1200l/mm,
G2: 450//mm) and five cylindrical mirrors. The toroidal mirror focuses the divergent
radiation onto the sample in the measurement chamber. The spot size of the zeroth-order
visible light at the sample surface is about IxImm”. The energy resolution at a slit width of
100um was found to be 0.004-0.3eV in the wavelength range from 2 to 130eV. A hemi-
spherical electron energy analyzer of 75mm mean radius with an angular resolution less than
2° can be rotated around vertical and horizontal axes. The sample mounted on a manipulator

can be also rotated around two axes.

Specification
Monochromator:

Plane Grating Monochromator
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New BPM System

K. Hayashi, M. Katoh, M. Hosaka, A. Mochihashi, T. Kinoshita, J. Yamazaki, Y. Takashima, T. Honda", S.
Koda®

Institute for Molecular Science, Myodaiji, Okazaki, Japan
YKEK-PF, Oho, Tsukuba, Japan
¥Saga University, Honjo-machi, Saga, Japan

A new beam position monitor system was successfully comissioned at UVSOR storage ring. The new system
comprises 16 signal-processing modules, which are commercial products of Bergoz Co. [1]. In these modules,
the bunch signals are filtered at the RF frequency (90MHz). The 90MHz signals are down-converted to an
intermediate frequency. They are amplified and detected. In the new system, all the electrodes are connected
directly to the modules. There are no switches. Typical length of the cables is about 15 m. The lengths of four
cables for one BPM head are adjusted with an accuracy of a few cm. The modules output two DC-voltage signals,
which are proportional to the beam position in horizontal and vertical. They are AD-converted with 16-bit
resolution and a cycle of 1 kHz. The data are averaged over one second to improve the resolution. The data are
stored in a PC and sent to the main control system [2]. A schematic drawing of the system is shown in Figure 1.

The standard deviations of the beam position data were measured for various values of beam current, as shown
in Figure 2. For the beam current higher than 10 mA, the standard deviations are smaller than a few microns.

New system has revealed orbit drifts in various time scales. In Figure 3, typical orbit drifts in a users run are
shown. UVSOR is typically operated for users as follows. After the beam injection, the beam energy was ramped
from 600MeV to 750MeV and the orbit was corrected. Then the users experiments start. The data in Figure 3
started also at this moment. There can be seen a rapid drift, especially in horizontal, during the first ten minutes.
In vertical, there can be seen a slow drift in time scale of hours. The amplitudes of the drift motions are a few
hundreds of microns.

In Figure 4, another example of the orbit movement is shown. These data were taken when the temperature
control system of the cooling water was malfunctioned. The temperatures of the cooling water of the magnets
and the vacuum chambers were fluctuated with amplitudes of about 2 degree and periods of about 10 minutes.
This was caused by periodic on and off of the cooling tower. There can be seen orbit movements in horizontal
and vertical synchronized with the temperature changes. The amplitudes are about a few tens of microns.

The beam position monitor system at UVSOR was replaced this year. New system was successfully
commissioned. It is providing a set of beam position data every second with a resolution of a few microns. It
saves the time for orbit correction significantly. It has revealed the orbit drift at UVSOR in users operations,
Their origins will be investigated further with the beam position data. The orbit stabilizing system will be
constructed based on the new system in future.
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DEVELOPMENT OF COMBINED-FUNCTION FOCUSSING MAGNET
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In the upgrade plan of UVSOR that will be started in FY2002, the original magnetic lattice will be modified to reduce
the emittance and to increase the number of straight sections for insertion devices. We have completed the lattice design
[1].

In the new lattice, the space limitation is very severe. In some of the modern light sources, sextupoles are integrated
in the quadrupole magnets, to save the space and reduce the cost [2, 3]. They are successfully operational. We decided
to introduce this type of magnet. There are several types of configuration. We have adopted the configuration as shown
in Figure 1. The shape of the iron core is same as ordinary quadrupoles. The auxiliary coils on the pole face (sextupole
coils) produce both dipole and sextupole fields. Other auxiliary coils on the poles (dipole correction coils) eliminate the
dipole field. The main parameters of the magnet are summarized in Table 1.

A prototype was constructed as shown in Figure 2. Field measurements were completed. Some results from the field
measurements are shown in Figure 3, 4 and 5. It was proved that the quadrupole and sextupole field required from the
lattice could be achieved well below the maximum excitation current. It was also proved that the dipole field could be
eliminated by exciting the dipole correction coils, for the typical operational currents of quadrupole and sextupole.
However, at around the maximum excitation of quadrupole and sextupole where the iron core is saturated, it was found
that the dipole field could not eliminated even with the maximum excitation of the dipole correction coils. In the final
design, this point will be improved either by increasing the maximum current of the correction coils or by increasing the
thickness of the iron cores.
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Fig.1 Combined-function (quadrupole/sextupole)
magnet (cross-sectional view)

Table 1. Parameters of combined-function magnet

Core Length 02m

Bore Diameter 94 mm

Quadrupole Coil 625A x 24 turns

Sextupole Coil 400A x 4 turns

E;f;ﬁf;ﬁﬁ;ﬁ;gﬁg Field Tgﬂ} ;;121 L Fig.2 Prototype of the combined function magnet
Maximum Sextupole Field 35 T/m?
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Vertical Instability in Multi Bunch Operation in UVSOR
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In the UVSOR electron storage ring a vertical beam instability has been observed in a multi bunch operation,
even though it is very weak enough to neglect influence on SR users. To verify the cause of the instability, we
have observed betatron oscillation for single/multi bunch condition in the UVSOR storage ring. Firstly, we have
observed dependence of a vertical tune on the beam current at the single bunch condition. In the experiment, we
analyzed beam signals from a pick-up electrode with a spectrum analyzer and observed the betatron oscillation of
the beam. Figure | shows the dependence of the vertical tune on the beam current in the single bunch condition.
The ordinate of the figure corresponds to the measured tune shifts from the tune of the highest beam current
in the experiment. As seen in Fig. 1, the tune tends to decrease linearly as the beam current increases. From the

experiment, the current dependence of the vertical tune (i—j'&i) is estimated at (-53.8 + 4.03) x 10~% /mA. Such
erp.

dependence in the single bunch condition seems to be caused by a wake field that causes head-tail instability[1].
Ay,

The current dependence of the tune due to the wake field is approximately given by[1]:
p AT,

_‘Z_&Nm (/—\‘Vy) )

no eocro RC \ AL,

where % is longitudinal impedance of the storage ring, ¢ an electron charge, - the Lorentz factor of the beam,
b radius of vacuum chamber, w, the vertical betatron oscillation frequency, e the dielectric constant of the free

space, ¢ the speed of light, . the classical electron radius, I? the average radius of the storage ring and C' the

Ay

circumference of the ring, respectively. With the experimental value of ( AT ) and Eq. (1) we estimated that the
longitudinal impedance is 2.46+0.20 2. An analysis of the longitudinal impedance from bunch lengthening in

UVSOR|[2] has concluded that %HL = 1.6 €2, that is almost the same value as the analysis from the theory of the
head-tail instability.

Secondly, we have observed the dependence of the vertical tune on the beam current in the multi bunch con-
dition in which a series of 12 bunches (a bunch train) followed by a series of 4 empty buckets (a bunch gap) are
stored in the ring. Because vertical spontaneous oscillation has been observed in the multi bunch condition we have
measured the vertical tune by observing the spontaneous oscillation, not using RF-KO method. In the experiment,
the vertical tune was observed above 169.4 mA because the spontaneous oscillation was not able to be observed
below the beam current. Figure 2 shows the change in the vertical tunes in the multi bunch condition. The ordinate
of the figure corresponds to the measured tune shifts from the tune of the highest beam current in the experiment.

To emphasize phenomena in the multi bunch condition, we subtracted the current dependence of the vertical tune

Avy,

in the single bunch condition (TAT) from the multi-bunch experiment. As seen in the figure, the change in the
'/ exp.

tune due to the change in the beam current still remains after the subtraction, and especially, the tune has step-like
changes around the bunch current of 15 and 30 mA. Such a change in the tune in the multi bunch condition could
be caused by trapped ion effect[3][4]. According to the classical theory of the ion trapping, an electric field induced
by the ions trapped by the electron beam could increase the tune, and the change in the tune is proportional to the
ion density. Because a trapping condition of the ions depends not only on configuration of the bunch train but also
on a beam size, the condition differs at different positions in the ring under the same configuration of the ring. We
calculated a ratio of the total area of regions where the ions are trapped to the area of the whole UVSOR-ring in
various configurations of the bunch train. The results are shown in Fig. 3 and 4. These figures show with contour
lines the ratio for various configurations of the train. In the calculation[5], ion species of CO* and CO?*, which
are the main components of the residual gas molecules in the UVSOR-ring, are assumed. As seen in these figures,
the ratio has sudden changes at the bunch train length of 12 bunches around the bunch current of 15 mA in CO™
and 30 mA in CO**. The bunch current at the sudden changes in the calculation corresponds to the bunch current
in which the vertical tune has step-like changes, namely, the tune increases at the bunch current where the ratio
also increases and has little change at the bunch current where the ratio also has little change. Therefore, it is
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supposed that the change in the tune observed in the multi bunch condition is caused by the change in the trapping
condition of the residual gas ions. To verify the cause of the vertical instability, more detailed experiments for the
phenomenon are necessary. Development of a bunch-by-bunch beam diagnostic system and bunch-by-bunch beam
diagostics with the system are future plans.
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Feasibility Study of Generation of Ultrashort Pulses
of Synchrotron Radiation at UVSOR
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1. Introduction

We have been considering a method for the
generation of ultrashort pulses of synchrotron
radiation from UVSOR storage ring.

A pulse width of synchrotron radiation is
the same as a bunch length of electron beam
circulating in a storage ring and is usually
several tens to several hundreds picoseconds.
In order to obtain ultrashort photon pulses, we
have been studying the feasibility of the bunch
slicing technique [1,2]. The bunch slice can be
achieved by using a femtosecond laser pulse
passing together with an electron bunch
through in an undulator. We tune the
undulator to the wavelength of the laser, so
that the energy of electrons overlapped with
the laser are modulated by the interaction
with the laser field. If the energy modulation is
several times lager than the r.m.s. energy
spread of the electron beam, the modulated
electrons are separated spatially when the
electrons pass through a dispersive section as
shown in Fig. 1. The sliced electrons emit
displaced synchrotron radiations in bending
magnets or insertion devices. We can obtain
ultrashort photon pulses by using a collimator
and optical systems in order to transmit and
focus on the radiations emitted from sliced

electrons.
Femtosecond laser pulse
e i't -.-- —;_—;;-———+4——-—+w;_—\ ————— *’ —————————
Femtosecond - s
radiation ‘/

Elsntra\

bunch

Undulator (medulator)

A
Fig.1. Sketch of bunch slicing technique.

2. Experimental Equipment

Fig. 2 shows an example of experimental
setup to generate ultrashort photon pulses. We
will use the existing BL5A undulator as an
energy modulator in which circulating
electrons interact with the laser pulses.

A mode-locked Ti-sapphire laser and an
ultrafasst regenerative amplifier is used to
make femtosecond laser pulses which should
have enough power to make sufficient energy

Urculator

{modulator}

Shart period undulator /

Femtosecond radiation
(Urdulator)

(Bending magnet) Elestron.bsam

(fron GO0MeY synchrotron)

Fig. 2. Layout of experimental equipment.
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energy modulation.

modulation in order to slice the electron
bunches. Fig. 3 shows the required peak power
of the laser to make the energy modulations.
In this calculation, we supposed that the
energy of electron beam was 750 MeV, the
wave length and the pulse width of the
incident laser were 800 nm and 100 fs,
respectively. We also supposed the horizontal
beam spread of UVSOR storage ring was about
0.5 mm (r.m.s.), and the value of the horizontal
dispersion function in the bending magnet was
about 0.6 m. If we intend to spread the
electron bunch up to 2.5 mm (r.m.s.), 0.4 % of
energy modulation is needed and we have to
employ 500 MW peak power laser.



The intensity of the ultrashort radiation is
proportional to the number of sliced electrons.
The width of the laser pulse is about 10 of the
bunch length, and in addition, the repetition
rate of the laser pulse (1 kHz) is about 105 of
the RF frequency of UVSOR storage ring, so
that the averaged intensity of the radiation is
10 of the intensity of synchrotron radiation
from UVSOR storage ring under the normal
operation.

In order to improve the intensity of the
radiation, we have been considering using the
short period undulator as a radiator which will
be installed for BL7 of UVSOR storage ring
[3,4]. The displacement of electrons caused by
the energy modulation disappears when the
electron bunch reaches the undulator since the
dispersion function is free at the undulator.
However, if we adjust the optics between the
existing BLAA undulator (modulator) and the
short period undulator (radiator) to be locally
isochronous using negative-a optics, the
energy modulated electrons can be sliced in
the short period undulator. Fig. 4 shows the
optical functions for a negative-a optics.
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Fig. 4. Optical functions tor negative-a
optics.

Beam tracking simulations has confirmed
that the modulated electrons can be sliced at
the short period undulator. The SAD code
developed in KEK for accelerator design [5]
was used for the simulations. Fig. 5 shows the
spatial distribution of electrons at the short
period undulator. The electrons of the width of
100 fs in a bunch were modulated their energy
up to 0.8 % randomly in the existing BL5A
undulator and then traveled to the short
period undulator.

3. Intensity of Ultrashort pulse radiation.

We calculated the spectra of ultrashort
synchrotron radiation on the following
assumptions: the r.m.s. spread of the sliced
electrons was five times larger than the
natural spread and the radiations emitted
from the electrons displaced over three times
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Fig. 5. Spatial distribution of electrons in
BL7 short period undulator calculated by
using SAD code.
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of the natural r.m.s. spread were observed. The
wavelength and repetition rate of the incident
laser were 800 nm and 1 kHz, respectively. Fig.
6 shows the photon fluxes generated in the
short period undulator and BL5 bending
magnet.

4. Summary

We have been planning to generate
ultrashort pulse of synchrotron radiation
using the bunch slicing technique at UVSOR.
A commercial femtosecond pulse laser can be
used to slice electron bunches sufficiently.

For further studying, we should consider
methods to improve the peak intensity of the
radiation.
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Improvement of out-coupled power of the UVSOR-FEL
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Storage ring free electron lasers (SRFELs) likely have a potentiality for scientific application as a unique
light source because of, in addition to variable wavelength, good coherence and temporal feature. Recently an
experiment using SRFEL combined with synchrotron radiation (SR) was begun at UVSOR. As the first
experiment we have tried to demonstrate the relevance of SRFEL for a pump/probe experiment in the gas phase
molecular science that is the double-resonant excitation of Xe [1]. Since the application experiment was
planned, efforts to improve the performance of the FEL have been made from the application point of view. We
have already developed a feedback system leading to a stable laser [2], with reduced jittering and intensity
fluctuations that spoil a quality of the experimental data. Another significant requirement is out-coupled laser
power of the FEL. In this report, we present efforts to increase the out-coupled laser power of the UVSOR-
FEL and show the latest result.

The out-coupled power of SRFEL at the saturation is approximately given by,

P=7.J 0. By (1
where 7. (= transmittance/cavity loss) is the efficiency of a optical cavity, J,(=2) is the damping partition

number of the synchrotron damping, ¢, is the induced energy spread due to the FEL interaction and P, is the

5
synchrotron radiation power. Since F, is proportional to the number of electrons stored in the storage ring, it
is crucial to increase the stored electron beam in the storage ring. Therefore we tuned the booster synchrotron
and the injection condition and succeeded to store the electron beam of more than 100 mA/bunch. However,
Touschek life time of the electron beam is considerably short when the beam current is high. Then we increased
the x-y coupling of the electron beam {rom 2% to 6 % using skew-quadrupole magnets and increased the life
time.

In order to maximize the optical cavity efficiency in the region of the wavelength used for the application
experiment, we have chosen a multilayer coating of Ta,0s/Si0, on the fused silica substrates for the cavity
mirrors.  Since the FEL gain large at a high beam current, numbers of layers were decided to reduce to be 19
and 21 layers for the rear mirror from which the laser is extracted and the front mirror, respectively, to obtain
high transmission rate. Measured initial transmission rates at the wavelength of 570 nm were 0.2 % and 0.1 %

for the 19-layer and the 21-layer mirrors, respectively. The round-trip loss in the optical cavity was initially

measured to be 0.35 %, meanwhile the expected FEL gain is ~ 5 % at a beam current of 100 mA/bunch.

Beside optimizing the basic conditions for the lasing given in Eq [1], we have also developed a new

operation of the storage ring: 4-bunch operation. In the ordinary FEL operation, two electron bunches are



stored with an equal spacing in the ring, whereas, in the 4-bunch operation, two more bunches are added next to
the initial bunches. Then the stored beam current is simply doubled and the extracted power as well. Prior to
this operation, we have investigated an effect of the coupled-bunch instability, which would be commonly
predicted to be occurred. However, because there is an additional cavity operated at a third-harmonic
frequency of the main cavity has been installed on the UVSOR to suppress the coupled-bunch instability in a
multi-bunch operation for the user SR machine time, we could find a proper tuning angle for a passive operation
of the harmonic cavity to stabilize the 4-bunch operation.

Fig.1 shows the demonstration of the FEL lasing in the visible region around 570 nm. The extracted
power exceeds 1 W and is the highest in the SRFELs so far. Using the FEL, the application experiment has
been carried out successfully and the relevance of SRFEL for it has been shown [1].  We are planning to extend

the high power operation to the UV region.
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In-Vacuum Undulator for UVSOR BL-7A
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An upgrade plan for the UVSOR[1] mainly aims to realize (1) smaller emittance and (2) more straight sections for
insertion devices. The high brilliance beam optics is very suitable for insertion devices with narrow gap such as an
in-vacuum undulator because vertical betatron functions for all the straight sections in the ring are very small (~1m).
The in-vacuum undulator has been utilized as one of standard types of the insertion devices in SPring-8, and much
technical knowledge for the undulators has been stored so far. However, there is no precedent in which this kind of
the undulator has been installed in lower energy electron storage ring such as the UVSOR. Going ahead of the upgrade
project, we plan to install the undulator and have a performance test in UVSOR BL-7A. Table 1 shows main parameters
of the undulator. The minimum gaps of the magnetic poles are 20/10 mm for present/upgraded lattice, respectively. The
period length is 36 mm, that results in very wide tunability in VUV and soft X-ray region, as shown in Fig. 1.

For the narrow gap undulators, a wall-current effect, that can cause not only heating of the magnetic poles but also
beam instabilities, can’t be neglected. We have estimated resistive wall heating on the magnetic poles by the wall-
current for the single/multi bunch operation. The results are shown in Fig. 2. In this figure the gap height of 10 mm,
that corresponds to the minimum value of the gap, is assumed. According to the calculation, the heating power in the
maximum beam current in routine single/multi bunch operation (70/300mA in single/multi bunch operation) is about
0.2 W in the single bunch and 0.3 W in the multi bunch operation, therefore, it is expected that the heating effect is not
so serious in our case. We have also estimated growth rates of resistive wall instability induced by the magnetic gap
in the undulator. Figure 3 shows the growth rates for both the present and the upgraded lattice of the UVSOR when
the beam current is 300 mA. According to the calculation, the growth rates are smaller than the radiation damping time
even though in the minimum gap height, therefore, it is also expected that the effect of the resistive wall instability is
not so serious in our case, too.

Installation of the in-vacuum undulator has been completed in March 2002, Figure 4 shows a photograph of the
undulator just after the installation. After several basic performance test, we plan to investigate performance of the
undulator as a light source in detail with the electron beam.

Magnet Type Pure Permanent (Nb-Fe-B)
Remanent Field 1.17 Tesla
Period Length 36 mm

Number of Period 26

Magnetic Length 936 mm

Overall Length 1.4m

Minimum Gap 10 mm (Low-/3 Optics)
20 mm (Present Optics)

Max. K-parameter 2.27 (Low-/3 Optics)
1.15 (Present Optics)

Polarization Linear (Horizontal)

Table 1: Main parameters of in-vacuum undulator
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Carbon contamination of SR mirror
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Junji Urakawa’, Takashi Naito?®, Yasunori Tanimoto®, Eiji Shigemasea'
f[nstz'tutefor Molecular Science, Okazaki 444-85835, Japan
? High Energy Accelerator Research Organization , 1-1 Oho Tsukuba 305-0801,Japan

When SR irradiates an optical device, it is known well that carbon contamination will arise in an irradiation
part. Carbon pollution of the optical device is a serious problem for the measurement of a SR beam line. Some
kinds of optical measurement in carbon region have been made under the very difficult situation according to the
experience of UVSOR. At KEK-ATF, the beam size measurement experiment in a visible region has been
affected. It is coped with by exchanging the optical element polluted until now. It is important to remove or
mitigate carbon contamination for the measurement of SR beam lines. We aim at finding the environment in
which carbon contamination does not generate.

In order to investigate the growth rate of carbon contamination, the experiment has been performed by BLEA.
The growth rate was compared by the measurement of the reflective intensity of laser light of 670nm with
different conditions. The reflective intensity from SR irradiation part and a non-irradiation part was
simultaneously measured, and the surface temperature and surface current of a mirror were also measured. We
used three kinds of mirrors (Au coat mirror, Al coat mirror and Pt coat mirror). The experiment of this time was
to measure the difference of reflection materials, gas purge effect and magnetic field effect.

Fig.l shows the reflectivity as function of dose in three kinds of reflection materials of Au, Al and Pt. The
material's dependence of the carbon contamination was clearly measured. However, an inspection of mirrors
after SR irradiation indicates the contamination on both Al coat mirror and Au coat mirror, and not it on Pt coat
mirror.
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Inverse photoelectron spectroscopy is a powerful tool to investigate unoccupied
electronic states. Inverse photoelectron spectrometer can be classified mainly into two
categories according to the way of the measurement of emitted photon; one is using a
monochromator of vacuum ultraviolet region and the other is using a photon band pass filter.
We are now constructing an inverse photoelectron spectrometer equipped with the band pass
filter constituted with an photo multiplier and an alkali halide window material, since band
pass filters are less expensive and easily assembled to the vacuum chamber. In this report
we describe the characteristics of our band pass photon detector of vacuum ultraviolet region.

Band pass detectors were fabricated according to the design proposed by Yokoyama
and his co-workers [1]. The concept of their band pass detector was that photoelectric yield
response of the CuBe first dynode of a photo multiplier was used as a low energy photon cut
filter and transmittance of alkali halide was used as a high energy cut filter.

An electron multiplier Hamamatsu R595 was adopted as a photo multiplier. Two
types of the first dynode of the photo multiplier were prepared. One 1s its original CuBe
dynode and the other is a KCI deposited CuBe dynode. Three high energy photon cut filters
were also prepared; a 2 mm thick LiF single crystal with 15 nm thick KCI deposition, a 2 mm
thick SrF, single crystal with 15 nm thick KCI deposition and a 2 mm thick SrF; single crystal
without any coating. Deposition of KCI onto the filters served to make the band pass
narrower. We examined three types band pass detectors; detector A consists of the KCI
coated SrF; filter and the normal CuBe first dynode, detector B consists of the KCI coated
SrF, filter and the KCI coated CuBe first dynode and detector C consists of the KCI coated
LiF filter and the KCI coated CuBe first dynode.

Band pass characteristics were measured at BLIB of UVSOR (a 1 meter
Seya-Namioka type vacuum ultraviolet monochromator). Before and after the measurement
of the band pass filter characteristics, relative photon intensity of the monochromatized light
was measured with an aid of fluorescence emitted from a sodium salicylate film placed at the
photon beam path. Signal intensity of the band pass detectors was normalized according to
the relative intensity of the monochromatic light.

Incident photon energy dependence of three band pass detectors is shown in Fig. 1.

Detector A has maximum sensitivity at 9.47 eV with 0.7 eV full width at half maximum



(FWHM) and its sensitivity is pretty low. Detector B shows maximum sensitivity at 9.5 eV
with 0.5 eV FWHM. Deposition of KCI onto the first dynode (detector B) improves the
sensitivity of the photon detector about three time compared with no KCI coated one (detector
A) and pass energy width by 0.2 eV. It seems that detector B can be used as a narrow and
sensitive band pass photon detector. The behavior of detector C is quite different from that
of detectors A and B. Detector C has maximum sensitivity at 11.48 eV and with much wider
FWHM of 1.85 eV. Its sensitivity is about ten times better than that of detector B, which is
advantageous for the inverse photoelectron measurement of organic materials that is easily
damaged by irradiation of electron beam. However, its wide FWHM together with a
shoulder structure at 10.5 eV could be a serious problem for the materials that have
unoccupied states situated very closely each other. Thus the best choice for the photon
detector in the inverse photoelectron measurement may be detector B for less electron beam
sensitive materials with crowded unoccupied states and detector C for electron beam sensitive
materials with widely spaced unoccupied states.
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New Apparatuses for Coincidence Measurements towards Understanding
Dissociation Dynamics of Inner-Shell Excited Molecules
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Thanks to the rapid progress of experimental techniques related to synchrotron radiation, vibrational
spectroscopy in the inner-shell excitation region of low-Z molecules becomes feasible. The findings in the
recent observations of the resonant Auger processes and their theoretical analyses impel us to give up the
traditional idea that the molecular dissociation starts at the Auger final state where the Auger transition is
terminated. This means that the Auger decay can not be treated separately {rom the primary photoexcitation
process, that is, “break down of the two step model”. In the case of photoionizaiton processes, the so-called
post collision interaction (PCI) effect, which occurs in the Auger decay followed by near-threshold inner-shell
photoionization due to the interaction between the Auger electron and the corresponding photoelectron, is known
to illustrate such a situation. In addition, the contribution of multiple excitations owing to the electron
correlation makes molecular inner-shell excitation processes near the thresholds complicated. Threshold
electron spectroscopy (TES) is one of the most powerful techniques for probing the multiple excitations. A
novel threshold electron spectrometer has been constructed for this purpose. The spectrometer is composed of a
lens system based on the penetrating field technique [1] and an electrostatic analyzer (Comstock inc. AC-901
model), and its performance test is just beginning to be carried out. It is seen from the trajectories for
photoelectrons with 5 meV kinetic energy shown in Fig. 1 that the potential well collects the threshold electrons
over all angles. The asymmetric trajectories observed in Fig. 1 are due to the influence of the potential on the
gas nozzle.

The interpretation of the spectral features observed in the molecular inner-shell excitation spectra is
essential towards understanding the dissociation dynamics, since the subsequent decay processes never happen
without the primary photoexcitation process even though these two processes can not be treated separately as
mentioned above. In order to identify the symmetries of the molecular inner-shell excited states, polarization
dependent studies have been widely applied to both chemisorbed and free molecules. For diatomic molecules,
the measurements of the energetic fragment ions emitted parallel and perpendicular to the electric vector of the
incident light achieve complete symmetry resolution between the AA=0 (Z) and AA=1 (IT) transitions [2], which
is called symmetry-resolved photoabsorption spectroscopy (SRPS). Recent high-resolution SRPS
measurements for N, reveal many previously unresolved double and triple excitations. Further detailed
information on the multiple excitations may be obtained experimentally by the combination of SRPS and TES.
The construction of a new apparatus for realizing this kind of coincidence experiments has begun.

For detailed investigation on the dissociation dynamics following the inner-shell excitation and ionization,
it is indispensable to perform the coincidence measurements between energy-selected electrons and ions, in
which  the angular distributions of the electrons and ions should also be measured. The construction of a
high luminosity electrostatic electron analyzer has been initiated for this purpose. The design of the analyzer is
based on a double toroidal geometry and an important angular acceptance (5% of 4m) [3]. Its two-dimensional
position sensitive detection system provides simultaneously electron energy and angular distribution
measurements.  Fig. 2 shows a three dimensional view of the mechanical setup of the double toroidal analyzer.
The test operation will be started in the near future.
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X-ray multilayers for the short wavelength range are of great interest. In particularly, multilayers for the
water window region between the oxygen K-absorption edge at 2.34 nm and the carbon K-absorption edge at
438 nm have important applications for material science, biology and medicine. The reflectivity of such a
multilayer mirror is strongly influenced by interface roughness, inter-diffusion and fluctuation of the layer
thickness, because the layer thickness is extremely small. Thus fabricating multilayer with high performance is
very difficult in this region. In order to fabricate the high performance X-ray multilayer mirror, it is necessary
to prepare the multilayer films with high precisely and to analyze their structural properties for the improvement
of its performance.

Cr/Sc multilayer mirror is a candidate as an X-ray mirror used in the water window region. Especially at
just above the Sc L-absorption edge (around 3.11nm), it has high reflectivity. On the other hand, Cr/C
multilayer mirror has high reflectivity at C K-absorption edge (4.48 nm). To fabricate these mirrors the r.f.
magnetron sputtering deposition system " was used. The multilayer was deposited on SiO, wafer under an argon
gas atmosphere.  The rf powers of Cr, Sc¢ and C targets were 50, 100 and 100 W, respectively. The argon gas
flow rate was 2.5 scem for all targets.  Before deposition, SiO, wafer was heated at 200 °C in 30 minutes for
cleaning and then cooled down to about 30 °C.  To prevent surface oxidation of Cr/Sc multilayer, a carbon film of
about 2 nm in thickness was deposited on completion of the multilayer deposition. Soft X-ray reflectivities were
measured with s-polarized radiation at beamline BL-5B at UVSOR synchrotron facility.

Figure 1 and 2 show experimental results of the Cr/Sc multilayer mirror with periodic thickness of about 3.4
nm and 50 layer pairs (Multilayer #1). This multilayer was designed for a wavelength of 3.37 nm (C VI 1s-2p
emission) and an incident angle of 60 deg. In this condition the measured reflectivity was about 8.74 % shown in
Fig. 1. This was about 40 % of the reflectivity with an ideal interface. The main reason of reduction of
reflectivity is roughness. In this case, roughnesses on the top interface of Cr and Sc layers were about 0.5 and
0.6 nm, respectively. The maximum reflectivity around Sc L-absorption edge shown in Fig. 2 was about
20.4 % at the wavelength of 3.16 nm and the incident angle of 62.5 °.

Figure 3 shows the result of the Cr/Sc multilayer mirror with periodic thickness of about 1.95 nm and 80
layer pairs (Multilayer #2). This multilayer was designed for an incident angle of 30 deg. In this condition the
measured reflectivity was about 1.3 %. The reflectivity around Sc L-absorption edge 2 was about 4.3 % at the

wavelength of 3.12 nm and the incident angle of 36.6 °.



The reflectivity of the Cr/C multilayer mirror with periodic thickness of about 5.18 nm and 8 layer pairs
(Multilayer #3) was measured. This multilayer was designed for a wavelength of 4.47 nm (C Ka line) and an
incident angle of 60 deg. The reflectivity was about 0.5 % at an incident angle of 55 deg. It was very low and an
incident angle was different from designed one. This was because thickness of carbon layer was fluctuated caused

by unstable carbon plasma.
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We study to optically observe ions and/or neutral atoms distribution in space plasma
environments, where Ot ions as well as He* and He are an important population. These particles
have resonance scattering emission lines in the extreme ultraviolet (EUV) region. The
wavelengths of He* ions (He II), He (He I) and O* ions (O TI) emissions are 30.4nm, 58.4nm and
83.4nm, respectively. The intensity of each emission is proportional to column density of each
scattered particle under the assumption of the optically thin condition. Therefore a 2-D snap shot
brings the macroscopic plasma distribution to us. /n-sifu plasma measurements limited to the
very close vicinity of one satellite with a low-energy cutoff has a difficulty in identifying global
distribution and transport mechanisms of the cold plasmas.

The fundamental technology of the Mo/Si multi-layer coated mirror for detecting He II
emission was acquired through the rocket experiments S-510-19 V. Our eXtreme Ultra-Violet
(XUV) Secanner onboard the first Japan’s Mars explorer, Planet-B (NOZOMI) took the imaging of
the terrestrial plasmasphere from its outside for the first time all over the world 2: 3 and
discovered the He II emission from the near-Earth plasma sheet ¥. In the near future the
Telescope of EXtreme ultraviolet light in the Upper- atmosphere and Plasma Imager component
(UPI-TEX) for the Lunar orbiter, SELenological and ENgineering Explorer (SELENE), which will
be launched in 2005, will measure the He II emission to reveal the abundance and distribution of
He* ions in the terrestrial plasmasphere. Furthermore we developed the extreme ultraviolet
(XUV) sensor for the sounding rocket SS-520-2 without contamination from the very strong H
Lyman-a emission, and succeed in the observing the altitudinal variation of the O II emission
from 150 through 1100 km. The observed intensity of the O Il emission beyond an expectation at
the topside ionosphere indicated the extraordinary O* ions lying over the ionosphere. And also the
high emission rate in the ionospheric F layer reveals the multiple scattering effects.

For the next generation of the optical observation we are developing the imaging
spectroscopy instruments for the planetary atmosphere and ionosphere imaging in a broadband
EUV range. We improve the Mo/Si multi-layer coating for the He Il emission described above to
apply the mirror for an observation in a broadband range. The reflectively of a Mo/Si coated test
piece mirror, which was evaporated using the magnetron DC/RF sputtering system at the

Communications Research Laboratory (CRL), was measured to estimate the optical constant.



Figure shows the measured reflectively of the test piece at 30.4-nm wavelength (point) and
calculated values for the Mo 5nm/Si 33nm multi-layer coating (curve). Since two wave structures
resemble each other, we consider that the test piece has the thickness coating for this calculation.

We will re-design the thickness of each coated layers with the optical constant estimated
by the measurements. We evaporate a multi-layer coated mirror for the broadband EUV range,

and evaluate its reflectivity to put it to practical use.
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We have reported the results of measurements of absolute photo-desorption yields
from the surface of solid Ne[l], Ar [2, 3] and Kr [4] by the irradiation of synchrotron
radiation at excitonic excitation regime. Since the desorption yield depends on the energy
of incident photon, the efficiency changes with the contribution of higher order light.
Then, the higher order distribution of the output light of the monochromator (PGM) of
BL5B was analyzed by using the second monochromator that measures the wavelength
distribution of the output of the PGM. The wavelength range of the measurement
corresponds to those energies effective to activate the desorption of excited and ground
state neutral atoms of rare gases; 25 ~ 150 nm with the combination of grating and M2
mirror: G3M4. The second monochromator consists of a 5-axis goniometer, a
transmission grating and a detector. The transmission grating manufactured by Shimadzu
Co. has 1200 lines/mm. The detector is an electron multiplier with a BeCu photocathode
(R595, Hamamatsu ).

An example of the angular distribution of beam diffracted by the transmission
grating is shown in Fig.l. The peak positions change along with the
equation: d sin® = nA, where d is a line spacing of the grating, 0 is diffraction angle,
n is an order of diffraction, and A is the wavelength. Broken curves show the change
of the position of the first order diffraction peaks of the original wavelength, and dashed
curves show those of the first order diffraction peaks of the second order light (i.e. with
half of the original wavelength). Higher order contribution obviously increases with the
wavelength.

Since the diffraction angles of the first order diffraction (n=1) of original
wavelength (L) and the second order diffraction (n =2 of the second order light (A/2)
coincide, theoretical diffraction efficiency of a transmission grating is used to determine
the second order contribution. The relative photon number for each order light is
calculated from the measured intensity taking into account the quantum efficiency of the

detector, and is converted to the absolute photon number using the current of a beam



intensity monitor ( a gold plate) as shown in Fig.2. Since the efficiency becomes higher
when incident photon energy increases, the intensities of higher order in Fig.1 are too
emphasized. The higher order lights are negligible for shorter wavelength region,
however, they become comparable with the first order at wavelengths longer than 70 nm.

These data are utilized to obtain the absolute desorption yield of rare gases.
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Study on Dissociation Processes of Core-excited Methanol
Using Auger Electron-Photoion Coincidence Measurements
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Photofragmentation processes of core-excited methanol (CH;OH) have been investigated."
Initial-excited-state dependence in partial ion yield was observed for several fragment ion. For instance,
suppressions of OH™ and COH" yields were observed only at Ols—3sa’ excitation. Since core-excited
molecules mainly dissociate via various Auger decay processes, Auger electron-photoion coincidence (AEPICO)
measurements for Cls and Ols excited CD;OH were performed.

Experiments were carried out at a soft X-ray beamline BL8BI1. Experimental procedure was
described elsewhere.”)  Briefly, a cylindrical-mirror type electron energy analyzer (CMA)“ and a

reflectron-type time-of-flight mass spectrometer — —
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Synchrotron radiation has provided a powerful means to obtain information about
core-level excitations, and the dynamic processes following the core-level excitations in molecules
have long been a subject of interest. In contrast to valence electrons that are often delocalized
over the entire molecule, the core electrons are localized near the atom of origin. Although core
electrons do not participate in the chemical bonding, the energy of an atomic core-level in the
molecule depends on the chemical environment around the atom. A shift in the energy levels of
core electrons that is due to a specific chemical environment is called a chemical shift.

Monochromatized synchrotron radiation can excite core electrons of an atom in a specific
chemical environment selectively, discriminating the core electrons from those of like atoms
having different chemical environments. This site-specific excitation often results in site-specific
fragmentation, which is of importance in understanding localization phenomena in chemical
reactions and which is potentially useful for analyzing the structures and properties of molecules,
molecular assemblies, and nanoscale devices by controlling matter at the level of individual atoms.
To realize these exciting prospects, we need to understand what controls behavior at the atomic
level.

To elucidate the site-specific fragmentation, we have studied the spectroscopy and dynamics
following core-level photoionization of various molecules condensed on surfaces [1-5]. In the
present work, we have used the energy-selected-photoelectron photoion coincidence (ESPEPICO)
method to study the site-specific fragmentation caused by N:1s photoionization of N20O condensed
on a Si(100) surface. Since the chemical environment of the terminal N atom (N is different
from that of the central N atom (N.), N2O shows occurrence of different chemical shifts [6]. Thus
N:20 may show site-specific fragmentation. The Si surface was cooled to about 50 K by flowing
cold helium gas, and the sample was prepared by exposing the surface to N2O gas at 10 L (1L =
1%10°6 Torr-s).

Figure 1 shows the photoelectron spectrum, which has two peaks in the region of N:ls



electron emission. The lower energy and higher energy peaks were respectively assigned to
Ni*ls and Ne'ls electron emissions by comparison with the X-ray photoelectron spectrum obtained
in the vapor phase [6]. The photoelectron spectrum thus clearly shows that the chemical shifts
(binding energies) at the two nitrogen atoms are different.

Figure 2 shows the ESPEPICO spectra obtained with emission of the Nils and Neils
electrons. N* (and/or O*) and N20* ions are desorbed coincidentally with N:1s electrons. The
site-specificity for these ions in N20 condensed on a Si(100) surface is less remarkable than
expected. The reason for this is thought to be that the two nitrogen sites are close to each other.
In fact, we previously showed that site-specificity in X3Si(CH2)nSi(CH3)s (X=F or Cl, n=0-2)
decreases with decreasing distance between the two silicon sites [3]. As in X3Si(CH2).Si(CHz)s,
effective electron migration among the two nitrogen sites is probably responsible for the absence
of site-specificity. Since the site specificity to a site adsorbed to a substrate is enhanced by
electron transfer from the substrate to that site, we now attempt to perform the ESPEPICO
experiments of N20 adsorbed on a Si(100) surface.
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Introduction

Storage Ring Free Electron Laser (SRFEL or FEL) has been developed as a powerful light
source owing to its high power, high coherence and unique temporal feature. Pump and probe
experiments using FEL and synchrotron radiation (SR) pulses have been tried to perform for the
last decade, because the FEL pulse naturally synchronizes with the SR one.

Very recently, as the first gas-phase experiment combined FEL with SR, we have carried out
the two-photon double-resonant excitation on Xe atoms, utilizing a SR pulse as a pump and an
FEL pulse as a probe light. Here we report the present status and future plan for the combined
experiments with FEL and SR at UVSOR. The first experimental results on the two-photon
double-resonant excitation of the Xe* 5p°nf autoionization states using the combination of a
mode-locked laser and SR have already been demonstrated by Meyer’s group at LURE. In the
present work, the combination of FEL and the undulator radiation was chosen in place of the

former.

Experiments

The experiments were done on the undulator beamline BL3A1 and bending-maget-based
beamline BL7B at UVSOR. At BL3A1, no monochromator is installed. Therefore, an LiF filter
was employed to suppress higher order harmonics of the undulator radiation. The estimated
photon flux of BL3A1 is about 1X 10" photons/sec/0.1%B.W at I = 100 mA and that of BL7B is in
the order of 10°.

The FEL pulses were extracted through the backward mirror and transported to
experimental stations through a series of multi-layer mirrors. The flight path of FEL, which was
adjusted to synchronize timing between the FEL and the SR pulses, was about 30 m. A focusing
mirror (f = 10 m) was placed in the center of the flight path to keep the beam size of FEL small
throughout the transport. About 69 % of the extracted power were transferred to the
experimental station. Fine-tuning of the delay timing was made by using a movable optical delay
system (50 cm) at the experimental station. The FEL and SR pulses introduced coaxially crossed
an effusive jet of Xe atoms from a gas nozzle. The singly charged Xe ions produced in the

interaction region were detected by means of a conventional channeltron.
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Results and discussion

The fundamental harmonic of the undulator was adjusted to be 10.4 eV, in order to prepare
the Xe* 5p°5d intermediate states as a first step. The Xe* 5p°4f autoionization resonance can be
excited within the wavelength region of FEL as a second step. Because the lifetime of the
intermediate states is quite short (600 ps), the synchronization between the SR and laser pulses is
essential in this experiment.

During the experiment, there were serious background signals due to scattered stray light of
SR pulses (typically about 10° counts/sec), which made it difficult to detect the real ion signals.
Therefore, for searching the real signals, we temporarily employed the @-switching technique. In
this technique, much larger peak power of FEL is provided, although the duration of lasing
becomes relatively short (~ 0.2 msec). However, if events are selected only during this duration,
the improvement of signal to noise ratio (S/N) by a factor of 100 can be achieved.

After the precise alignment of the beams and the gas nozzle position by the Q-switching
technique, we have measured the ion yield spectrum for the autoionization Xe* 5p°4f
resonance using a CW FEL (Fig. 1). During the measurement, a newly developed feedback
system was operated to stabilize the lasing. The asymmetric line shape described by the
Fano formula has been clearly observed in Fig. 1.

In order to realize the angular distribution measurements of photoelectrons, considerable
reduction of the background signals is necessary. Therefore we used the same experimental
setup and performed the same measurement at BL7B, where a high-resolution monochromator is
installed. The count rate for this measurement is about 200 counts/sec, which is about 1/1000 in
comparison with the case when the undulator radiation was used. Figure 2 shows the two-photon
ionization signals of Xe as a function of the wavelength of SR. Although the photon intensity of
SR at BL7B is high enough to obtain total ion yield spectrum, it is not high enough to measure the
angular distribution of photoelectrons.

We are planning to carry out similar experiments in the shorter wavelength region (around
400 nm) of FEL, where higher Rydberg series of the Xe* 5p°nf states via the Xe* 5p°5d
intermediate state are accessible.

Reference [1] M. Gisselbrecht, A. Marquette and M. Meyer, J. Phys. B31 L977 (1998)
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In order to study molecular and dissociative single and double photoionization and
subsequent dissociation processes of CSz, we have studied these processes with time-of-flight
mass spectrometry and the photoion-photoion-coincidence (PIPICO) method by use of
synchrotron radiation in the photon energy range of 20-120 eV. The TOF mass spectra and the
PIPICO spectra were measured at an angle of ~55° with respect to the polarization vector where
the second-order Legendre polynomial is close to zero. Under these conditions, the effects of
anisotropic angular distributions of fragment ions are minimized. Appropriate optical filters (Sn
and Al) were used to eliminate higher order radiation. To obtain accurate ion branching ratios,
the radio frequency (rf) signal of the storage ring was used as the start signal of a
time-to-amplitude converter (TAC) under the single bunch mode operation of the storage ring.

The present study focuses on the determination of the ratio of double to single
photoionization (c2*/c*) as a function of photon energy. Second, the ion branching ratios for the
individual ions produced from the parent CS:* and CSs22* ions are separately determined. Third,
the dissociation ratio of the parent CS22* ions into two ionic fragments is determined. Some of the
results are presented in this report.

Shown in Fig. 1 is a typical PIPICO spectrum measured at a photon energy of 72.5 eV.
Only two dissociation channels of CS22, namely S* + CS* and S+ C* + S, are observed, whereas
Lablanquie et al [1] observed three dissociation channels S* + C + S* in addition to the above
two channels. From the spectral profile of the coincident peaks, the discrimination against
energetic ions is little, if any. The threshold of double ionization forming molecular CS2%* is at
27.0 + 0.5 €V in good agreement with 27.05 = 0.02 eV (the best previously reported value)
measured by TPEsCO spectroscopy [2]. Metastable CS22* jons are observed in the mass spectra.
The ratio of double to single photoionization is shown in Fig. 2, increasing monotonically with
photon energy. Since the S* + C + S* channel is not measured in the present experiments, the
ratios in Fig. 2 should be regarded as representing a lower limit. Since the reliable total
photoabsorption cross section of CSz in this wide photon energy range has not been reported, the
o?*/o* ratios can not be converted to the absolute cross sections for single and double
photoionization.

Ton branching ratios for the individual ions respectively produced from the parent CSu*
and CS22* ions are determined separately, thus enabling more detailed study of the dissociation
processes of the CSe* and CS22* ions. These results are shown in Figs. 3 and 4. Looking at the ion
branching ratios of CSz+ (Fig. 3), we notice that the major ions produced are parent CSz* and
their ratios still increase at higher photon energies which suggests that electronic states
contributing to the production of the parent CSz* ion exist at these higher energies. Other details
of Figs. 3 and 4 will be discussed elsewhere. Because we had some technical problems in the
measurements of the ion-detection efficiency and the ion counting rates, which are essential to
evaluate the o2t/c* ratios, the present results should be regarded as preliminary ones.
REFERENCES
[1] P. Lablanquie et al. JCP 82, 2951 (1985). [2] M. Hochlaf et al. CP 234, 249 (1998).
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The photofragmentation of H,O has been studied by fluorescence spectroscopy at photon energies between
Ey, = 19.8 — 54.5 ¢V [1]. The primary photon beam was monochromatized undulator radiation supplied
from the UVSOR synchrotron radiation facility. The fluorescence in the wavelength range of 280 — 720 nm
was dispersed with an imaging spectrograph. The dispersed spectra in Figure 1 exhibit the hydrogen
Balmer lines of H*[n 2L} —22L%(n=3-9)] and the emission band systems of
H,0+[A424,(0,v5,0) >X 28,(0,0,0)], OH*(A3TIqy,v' — X3%-,v"), and OH(A2Z+,v' — X ALy, 0"

The fluorescence cross sections for these transitions have characteristic dependences on Ey, and vibrational
quantum numbers. The cross section summed over the Balmer lines takes a minimum value at £, = 21.7
eV and steadily increases with increasing £y, beyond 24.9 eV. This behavior is understood as that the
superexcited states correlating with H*(n=3) + OH(,Z *3") are too repulsive to be accessible at Ey, = 21.7
eV by the Franck-Condon transitions from H>O( X '4,). The appearance energy of the OH+(,Z Mo, v/ =
X ’¥", V") transitions is found to be ca. 27 eV. This value is much higher than the dissociation limit of 21.5
eV for the OH'( A Tlg) + H(n=1) channel, but agrees well with the vertical ionization energy to
H,O [(15))*(4a1)" *4,] that has been assumed to correlate with the above dissociation limit in the literature
[2]. The vibrational distribution of OHYZ}HQ) evaluated from the OH+(Z Mo, v — x ’Y", v") band

intensities is similar to the prior distribution in the rigid-rotor harmonic-oscillator approximation.

Reference
[1] K. Mitsuke, .J. Phys. B, submitted.
[2] J. Appell and J. Durup, /nt. J. Mass Spectrom. Ion Phys. 10, 247 (1972/73).

Figure 1. Dispersed fluorescence spectra of H,O encompassing the wavelength region 300 — 700 nm at
six photon energies between Ey, = 19.8 and 43.5 eV. The 2} symbols in the panel of Ey, = 19.8 eV
designate the vibrational progression in the bending mode v, of the H2O+[Z 24,(0,v4,0) X B,(0,0,0)]

transition. The hydrogen Balmer lines H*[n 2L}, —22L%.(n=3-19)] are indicated by the (n—2) marks.
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The sample gas was expanded under an effusive jet condition through a multichannel capillary
plate, and subjected to the irradiation of monochromatized undulator radiation (£p,= 15 — 55 eV). The
fundamental light or its third harmonic of the undulator radiation was dispersed by a monochromator of
constant deviation grazing-incidence type with a 2.2 m focal length. A typical photon intensity and spectral
resolution of the synchrotron radiation were (2 — 8) x 10" photons s™' cm” and 2.4 A (FWHM, 83 meV at
20.85 eV), respectively, with entrance- and exit-slit widths of 300 pm. There exists contamination of the
light by passage of a second order through the monochromator from the second undulator harmonic. The
concentration of the second-order light was estimated to be no less than 10% at Ep,, = 15 eV.

The fluorescence was collected by an optical detection device in Fig. 1 made up of spheroidal and
spherical mirrors facing each other across the photoexcitation region (PR), i.e. the source of the
fluorescence [1]. One focal point of the spheroidal mirror fell at PR, while the other focal point was at the
surface of an optical-fiber bundle of 45 c¢cm long. The fluorescence light was reflected back to PR by the
spherical mirror with its focal point at PR, and was then focused onto the surface of the fiber bundle by the
spheroidal mirror. This detection system can collect light from about 62% of the full-sphere solid angle.
The fluorescence passed through the optical-fiber bundle (transmission ~ 55% at 400 nm).

Two types of monochromators were used to disperse the fluorescence (e.g. Fig.2). In dispersed
fluorescence spectroscopy we utilized a 300 mm focal-length imaging spectrograph equipped with a
liquid-nitrogen cooled CCD array detector of 26.8 mm wide (the dispersion direction) and 8 mm high.
Normally 600 and 1200 grooves/mm gratings having nominal blaze wavelengths of 300 and 500 nm were
chosen. The overall detection efficiency, including the spheroidal and spherical mirrors, fiber bundle, and
imaging spectrograph, was estimated to be (1 - 5)><10'3 with the entrance slit width of the spectrograph
being 250 um. When we fulfilled fluorescence excitation spectroscopy by scanning the wavelength of
synchrotron radiation, we replaced the imaging spectrograph by a 100 mm focal-length monochromator
and a photomultiplier tube. In this case, the overall detection efficiency was estimated to be (1.4 + 0.3)x107
at the entrance- and exit-slit widths of the monochromator of 2 mm. All spectra were corrected by the

wavelength dependence of the relative detection efficiency.
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A new angle-resolving electron energy analyzer composed of a conical electrostatic prism and a
position sensitive detector was developed for gas-phase photoelectron spectroscopy. The performance
of the analyzer has been tested by using a helium discharge lamp. Namely, we have tested the
transmission efficiency of the analyzer, its energy and angular resolutions, and background count rate
by employing He I photoelectron spectroscopy of Ar atoms. The 5.3 and 5.5eV electrons produced by
photoionization of Ar into Ar'(*Ps,1,) were decelerated or accelerated and made to pass through the
analyzer. Since the light is unpolarized, the nascent photoelectron angular distribution is expected to
be isotropic. Indeed, the observed electron intensity was almost constant over the whole range of the
azimuth angle, which suggests that uniform transmission efficiency has been realized.

Next, we fitted the calibration cone electrode in the analyzer to evaluate the angular resolution by
observing the photoelectrons that have passed through the entrance holes. Figure 1 shows a typical electron
image of the entrance holes on the PSD measured at £ = 5.6 eV. The angular resolution can be determined
from the extent of the image. Three spots correspond to the three entrance holes of 1.5 and 2mm in
diameter. The angular resolution was estimated to be 3° (FWHM) from the spot size for the 1.5mm hole.
Taking into account the acceptance angle of 5.4° of the entrance hole from the sample volume, we can
conclude that our conical analyzer has a converging effect on the incident electrons in the azimuth direction.
The extent of the image of the 0.5 or 1 mm hole is almost the same as that of the 1.5 mm hole. The electron
image is considered to be magnified between the exit slot and PSD unit owing to the fringing-field effect.

The energy resolution of the analyzer was estimated from the band-width of the Ar+(2P3;2‘”2) peaks in a
photoelectron spectrum. The spectrum was obtained by plotting the total electron counts within the image
of the entrance hole of $2 mm on the PSD, as a function of the potential difference between the gas cell and
inner cone electrode. Figure 2 shows the photoelectron spectrum thus measured. The Ar+(2P3,2,1,2) bands
have symmetric Gaussian profile. It is thus likely that there exists no distortion in the electric field acting

upon the photoelectrons from the gas cell. The signal to background ratio was found to be 10 - 20.



Fig. 1. Photoelectron image on the PSD. Three
spots represent the image of three entrance holes

bored through the inner cone electrode. The top spot

is truncated along the edge of the PSD.

The minimum band-width of 6011 meV (FWHM) has been achieved at £ = 1.4 ¢V, i.e. the best energy
resolution of AE/E = 0.043. This value amounts to 130 % of the resolution expected from our simulation of
the electron trajectories. This deterioration can be explained by the assumption that we cannot optimize the
deceleration voltages applied to the annular lens system yet. Conceivably, the lens system extracts
superfluous electrons with large incident angles with respect to the mean trajectory in the dispersion plane

under the present experimental conditions.
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We have measured 2D-PESs of CS; in the E},, region of 14.60 - 15.35 eV, in order to investigate
excitation and decay mechanisms of superexcited states [1,2]. The 2D-PESs show pronounced
formation of the (0,0,1) levels of CS,'( X zl_lg and B 3 *) from a superexcited state at £, = 14.88 eV.
This unusual vibrational excitation of ions in the v; mode results from autoionization of the (0,0,1)

level of the dipole-forbidden state which has been assigned to the 3do, CS,*(Rc) state conversing to

CS;(& 22; ). The primary photoexcitation to the (0,0,1) level of the 3do, state is considered to

become allowed by vibronic interaction with the 5poy CS;*(Rc) state. We have additionally
uncovered that the preference in autoionization of the 3do, state into the final ionic states depends on
their vibrational levels. The preference concerning the ionic (0,0,0) levels is explained in terms of
the vibronic interaction that remains until autoionization, while the vibronic interaction is relatively

uninfluential on the autoionization into the ionic (0,0,1) levels.
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measured in the photon energy range of 14.60 - 15.35 eV. The electron yield is presented as a

function of both photon energy Ej, and ionization energy /¢ by the plots with eight tones from light to

dark on a linear scale. The curve in the right panel shows a constant ionic state spectrum, which is

obtained by summing electron counts along the /; axis at each Ej,.

Five resonances of Rydberg

states converging to CS;,_+((~3 2}32;) are observed at Ej,, = 14.69, 14.88, 14.95, 15.09, and 15.31 eV.

The former two states are first assigned in this work.

Fig. 2. One-dimensional
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Spin-orbit interaction is large in the sulfur 2p levels and resulting spin-orbit-split levels are well
described as 2p3 and 2pyj,. Sulfur 2p photoexcited states generally show two structures separated by ~1 eV. The
separation is, however, dependent on the character of the excited states, which can be explained by large
cxchange interaction between sulfur 2p hole and excited electron [1]. The absorption cross-section is also
affected by the exchange interaction; the cross-section ratio of sulfur 2ps, to 2p,,, is sometimes deviated from
statistical value of 2:1. In order to elucidate the competition of spin-orbit and exchange interactions in detail, we
have investigated anisotropy of absorption cross-section of SO, by measuring high-resolution angle-resolved
photoion yield (ARPIS) spectra, and by carrying out ab initio configuration interaction calculations based on the
Breit-Pauli hamiltonian.

Photoabsorption spectra were taken by measuring transmitted photon intensity using a Si diode. A few
Torr SO, gas pressure was separated by a 1200 A polyimide filter. Photon energy was calibrated by measuring
Ar 2psp-4s* and Kr 3d;p-5p absorption peaks at 244.4 and 92.425 eV, respectively. ARPIS spectra were
measured by using two channeltron set in the 0° (parallel) and 90° (perpendicular) directions relative to the
electric vector of the linearly polarized light. Retardation grids were used to detect energetic photoions (>3 eV).
Ab initio MO calculations were performed using the GSCF3 code.

Figure 1 shows high-resolution photoabsorption and ARPIS spectra. In this report, we focus on
excitations to * (b;), 6* (a,), 0* (by), and 4s (a;). Figure 2 shows a part of ARPIS spectra of SO,, where I, (Ig)
corresponds to ion yields in the direction parallel (perpendicular) to the electric vector of the linear polarized
incident light. This region includes only the S 2p excitation to the lowest unoccupied orbital of 7*(b,) symmetry.
The S 2p orbitals have a,, b, and b, symmetries, resulting in three S 2p-n*(b,) excited states of By, A,, and A,
symmetries. The ground state symmetry is A; and the Ay¢<A; excitation is dipole-forbidden; that is, the
a1—b;*(B;) and b;—b;*(A;) excitations should be observed in Figure 2. Theoretical calculations predicts that
a;—b*(B) and b;—b *(A) excitations have nearly the same oscillator strengths (Table 1a). Considering the
spin-orbit interaction, each singlet excitation is mixed with two triplet excitations, resulting in three excited
states in each symmetry. The transition dipoles to the B, states are orthogonal to the molecular plane and these
transitions give only Igg yields; on the other hand, the transitions to the A, states give both I, and Iy, yields. In
Figure 2, three electronic states of B, symmetry show vibrational fine structures, where the lowest clectronic
state is very weak, and the second (ZPM) is stronger than the third (2P, 12). On the other hand, only two electronic
states of A symmetry appears in Figure 2, where one is located in the “Ps, manifold, and the other is in the P
manifold. The 2Py, feature seems to be slightly stronger that the P, feature, though the ’P5» branch is as twice
large as the “Py;, branch in the case of ionization. This indicates that exchange interaction is essential in the A,
symmetry. This is reasonable, considering that the 2p(b;) and ©#(b,) orbitals are oriented parallel. Furthermore,
the singlet excited state is quite higher in energy than the triplet excited state, and the lowest state of A,
symmetry hardly borrows intensity from the singlet component; therefore, the lowest state is almost invisible.
Theoretical calculations shows that the exchange interaction (Agy in Figure 3a) in A, symmetry (1.5 eV) is much
larger than Agr in the By, and B, symmetries (<0.2 eV).

In the excitation to ¢* (a;), broad bands were observed. Since the S 2p,,-0*(a;) excitation is
overlapped by the S 2p;»-6*(b,), it is not straightforward to extract anisotropy information of each excitation.
However, theory predicts that oscillator strength for S 2p-6*(a,) is dominated by b;—a,*(B,;<A,) as in Table 1b.
Thus, S 2p,»-6*(b,) is expected to show the polarization dependence similar to S 2p;»-6*(b,), where Iy, yield is
stronger than I;. Based on this analysis, both S 2p;»-6#(b.), and S 2p,,-6%(b,) excitations show I, > Ly, which is
in accordance with theoretical predictions (Table lc, and Figure 3c). In Figure 1, both S 2ps,-4s(a;), and S
2py2-4s(a;) excitations were revealed to be anisotropic (Iy > Igp). Because of the Rydberg character of 4s orbital,
exchange interaction is less than 0.1 eV (Figure 3d). Oscillator strengths, however, are rather strongly perturbed
by molecular field as in Table 1d, resulting in the observed anisotropy.
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Table 1. Theoretical osillator strengths
for non-relativistic excited states.
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Figure 3. Theoretically obtained correlation diagram of relativistic and non-
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Photoelectron spectroscopy (PES) is widely used to investigate the one-electron energy level in
various matters. Because of electron correlation effect, spectra show satellite lines such as shake-up satellites in
addition to main lines. These correlation satellites are generally weak but can be enhanced by exciting at
resonances. In this report we for the first time demonstrate that even spin-forbidden and invisible (dark) states in
non-resonant PES can be observed by PES at the resonances with strong singlet-triplet mixing via spin-orbit
coupling of the 2p core electrons.

All experiments were carried out at varied-line-spacing plane grating monochromater beamline BL4B.
Photoabsorption spectra are taken by measuring transmitted photon intensity using Si diode. A few Torr CS; gas
pressure was separated by 1200 A polyimide filter. Photon energy is calibrated by measuring Ar 2ps,-4s* and
Kr 3ds;,-Spabsorption peaks at 244.4 and 92.425 eV, respectively. Angle-resolved photoion yield spectra
(ARPIS) were measured by two channeltrons set in the 0° (parallel) and 90° (perpendicular) directions relative
to the electric vector of the linearly polarized light. Retardation grids were used to detect energetic photoions (>3
eV). PES spectra were measured by a SES-200 analyzer, where the observed electron momentum is parallel to
the electric vector of the linearly polarized light.

Figure 1 shows high-resolution photoabsorption and ARPIS spectra of CS,. Distinct anisotropy is
observed above 165 eV, in sharp contrast to the lower S 2p—3m,* resonances. These information on symmetry
of excited states combined with ab inifio theoretical investigation provides detail insight on the competition of
spin-orbit and exchange interactions. Here, we focus on PES and do not discuss on ARPIS results further.
Similar discussion is presented in this issue for SO,.

Figure 2 shows PES recorded at S 2p;,—3m,* resonance and non-resonant PES below the resonance.
The ground state CS; has ----(6c5g)2(5ciu)z(21&,)4(211:&)4 electronic configuration in D..;. Main bands, 21'Ig, o e >
ng states are observed. Satellite bands 0, 1", 2, 2', 2", 3, and higher-energy structures are clearly enhanced,
whereas satellites 1, and 1' are not. Here satellite numbering 1, 1', 2 and 3 follows the previous study[1]. In the
high-resolution spectra (Figure 3), these satellites 1-3 are clearly resolved. Satellites 0, 1", 2', and 2" have not
been found in the previous studies measured at excitation energies below 100 eV.

Within the (LS) coupling scheme, excited state of S 2ps,—3m,* transition is described as strongly
mixed state with singlet and triplet non-relativistic states, where the intensity comes from dipole-allowed singlet
non-relativistic state. Intermediate states in the resonant PES have a large triplet contribution, which opens up
transitions to ionized quartet states in addition to doublet states. Satellite 0 is not observed in non-resonant
spectrum; therefore it can be assigned to the transition to a quartet state. Satellite 1 is assigned to the lowest
doublet shake-up state with “IT, symmetry [1,2] allowed in the non-resonant PES spectra. Satellite 0 is possibly
explained as transition to the quartet ionized states “I1, with a dominant “"(6Gg)2(5Gl,)Z(ZKu)4(2ng)z(3ﬂu)I
configuration. Difference in spin state makes the quartet satellite 0 lower than its counterpart doublet satellite 1.

In summary, we have measured ARPIS and resonant PES of CS,. We have successfully found quartet
shake-up state in the resonant PES via the S 2p;,—3m,* resonance. The spin-orbit mixing in the intermediate
state opens up transitions to dark states such as quartet shake-up.
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It is widely recognized that threshold electron spectroscopy is one of the most powerful tools for probing
the multiple excitation processes due to the electron correlations, such as shake up, shake off, and double
ionization, in atoms and molecules. A novel threshold electron spectrometer has been constructed recently for
investigating such processes and its performance tests have been carried out on BL4B. The spectrometer is
composed of an input lens system based on the penetrating field technique [1] and an electrostatic analyzer
(Comstock inc. AC-901 model). The lens system was designed for optimum collection and focusing of low
energy electrons. By performing suitable adjustment of the potentials applied to the grids of the lens, it is
possible to collect and focus electrons with energies from 0 to about 10 eV. Electrons passing through the
analyzer were detected by a micro channel plate placed after the exit slit.

The spectra obtained in the present measurements correspond to constant electron energy spectra.
Namely, the photon energy was ramped across the region of interest, while the collection energy of the analyzer
was held fixed. When the fixed value of the collection energy was made equal to 0, the resultant spectrum was
a threshold photoelectron spectrum. To enhance the performance for detecting threshold photoelectrons a
draw-out field was applied between the interaction region and the entrance to the lens stack [1].  Unfortunately
the actual threshold performance of the analyzer has not been confirmed so far, since it is impossible to measure
the threshold photoelectron spectrum of rare gases in their first jonization threshold regions, whose natural
widths are much less than 10 meV, using the monochromatized radiation at BL4B. However, by comparing
the previously measured threshold electron spectrum in Kr 3d near-threshold photoionization [2] with that
measured by our analyzer, estimation of the energy resolution of the analyzer becomes possible. Fig. 1 shows
the threshold electron spectrum of Kr atoms in the vicinity of the 3d ionization region, measured with the slit
openings of 120-50 um. The corresponding photon energy resolution is about 50 meV. The peak width of
the 5p Rydberg state in Fig. 1 is about 135 meV which is due to the natural width of the state (~100 meV) and
the finite energy width of the incident radiation and the analyzer. ~Assuming that the total width observed can
be expressed as the vector sum of the individual contributions with Gaussian profiles, it seems safe to say that
the energy resolution of the analyzer is better than 80 meV. It is obvious from the spectrum of Fig. 1 that the
threshold spectrum contains peaks due to the ionic states and also Rydberg states, and the ionic peaks are
broadened and asymmetric when compared with the peaks for the Rydberg states. This is the result of post
collision interaction (PCI), which is due to the Coulomb interaction between the slow photoelectron produced
by the primary near-threshold ionization process and the fast Auger electrons generated by the subsequent
decay process.

The threshold photoelectron spectrum of N; in the K-shell excitation region is shown in Fig. 2 along with
the photoabsorption spectrum except for the ©* resonance. For the threshold spectrum, asymmetric slit widths
of 125 and 50 um for the entrance and exit slits, respectively, provide an energy resolution of ~200 meV over
the photon energy region of interest, while the photoabsorption spectrum has been measured with the energy
resolution of ~60 meV. The similar threshold spectrum with poorer energy resolution has already been
reported in Ref. 3. The prominent m* resonance and Rydberg transitions converging to the ionization
threshold are present in the threshold spectrum. It is found that the relative intensity of the Rydberg transitions
to higher n states are larger in the threshold spectrum than in the absorption spectrum. This result is common
to the atomic case, where relative probability for an excited state for undergoing shake off increases with greater
n. The peak corresponding to the N Is threshold photoelectrons exhibits the energy shift to higher energy side



and asymmetry due to the PCI effect. There are at least two additional broad bands centered at ~415 and ~420
eV in the threshold spectrum, where the double excitations and G* shape resonance are observed in the
absorption spectrum. For further detailed discussions on these structures, improvement on the total
performance of the experimental setup and additional information on the excited states are obviously necessary.
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Fig. 1. Threshold photoelectron spectrum obtained in the region of the 3d subshell of Kr.
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Introduction

The NO, molecule has a bent structure with terminal oxygen atoms and belongs to the
point group C,,. Comparing to other liner tri-atomic molecules, NO, has one additional electron
as an unpaired electron to the linear molecules CO, of the D,; symmetry with three unoccupied

orbitals, 2r,*, bo,*

., and 40,*, and NyO of the C,, symmetry with three unoccupied orbitals, 3n*,

8c*, and 9c*. The (27,%)" and (37*)! states of CO, and N,O are degenerate and are stabilized in a
bent geometry due to the Renner-Teller effect, where 27z,* of CO, is split into in-plane n* (6a,*) and
out-of-plane n* (2h,*), where the former and the latter have bent and linear stable geometries,
respectively, and the former is lower in excitation energy than the latter. Thus, NO, has one
half-filled valence orbital 6a,* and three unoccupied valence orbitals, 25,*, 7a,*, and 55,%, which
correspond to 35,%, 9a,%, and 65,* in SO,. NO, has still strong covalent bonds between N and O
even with an electron in the antibonding 6a,* orbital, and the N and O 1s—55h,* excitation is
expected to be observed above the ionization thresholds, similar to the case of the 1ls—4o,*
excitation in CO, and the 1s—9¢* excitation in N,O.

Here we report the angle-resolved photoion yield spectroscopy (ARPIS) of NO, in the N
K-edge region. ARPIS spectroscopy is a useful tool to investigate the symmetry of the K-shell
excited states. In electric dipole transitions induced by the linearly polarized light, the transition
probabilities relate to the molecular orientation with respect to the direction of the electric vector
of the incident light . The experimental setup and the calculation procedure have been described

in the previous report.

Results and Discussion

Fig. 1a and Fig. 1b display the photoabsorption and ARPIS spectra of NO, in the N A~
edge region with a resolution of ~3000. The dots and the solid line represent Iy, and I,
respectively. Below the N A=shell ionization thresholds, two strong peaks, A and B, are observed.
The intensity of the higher-energy peak B at 403.26 eV is twice as strong as that of the lower peak
A at 401.03 eV. The higher peak B is easily assigned to the N 1s 2a,—2b,n* (B,) transition, and
the lower peak A is assigned to the N 1s 231—>631* (A)), as a result of the unpaired electron in the
half-filled 6a, valence orbital. These assignments are also reasonable, taking account of weak X
(in plane) and strong IT (out of plane) characters of the lower- and higher-energy peaks in the
ARPIS spectra as shown in Fig.1b, respectively. Above these two resonances, the spectra exhibit
relatively weak structures up to the thresholds, which may be attributable to the Rydberg states
and the Rydberg-valence mixed states. The excitation to 7a,* is expected to be less contributive

to the spectral intensity, considering that 7a,* of NO, corresponds to 50,* in CO, and 8¢ in N,O



with s-type character on the central atom and the excitation from the A-shell to the s-type state

should be weak. In the continuum, only one broad band around 416 eV is observed and is

attributed to a o continuum shape resonance originating from the strong ¢* anti-bonding orbital

of 55b,*.

Fig. 1c represents the blowup
of the photoabsorption spectra of NO,
in the N FKedge region with a
resolution of ~5000. The calculations
indicate that the valence and Rydberg
transitions converging to the triplet
ionization threshold are dominant.
The triplet and singlet separation is
observed for the 3s Rydberg states, C
and D, where the total spin coupling is
doublet and the exchange effect
involving the Rydberg electron is
estimated to be 0.18 eV at the most
from the difference in their term
values. Furthermore, the calculations
show that the 7a4* valence is
completely dissolved in the Rydberg
sea and cannot be assigned to a
specific peak. The 7a* valence is
mainly mixed into the s-type Rydberg,
especially the 3s and 4s Rydberg
(assigned to features C and G in Fig.
1), but the intensity contribution is
expected to be small, as mentioned
above. The features E/F, 1/J, and M
are mainly attributed to p-type
Rydberg transitions converging to the
triplet ionization threshold.
Moreover, it 1is found from the
calculations that the 1s—db,(n) triplet
channel is relatively strong among the
1s—d-type transitions and the
features H, L and P have the same

type of contributions.
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Figure 1. a) Absorption spectrum of NO, in the N Kedge
region. h) Angle-resolved ion yield spectra of NO,. Dotted
and solid lines denote L, and [, ion yields, respectively, in
the N K-edge region. ¢) Absorption spectrum of NO, in the
Rydberg excitation region.
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Introduction

Angle-resolved photoion yield spectroscopy (ARPIS) is a useful tool to investigate the
symmetry of molecular inner-shell excited states. In electric dipole transitions induced by the
linearly polarized light, the transition probabilities relate to the molecular orientation with
respect to the direction of the electric vector of the incident light. For the c—c transitions the
molecules oriented parallel to the polarization direction are selectively excited, while for the
o— transitions the molecules oriented perpendicular to the direction are preferentially excited
from a random ensemble of free molecules. The molecular orientation will be directly reflected in
the angular distribution of fragment photoions emitted immediately from a repulsive potential of
molecular ions, which is reached by a fast Auger decay of the K'shell vacancy (t~107* sec)
compared to molecular rotation periods (t~10"° sec).

Here we report about the angle-resolved photoion spectra of NO, in the O K-edge region.
NO, has one half-filled valence orbital 6a,* and three unoccupied valence orbitals, 2b,*, 7a,*, and
5b,*. NO, has still strong covalent bonds between N and O even with an electron in the
antibonding 6a,* orbital, and the N and O 1s—54,* excitation are expected to be observed above

the ionization thresholds.

Experiment

Photoabsorption and angler-resolved photoion yield (ARPIS) measurements were
performed on beamline BL4B at UVSOR. A conventional gas cell system having leak tight thin
windows and the photodiode was used to measure the photoabsorption spectra. A silicon
photodiode (model AXUV-100) supplied by International Radiation Detectors Inc. was used to
measure the absolute photon flux. A 1500 A aluminum window from Luxel is installed to the up
stream of gas cell. A chamber with an effusive beam nozzle was used. Two identical ion
detectors with retarding grids were used to detect the energetic photoions (>2eV) emitted at 0° and
90° with respect to the electric vector of the incident light, respectively. The ARPIS spectra (I,
and Iy) were obtained by counting the signals from the 0° and 90° positioned detectors,
respectively, as a function of the photon energy.

The O 1s core-to-valence excited states of NO, were calculated by multi-reference
configuration interaction including single and double excitations (MR-SDCI) [1]. The molecular
geometries for the calculations were taken from those for the ground states. The CI calculations
were carried out using SCF (self consistent field) orbitals for the 1s ionized states, which were

obtained from the use of the GSCF3 code [2,3]. Symmetry-adapted molecular orbitals were used



even for the O 1s excited states with a localized character, which can be taken into account
through MR-SDCI.

Results and discussion

Fig. 1a shows the photoabsorption spectrum of NO, in the O A-edge region with an
energy resolution of ~5000. Fig. 1b demonstrates the ARPIS spectra with a resolution of ~3000.
The dots and the solid line denote Iy, and I,, respectively. The splitting caused by the interaction
between two O 1s orbitals (15, and 1a,) is expected to be negligible. The lowest two features A
and B are simply assigned to the O 1s 1a,/1b,—6a,*(A,,B,) and O 1s 1a,—25,*(B,) transitions,
respectively, where the O 1s 15,—25,*(A,) transition is dipole forbidden. Fig. 1a shows rather
strong features in the Rydberg excitation region, and a comparatively strong and broad
enhancement above the ionization thresholds. The latter is assigned to the O 1s—55,* shape

resonence, though Jiirgensen and Cavell [4] assigned the shape resonance to the a, symmetry.

The excited states converging
to the triplet ionized state are lower in
energy than the states converging to the
singlet. Similar to the case of the N 1s
excitation, the calculations manifest that
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Introduction

The SO, molecule has three unoccupied valence orbitals, 3b,*, 9a,* and 6b,*, which can
be associated with the three S 3p orbitals, where SO, has an electronic structure of
S*[(39)*(3p)°]-(0*), in the limit of an ionic bonding picture and the 3b,, 9a, and 6b, orbitals
correspond to out-of-plane S3p = (r,,), in-plane S3p =« (n;,) and in-plane S3p o, respectively [1].
All the S1s (1a,) excitations to the 3b,*, 9a,* and 6b,* orbitals are dipole-allowed and are found to
be lying below the Sis—Rydberg excitations with the term values of 10.4, 5.7, and 4.8 eV,
respectively [1]. The chemical bond between S and O is not so strong, and even the excitation to
the most antibonding o* (6b,) orbital is located below the ionization threshold. The single
excitations to all the unoccupied valence orbitals are observed below the ionization threshold even
in the case of the Ols absorption spectra assigned previously, though there are two O 1s orbitals,
1b, and 2a,. The 1b,—2a, splitting caused by the interaction between the two O 1s orbitals is
expected to be negligible and does not change the situation.

Here we report the photoabsorption and anlgle resolved photoion specta of SO,, together
with the SCF calculation results. The experimental setup has been described at the previous
report. The O 1s core-to-valence excited states of SO, were calculated by multi-reference
configuration interaction including single and double excitations (MR-SDCI). The CI calculations
were carried out using SCF (self consistent field) orbitals for the 1s ionized states, which were

obtained from the use of the GSCF3 code [2,3].

Results and discussion

Fig. 1a shows the O K-edge photoabsorption spectrum of SO,. The entrance and exit slit
openings were set at 20 and 10 pm, respectively, to get a resolving power of ~5000. The lowest
photoabsorption feature A observed at 530.56 eV is well separated from the higher features. The
feature A is attributed to the O 1sc(2a,)—n*(3b,) transition, considering its term value of 9.27 eV.
Tt should be noted that the B, state is a dipole-allowed out-of-molecular plane (7*) transition from
the A, ground state, the A, and B, states are dipole-allowed in-plane transitions, and the A, state
is dipole-forbidden; the n*(3b,) orbital is not accessible from the O 1sc (1b,) electron. Between the
lowest 1s—n* excitation at 530.56 eV and the O K-shell ionization threshold at 539.83 eV, the
spectral feature is dominated by some broad bands labeled as B, C, and D at ~535 eV (term values
of ~5eV) arising from the 1s—in-plane excitations, which consist of the O 1s—9a,* (dipole-allowed
B, from 1b, and A, from 2a,) and O 1s—6b,* (dipole-allowed A, from 1b, and B, from 2a,)
transitions. The structures E, F, and G are comparatively weak and have term values of 2.24,

1.63, and 0.75 eV, respectively; therefore, they are possibly assigned to the lowest s-type (4s or 5s)



and p-type (4p or 5p) Rydberg transitions. In the continuum, two broad bands are observed
around 540.80 and 542.69 eV, which are attributable to double excitations or S 3d-type shape
resonances, because there are no other singly excited valence states than the 1s—3b,*, 9a,* and
6b,* transitions.

Tig. 1b indicates the present O K-edge ARPIS spectra of SO,, where the dots and the solid
line represent Iy, and I, respectively. The peak A is definitely assigned to the O 1s(2a,) —»n*(3b,)
excitation, and F is assigned to the O 1s(2a,) —4pb, or 5sa, Rydberg excitation (B;«<A,). The
peak G is probably assigned to the O 1s(1b,/2a,)—>4pa, and 4pb, Rydberg excitations. However,
the features B, C and D in Fig. 1 are difficult to assign even with the help of the ARPIS spectra.

In order to assign these peaks a)
more accurately we have performed the
SCF-CI  calculations. The calculated
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O 1s edge
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Global warming or green house effect is one of the major issues for environmental
chemistry. Although CO,, CH,, and N,O play a major role on the green house effect in air, some
gases with much lower concentrations can contribute to the global warming because of their
exceptionally large infrared absorption. For example, SF, has 22,200 times larger global warming
potential (GWP) over al00-year time than CO, although it is currently present in the atmosphere
at only 4 ppt [1].

Recently Sturges et al. detected Trifluoromethyl sulfur pentafluoride (SF;CF,), which is
chemically close to SF,, at Antarctic deep consolidated snow (firn) [1]. This Antarctic firn
measurement shows that the concentration of SF.CF, have increased from near zero in the late
1960s to about 0.12 ppt in 1999, whose trend matches to recent global warming tendency. They
also measured a radiative forcing of SF,CF,, which 1s 0.57 watt per square meter per parts per
billion [1]. This is the largest radiative forcing, on a per molecule basis, of any gas found in the
atmosphere up to this date.

They also reported stratospheric profiles of SF.CF, and suggested that it is long-lived in
the atmosphere (on the order of 1000 years) [1]. If this is true, the irreversible accumulation of this
gas may affect the green house effect drastically. In order to access this effect and lifetime of
SF.CF, in the stratosphere more precisely, its absorption spectra and cross sections in the VUV
region are crucial.

This photoabsorption measurement of SF,CF; in VUV region was performed at Beamline
7B in the UVSOR facility, Institute for Molecular Science. Synchrotron radiation at UVSOR was
monochromated by using a 3-m normal incidence monochromator (NIM). The energy resolution
was AMAL = 10000 under the typical conditions with the slit widths of 100 um. High photon flux,
however, was required to obtain the reliable signal to noise ratio and hence the slit widths of the
monochromator were kept at 500 pm during the experiment. A photoabsorption cell was 33 cm
long and was attached to the main experimental chamber. The typical sample pressure in the cell
was 10 Pa, which was measured by a Baratron manometer. An LiF filter with a thickness of 1.5
mm was installed in front of the cell in order to keep the monochromator in good vacuum condition.
The intensity of the photon beam transmitted through the cell was monitored by using a silicon
photodiode (IRD Inc, AXUV-100). The photoabsorption cross sections were calculated by using the

Beer-Lambert expression. The data were checked to ensure there is no line saturation effect.



Fig 1 shows the absorption spectra of SF,CF, in VUV region. In this figure, two strong
peaks were observed: One peak around 107 nm (A) and another one around 130 nm (B). The peak
similar to A is also observed in SF,;, whereas the equivalent to the peak B was not observed.
Therefore one can suggest that the peak B arises from the transition from the lone pair electron of
CF.,.

Based on these data, we will estimate the lifetime of SF,CF, in the stratosphere.

[1] W. T. Sturges et al., Science 289, 613(2000)
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Fig. 1: The absorption spectra of SF,CF, in the VUV region
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An attractive concept of photochemistry is selective bond activation of a molecule by tuning the photon
energy to specific electronic and/or vibrational transitions. Monochromatized soft x-ray synchrotron
radiation can excite core electrons of a molecule. Because of the localized nature of core electrons, an
intriguing possibility is that the bond rupture will be also localized around the atomic site of excitation.
Evidence for such selective photochemistry has been found in studies on the fragmentation of a few
molecules since the pioneering work by Eberhardt et al. [1], showing the C' and O" fragment ions were
characteristically enhanced in the carbonyl C(1s) — ©* excited acetone. The question then arose as to the
correlation of the created core hole and the removal of valence electrons via Auger decay with the
molecular fragmentations. In later studies, it became apparent that the selectivity is largely determined by
the electronic decay of the core-hole state [2]. Since then, relatively large number of studies has been
performed with an Auger electron—photoion coincidence (AEPICO) technique for detailed understanding of
the fragmentation mechanisms.

On the other hand, the idea of chemical activation and the non-statistical effects on reaction emerged
up in the field of unimolecular reactions [3]. Dissociation pattern can be viewed as the outcome of the
competition between the bond rupture in the activated site and energy randomization over the activated
molecule. Thus in order to have more insights into the site-specific photochemistry of core-excited
molecules, it is of great interest to determine whether the initial memory of core excitation preserves
against the energy randomization. In our recent study on the fragmentation of the N and O K-shell excited
CH;0OCOCN and CH;OCOCH,CN molecules, the fragmentation patterns were essentially identical for the
smaller molecule, while marked site-specific fragmentation was observed for the other molecule [4]. This
result infers that the site-specific fragmentation following core excitation depends on the molecular size. In
this report, we present the results of a consecutive study concerning the molecular size effect on the
site-specific fragmentation following the excitation of core electrons in a polyatomic molecule.

The experiments were performed on the beamline BL8B1 at the UVSOR facility. Photoabsorption
spectra were observed in the N and O K-shell regions of gaseous pyruvonitrile (CH;COCN), cyanoacetone
(CH3;COCH,CN), and 4-oxopentanenitrile (CH;CO(CH,),CN) molecules. A Samson-type ion chamber
with 10-cm long electrodes was mounted on the main chamber and used for the measurement. The ion
current was fed to a picoammeter and stored in a personal computer, together with the sample pressure. The
energy scale was calibrated using the major soft x-ray peaks of N, and O,.

The photoelectron—photoion coincidence (PEPICO) spectra were acquired at some typical photon

energies by using a reflectron type time-of-flight (RTOF) mass spectrometer. An effusive flow of sample



gas was introduced into the main chamber through a gas nozzle orthogonal to both the photon beam axis
and the spectrometer tube. A high electrostatic field was applied across the collision region so as to collect
the energetic fragment ions with kinetic energies up to =10 eV. The flight time of ions was measured with a
TAC. The output pulse height from the TAC was analyzed with an MCA and the obtained spectrum was
then transmitted to a personal computer. The axis of the spectrometer was set at the magic angle with
respect to the photon polarization direction for suppressing anisotropic effect in the photoabsorption
process. An Al thin filter was inserted upstream in order to reduce the scattered stray light. Incident soft
x-ray flux was monitored by an Au mesh and recorded simultaneously as the photocurrent. All spectra were
normalized by the photocurrent in order to correct for fluctuations in dispersed photon flux. The CH;COCN
sample for the experiment was obtained commercially and the other two samples were prepared according
to the published methods [5, 6].T All samples were used after being degassed by several freeze-pump-thaw
cycles.

Figure 1 shows the RTOF mass spectra acquired at the N(1s)" and O(1s)" ionizations of gaseous
CH;CO(CH,),CN molecule. The photofragment ions heavier than m/e=60 were negligible. Clear
dependence of the photofragmentations on the atomic site of excitation can be found in the present study as
well. It is worthwhile to note that the abundant photofragment ions are H and CN" at the N K-shell
ionization, while heavier photofragments such as the CH;C" and CH;CO" ions are greatly produced at the
O K edge: The yields of the latter two photofragments are 1.5 and 2.4 times larger in the O(1s)" ionization
than those in the N(1s)" ionization, respectively. The abundant production of these photofragment ions is
reasonably explained by the bond fission around the carbonyl group. That is, for the CH3CO(CH,),CN
molecule the photofragmentation basically occurs at the limited site of initial excitation. By contrast, core
excitation of the smallest CH;COCN molecule does
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Core-excited molecules are unstable and Auger decay follows rapidly. Auger electrons are emitted with
various kinetic energies and as a consequence, various Auger-final states of singly charged ions are produced.
When the energy of Auger-final state is higher than the threshold of double ionization, it can be autoionized into
doubly charged ion. This dication often dissociate into ion pair by Coulomb repulsion. To elucidate the detail of
the dissociation dynamics of core-excited organic molecules, especially those from the dication produced by auto
ionization, Auger electron—photoion-photoion coincidence (AEPIPICO) measurements have been applied to
CH;CN [1] and (CH3),CO [2]. In the present study, we have investigated the dissociation dynamics of
trifluoromethane (CHF3) in the F K-Shell excitation region.

Experimental procedure was described elsewhere [3]. Briefly, a double-focusing time-of-flight (TOF) mass
spectrometer [4] and a cylindrical-mirror type electron energy analyzer (CMA) [5] were used for the coincidence
measurements between energy-selected electrons and fragment ions. A weak electrostatic field (40 V/em) was
applied to the interaction region and as a result, mass resolution (M/AM) of the TOF was estimated to be ~30
and electron energy resolution (E/AE) of the CMA ~25. Correlations between two ions produced by an
autoionization following Auger process are recorded in a fast multiscaler by using the signal of an
energy-selected Auger electron as a start signal and the ion signals as multi-stop signals.

After a measurement of the total ion yield curve for CHF ; at Fl1s excitation region, we set the photon energy
to top of the ¢* resonance (691 eV). A typical AEPIPICO 2-D map obtained for the Auger electron energy of 657
eV is shown in Fig.l1. Auger-final-state energy (FSE) of 34 eV is calculated by subtracting the electron energy
from the initial excitation energy. Horizontal and vertical axes are the flight time of first and second ion,
respectively. Various ion pairs such as F'/CF’, F"/CHF", F/CHF, and F'/CH" are observed. The slope of the
coincidence peak for the ion pair F'/CHF," produced by two-body dissociation is —1. The slope of —1 indicates
that the initial momenta of two ions produced by dissociation of dication have same amplitude with opposite
direction. Fig.2(a) shows a part of AEPIPICO 2-D map at F/CF' ion pair region in Fig.l. Slope of the
coincidence peak is estimated to be not —1 but about —0.6. This implies a sequential dissociation of the parent
dication CHF;*". A plausible dissociation mechanism to form this ion pair is considered as follows.

CHF;”" (FSE=34eV) — F* + CHF," — F" + CF" + H + F (or HF) ... (1)
For this process, slope of the coincidence peak is calculated to be -0.63. The value is in good agreement with the

experimental one. Fig.2(b) shows the same part of AEPIPICO 2-D map as Fig.2(a), but obtained for FSE of 59



eV. The slope of this peak is almost —1. The dissociation mechanism is considered as follows.
CHF;** (FSE=59¢V)— CF,*" + H + F (or HF) —» F* + CF" + H + F ( ot HF) ... (2)
These observations reveal, for the first time, different dissociation mechanisms for different dicationic states

having different Auger-final-state energy.

References

[1] Y. Senba et al., UVSOR Activity Report 2000, 28 (2001) 84.

[2] H.Yoshida et al., UVSOR Activity Report 2000, 28 (2001) 88.

[3] Y. Senba ef al., to be published.

[4] A. Hiraya et al., Journal of Electron spectroscopy and related phenomena 101-103 (1999) 1025.
[5] T. Gejo et al., UVSOR Activity Report 1999, 27 (2000) 68.

20

18

' CHF,'
16 - _- CF,’

14

12

10"

" CHF’

Flight time of 2nd ion / psec

|
2 4 6 8 10 12 14 16 18 20
Flight time of 1st ion / usec

Fig.1. AEPIPICO spectrum obtained for the Fls to 6* (691eV) and for Auger electron energy of 657eV. (FSE=34¢V)

Q.
g g
= 1364 24 13.64
=
= =
= ]
o E
S 1344 S 134
o c
= o
.5 2
5 :
80132 2 1324
g =
s &
10.2 10.4 10.6 108 10.2 10.4 106 108
Flight time of 1st ion / usec Flight time of 1stion / psec

Fig.2. Part of AEPIPICO 2-D maps at F'/CF" ion pair region measured with the final state energy of (a) 34
and (b) 59eV. Reference lines are also shown, which slopes are calculated to be (a) —0.63 and (b) —1.



(BL8BI)
Fragmentation of the C K-shell excited CF;CN molecule studied by angle-resolved TOF
mass spectroscopy: Vibrational modes acting as an internal energy reservoir

Shuichiro TANIMOTO, Kazumasa OKADA, Toshio IBUKI," Ko SAITO, and Tatsuo GEJO®

Department of Chemistry, Hiroshima University, Higashi-Hiroshima 739-8526
* Kyoto University of Education, Kyoto 612-8522
Y Institute for Molecular Science, Okazaki 444-8585

Inner-shell electrons of the atom in a specific chemical environment of a molecule can be selectivity
excited with a tunable soft x-ray synchrotron radiation, because the energy levels of the inner-shell
electrons differ from one atom to another. When the inner-shell electron is photoexcited, a multiply ionized
molecule is produced through Auger decays. The Coulomb explosion of this multiply charged molecular
ion follows the loss of bonding electrons. The dynamics can be probed by the measurement of mass,
angular, and kinetic energy distributions of the fragment ions.

Trifluoroacetonitrile (CF;CN) is one of the intriguing molecules in two respects. Firstly, we can
selectively excite a specific atom (F, N, or either C). Fluorine is the most electronegative atom and induces
the largest chemical shift around it in the molecule. Secondly, we can investigate the fragmentation
dynamics of the inner-shell excited molecule noticing the linearity of the C-C=N skeleton. Whether
anisotropic fragmentation can be observed in the polyatomic molecule is our concern here. In our previous
study [1], a strong anisotropy was observed for the energetic CF;, CF,", and CN" fragment ions at the
Tien™ ¢ N(1s) resonance excitation, That is, the TT-X symmetry transition basically holds. This report gives
an outline of our subsequent work on the fragmentation of the K-shell excited CF;CN molecule. We show
that the kinetic energy distribution of fragment ions depends on the site of excitation and the fragmentation
competes with intramolecular energy flow. The detailed discussion will be presented elsewhere [2].

The experiments were performed on the beamline BL8B1 at the UVSOR facility. Photoabsorption
spectrum was observed at room temperature in the C K-shell region with the energy resolution £/AE better
than 2000. The experimental setup, procedure, and the obtained photoabsorption spectrum have been given
in Ref. [3], and we do not repeat here.

The time-of-flight (TOF) mass spectra were also measured at several photon energies including the
prominent resonance peaks observed. An energy resolution of about 1 eV was employed for the
measurement. The sample gas was introduced into the main experimental chamber as an effusive molecular
beam through a gas nozzle orthogonal to both the photon beam axis and the TOF mass spectrometer tube.
An Al filter was inserted upstream in order to suppress the scattered stray light. The pressures in the
chamber during the measurements were kept 1 x 10” Torr. The TOF mass spectra were acquired at 0° and
90° angles with respect to the linearly polarized electric vector of the incident photon. The sample gas for
the present study was purchased from SynQuest Laboratories, Inc. and was used without further
purification.

The mass spectral profiles of CN”, CF,", and CF;" peaks were reproduced by the fitting method
developed by Saito and Suzuki [4] to obtain the anisotropy 8 parameters and kinetic energy distributions.

The kinetic energies and the f parameters for the components were determined so as to minimize the



difference between the experimental data and the calculated profile. Figure 1 shows the derived kinetic
energy distributions of the CN", CF,", and CF;" fragment ions generated at the Cy(ls) and Cy(ls)
excitations into the T*cy level. The kinetic energy distribution of CN" was expressed well by a Gaussian
function with the maximum at KE ~ 2.7 eV, while those of CF," and CF;" were split into two components:
One is a sharp component with a maximum around 0.1 eV and another is a broad distribution with a
maximum at 1.3 and 1.1 eV for the CF," and CF; ions, respectively. These high kinetic energies are
interpreted by a simple relation of M(CN")/M(CF,") x 2.7= 1.4 and 1.0 eV for CF," and CF;’, respectively,
where M(CN")/M(CF,") is the mass ratio between the CN" and CF," fragment ions. That is, the axial-recoil
approximation is valid for the production of the energetic CN" and CF,” fragment ions.

The kinetic energy distributions at the Cg(1s) excitation are as wide as those at the Cy(1s) excitation.
We cannot see, however, low kinetic energy components for the CF,” and CF;" fragment ions. A
dependence of the kinetic energy distribution of the fragment ions on the site-specific excitation is observed
for the first time. That is, fragmentation into the CF," ions following the Cy(1s) excitation competes with
the intramolecular energy flow from the initially excited Cy atom to the CF; group. We can claim that most
of the CF;" ions are formed with kinetic energies and a part of CF;" (about 20 %) would be produced after
energy redistribution through the C—C=N skeleton into the vibrational modes within the CF5 group. When a
Cr(1s) electron of the CF; group is initially excited, energy flow from the CF; group to the terminal N atom
would occur. However, the CN group is not an effective energy reservoir because it has only one
vibrational mode, and thus at any excitation mode the CN" fragment ion does not have a small kinetic

energy component. The CF; group acts as an internal energy reservoir.
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Fig. 1: Kinetic energy distributions of the CN', CF,", and CF;' fragment ions generated at the
Cn(1s) and Cg(1s) excitations into the m*cy level.
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Core-excited species are unstable and decay processes follow rapidly. The
most dominant decay process is resonant Auger electron emission. In some case,
the nuclear motion is so fast that dissociation takes place on the same scale as
Auger electron emission. Such dissociation in core-excited states is termed
“ultra-fast dissociation” and its time scale 1is considered to be several

femtoseconds. It was observed at first for HBr at the Br3d—oc" excitation by

detecting the atomic Auger emission from the core-excited fragment Br” [1]. The
electronic decay from the core-excited fragment was also observed for CH:Fs,
CHFs3, and CF4 at the Cls— o" excitation [2]. Those were tentatively assigned to
the electron emission from C" or CF'. To elucidate the detail of the ultra-fast
dissociation processes for CHF3, Auger electron—photoion coincidence (AEPICO)
measurements have been carried out at the soft x-ray beamline BL8B1.

The experimental procedure was described elsewhere [3]. The resonant Auger
spectrum following the Cls— ¢ excitation (hv=294.7e¢V) is shown in Fig.1.
Horizontal axis is indicated as a scale of Auger-final-state energy (FSE).
Spectator-type Auger transitions are observed around 40 and 60 eV, while
participant-type around 20 eV. The weak shoulder structure observed at 26 eV is
ascribed to the Auger transition from the fragment [2]. Coincidence spectra
between energy-selected Auger electrons and fragment ions were measured for
various Auger-final-state energies. When the FSE is set to 17 eV, CFs+, CF:*, and
CF+, which would be produced from the participant-type molecular Auger-final
states, are observed in Fig.2(a). On the other hand, only CF+ is appeared in
Fig.2(b) when the FSE is set to 26 eV. This is a clear evidence for the Auger decay
from not C” but CF’ fragments. Such a considerable enhancement for CF* yield can

not observed for the other core-excited states, for instance, Cls—3p. We, thus,
conclude that after Cls—¢” excitation in CHFs, the ultra-fast dissociation (1) and

consequent Auger decay of the fragment (2), as described bellow, take place in

competition with the resonant Auger decay within several femtoseconds.
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Fig.1 Auger electron spectrum for CHF, at Cls—c* excitation
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Fig.2 AEPICO spectrum for CHF, at Cls—c" excitation
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One of the most important characteristics of the correlated electron systems is the drastic re-

construction of electronic structure over an energy scale of eV with changes of temperature, doping

concentration, and/or external field. Therefore, optical reflectivity measurement over a wide energy

range and the optical conductivity spectra derived from the reflectivity spectra provide us with very

useful information about the strongly correlated electron systems.

We measured the reflectivity spectra of several transition-metal oxides, including Mn-, Ni-, Co-, Mo-

and V-oxides, for an energy range of 4 eV < E < 35 eV at room temperature using the beam line BL1B.

The measured reflectivity data, together with the lower-energy data below 6 eV, were used to derive the

optical conductivity spectra or dielectric function via the Kramers-Kronig analysis. As an example,

imaginary part of the dielectric function of perovskite-type V-oxide, YVO,, are shown below.

This compound is well known as a
typical Mott-Hubbard insulator that has
orbital-ordered ground state as well as
intermediate-temperature phase whose
patterns determine the respective spin-
ordering pattern (G-type and C-type).
The compound is also of current great
interest because of thermally induced
magnetization reversal. As shown in the
figure, the ¢ , spectra show small
anisotropy even at room temperature,
which is above the spin- and orbital-
ordering temperatures. These spectral
features are attributed to robust spin-

and orbital-correlation .
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Lead tungstate (PbWO,) has been received intense attention as a promising candidate for scintillating
substance [1].  On the other hand, its basic optical properties, such as reflectivity spectra or dielectric constants,
have not been established experimentally until now. Very recently, remarkable dichroism has been observed on
the reflectivity spectra by us [2] and other groups [3,4]. However, there are some discrepancies among these
results. In the present study, polarized reflectivity spectra of PbWO, crystals with scheelite structure have been
measured in the extreme ultraviolet up to 30 eV.

Single crystals of PbWO, were obtained from the Institute of Solid State Physics of Russian Academy of
Sciences and the Materials Research Laboratory of Furukawa Company. Reflectivity spectra were measured at
8 K on the cleaved surfaces of (011) plane, with the electric vector parallel (E // a) and perpendicular (E L a) to
the a-axis [2].

Figure | shows typical reflectivity spectra of PbWO, in the 3-30 eV region. A strong exciton band | is
observed for the polarization £ // a. The intensity of the exciton band 1 for E La is very small. Several
polarization-dependent structures are also observed in the high-energy region. A strong peak 2 is observed at
5.3 eV for E L a, while such a peak is not observed for £ // . One may see a structure 3 around 6.5 eV. The
broad peak 4 observed for both polarizations probably corresponds to the prominent peak observed in the 8-9 eV
region in Refs. 3 and 4. The reflectivity decreases gradually above 9 eV and shows a minimum at around

12-14 eV. The structures in the 4-10 eV region are mainly ascribed to the transitions from the valence band to
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Fig. 1 Reflectivity spectra of scheelite PbWO, in the Fig. 2 Reflectivity spectra of scheelite PbWOQ, in
3-30 eV region at 8 K. the exciton-band region at 8 K.

— 100 —



the bottom of the conduction band, since the calculated width of the valence band is about 5.5 eV (see below).
Sharp peaks due to the transition from the Pb** 5d core level to the 6p level are observed in the 19-25 eV region,
indicating that the Pb*" 6p state contributes appreciably to the bottom of the conduction band. Tt is supposed
that the exciton transition in PbWO, would involve the cationic Pb*' 6s—6p excitation as well as the charge
transfer from oxygen to tungsten.

In Fig. 2 are shown reflectivity spectra in the exciton-band region on an expanded scale. We can see two
structures a; and a, for the polarization E // a and three structures ey, ¢; and e; for E La.  The fine structures a;
(e1) and a, (e,) would originate from the spin-orbit splitting of the Pb*" 6p state. The structure e; is likely to be
assigned to the longitudinal exciton-polariton mode peculiar to anisotropic crystals, since the light wave with the
polarization E | a propagates as an extraordinary ray in the crystal.

We are now calculating the electronic structure of scheelite PbWO, by using the DV-Xa method. A
preliminary result of simple [PbW,0,4]” cluster is presented in Fig. 3. It appears that the valence band is built
up of mixed Pb(6s)-O(2p) state, and the conduction band is composed of mixed Pb(6p)-W(5d) state. This

result is fairly consistent with the above interpretation of the fine structures in the exciton-band region.
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Fig. 3 Electronic structure of PbWOj calculated by DV-X o method (right-hand side: simple [PbW4016]°' cluster).
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Lots of studies have been conducted on optical properties of semiconductor mesoscopic particles dispersed
in insulator matrices so far. Almost all the studies have focused on the optical properties of the semiconductor
particles in the visible or near ultraviolet spectral regions. Accordingly, we have focused our attention on the far
and vacuum ultraviolet spectroscopy of the semiconductor particles dispersed in insulator matrices.

One of our great interests in this subject is the excitation energy transfer from the insulator matrix to the
semiconductor particles through the interface. In other words, we expect that the excitation of the matrix by
photons or electrons can efficiently give the luminescence of the semiconductor particles: the matrix-sensitized
luminescence. In the past, KI crystals doped with TI" impurity ions have been reported to occur the energy
transfer to the TI" impurity ions due to the exciton migration in the KI crystal at low temperature [1].
Furthermore, it has been recently proposed in Csl crystals doped with Na™ impurity ions that the X-ray
stimulated luminescence at room temperature is caused by the energy transfer carried by the electrons or holes
created in the CsI crystal to Nal nano-crystals [2]. As a matter of fact, the excitation energy transfer is of utmost
importance on the application to luminescent materials such as phosphors, laser and scintillator crystals.

In the present study, we have dealt with Cul microcrystals dispersed in a KI matrix, and have investigated
the luminescence from the Cul microcrystals at low temperature in the range from 3 to 7 eV with use of SOR at
BLIB in the UVSOR facility. On the basis of the present results, we have examined whether the energy transfer
from the KI matrix to the Cul microcrystals through the interface is possible or not.

On the upper side of figure 1, the luminescence spectra of the Cul microcrystals dispersed in the KI crystal
excited by (a) 4.13-eV, (b) 4.96-e¢V and (c) 6.42-eV photons at 10 K are shown. There exist the first exciton band
of Cul and KI at 3.05 eV (Z, , exciton) and 5.83 eV (Is exciton), respectively. Thus, the 4.13-eV photons excite
only the Cul microcrystals, and most of the 6.42-eV photons are absorbed by the KI matrix. In addition, the
absorption band around 4.7 ¢V and the luminescence band around 3.1 eV, which originate from isolated Cu’" ions,
can be observed in KI crystals doped with Cu” impurity ions [3]. Supposed that there are a lot of Cu” ions in the
KI crystal, the 4.96-eV photons are expected to excite the Cu’ ions. Firstly, we can see in Fig. 1(a) the
luminescence line at 3.05 eV ascribed to bound excitons and the luminescence band around 2.95 eV due to
donor-acceptor pair transitions, which come from Cul microcrystals regarded as bulk crystals. In addition, the
luminescence at the higher-energy side of the luminescence line at 3.05 eV is probably assigned to confined
excitons in Cul nano-crystals. Secondly in Fig. 1(b), the luminescence line and bands from the Cul microcrystals
can be seen like Fig. 1(a). It should be pointed out that the luminescence band originating from the Cu’ impurity
ions is not observable. This fact suggests that very few Cu” ions are left in the KI crystal because they have
almost precipitated as Cul microcrystals in our sample. Thirdly, there appear two luminescence bands ascribe to
type I and type II self-trapped excitons (STEs) in KI at 4.15 eV and 3.31 eV in Fig. 1(c), compared to Fig.1 (a)
and (b). From the results, we should notice that the luminescence of the Cul microcrystals around 3 eV could be

observed in addition to the STE luminescence of KI even under the interband excitation of KI. Finally, Fig 1(d)
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shows the excitation spectrum monitored at 3.05 eV at 10 K. Below ~ 5.5 eV, the spectrum corresponds to the
optical transition of Cul. On the other hand, the spectrum above 6 eV is quite similar to the excitation spectrum
for the luminescence band of TI" ions reported in KI crystal heavily doped with T1" ions [1], although the 3.05-
eV luminescence contains not only the exciton luminescence of Cul but also the STE luminescence of KI.
According to [1], the TI" luminescence is caused by the energy transfer due to the exciton migration in the KI
crystal. Consequently, the results suggest that the Cul luminescence under the excitation on the intrinsic

absorption of KI is strongly correlated to the excitonic process in the KI matrix.
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Figure 1. Luminescence spectra of Cul microcrystals dispersed in KI matrix excited at three different photon
energies (upper) and the excitation spectrum monitored at 3.05 eV (lower) at 10 K.

= 103 —



(BLIB)
Photoionization of Adsorbed Rhodamine Dyes at the Aqueous Solution Surfaces

Toshio Ishioka, Koichiro Seno, Akira Harata, and Yoshihiko Hatano

Department of Molecular and Material Sciences, Interdisciplinary Graduate School of Engineering Sciences,
Kyushu University, Kasugakoen 6-1, Kasuga-shi, Fukuoka §16-8680, Japan

Photoionization of molecules has been of great importance both in fundamental and applied sciences.
Such studies have been in progress with powerful photon sources such as lasers and synchrotron radiation

(SR).I' SR covers higher and wider photon energy regions than laser radiation so that SR is used for the
photoionizing of molecules not only in the gas phase but also in the condensed phase or at the surface to
characterize molecular states or to analyze photoionization mechanisms.

A solute in a bulk solution is known to photoionize at a lower photon energy than the ionization
potential in the gas phase due to neighboring solvent molecules around a solute molecule. However,
photoionizing behavior of adsorbed molecules at an aqueous solution surface has hardly studied even though
there are a wide variety of surface-active molecules and their adsorption behavior has a great importance in
physical chemistry, biochemistry, environmental chemistry, and technology. It seems that the mechanism of
photoionization of a molecule at the liquid surface is different from that in the gas phase or in the bulk liquid
phase but it has not been clarified due to the lack of precise experimental results.

Furthermore, it is not clarified also how a solute interacts with solvent molecules on photoionization
and how much distance from surface the solute molecule participate in that. In this study, photocurrent induced
by the single-photon ionization of water-soluble rhodamine dyes is measured at the aqueous solution surfaces
using SR. The results are analyzed to determine the photoionization thresholds. The photoionization process
and the state of these rhodamine dye molecules are discussed in connection with results of surface tension
measurements.

Experimental UVSOR BL-1B 6 High voltage
Experimental setup for the measurement of - 8 supply unit
single-photon ionization is shown in Fig. 1. LiF window
Monochromatized SR from BLIB is irradiated Quartz plate v
upon a solution surface placed between two plate  _ Seya-Namioka __ p Sample PD
electrodes in the photon energy range of 4-7 eV. Monochromator Bigiar .
. k . Aluminum
The solution (400 pL) is kept on an aluminum plate

plate so that a high voltage (0.8 kV) is applied
between the solution surface and an electron-
collecting electrode settled in the gas phase. The
cell box is purged with He gas. Photoionization

Personal computer Pico—ammeter

current is measured by a pico-ammeter (Model 617,
Keithley). The electrode spacing is 5.5 mm. A
relative photon intensity distribution is calibrated
by the fluorescence intensity of sodium salicylate
coated on an acrylic resin plate with a
photomultiplier (1P28, Hamamatsu Photonics).
Surface tension of the aqueous solutions is
measured by a surface-pressure meter (Model HMB,
Kyowakaimen) of the Wilhelmy type. RhB and
Rh101 (reagent grade, Nacalai) are used as received.
Rh6G is purified by recrystallization. Water is
purified by a Milli-Q system (Milli-Q Academic,
Millipore). Aqueous solutions with a concentration
ranging 0-100 pmol dm—3 are prepared. In all
measurements, the temperature is controlled at
25+1°C under atmospheric pressure.

Results and Discussion

Photocurrent spectra at the surface of both
pure water and the aquecous solutions of RhB,
Rh6G, and Rh101 are shown in Fig. 2, where the
photocurrents are normalized with the SR photon
intensities. The photocurrent for the surface of pure

Pico—ammeter

Fig. 1 Schematic diagram of experimental setup for
single-photon ionization. PD is the photodetector.

: RhB

Photocurrent / Norm.

1 1 1

4.5 5 5.5 6

Photon energy / eV

Fig. 2 Photocurrent spectra at the surfaces of pure
water and  rhodamine aqueous solutions with a

concentration of 10 ttmol dm=3.
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water is not detected in this experimental accuracy.
The photocurrents increase with the photon energy

above their threshold photon energies. It has been 74
known that the photocurrent, 7, near the
photoionization threshold, E, is expressed with an 70

empirical power law,2
I=C (Egx)®=C (hv - Eq)%, (1)
where C is a constant, Fey is the excess energy, and

70

Surface tension /mN m”

68 O: RhB
hv is the incident photon energy. The values of Eyp . [1: Rh6G
for rhodamine dyes at the aqueous solution surfaces 66 e o 2 Rh101
are determined by fitting Eq. (1) with the exponent s U
o = 2.5 to the curves in Fig. 2. A plot of the 0.4 64 F O
power of the photocurrent vs the photon energy is on
a straight line. The values of Ey, for RhB, Rh6G 62 1 1 L 1 1

and Rh101 are determined to be 5.6, 5.6 and 5.3 eV, 0
respectively. The photoionization threshold of a
solute in a bulk solution can be related to the
ionization potential in the gas phase, IP,

Eh=IP + P + I, (2)

where PT is the polarization energy of the resultant
positive ion and ¥ is the electron affinity in the

20 40 60 80 100 120

Bulk concentration / umol dm™®

Fig. 3 Bulk concentration dependence of surface
tension of the rhodamine aqueous solutions.

solvent. Timoshenko et al. derived the value of TP
for RhB to be 6.7 eV.3 Assuming that ¥y in Eq. (2)
at the surface is negligible, we can estimate the value

Table 1 Experimental results for threshold, signal
intensity and surface excess. Concentration of the

solutions is 10 pmol dm 3.

of Pt at the aqueous solution surface from IP and the

obtained photoionization threshold. The value of P* Sample ?;r\?rsmld S’flflns 1;31:2] o S/urfacf EX_C;SS
for RhB at the aqueous solution surface is calculated L
to be —1.1 eV, which is larger than that value in bulk RhB 4 ! Qe
solution estimated from the Born’s equation (0.5 Rh6G 56 0.16 0.05
eV).4 It suggests that probed molecules by single-

RhIO1 53 2.7 0.13

photon ionization measurements are positioned at a
depth from the surface where the resultant positive ion
sufficiently interacts with solvent water molecules, and that the value of V() cannot be negligible even for

molecules at the water surface.

To discuss the relation between the signal intensity and the amount of solute molecules at the surface,
it is necessary to know the number density of rhodamine molecules at the aqueous solution surface. Surface
tension measurements are known to be useful for its purpose and the dependence of the surface tension of the
rhodamine solutions on their bulk concentration were measured and the result is shown in Fig. 3. Surface
tension of each rhodamine aqueous solution decreases with the bulk concentration, which indicates that each
rhodamine molecule is adsorbed positively to the surface. The surface excess of each rhodamine molecule can be
deduced by applying the thermodynamic equations for the data in Fig. 3 and the result at a 10 pM dye
concentration is listed in Table 1 as well as the photoionization threshold and the signal intensity at 6.2 eV.
The signal intensity difference between Rh6G and RhB can be regarded as the difference in the surface excess.
While, the signal intensity of Rh101 which is much larger than that of RhB despite of smaller surface excess is
caused by the difference in the photoionization threshold.

However, there is still a detailed discrepancy in the relation between the surface excess and the
photoionization signal intensity. Possible causes of the discrepancy are differences between the rhodamine dyes
in photoionization crosssection, direction of the transition moment, depth profile of the molecules and so on. It
is important to quantify those values to clarify the cause of the discrepancy though we do not have enough data
to discuss them at the present stage and further experiments are now in progress.

References

1. Y. Hatano, Phys. Rep.-Rev. Sec. Phys. Lett., 1999, 313, 109.

2. R. A. Holroyd, J. M. Preses, and N. Zevos, J. Chem. Phys., 1983, 79, 483.

3. M. M. Timoshenko, I. V. Korkoshko, V. I. Kleimenov, N. E. Petrachenko, Yu. V. Chizhov, V. V.
Ryl’kov, and M. E. Akopyan, Dokl. Phys. Chem., 1981, 260, 138.

4. M. Born, Z. Phys., 1920, 1, 45.

— 105 —



(BL1B)
Fundamental Absorption Edge of PbWOQO, Crystals

M. Ttoh, H. Yokota, H. Kunisaki, and M. Fujita®
Department of Electrical and Electronic Engineering, Shinshu University, Nagano 380-8553
M Japan Coast Guard Academy, Wakaba, Kure 737-8512

Lead tungstate (PbWQ,) is a birefringent scheelite-type crystal consisting of tetragonal unit cell. In this
industrially-important material, there are some unresolved problems on optical transmission in the region
of the fundamental absorption edge, such as the spectral behavior of the low-energy tail and the
appearance of color-center band. For non-metallic solids, it has been found that the absorption
coefficient at the band edge is an exponential function of the photon energy at a certain temperature.
This dependence is called Urbach rule [1]. Spectral behavior of the fundamental absorption tail in
PbWO, crystals was investigated by Loo [2], who claimed that the Urbach rule does not hold for this
material. In the present study, we focus our attention on the low-energy tail of the fundamental
absorption of PbWO,.

Single crystals of PbWO, used in the present experiment were grown by Dr. Usuki. The specimen
having a freshly cleaved (011) surface was mounted on the copper holder in a variable-temperature
cryostat of He-flow type. Optical transmission measurements were carried out using the ordinary ray (E
// @) as a light source.

Figure 1 shows a typical example of the absorption spectra of PboWO, at 7= 6 K near the fundamental
absorption edge. The results of four crystals cut out of the same or different ingots are presented in this
figure. A single absorption band is clearly seen at 3.5 eV for all samples. Its intensity varies from
sample to sample. This band is typical of PbWO, crystal, but the origin is still controversial [3]. The
3.5-eV band overlaps with the tail part of the fundamental absorption. This makes the true shape of the
low-energy tail obscure. Fortunately, there is no or little influence of such overlap in the spectrum
indicated by asterisk. This spectrum was taken for a crystal with 2.1-mm thickness, the quality of which
seems to be the best among the samples investigated.

The absorption coefficients obtained for the best-quality sample at various temperatures are plotted on
a logarithmic scale in Fig. 2. The open circles represent the experimental data. The straight lines
converge to a point (Ey, o), indicating that the Urbach rule certainly holds for PbWO,. From the
converging point, we get £, = 433 eV and @, = 4.2 x 10"cm™.  The steepness parameter o at various
temperatures is presented by open circles in Fig. 3. The temperature dependence of o is expressed as
o) = oy(2ksgT/hvitanh(hvi2ksT). The solid line is the least-squares fit of this equation to the
experimental data, with the high-temperature steepness parameter oy = 0.82 and the average phonon

energy hv= 32 meV.
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According to the Sumi-Toyozawa theory [4], the parameter oy is inversely proportional to the strength
of the exciton-phonon interaction. The present value oy = 0.82 is smaller than the critical value (1.50),
above which an exciton becomes self-trapped. This fact strongly suggests that the exciton-phonon
interaction is strong in PbWOQ,. In fact, it is known that the intrinsic luminescence of this tungstate

appears at 2.80 eV, and is attributed to radiative decay of self-trapped excitons [5].
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Category 4. Solid- and liquid- phase spectroscopy 1 (IR, VUV, etc)

I. EXPERIMENTAL PROCEDURES

Hydrogenated amorphous silicon nitride (a-SiN,:H) films were deposited on a silicon monocrystal substrate
by plasma-enhanced chemical vapor deposition using SiHs, NH; and N, as monomer gases. By increasing the
SiHy flow rate from 150 to 350 sccm, samples A to C shown in Table I were obtained. The atomic ratio of N to
Si, denoted by x, was calculated from XPS spectra obtained with a JEOL JPS-90MX spectrometer.

For PL measurements, two photon sources were used. One is synchrotron radiation (SR) at the BL1B line
of UVSOR Facility and the other is a KrF excimer laser with a wavelength of 248 nm (=5.0 eV), a pulse width of
25 ns, and a pulse energy of ~100 mJ/cm®.  Using SR, PL and PL excitation (PLE) spectra were measured at 10
K under multi-bunch operation, while PL decay characteristics were measured at 10 K by a time-correlated
single photon counting technique under single-bunch operation. Time-resolved PL spectra were obtained at
room temperature using the excimer laser and a monochromator equipped with an intensified charge-coupled
device (ICCD) array. The ICCD array was gated by a pulse generator connected to a delay circuit and the delay
time between the laser pulse and the gate-on pulse was monitored with an oscilloscope. The gate-on duration
or the PL observation period was adjusted from 50 ns to 4 us so that clear PL spectra could be obtained.

IT. RESULTS AND DISCUSSION

Figure 1 shows PL spectra of samples A to C excited by photons with an energy of 5.0 eV from SR at 10 K.
A gaussian-shaped broad PL band is observed. As x increases, the PL peak energy shifts to a higher energy
from 1.9 to 2.7 eV. The PL of a-SiN:H films is considered to be due to recombination of photogenerated
carriers within the localized states at the band tails. ~As shown in Fig. 2, the threshold energy of the PLE spectra,
corresponding to the optical band gap energy, shifts to a higher energy with an increase in x. Thus, an increase
m the band gap energy is responsible for the blue-shift of the present PL peak. To investigate PL properties
further, we have measured time-resolved PL spectra using samples B and C that have stronger PL intensities than
sample A. The height of the time-resolved PL spectrum was divided by the gate-on duration, and is shown as a
function of the delay time for samples B and C in Fig. 3(a). The PL decays nonexponentially, ranging from
~10® to 107 s, which indicates that the PL has a broad lifetime distribution. Therefore, it is convenient to
analyze the PL decay by assuming a distribution function G(z) of lifetime 7. The distribution function G(7) is
expressed by the equation,

G(7)=const / (dlog l/dlog 1), (1)
where [ is the PL intensity and ris the lifetime.  Figure 3(b) shows the product 7G(7) or the lifetime distribution
drawn by choosing G(7) so as to yield the best fits to the decay. The lifetime distribution 7G(7) has a
component that stretches over a wide range from 10° to 107 s. Radiative tunneling recombination is
considered to be the main recombination mechanism of this component. In Fig. 3(b), a steep drop in 7G(7) is
seen at ~107 s. The PL decay at this early stage was investigated using SR. Figure 4 shows the
nanosecond-order decay of PL excited by SR photons with an energy of 5.0 eV, observed in sample B by
monitoring at 2.2 eV at 10 K. The decay is nonexponential and can be expressed by a stretched exponential
function,

r(tec(2 1) Pexpl-(t/7) P, (2)
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where I’ is the PL intensity,  the time, 7 the effective lifetime, and /7 a parameter that has a value between 0 and
1. The curve in Fig. 4 is the least-squares fit to Eq. (2) of the decay profile. The nanosecond-order decays of
the PLs in samples A and C excited by 5.0 eV photons from SR at 10 K were monitored at each excitation peak,
namely, at 1.9 eV for sample A and 2.7 eV for sample C. Figure 5 shows the effective lifetime 7" and parameter
. each as a function of x. It is found that 7 increases from 10 to 16 ns with an increase in x, while /is constant
at 0.4 independent of x. This fast decay component is considered to be due to an exciton-like recombination.
The time-resolved PL and nanosecond-order PL decay measurements indicate that the photogenerated carriers in
the band-tail states recombine first through an exciton-like mechanism and then through a radiative tunneling
mechanism.

Table I. The ratio of the source gases and N/Si ratio of the a-SiN,:H films synthesized.

Sample gas ratio  (=NH;/SiH,) x (=N/Si)
A 5.5 0.91
B 7.3 0.97
c 12.5 1.26
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Tt has been well-known that the Tl -type centers in alkali halides exhibit several absorption bands in
the energy region below the absorption band edge of host crystals. In alkali halides with the NaCl-type
crystal structure, these absorption bands are labelled A, B, C and D in the order of increasing photon
energy. The A, B and C bands are originated from intraionic transitions corresponding to 'S, =P,
(spin-orhit allowed), 'S, —°P, (vibration induced) and 'S, —'P, (dipole allowed), respectively. The D
bands are due to the exciton transition perturbed by the T1 -type ions or the charge transfer transition
from halogen ions to T1 -type ions[1,2].

In alkali halides with the CsCl-type crystal structure, on the other hand, the origin of the absorption
bands appearing below the ahsorption edge of host crystals is not necessarily defined, because the
systematic study on the absorption bands of the Tl -type centers doped in the CsCl-type alkali halides is
lacking. Though there are a small number of studies on CsI:T1" having the absorption bands in the lower
energy region[3-5], optical studies on CsBr'Tl" and CsCLT]1" are limited[6,7], especially in the vacuum
ultraviolet energy region. In this report, we present the optical absorption spectra of CsX:T1™ (X=Cl, Br,
I up to the vacuum ultraviolet energy region.

The preparation of the sample was as follows. At first, rapidly quenched bulk ingots of Cs-halides
doped with T1" impurity ions were prepared from the melt containing corresponding Tl-halide powders
in Cs-halide powders. Next, a small fragment of the ingots was placed on a step of the cell made by
putting one smaller quartz or sapphire plate on top of the larger plate. When it was heated above the
melting point of the Cs-halides in a nitrogen atmosphere, the melt was percolated into the gap of the cell
through capillary action. After infiltrating into a whole area of the cell, thin cerystal was grown in the gap
by natural cooling. The crystal was cooled down to room temperature within one hour.

For the optical measurements up to the vacuum ultraviolet energy region, the light source was the
synchrotron radiation from the 750 MeV electron storage ring at the BL-1B line of UVSOR. The
absorption spectra were measured by using a 1 m monochromator of Seya-Namioka type. The absorption
measurements below 6.1 eV were made by using a grating monochromator (JASCO CT25CS) attached a
D. lamp as a light source.

We show the absorption spectra of (a) CsI'T1", (b) CsBriTl', and (¢) CsCL'T1™ in the energy region of
4.1~7.8 eV at low temperature in Fig.1. In the CsI'T1", CsBr'T1", and CsCLTI™ crystals, the absorption
bands with the lowest peak energy are observed at 4.27, 4.85, and 5.18 eV, respectively. In the higher
enegy region, several absorption bands are observed with no extremely different absorption intensity.
These absorption bands become close to each other in a sequence of CsCI'Tl" — CsBr'Tl" — CsI'T1
crystals.
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The lowest absorption bands have been assigned to the A absorption bands of the Tl -type centers by
several authors[3,4,6]. On the other hands, the origin of the higher energy bands has not necessarily
been demonstrated. The temperature evolution of the higher energy bands is not characteristic of the T1
centers in NaCl-type alkali halides. From the spectra changes in the CsBr,-, Csl, : TI" (0.0 =x=1.0)
mixed crystals and the temperature dependence of the absorption bands, we assign the higher energy
bands to the charger transfer or perturbed exciton transition bands(8]. The B and C bands are not given
in our assignment. The difference of the absorption bands between the CsCl-type and NaCl-type alkali
halides may be explained in terms of the ion arrangements around the T1' ion. To clear up this problem,
further studies of optical transitions in the CsCl-type ionic crystals doped with the Tl -type ions are

needed.
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Magnesium silicate, Mg,SiO,, is one of the silicate minerals which make up the majority of the
earth’s crust and mantle. This material takes two kinds of crystal phases: forsterite with olivine structure,
and ringwoodite with spinel structure. They have been studied from the interest in geophysics and crystal
chemistry. The electronic structure of forsterite has been investigated by X-ray emission and photoelectron
spectroscopy [1]. As far as we know, there is no report on the electronic structure of forsterite except this
investigation. In the present study, polarized reflection spectra of forsterite have been measured using
synchrotron radiation, in order to obtain the information on its electronic structure. The results obtained
here will be applicable to predict the structure, physical and chemical properties of forsterite under ultra-
high pressures in the earth’s deep interior.

The crystals of forsterite were grown in air by a floating zone (FZ) technique. The orientation of
crystal samples was determined by the X-ray analysis. The crystal samples were mounted on a Cu holder of
a He-flow-type cryostat. The present experiments were carried out at BL-1B of UVSOR facility. The
synchrotron radiation (SR) dispersed with a I-m Seya-Namioka monochromator was used as a light source.
The spectral bandwidth of the SR was fixed to 0.1 nm. The electric vector of the SR is perpendicular to the
b-axis. Reflectivity spectra of near normal incidence were measured using a photomultiplier tube
(Hamamatsu R105) coated with sodium salycilate. High order light included in the SR was cut off by the
LiF plate set up in the front of the sample chamber.

Figure 1 shows polarized reflectivity spectra of forsterite at 10 K in the 5-25 eV range. The
spectra for the polarization parallel to the a-axis (E || a) and the c-axis (E || ¢) are indicated by the solid and
broken curves, respectively. Both spectra are structure rich in the region below 15 eV. The prominent
structures exhibit remarkable anisotropy. In the higher energy region above 15 eV, the structures are
considerably broad, as compared with those below 15 eV. The rapid decrease in the reflectivity around 20
eV would be due to plasmon excitation, because the plasmon energies for the polarization E || a and E || ¢
are estimated to be about 23 eV. We further calculated the electronic structure of the Mg,SiO, cluster
embedded in the orthorhombic lattice of forsterite by using the DV-Xa method, in order to understand the
origin of the structures in the reflectivity spectra of Fig. 1. The energy level diagram of the embedded
Mg,SiO, cluster is shown in Fig. 2. In the left hand side, the solid and broken lines indicate occupied and
unoccupied levels, respectively. The energy is referred to the top of the valence band. It is evident that the
valence band (VB) is almost of O 2p character and that the lower conduction band (CB) is composed of the

Mg 3s orbital with contribution from the Si 3s orbital. Therefore, it is most likely that the optical transitions
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in the region near the fundamental gap are attributed to the O 2p — Mg 3s transitions, which are indeed of
allowed type. Although the anisotropy of the structures in the region below 15 eV is not explained at
present, they reflect the joint density of states between the VB and the lower CB. In addition, we expect
that the transitions from the VB to the Mg 3p conduction states take place at around 15 eV. This type of the
transitions is essentially forbidden, and thus the structures in the region above 15 eV are not so remarkable,
as compared with those below 15 eV.
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Cerium-ion-doped crystals [1,2] are already known as practical tunable ultraviolet laser media
pumped with the fourth harmonic of an Nd:YAG laser. A 60-mdJ output from Ce'LiCAF was already
demonstrated with large Czochralski (CZ)-grown crystal [3-5], and if other pumping schemes were
available, it would expand the applicability of this laser medium. In this paper, we report finding
new excitation channels of Cerium ion through Ce:LiCAF, Ce:LiSAF, and Ce:LaSCAF crystals and
they coincide completely with the transmission edge of each crystal.

Fluoride crystals were grown using the CZ method. Commercially available AlFs, CaFs, SrI%
and LiF high-purity powders (>99.99 %) were used as the starting material. Growth orientation
was controlled by using a-axis- oriented seed crystals. The pulling rate was 1 mm/h and the
rotation rate was 10 rpm. The growth was carried out in an Ar gas atmosphere and the starting
material was melted at 1120 K. Sodium ions were co-doped for the charge compensation.

The transmission, luminescence and excitation characteristics of various fluoride crystals
including Ce:LiCAF, Ce:LiSAF, and Ce:LiSCAF were measured using an Ultraviolet Synchrotron
Orbital Radiation Facility (UVSOR) with a 1-m focal length Seya-Namioka monochrometer with a
photo-multiplier. The luminescence spectrum of Cerium-ion-doped fluoride crystals is known to
peak around 290 nm [1]. Therefore, we measured the excitation characteristics of
Cerium-ion-doped fluoride crystals with an observation wavelength of 290 nm through band-pass
filters. As shown in Fig. 1, the peaks (B) and (C) in the excitation spectrum corresponded to the
absorption of Cerium ions. Excitation channels (A) at around 115, 118 and 119 nm for each fluoride
crystal coincided roughly with the transmission edges of 112, 118 and 123 nm, respectively. It is
interesting that these excitation channels roughly coincide with the bandgaps of each crystal. This
result confirmed that these excitation channels can be considered as electrons transfer from the
host crystal to the active Cerium ions. A schematic of energy levels and a possible decay channel in
the erystal is shown in Fig. 2.

In conclusion, the excitation channels of Cerium ions through fluoride host crystals were
observed. These excitation channels indicate the bandgap of the host crystals, and can be used as a
potential pumping channel including electron-beam pumping or vacuum ultraviolet pumping, for
the future scaling of high-power Cerium-ions-doped fluoride lasers.
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There is resurgence in phosphor research due to the recent interest in developing emissive flat panel displays. Efficient
and stable three-color phosphors are being developed for these applications, and thin film phosphor materials have been
attracted much attention due to the advantage of the high quality of pictures. It is well known that oxide phosphor is the
promising materials for the efficient and stable phosphors. It is however found that it is difficult to make the complex oxide
hosts because of the high melting point of these materials and unexpected compositional deviation.[1] On the contrary,
Pulsed laser deposition (PLD) technique has been widely used for depositing oxide films.[2] The advantages for this
method include some aspects as follows: little compositional deviation in the film from the target oxide, low growth
temperature of substrate, and the availability of relatively high oxygen pressure at the deposition which could facilitate
sufficient oxygen incorporation to as-grown films.[3] We therefore prepared CaAl,O,:Eu** phosphor thin films using PLD
technique.

We report on the optical spectra of oxide phosphor thin films using PL.D technique. Transmission, reflection and PL
excitation (PLE) measurement were performed in the wavelength range from 1000 to 4000 A. Each spectra were corrected
by sodium salicylate as a reference. We compare the PLE spectra with absorption spectra and obtain the quantum effi-
ciency for the Eu* blue emission.

CaAl,0,:Eu* phosphor thin films were prepared by laser ablation using KrF excimer laser (248 nm). The films were
deposited on 25x12.5 mm? quartz glass substrates at 200 °C in vacuum chamber using O, gas injection with 5 sccm flow
rate. Obtained films have various thickness by changing the laser fluence. The typical thickness are 500 A for #29 film and
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Fig. 1 Absorption spectra of CaAl,O :Eu* thin films. The  Fig. 2 PL excitation spectra of CaAl,0,:Eu* thin films.
films were deposited using various laser fluence (#29 ;0.5  The monitor wavelength is 4410 A.
Tem?, #30 ; 1.0Jem?, #31 ; 1.5 J/em?, #32 ; 2.0 J/cm?)
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3000 A for #32 film. The deposited films crystallized by post-annealing at 950 °C, however the number of diffraction
peaks varies with film thickness. The annealed films exhibit the emission band peaking at 4410 A mainly.

Figure 1 shows the absorption spectra of annealed films. We obtained the absorptance A using following relation,

A=1-R-T, (1)
where T'and R are transmittance and reflectance, respectively. The Absorptance increases with increasing the film thick-
ness. The absorption edge structure is observed at 1930 A and is attributed to the interband transition of host CaAlLQ,. The
absorption band observed in the range from 2200 to 3700 A is associated with the 4f' to 4/°5d transition of Eu® ion situated
in 9-coordinated Ca(Ill) site of CaAl,O, crystal.

As illustrated in the PLE spectra of Fig. 2, excitation band corresponding to the interband transition of host crystal is
observed below 1950 A, and the direct excitation bands of Eu* ions are also observed in the range from 2200 to 3600 A.
The position of these excitation bands is consistent with absorption spectrum. The thick thin films (#30, #31, #32) show
the relatively strong PLE intensity of the host excitation band. On the contrary the PLE intensity of host excitation band of
#29 film is quite weak. The PLE intensity of host excitation band and Eu** direct excitation bands also increases with
increasing the film thickness.

Figure 3 shows the spectral quantum efficiency (QE) of CaAl O,:Eu** phosphor thin films. We obtain QE as following
procedure. QE is usually determined by the ratio of the light output and absorptance. The light output is proportional to the
measured emission intensity, that is also called PL excitation spectrum I, (A). In this report, we neglect the wavelength

independent factor relating the excitation spectrum to the
0.5 T

T I 1 light output, then QE is finally obtained as
QE=1, (A)A. (2)
As shown in Fig. 3, the QE of Eu** direct excitation
band is relatively high and is almost constant. On the con-

exc

trary, the QE of host excitation band is quite low and sig-
nificantly varies with the film thickness. This fact sug-
gests that the migration rate of absorbed energy by host
crystal varies with the size of the crystal on the film. Thus,

QE (a.u.)

in order to obtain the efficient CaAl,O,:Eu** phosphor thin
film, it is necessary to increase the size of the crystal.

In summary, Transmission, reflection and PL excita-
tion (PLE) measurement were performed in the wavelength
range from 1000 to 4000 A. We compare the PLE spectra
with absorption spectra and obtain the quantum efficiency

for the Eu®* blue emission. Quite low QE of host excita-

2000 2500 3000 3500 4000

- tion band and its film-thickness dependence are observed.
Wavelength (A)

This work is supported by “Research for the Future
Fig. 3 Quantum efficiency (QE) of CaAl,O,:Eu** thin films. Program” through grant JSPS-RFTF 96 R 12501 from “Ja-

QE is determined by the ratio of PLE intensity and absorp-  pan Society for the Promotion of Science” (JSPS).
tance.
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Alkylammonium Cadmium Chloride, (C;HsNH;),CdCl, is a layered ionic crystal of perovskite-type. In

the crystal, it has been reported that a largely stokes-shifted luminescence band appears at 2.50 eV under

excitation at 5.90 eV into the excitonic absorption region, and at 2.25 ¢V under excitation at 10.3 eV above

the band gap energy. '’ These bands have been supposed to be of intrinsic nature. However, we recently

clarified that the lowest exciton absorption band is peaked at 6.19 eV, different from the previous report.

2,3)

This finding suggests that the excitation for the intrinsic luminescence occur above 6.19 eV. It is evidence,

therefore, that the 2.50 eV band, which is strongly excited in the low energy tail of the lowest exciton

absorption, is not intrinsic luminescence. In the
present study, recombination luminescence of
(C;HsNH;),CdCl, has been investigated in
detail under excitation at various photon
energies, in order to reconsider the intrinsic
luminescence.

(C;HsNH;),CdCly  single  crystals  were
grown at RT by evaporating the aqueous
solution containing stoichiometric amounts of
(C3HsNH;Cl and CdCl,. Samples were cleaved
in a plane perpendicular to the c-axis, mounted
on a Cu holder of a He flow-type cryostat and
then were cooled to 7 K. Experiments were
performed using synchrotron radiation (SR)
from a beam line 1B of UVSOR.
Luminescence was analyzed by a Spex 270M
monochromator equipped with a CCD detector
or a R955 photomultiplier.

Figure 1 shows luminescence spectra of
(C,HsNH;),CdCly, measured under excitation at
various energies. As shown in Fig. 1(a), a
luminescence band is observed at 2.14 eV,

when the crystal is excited at 10.8 eV above the
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band gap energy of 6.81 eV. This band appears under excitation above around 8.0 eV (Fig. 1(a) — (e)). In
Fig. 2, the excitation spectrum detected at 2.14 eV is shown. The dips at 6.2 eV and 8.2 eV correspond with
the peak positions of two kinds of exciton absorption bands, which are due to the transitions from the same
Cl 3p valence band to the conduction bands composed of Cd % and NH; s-like states, respectively. ™ The
excitation spectrum indicates high emission yield even below 8.0 eV. When the crystal is excited in the 6.2
— 8.0 eV range, another luminescence band appears at 2.19 eV, as seen in Fig. 1(f) — (i). Thus, the
efficiency in the 6.2 — 8.0 eV range is due to the excitation of the 2.19 eV band. On the other hand, it was
found that the 2.14 eV and 2.19 eV bands rapidly degrade during prolonged irradiation of excitation lights.
From the results mentioned above, the 2.14 eV and 2.19 eV luminescence bands are undoubtedly
assigned to intrinsic luminescence of (C,HsNH;),CdCL. The existence of such two intrinsic luminescence
bands suggests that there are two recombination processes of electrons and holes in this crystal. From rapid
degradation of their intensities, we speculate that they come from recombination of two kinds of spatially

correlated electron-hole pairs.
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Optical properties of lead halides have been studied extensively so far by several groups. Especially,
luminescence studies of these materials have been carried out since they give complimentary information
on the photolysis phenomena. Orthorhombic tin halides, SnBr, and SnCl,, have the same crystal structure
(space group Pmnb) and the similar electronic configurations as orthorhombic lead halides. The
investigation of the optical properties of SnBr, and SnCl, would deepen our understanding the energy
relaxation processes in this system. However, only a few studies on optical properties of Sn halides have
been reported so far [1-3].

Reflection measurements of our group for SnBr, have revealed a pronounced polarization dependence
of the first exciton band at 3.4 eV [4]. The polarization dependence has been well interpreted as a cationic
interband transition in Sn®" (55—5p) under the crystal field with Cs symmetry. The logarithmic plot of the
fundamental absorption spectra has been found to give a straight line [4], that is, the absorption tail of
SnBr; is well described by the Urbach rule. The obtained small value of the steepness parameter gy = 0.7
suggests that the electron-phonon interaction is in a strong case in SnBr,, and the free carriers are easily
self-trapped. In fact, a luminescence bands with a large Stokes shift was observed under the band-to-band
excitation at low temperatures [5,6].

In the present study, reflection and photoluminescence spectra of SnCl, have been examined at BL1B
in the UVSOR facility to obtain the new information on exciton relaxation process in this system. The
SnCl, granule crystals were first purified by distillation in vacuum, and the single crystals were grown by
the sublimation method. Figure 1 shows the reflection spectrum up to 12 eV measured at 10 K. One can see
a prominent peak at 4.51 eV due to the first exciton transition. The peak energy is almost the same as that
reported by Voloshinovskii (4.52 eV at 4.2 K) [3]. There are also seen several sharp peaks at 4.9 and 5.9 eV,
and broad peaks in the higher energy region. The structures from 4.5 eV to ~ 9 eV are obviously due to the
optical transition from the valence bands. The first exciton transition in SnCl, is probably ascribed to a
cationic interband transition in Sn** (55 — 5p) as in the case of SnBr,. However, the optical measurement
for polarization dependence is needed to make assignments to the electronic structures in SnCl,.

Figure 2 shows the luminescence and excitation spectra of SnCl, measured at 10 K. The luminescence
spectra are taken under the excitation with 4.13 and 4.48 eV photons. Two luminescence bands peaking at
2.05 and 2.67 eV are observed under the excitation with 4.48 eV photons, while the 2.67 ¢V band appears
under the excitation with 4.13 eV photons. These luminescence bands have a Gaussian lineshape and a
large Stokes shift from the lowest exciton energy. The obtained results are almost the same as those
reported by Pidzyrailo e al [1].

Luminescence excitation spectra were examined for photons emitted at 2.05 and 2.67 eV, respectively.
As can be seen in Fig. 2, the 2.05 eV band is stimulated with photons in the low energy region of the first

exciton band. On the other hand, the 2.67 eV band is strongly excited with photons in the region of the

— 120 —



lowest exciton band. These excitation spectra exhibit a sharp decrease in intensity as the excitation energy
is in the region of the band-to-band transition. The present results suggest that the 2.67 eV band is of
intrinsic in origin and is related to the annihilation of self-trapped excitons, and the 2.05 eV band is due to
the annihilation of self-tapped excitons perturbed by some impurity.

It is found that the integrated intensity of the 2.67 eV band begins to decrease rapidly at around 30 K,
while that of the 2.05 eV band begins to increases at the same temperature. The anti-correlated relation in
intensities of these luminescence bands strongly suggests that the self-trapped excitons begin to migrate
above 30 K and the exciton energy transfers to the 2.05 eV impurity center.

The authors acknowledge M. Tanaka for her assistance in crystal preparation, optical measurements

and data analysis.

T T T T T T T T T T I T I T I
7 10 2o ey SnCl, s
§= | E 1! €mission 10K excitation
Z 081 3
= 5
& 5 |
z 0.6 -
o : :;* 2.05eV
B 041 7]
= z
=02 e
5 0.
) =

0 1 | | 1 | | I | | 0 1 |
E 6 8 10 12 2 3
PHOTON ENERGY (eV) PHOTON ENERGY (eV)
Fig. 1. Reflection spectrum of SnCl, crystal Fig. 2. Luminescence and excitation spectra of SnCl,
measured at 10 K. measured at 10 K.
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The compounds of ABX; type (A=Cs, Rb; B=Pb, Sn; X=CI, Br,I) have some interesting optical and
electrical properties. For example, free exciton luminescence was found in CsPbCly crystal, and CsSnBr;
crystal is of quasi-metal type [1], while CsSnCl; crystal has dielectric properties. Moreover, these crystals
are characterized to show several structural phase transitions. It is of interest to study the electron-lattice
interaction in ABX; crystals by means of measurements of the optical properties.

In the present study, reflection and photoluminescence spectra of CsSnCl; have been measured at BLIB
in the UVSOR facility. The initial component SnCl, was distilled in vacuum, and CsCl granule powders
were resolved into a melt of SnCl, in a sealed Pyrex ampoule. The CsSnCl; crystal was grown by the
Bridgman method and was white-cream in color. The CsSnCl; crystals have a high-temperature transition
from the monoclinic to the cubic phase at 390 K. This structural phase transition is non-uniform throughout
the volume of the crystal, and the monoclinic and the cubic phases can coexist [2]. In fact, the XRD
measurement of our CsSnCl; crystals exhibited clearly the coexistence of both of the phases.

Figure 1 shows the reflection spectrum of CsSnCl; up to 12 eV measured at 10 K. A sharp peak is
observed at 4.38 eV. There are several broad peaks in the higher energy region. The prominent peak energy
1s close to the absorption peak of the monoclinic phase reported by Voloshinovskii et al (4.0 eV at 77 K) [2],
thus it can be assigned as the lowest exciton transition of the monoclinic phase. A small structure is
observable at 3.6 eV, which is probably due to the lowest exciton transition of the cubic phase since the
absorption peak of the cubic phase is located at 3.5 eV at 77 K [2]. It is to be noted that these lowest
exciton energies are almost the same as the first exciton energy of orthorhombic SnCl, [3.4]. The lowest
exciton transitions in CsSnCl; are ascribed to the cationic interband transition in Sn** (55 — 5p) as in
SnCl, [4] and SnBr;, [5].

Luminescence spectra of CsSnCl; measured at 10 K are shown in Fig. 2. The 2.11 eV band with a
full-width at half maximum of 0.26 eV is observed under the excitation with 3.32 eV photons. When the
excitation is made with 4.23 eV photons, a luminescence band with an asymmetric lineshape is observed
peaking at 2.65 eV. The luminescence excitation spectra for these bands are shown in Fig. 3. The 2.11 eV
band is stimulated with photons in the region of the lowest exciton band of the cubic phase, while the 2.67
eV band is strongly excited with photons in the region of the lowest exciton energy of the monoclinic phase.
The present results suggest strongly that they are of intrinsic in origin and is related to the annihilation of
self-trapped excitons in the respective phases.

It 1s found that the integrated intensity of the 2.11 eV band begins to decrease at around 40 K, while
that of the 2.65 eV band decreases gradually at 20 K and then diminishes at around 50 K. The estimated
activation energies using Arrhenius’s formula are 37 meV for 2.11 eV band, and 9 and 48 meV for the 2.65
eV band. The two-step thermal quenching of the 2.65 eV band indicates that this luminescence band

consists of composite bands.
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Fig. 1. Reflection spectrum of CsSnCl; crystal measured at 10 K.
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We have been constructing a spectroscopic system in which both synchrotron radiation (SR) and laser are used
as light sources [1-3]. A combination of the wide spectral range of SR, from X-ray to infrared, and the high
power of lasers is a powerful tool for investigating dynamical behaviors of excitations in inner-shell electronic
states of solids. Non-linear spectroscopy such as two-photon and pump-probe spectroscopy can be applicable to
solids in this system.

BaF, is known as a scintillator with 6-eV luminescence in high-energy physics. The luminescence is observed
under excitation with photons above the threshold of 17.8 eV. This energy corresponds to that between the
outermost core state to the conduction band [4]. The luminescence is attributed to the transition of a valence
electron to the hole in the outermost core state, where an Auger process is suppressed since the energy released
by the transition is not enough to excite another valence electron to the conduction band. The luminescence is
known as Auger-free luminescence (AFL) or cross luminescence.

Since AFL is related to core holes, it should be a good probe to examine the relaxation of core electrons and
holes. We have so far reported laser-induced increase of the AFL intensity of BaF, under excitation with
18.4-eV-photons, above the threshold of 17.8 eV, from SR [3,5] though the mechanism of the increase is an open
question. Two-photon excitation with SR and laser is a plausible explanation for that phenomenon. However,
excitation of accumulated defects in the sample with laser light [6] may possibly contribute to the increase of the
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Fig. 1 The block diagram of the experimental setup.
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AFL intensity through changing the branching ratio
between decay channels of the core holes. In order to avoid
this complexity we lowered the photon-energy of SR below
the threshold to 16.7 eV so that AFL is not observed under
excitation only with SR. Temporal behavior of the
luminescence was measured to clarify whether the
luminescence is a consequence of two-photon absorption or
not.

The block diagram of the measuring system is depicted
in Fig. 1. The laser light was guided to the sample by a
50-m-long optical fiber. The duration of the pulse was
stretched from 160 fs to about 0.3 ns during the travel
through the fiber. The duration of the laser pulse is
comparable to that of the SR pulse under the single bunch
operation. The pulse shapes of the laser and SR are shown
by solid and broken lines, respectively, in the upper panel
of Fig. 2. The temporal behavior of AFL was obtained
through the time-correlated single photon counting method.
As shown in Fig. 1, MCAl and MCA2 accumulated the
signal when the shutter was open and closed, respectively.
The temperature of the sample was kept at 295 K.

The rough curve in the lower panel of Fig. 2 shows temporal behavior of AFL under simultaneous excitation
with 16.7-eV-photons of SR and 3.1-eV-photons of the laser. The component of the luminescence caused by
scatter and higher harmonics of the Seya-Namioka-type monochromator was eliminated by subtraction of the
data on MCAZ2 (excitation with SR alone) from those on MCA1 (excitation with SR and laser light). We
performed convolution analysis of the experimental data. Convoluting the laser pulse shape with an
exponentially decaying function was not satisfactory. The smooth curve in the figure was obtained by
convoluting the product of SR and laser pulse shapes with an exponentially decaying function with the time
constant of 0.8 ns, which is the usual lifetime of AFL. The curve explains the experimental data successfully.
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Fig. 2 Upper panel: pulse shapes of SR (broken
line) and laser light (solid line). Lower panel:
temporal behavior of AFL under excitation with
SR (16.7 eV) and laser (3.1 eV). The smooth
curve is obtained through convolution analysis
(see the text).

This result suggests that the luminescence originates from two-photon absorption of SR and laser light.
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It is well known that amorphous chalcogenide semiconductor materials show a variety of
photoinduced effects [1,2] such as photodarkening, photoinduced structural change and
photoinduced volume expansion. The application of the amorphous materials to optical devices is
greatly expected, because these materials are very sensitive to the light. Among those phenomena,
the most prominent phenomenon is the so-called photodarkening, which is a parallel shift of the
optical absorption edge to lower energy side after irradiation with light whose energy corresponds
to the optical bandgap (bandgap (BG) light). This darkened state is removed by annealing near
the glass-transition temperature. The X-ray diffraction [3] and the volume change [4,5] of the
films before and after irradiation with BG light suggest that the photodarkening is due to a
change of the local structure of the amorphous network. Although a large number of studies have
been done on the photoinduced phenomena, there is rarely a photoinduced phenomenon in which
the details of the mechanism is clarified. These phenomena were studied by exciting outer core
electrons with the irradiation of the visible light with the energy corresponding to the optical
bandgap or sub-bandgap. Little attention has been give to photoinduced effects by exeiting inner
core electrons with the irradiation of higher energy photon. To obtain a wide knowledge of the
photoinduced effects, it is necessary to investigate photoinduced phenomena on wide energy
region. In the previous reports[6], we reported the photodarkening in amorphous chalcogenide
films by the irradiation of the vacuum ultra-violet (VUV) light. In our recent study, we observed
interesting photoinduced change in the photoconductivity and the total photoyield of amorphous
chalcogenide films by the irradiation of the VUV light and the BG light[7-9]. In this report, we
investigate the photoinduced change at the VUV reflection spectra of amorphous chalcogenide
films induced by BG light.

Samples used for the measurement were amorphous chalcogenide (a-As2Ses and a-As2Ss)
films. Thin films of amorphous chalcogenide were prepared onto quartz substrates by
conventional evaporation technique. A typical thickness of an amorphous film was around 0.7 1 m.
After evaporation, samples were annealed near the glass transition temperature for two hours in
a vacuum with a pressure of 10 Pa. A xenon arc lamp or a high pressure mercury lamp with
IR-cut-off filter were used as a light source. Before the measurement of the VUV reflection
spectra, half area of the sample was irradiated with the BG light to the degree in which the
sample sufficiently produced the photodarkening. The measurement of the VUV reflection spectra
was performed at room temperature at the BL5B beam line of the UVSOR facility of the Institute
for Molecular Science. For the measurement of the reflection spectra, the incident angle was near
normal to the sample surface and the reflectivity was measured by a silicon photodiode. We also
monitored the spectrum of light source by measuring the photoyield of the gold mesh. The
reflection spectra were obtained by normalizing the spectra by the spectrometer system response.

Figure 1 shows the VUV reflection spectra of a-AszS3 film at room temperature in the
photon energy region between 42eV and 50eV. One main peak was observed in this energy region.
This peak around 44eV corresponds to the 3d core level of As atom. It can be seen in the figure
that the peak of the spectrum observed from the area which irradiated with BG light slightly
shifts toward the low energy side and the FWHM becomes narrower as compared to the spectrum
observed from the area which dose not irradiate with BG light. It seems to relate these spectral
change to the structural change induced by irradiation with BG light. As for the origins of the
spectral change, it is not clear. Further analysis of these spectra is now in progress. We also
investigate the photoinduced change at the spectra of a-As:2Ses films. Method for accurately
measuring the peak position and for removing the effect of the higher order light are examined at
present. The detailed experiments and analysis will be done in the next step.

This work was partly supported by grants-in-aid for Scientific Research from the
Ministry of Education, Science and Culture of Japan.
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light.
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In the previous study, we have reported for the first time the longitudinal Kerr rotation measurement on Co
around its M55 edges utilizing the developed magnetic Kerr rotation apparatus in the 50-70 eV at BL5B of the
UVSOR facility.” The measured longitudinal Kerr rotation angle spectra for angles of incidence of 8= 65° and 6
= 80° have been compared with the calculated ones from the measured Faraday rotation angle spectrum using the
Maxwell-Fresnel approach. It was found that both spectra had the similar spectral shape and @ -dependence of
the rotation angle, but the absolute value of the measured longitudinal Kerr rotation angle was larger than that of
the calculated one from the Faraday rotation spectrum. The reason was thought to be due to the fact that the
magnetic field of 0.82 T generated by the shared permanent magnetic circuit could saturate the magnetization
parallel to the Co film plane in the longitudinal Kerr rotation measurement, but could not saturate the
magnetization perpendicular to the plane in the Faraday rotation measurement, because the demagnetizing field
is strong. In the case of the Ni film, it is expected that the applied magnetic field of 0.82 T is strong enough to
saturate the magnetization even perpendicular to the film plane. Therefore in this study, by the use of the same
apparatus, the similar measurements on a Ni film were performed, which enable us more direct comparison
between the results of the magnetic Kerr and Faraday rotation measurements.

Figure 1 shows, the experimental
and calculated results of the longitudinal

RICH S B B B A N B B B A L L R L L R
Kerr rotation angle spectra on 98 nm r - - - Galculated from Faraday rotation measurement (0.82T, RT) 1
thick Ni film, for the s-polarized @ 301 © Measured data (082T, RT) .
incident light at the angle of incidence of | §§\§
6 = 65° The experimental result is %bz’s__ 0=65° B \\% 7
plotted by open circles, and the o 20p F 2 y
calculated one, by dashed curve which is -8 i Qgﬁ 1‘3!
obtained  through  Maxwell-Fresnel g L I ) i I T
approach from the result of the Faraday E oo g7 l\i |
rotation measurement on a 31.5 nm thick M| ,’ \
Ni film at BL8BI of the UVSOR.? Each % osf * Vi :
measurement was performed at room = %
temperature. Both spectra are almost the éb o T . N e
same, as seen in Fig. 1. Therefore, we 3_0_5-_7’I—|I.I.I-Inl.l.l-l-l-l.I.I.

S5 5 57 S8 9 6 6 & @B 6 6 6 67 68 6 70

conclude that the consistency between
the magnetic Kerr and Faraday rotation Photon Energy(eV)
measurements was confirmed directly.

Wow: we are pracecding with the stady Fig. 1. Longitudinal Kerr rotation angle spectra of 98 nm thick

on magnetic multilayer systems. _ ) Ho . _
Ni film on Si wafer for s-polarized incident light around Ni M 5

absorption edges, at angle of incidence of 8= 65°.
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Cerium monoantimonide (CeSb) is a typical strongly correlated semimetal with 4f electrons. It has a
complex magnetic phase diagram with 16 magnetic phases. [1] The main mechanism is known to be the
mixing effect between the Ce 4/ and the Sb 5d states, so-called the pf mixing effect. [2] Due to the pf
mixing effect, the band structure near the Fermi level drastically changes with magnetic phases. The
change of the electronic structure has been detected by magneto-optical experiments in the infrared region
by us [3] and the other groups [4,5]. The change of the electronic structure produces a large
magneto-optical effect because of the strong polarization of the electronic structure. Until now, we
revealed the detail mechanism of the strong magneto-optical effect. The main origin is the mixing effect
between Sb 5p and Ce 54 induced by the pf mixing (p/+ pd mixing). [6]

In our magnetic circular dichroism measurement of CeSb, a peak was found at 0.4 eV in the o:(w)
spectrum in the ferromagnetic phase in contrast to the o(w) spectrum. According to a theoretical
prediction, the peak shifts to the lower energy side in Ce;.xLa,Sb (x > 0) because the pf mixing and also the
pd mixing are suppressed by the La substitution.

To confirm the theoretical prediction, we measured the magnetic circular dichroism of Cegolag Sb in
the ferromagnetic phase. Because of the weak pf mixing intensity, the ferromagnetic phase appears at
lower temperatures than 5 K. Then we made a new cryostat that is a continuous liquid helium flow type
and reaches down to 4.0 K for the infrared magneto-optical apparatus at BL6A]1.

Figure 1 indicates the magnetic circular dichroism of optical conductivity of Cepglag;Sb and CeSb in
these ferromagnetic phases. The spectral tendency is similar to each other, i.e., the o:(w) is higher (lower)
intensity than the o(w) around 0.4 eV (above 0.6 eV and below 0.25 eV). Since it originates from the
polarization of the electronic structure in the ferromagnetic phase, the outline of the electronic structure is
similar to each other. The different point of
the spectral shape is the peak at 0.35 ¢V in
CeSb shifts to 0.25 eV in Cegolag;Sb.  This
is considered to originate from the weak pf
mixing effect as theoretically predicted.

Ce qLa,,Sb
T=4.5K, B=6T
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Fig. 1. Magnetic circular dichroism of Ceg9Lag ;Sb and
CeSb in the ferromagnetic phase.
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Enhancement of ionic conductivity by doping of Pbl, in AgPOj; glass was reported previously[1]. Swenson
et al. investigated mechanism of the enhancement on the Pbl,-AgPO; glass by diffraction measurements and
reverse Monte Carlo simulation[2]. They explained the increase of ionic conductivity by that the doped Pb*"
substitute Ag” which is connected with non-bonding oxygen and the released Ag’ contribute to ionic conduction.
The doped I extend space between PO, chains and conduction channel for Ag” is expanded.

The enhancement of ionic conductivity by metal iodide doping has also been reported on Bily and Cdl, and
Nal[3]. The increase of ionic conductivity is proportional to dopant concentration and valence of the metal ion.
This paper reports results of far-infrared and millimeter wave spectra of Bil;-AgPOj; and Cdl,-AgPO; glasses to
investigate the effect of valence numbers of cations on the enhancement of ionic conductivity.

Bil; or Cdl, doped AgPO; glasses were obtained by quenching melt of product after reaction of NH4H,PO,,
AgNO; and Bily or Cdl, at 400°C for two hours after pre-heating at 200°C for 12 hours. Far-infrared and
millimeter wave reflectivity spectra were measured by SPECAC Murtin-Puplett interferometer. Optical
constants were obtained by Kramers-Kronig analysis.

Fig. 1 shows reflectivity spectra of AgPO;, (Bil3)o0s(AgPO3)p9s and (Cdl;)gos(AgPO3)g s glasses. Dotted line
shows the reflectivity of pure silver phosphate glass. Solid and dashed line shows that of Bily or Cdl, doped
glass respectively. Intensity change was observed at 100 cm”’ peak in the doped glasses. Fig. 2 shows absorption
spectra obtained by Kramers-Kronig analysis from the reflectivity spectra. The reflectivity was extrapolated as
constant at lower and higher energy region than the measured one. Absorption peaks were observed at 550, 460,
350 and 125 cm™ in (Bil3)o (AgPO3)go glass. Former three peaks, which are assigned as bending and torsional
modes of PO, unit[4, 5], were observed at the same positions and at the same intensitics as those in AgPO; glass,
although the last peak was located at lower position and at more strength than in AgPOs, in which the Ag-O
vibration absorption is at 133 cm’’ as shown in fig. 3, which is the magnified one of fig. 2. In (CdL)y1(AgPO3)o.,
the peak was at 129 cm™ and the position shift were little than that of (Bils)e 0s(AgPO5)g.s, although the strength
is more than that in AgPO; as shown in fig. 3. Other peaks in (CdL)y (AgPO3)s¢ were at the same positions as
those in AgPOj; as shown in fig.2. The shift of the 125 cm’” peak in (Bil3),;(AgPO3)gs glass from that in AgPO;
seems to be due to the following mechanism.

A part of silver ions in AgPO; are replaced by bismuth ‘ ' ! '
4
0.3 A W AgPO; B

by covalent bond with a nonbonding oxygen. Therefore i — (Bily)g 0s(AgPO ) 5
""" (Cdly)g05(AgP0O3)g 05

ions in (Bils)e1(AgPO3)oe because the doped Bi’" couples

the intensity of Ag-O vibration decreases as shown by
dashed line in fig. 3. The Gaussian curve was drown as the

ot
)
T

intensity decreased 15 percent in (Bily)oos(AgPO3)pos
because one doped Bi’" ion must alternates three Ag” ions

REFLECTIVITY

=
T

for the charge neutrality. The released Ag™ ions couple
with iodine ions and Ag-1 vibrational absorption band

grows as at 115 cm™ as shown in the figure. The intensity

of the absorption band is drown as 30 percent of the 133

cm’ band in AgPOs. This ratio should be 15 percent in 0 200 400 600
WAVE NUMBER (cm )

this model. This difference seems to be due to the
difference of the strength of oscillator. Bi-O absorption Fig. 1. Reflectivity spectra of pure and
band of the intensity of 5 percent of original Ag-O band is doped silver phosphate glasses.
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also drawn at 150 cm™ [4] in the figure. Net absorption
spectrum by these spectral change is shown by thick solid
line. This simulation spectrum agrees with the observed one
around 100 cm™. In (Cdl,)o (AgPO0s)0, the peek shift was
smaller than that of (Bils)gos(AgPO3)p9s. This seems to be
due to that Cd-O vibrational frequency is almost the same as
that of Ag-O [4], because the mass of cadmium ion is
almost the same as that of silver ion. The changeless of
three absorption bands shows that the glass network
structure itself is not affected by the metal doping.

The far-infrared spectral change showed the mechanism
of the enhancement of ionic conductivity in Bil;-AgPO; and
CdI,-AgPO; glasses. A doped metal ion substitutes a silver
ion which is connected with a nonbonding oxygen. The
released silver ion is coordinated weakly with an iodine ion
and conducts easily. This mechanism are the same as that in
Pbl,-AgPO; glass.
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Transient absorption measurement is a powerful technique to investigate the photo-excited states in

condensed matters. Some important results have been obtained by this technique in the visible region[1,2]. It is

necessary to expand the spectral range to the infrared (IR) region in order to apply to other interesting topics

which cannot be studied in the usuval technique in the visible region[3]. Tt is well known that synchrotron

radiation (SR) is a brilliant light source not only in the X-ray or vacuum ultra violet region but also in the IR

region. Therefore we are developing the technique of the infrared transient absorption measurement by using SR

and laser.

In this experiment, photo-excited states
were generated by two-photon excitation using
the second harmonics of the regenerative
amplified Ti:sapphire laser (Spectra Physics,
Hurricane). The wavelength, average power,
pulse width and repetition rate of the second
harmonics were 400 nm, 250 mW, 120 fs, and 1
KHz, respectively. The measurement was
performed in the energy range of 80~13000
cm’ with  the  rapid-scan  Michelson
interferometer (Bruker, IFS-66V) by using quartz,
KBr and mylar beam splitters. A HgCdTe
detector and a Si borometer were used for the
energy range of 400~13000 cm™ and 80~500
cm’, respectively. The transient absorption was
obtained from the difference between the
transmitted IR intensities with and without the
laser excitation. The single crystal of lead
bromide was used as a sample in this
experiment.

In lead halides, it has been strongly

0.8

{(@)
PbBr, T=13 K

=
(=2
1

0 2000 4000 6000 8000 10000

Wavenumber (cm ™)

0.64 (D) PbBr, Transient Absorption

at v=6000 cm”'

s B
0.4 .
. .
o
<1 G2 i
0.0 —
20 40

60 80 100

Temperature (K)

Fig.1 (a): Transient absorption spectrum in lead

bromide at 13 K. (b): Temperature dependence of

the transient absorption at 6000 cm’™.
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suggested that the free electron-hole pair is relaxed into the spatially separated pair of a self-trapped electron and
a self-trapped hole by the strong electron-lattice interaction[4,5]. This is an interesting suggestion which pushes
us to study the relaxation process of the photo-excited states.

Figure 1(a) shows the transient absorption spectra of lead bromide at 13 K. One can see that a broad
transient absorption band appears above 3000 cm’. This absorption band disappeared instantly after the laser
excitation was stopped. This indicates that the absorption is not due to the sample damage caused by the laser
irradiation.

Figure 1(b) shows the temperature dependence of the transient absorption at 6000 cm™. It is clear that the
transient absorption decreases around 40 K. The electron-spin-resonance measurement performed by Iwanaga et
al. has clarified that the V,-type hole center (Br, dimer center) is induced as a self-trapped hole by the
photo-excitation and disappears above 40 K[6]. This result indicates that the observed transient absorption is due
to the self-trapped hole. The present experiment is the first optical observation about the self-trapped hole in lead
halides.

It is important to investigate the time evolution of the transient absorption originating from the self-trapped
hole in order to clarify the relaxation dynamics of the photo-excited state in lead halides. Therefore we are

planning to apply the time-resolved technique to this transient absorption measurement.
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The mother material Culr,S; of the thiospinel system CuZndrSs undergoes a
temperature-induced metal-insulator (M-I) transition around 226 K and its precise change in the
optical conductivity spectrum due to MI transition has been reported. [1] The Zn substitution for Cu
suppresses the MI transition temperature (Thg), resulting in the complete suppression of the MI
transition for x > 04 and also appearance of superconductivity for x>0.25 [2]. From the
measurements of magnetic susceptibility, X-ray diffraction, and photoelectron spectroscopy, the
appearance of the insulating state is to be explained in terms of charge ordering of the Ir3+ and Ir"”
ions due to the Ir*” dimerization coupled with the slight deformation of the S-octahedron surrounding
the Ir ion. From the band calculation [2], it has been pointed out that the hybridization band across
the Fermi level (£ r) formed by the Ir-5d (ty) and S-3p states play an important role in its material
properties. However, the precise study of the change in the electronic structure has not been done on
the M-I transition. We have measured the temperature dependence of the optical reflection spectra of
CulZndrSs (x=0, 0.1, 0.3, 0.4 and 0.5) samples in the energy regions of 0.005-30 eV in order to
study the change in the electronic structure very close to the £  due to the Zn substitution for Cu.
Measured reflection spectrum of Cu.ZnJdr,Ss in the temperatures of 8-300 K and its optical
conductivity spectrum, ¢ (), obtained by a Kramers-Kronig transformation of the reflection
spectrum are shown in Fig.1 for x=0.1. In metallic state above T ~ 130 K the Drude part was
found to be composed of two components which correspond to the two branches around ['at BZ
across the I ¢ in the energy band calculation. Each branch gives rise to a different Drude component
because of the difference in the effective mass and lifetime. The continuous Drude components in
metallic state lose its intensities below Tyg and the interband peak appeared in insulating state in the
lower energy part of the spectrum although the higher energy part (hv = 3el” ) does not almost
change. Only slight change in the whole spectrum except the the lower energy part means that the

change in material properties like a MI transition is induced by the change in the electronic state very
closeto L f.

The lowest energy interband peak (L) at 0.5 €V for x=0 split into two peaks L and L, for x=0.1 and
0.3. The intensities of these peaks do not increase with increasing of Zn substitution as shown in Fig.2.
This means that the electronic states very close to the £ r does not come from Zn but the degree of the
hybridization between the Ir-5d(toe) and S-3p states is affected by the Zn substitution.
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Some rare-earth compounds have the valence transition property induced by temperature, magnetic
fields and/or pressure. EuNiy(SijGey)2 (x = 0.70 - 0.82) is one of the materials with temperature- and
magnetic field-induced valence transition.[1] The mean valence of Eu ion in EuNix(Sig15Geq 75), changes
from trivalent to divalent around the critical temperature (7)) of 115 K as the temperature increases
detected by the magnetic susceptibility and the Eu 2p absorption measurements. The Eu 2p absorption
experiment of EuNiy(Sip21Gegz9)2 indicated that the mean valence below T is about 2.8, whereas, that
above Ty is about 2.25.  EuNi,(Sip2sGep 75)2 1s expected to take similar valences.

To investigate the origin of the valence transition of EuNiy(Sip»sGeprs), from the change of the
electronic structure near the Fermi level (Er), we measured the resonant photoemission (RPE) spectra that
is the elementally specific experiment around

the Eu 4d and the Eu 3d absorption edges [2] B R R o R
and the temperature dependence of the —EUNiz(Si0_25Geo_7s)2
reflectivity spectrum of EuNiy(Sig2sGepss)2 in - | | —eeme- EuNiZSi2

the infrared - vacuum-ultraviolet range [3].

The material with trivalent Eu ion, EulNi,Si,, _

was also examined for the reference. The 360K ’;}?"\

optical conductivity (o(w)) spectra are . '
compared to the RPE spectra and the change ..'-‘E_? _;;..:.,-'—-"‘“ SR

of thfa.ele(.:tro.nic structure due to the valence g 150K / /‘l\ b d
transition is discussed. :c_E’ |-

The Eu 4d-4f RPE experiment was 2 " .,/\\
performed at the beam line 11D of Photon 2 12k Py \ §
Factory, where a high energy-resolution 'f"::: | ] : \
electron spectrometer, SCIENTA SES-200, is 5 90K (<Tv) /\ ¥
equipped. The total resolution of the ? :
monochromator and the electron analyzer was uE: sl A7 \
estimated to be about 50 meV at hv~ 140 eV. % 15K '_."" ol
The sample was set several temperatures of 15 i -

— 300 K controlled by continuous flow of BT IREN IR NIy ‘

liquid helium and a heater. Samples was 4 3 2 1 0
scraped in situ by a diamond file under Binding energy (eV)

ultra-high vacuum. The infrared reflectivity

spectra were recorded at the beam line 6Alof  Fig. 1. Temperature  dependence  of  off-resonant
UVSOR. photoemission spectrum of EuNiy(Sig25Gegs), (solid

lines) at Av = 135.9 eV. The spectra of EuNi,Si, at 15
and 300 K are also plotted for the reference (dotted lines).

— 136 —



The change of the other electronic structure

due to the valence transition is examined by v . -
using the off-RPE spectra. Figure 1 is the 3 Pofe 1
temperature depend:nce of gthe off-RPE 10 -"'.:f‘-l‘ EUNIZ(SimGE“-ﬁ)E 4
spectrum of EuNiy(Sig25Gegqs)2 at hv = 135.9 ":"-.j'i.l srmiimn T=200K ]
eV. The spectra of EuNi,Si, at 15 and 300 K A 150K .
are also plotted. The spectra mainly o 130K (>7,) |

* )
x — [
correspond to the Ni 3d partial density of states. .,,‘"5 L sii

In EuNi,Si;, the peak is located at higher
binding energy (£z) side than that of
EuNiy(Sip25Geprs).  The peak of EuNi,Si;
expands with increasing temperature but the

ofw) (10° 2'em™)

peak energy does not shift. On the other hand,
the peak of EuNi,(Sig25Geg7s); that is located at 0 1‘;}4 S 1 a" sy -‘m‘
1.5 eV below T slightly shifts to the high Ep by kv (V)

0.1 eV above 7). This indicates that the

valence of Ni slightly decreases above Tp. At

Fig. 2. Temperature dependence of optical conductivity
. oy . ) spectrum (o(w)) of EulNix(Sig25Geg 75)s.
the Eu site, Eu™ is dominant above T}.

Therefore both mean valences of Eu and Ni
decrease above Ty. The reason is that the mixing between Eu’" 4/-hole and Ni 3d becomes weak above Ty
because the Eu’” state decreases.

The character of carriers is considered. Since the 4f state has no density at the E of Ez = 0 and the Ni
3d state has the density at the Ef, the conduction band originate from the Ni 3d state. The density of the
Ni 3d state on the £ decreases as the temperature increases despite that of EuNi,Si, does not change with
the temperature. The change appears in the o(m) spectrum in Figure 2.  The o(w) spectrum below 2 eV
that has a gentle slope to the low energy side below T gradually changes to the steep slope above Tj. The
change is different from that of a normal metal, i.e., the slope becomes gentle as the temperature increases
because the relaxation time becomes long in a normal metal. The short (long) relaxation time means that
the mixing intensity between the Ni 3d conduction band and the Eu’" 4f-hole states is strong (weak).
Therefore the mixing intensity below T is larger than that above Ty. This is consistent with the valence
transition from trivalent to divalent with increasing temperature.

The photon energy at which the o(w) spectrum becomes minimum corresponds to the plasma frequency
of carriers. The square of the photon energy is proportional to the carrier density. Since the photon
energy of the minimum () shifts to the low energy side with increasing temperature, the carrier density
below T is higher than that above Tp.  This result is consistent with the temperature dependence of the Ni
3d states on the £r observed in Fig. 1. Therefore the carrier mainly originates from the Ni 3d states.
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LiNiO, is known as a super ionic conductor and also a promising material for the positive electrode of the
Li ion secondary batteries. We have been studying the millimeter wave reflection measurements of LiNiO, and
related substances using UVSOR [1-6]. We found the drastic increase of the reflection of LiNiO, above 300 K
in the millimeter wave region [1, 6], and we suggested that this increase of reflection is related to the motion of
Li ion in the system. However, it is difficult to extend our measurement below 5 cm’' in UVSOR. As the
coherent SR of Kyoto University in Kumatori has a potensial to extend our study, we started a measurement
using coherent SR and compared it with the result using UVSOR.

The reflection measurements of LiNiO, sintered sample with a diameter of 10 mm have been performed in
the spectra region from 5 to 60 cm’' and 5 to 18 cm’ using the beam line BL6A1 of UVSOR and the coherent
SR produced by the LINAC of Kyoto University in Kumatori, respectively. The measurement using coherent
SR was limited down to 5 cm’ due to the sample diameter. The temperature was changed from 300 to 380 K.
The gold plate was used as a reference and InSb detector was used as a detector. Figure 1 shows our results for
LiNiO, sample. The results of UVSOR and coherent SR observed at 300, 340 and 380 K are consistent within
the limit of the S/N ratio. From these results we can extend our study below 5 cm™' using the larger diameter
sample and discuss about the origin of the reflection in high temperature.
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The large family of the lead-halogen-based perovskite-type crystals have been attracted much attention
because of their unique crystal structures and the optical properties. They are self-organized low-dimensional
crystals, where [Pblg] octahedra form zero-, one-, two- or three-dimensional networks. In these crystals,
excitonic absorption peaks are clearly observable, mainly because they are tightly confined in the [Pblg]
networks. In the past study, it has shown that the excitonic effects are strengthened according as the
dimensionality of the [Pbls] octahedra networks are lowered. Further investigation of the excitonic properties of
these materials needs the clarification of the electronic structure of these materials. Thus we measured the
reflectivity spectra in this study on (CgH;sNH;),Pbls (two-dimensional crystal), (CH;NH;)PbBr;
(three-dimensional crystal), and [NH,SC(=NH,)NH,];Pbls (one-dimensional crystal) at 18 K. The light was
focused onto the sample with nearly normal incidents and the reflected light was detected by Si photodiode.
Figure shows the absorption spectra of (CgH;3NH;),Pbls, (CH;NH;)PbBr; and [NH,SC(=NH,)NH,];Pbls
evaluated from the Kramers-Kronig transformation of the reflectivity spectra obtained in this study. In each
crystal, the clear exciton absorption lines were clearly observed. The oscillator strength of the lowest-energy
exciton (CgH 3NH;),Pbl, [NH,SC(=NH,)NH,];Pbls and (CH;NH;)PbBr; are evaluated to be 0.8, 0.5 and 0.03

per [Pblg] octahedron  unit,

respectively. The excitons confined in o

lower structures such as / [NHZSC( NHZ)NH2]3PbIS
(C4H,3NH;),Pbly and

[NH,SC(=NH,)NH,];Pbls have

much higher oscillator strength than (C6H13NH3)2P bI4
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Physics of the colossal magneto-resistance (CMR) phenomena has been one of the central
issues of condensed matter physics in the last several years. In particular, the
ferromagnetic perovskite manganites, e.g., LaixSrsMnOQOs, have attracted much attention
[1]. More recently, the TlaMn2O7 pyrochlore has been attaining increasing interest, since
it exhibits a CMR that is comparable to those observed for the perovskites [2]. T12Mn207 is
also a ferromagnet, and its resistivity (o) drops rapidly upon cooling through T. ~ 120 K.
Near and above T., an external magnetic field of 7 T reducesp by a factor of ~ 10.
Although these features appear very similar to those for the perovskites, various studies
have suggested that the underlying mechanism should be very different from that in the
perovskites [2]. In order to study the electronic structures of TlaMn207, we have measured
its optical reflectivity spectra under magnetic fields at BL6A1 [3], and observed an
infrared (IR) magnetic circular dichroism (MCD). Figure shows the reflectivity spectra
(top graphs) and the MCD spectra (bottom graphs) of TlaMn20O7 at 40 K under magnetic
fields of 4 T and 6 T measured under the Faraday configuration. Here, the MCD spectra
are shown as the difference of the reflectivity spectra when the field direction is changed
from parallel to antiparallel to the light propagation direction, normalized by the average
spectra of the two configurations. A clear MCD signal is observed exactly at the plasma
edge of the reflectivity, and it grows with increasing magnetic field. Using this MCD
signal, the Kerr rotation can be calculated. The rotation angle is of the order of a few
degrees. This MCD signal decreases with increasing temperature, and it becomes very
weak above ~140 K. In addition, the MCD grows with magnetic field even at 40 K, where
the magnetization is almost saturated below 0.5 T. Our analyses have shown that a
simple magneto-plasma model is able to account for the basic features of this MCD signal.
In this model, an MCD arises from the coupled Drude-cyclotron motion of a plasma, and a

ferromagnetic spin order is not required to produce an MCD. For an MCD in a
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ferromagnetic material, the magnitude of the observed MCD signal is known to be
proportional to the spontaneous magnetization, and also the MCD is a result of a spin-orbit
coupling that connects the spin state of the electrons with the circular polarization of light.
The observations that the observed MCD is not proportional to the magnetization and that
the MCD is basically reproduced by a classical magneto-plasma suggest that the spin-orbit
coupling is rather weak in this compound. Further analyses are in progress for a better

understanding of this compound.
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Demands for wide-tunable infrared (TR) coherent light sources are growing because they can be used
for a variety of applications, including spectroscopy, chemical monitoring, biomedical applications, and
atmospheric and environmental sensing. Frequency down conversion of 1 pm pump sources such as
Nd:YAG lasers which uses optical parametric oscillation or difference-frequency generation is a promising
approach to obtain coherent light in the IR region. It is necessary to satisfy the phase-matching condition
between the pump, signal, and idler light in order to realize high conversion efficiency. The conventional
phase-matching method using birefringence in nonlinear-optical crystals limits the wavelength range and
materials applicable, while quasi-phase matching (QPM) technique which periodically modulates the
magnitude of the nonlinear-optical coefficient has many advantages and has been intensively studied.
Especially, recent developments in fabrication of periodically poled LiNbOs (PPLN) [1] have realized
high-power pulse and cw optical parametric oscillators which emit up to 4 pm. However, highly efficient
wavelength conversion using PPLN is difficult for the wavelengths longer than 6 pm because IR absorption
in LiNbO3 becomes significant.

We are developing QPM devices using compound semiconductors to generate IR light. Compound
semiconductors have large optical nonlinearities; the nonlinear optical coefficient of GaAs is 170 pm/V
at wavelength of 1.06 pm, which is more than 6 times larger than that of LiNbO3 [2]. In addition,
Many of them have longer absorption cutoff wavelengths than LiNbOg; GaAs is transparent as long as
16 pum [3]. Moreover, the crystal-growth and processing technologies are matured for semiconductors [4].
Our current target is developing highly efficient mid-IR sources, but it would be attractive if the frequency

conversion devices generating far-IR can be made by use of compound semiconductors. We have measured

Wavelength (um)
400 300 200 150 100

Transmittance

40 60 80 100
Wavenumber (cm”)

Fig 1. Transmittance spectra of the undoped GaAs and GaP in far-IR region.
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transmittance spectra of GaAs and GaP, which are popular compound semiconductors, in far-IR region
to investigate the possibility for far-1IR generating materials.

Absorption spectra of semiconductors strongly depend on the dopant concentration. Semi-insulating
or high-resistivity samples are suitable for frequency-conversion devices because the optical absorption
is much lower. We have prepared an undoped GaAs and GaP samples grown by Hitachi Cable and
Sumitomo electric, respectively. The resistivities were both > 107 Qcm, the thicknesses were 470 and
75 pm, respectively, and their both facets were optically polished. The absorption spectra were measured
with the Martin-Puplett Fourier interferometer (Specac) at the beam line BL6A1. Using the Si bolometer,
we made measurements in the wavelength range of 100-400 um (25-100 cm™!). The step and the total
displacement of the moving mirror were 25 pm and 6.4 mm, respectively.

Figure 1 shows the obtained transmittance spectra. We found that both GaAs and GaP are trans-
parent in the measured region, although transmittances are lower than in the near-IR region because the
refractive indices in far-IR are much higher. The modulations in the obtained spectra are due to the
interference effects caused by the multiple reflections of the beam since the samples were plane-parallel
plates.

We have found that GaAs and GaP are attractive materials for the frequency conversion devices
generating far-IR light.
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Introduction

Radiation effects on silica glasses are one of the main concerns for their application as optical
windows, insulators and optical fibers under fusion and fission environments.[1] Although the
radiation damage of silica in nuclear environments has been widely studied, the detailed
damaging process and damage structure are still unknown. That is mainly because the effect of
ionizing radiation, which is very important in optical materials like silica, is mixed up with the
displacement effect. Recently, we have made in-situ luminescence measurements of silica
glasses induced by in-reactor irradiation. This in-situ measurement was very useful for the
observation of dynamic effects of ionizing radiation on the electrical property of a silica [2,3] and
we have applied this technique to study effects of other ionizing radiations (such as gamma-ray,
X-ray VUV and UV lights) on silica.

The present work is our first trial to observe soft X-ray radiation effects on silica. We have
measured the luminescence from a silica glass under the irradiation of soft X-ray near Si K-edge,

and investigated the origin of the luminescence.

Experimental

The samples used in this work was a fused silica glass (T-1030) of 13 mm diameter and 2 mm
thickness produced by Toshiba Ceramics, Japan. The measurement of luminescence of a fused
silica glass induced by soft X-ray irradiation (1.8-1.9 keV) was carried out on the beam line 7A at
UVSOR, Institute for Molecular Science with a stored current of 100-200 mA. The luminescence
was focused by a lens in the UHV chamber to the monochromator (CP-200, JOBIN YVON) and
detected by a multi-channel analyser (OMA III, EG&G PRINCETON APPLIED RESEARCH).
The wavelength range (L) from 300 to 800 nm was measured because the photon detecting
efficiency in the regions of A< 300 nm and A> 800 nm were reduced drastically. The
luminescence yield spectrum was also measured by a photomultiplier (Hamamatsu Photonics
R955).

Results and Discussion

Fig. 1 shows the observed luminescence spectra of the fused silica glass under the irradiation
of soft X-rays near Si K-edge (1848 eV). An intense emission band at around 400 nm was
observed. Similar luminescence spectra have been measured for silica glasses under in-reactor
or UV irradiation [2.3], and we have concluded that the present XEOL, 400 nm band emission,
originates from an intrinsic Bag center [4] due to the electron excitation by soft X-ray.
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It is noteworthy that the intensity of the 400 nm emission band changed with the excitation
energy of soft X-ray (Fig.1). Therefore, we also measured a photoluminescence yield (PLY)
spectrum of the 400 nm band and showed in Fig. 2(a) together with X-ray absorption (Si K-edge
XANES) spectrum (Fig. 2(b)) recorded in the photocurrent mode for the same fused silica glass.
It is rather surprising to see nice correspondence between the PLY and XANES spectra. Three
processes are controlling the photoluminescence yield. One is penetration depth or energy
deposition per unit volume of the incident soft X-ray. But one should note that only very small
fraction of the deposited energy is used for activation or electron excitation of the Bgy center.
Nevertheless, two following processes can be distinguished. One is electron excitation density
and the other is relaxation probability of the excited electrons through the Bz emission.
However, in the present stage, none of above three processes are evaluated quantitatively and
further studies are necessary.

1.2 35x10 "
o 1.0 - = 30
E g
= 25
zosT s
= -
3 = 20
06 T =
iy S48
gm - g
£ S 1.0
5 2
0.2 <
0.5
" a) b)
0.0 T T T 0.0~
1840 1850 1860 1870 1880 1890 1840 1850 1860 1870 1880 1890
X-ray energy / eV X-ray energy / eV

Fig. 2 The comparison between a) the luminescence yield spectrum of the 400 nm band and b) Si
K-edge XANES spectrum of a fused silica glass.
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The group I-nitride semiconductors (AIN, GaN and InN) are promising materials for applicateions in
opt-electronic devices. The ternary alloy Al,,Ga,N is complete solid solution and varies its band gap from 3.4
eV (blue) to 6.2 eV (ultraviolet). We have been performed the reflectance measurements at the visible — vacuum
ultraviolet region [1]. In this report, we represent the emission and excitation spectra, and decay profiles.

AlGaN samples were made by MOCVD method at RIKEN on SiC substrates. The luminescence
experiments were carried out as follows; a) excitation : BL7B (3.4 — 25 eV) b) luminescence : VIS — UV
monoochromator (1.5 — 6.2 eV) with a CCD array c) vacuum : in the range of 10” Torr d) temperature : 17 K —
60 K e) time resolved measurement : TAC method with MCP-PMT under the single bunch operation. A single
UV optical fiber cable, which was dedicated for ultra high vacuum (UHV) and had 0.6 mm core diameter, were
used for detecting VIS and UV luminescence in the UHV chamber. VIS and UV luminescence lights were
introduced to the VIS-UV monochromator with CCD array detector via both a UHV fiber optic feedthrough and
a flexible optical fiber.

Figure 1 shows the emission spectrum of Al;GazpN thin film excited at 5.25 eV and the excitation spectrum
that is detected at 5.05 eV. Measurement temperature is 17 K. Since no other emission bands can be found below
4.7 eV, the emission band around 5.05 eV is the only one emission band of Al;;GazN thin film. The excitation
spectrum suggests that the 5.05 eV emission band is strongly excited around the band gap. Figure 2 shows the

decay profiles of the 5.05 eV emission band excited at 5.25 eV as a function of the temperature. The
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experimental results are plotted by the closed circles. Each decay profile consists of (i) sharp peak at around 0
time which is similar to the time structure of the excitation SR light (ii) non-linear decay curve in semi
logarithmic graph (iii) no intensity without the noise level can observed just before 0 time. It is also clear that the
overall decay time is decreasing with increasing temperature. These results suggest that there are more than three
thermal activation type decay processes, one of them has the very fast decay time (< 10" nsec), and the decay
times of all processes are less than SR bunch period (177 nsec). The solid curves in fig. 2 are the fitting results of
the combination of the two single exponential curves. Then it is concluded that there are at least three decay

processes. The decay times at 17 K of Al;yGaspN sample are < 107, 0.95 and 12 nsec, for example.
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Ultraviolet (UV) detectors are one of the most attractive devices in the group Ill-nitride
semiconductors. Currently, for the measurement of UV light, photodetector components with Si such as
photodiodes are mainly used. However, light sensitivity often deteriorates due to radiation damage in the
vacuum ultraviolet (VUV) region. Several groups have reported on GaN- or AlGaN-based UV detectors.
They have good responsivity from 250 to 360 nm and clear cut-off characteristics at a cut-off wavelength of
A=360 nm. We reported responsivity spectra of GaN based UV detectors with comb-shaped electrode in VUV
region for the first time [1, 2]. The small responsivity in VUV region is caused by the photoemission of Au and
GaN.

In this report, the responsivity spectra of UV detectors with transparent Au eclectrode structure to

suppress the photoemission of GaN and Au are described.

The UV detectors used in this study adopt the Schottky contacts with a transparent electrode. They
consist of a 3-um-thick n-GaN layer (n=2.0 X 10'"® em™) and a 1.5-pm-thick i-GaN layer (n=1.0 X10'* ¢cm™) on a
(0001) sapphire substrate. These layers are grown by metalorganic vapor phase epitaxy (MOVPE). The
Au/Ni Schottky contact is deposited on i-GaN. The thickness of Au and Ni are 10 nm and | nm, respectively.

The diameter of detectors is 6.5 mm.

Prior to the characterization of responsivity, the transmittance of Au in VUV region is estimated by
counting the number of transmitted photons into Au membrane. Figure | shows transmission spectra of
10-nm-thick Au electrode. The transmittance of 10-nm-thick Au is about 0.4-0.5 in UV and VUV region and
almost agreed with calculation. Thus the 10-nm-thick Au is enough thickness to transmit VUV light into Au
electrode.

The responsivity spectra of detectors for photon energy are measured.  Figure 2 shows the
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responsivity spectra. In this measurement, the ampere meter does not measure the photoemission current of Au.
Dark current is about 1-2 pA. It is corresponding to about the order of 10° A/W in Fig.2. No responsivity at
the energy lower than 3.4 eV (the absorption edge of GaN) can be observed clearly. This indicates that these
detectors can be used only in the UV or VUV region. The ratio of responsivity between UV and visible regions
is about 5x10°. The maximum responsivity of this detector is 0.15 A/W at h1=3.5 eV (1=354 nm). The
responsivity for VUV light is about 0.01 A/W. Furthermore, the photoemission current of GaN (Ig.y) is not
detected by other measurement. It is considered that the total current measured by ampere meter is equal to
diode current. Therefore, the both photoemission current of GaN and Au are not observed in this measurement

and the higher responsivity is realized in this structure.

References

[1] A. Motogaito, M. Yamaguchi, K. Hiramatsu, M. Kotoh, Y. Ohuchi, K. Tadatomo, Y. Hamamura and K.
Fukui: Jpn. J. Appl. Phys. 40, L368 (2001).

[2] A. Motogaito, M. Yamaguchi, K. Hiramatsu, M. Kotoh, Y. Ohuchi, K. Tadatomo, Y. Hamamura and K.
Fukui: UVSOR Activity Report 2000, 136 (2001).

1.0
0.9 Experiment (10 nm)
0sl - — - Calculate (10 nm)
o 0.7 |
c L
= 98 /\
E o5l
& o4} g
(= I ol
03} BT ) )
02t S
0.1F T
00 [ 3 1 L 1 " 1 1 1 2
0 5 10 15 20 25
Photon Energy (eV)
Fig.1 Transmittance spectra of 10-nm-thick Au
10" F N
= i
g’ -2 w
B o
> i
) L
5 3
a 10
@il of
4 g
10" F
10'5 i i 1 i 1 " I i
0 5 10 15 20 25

Photon Energy (eV)
Fig.2 Responsivity spectra of UV detector with transparent Au

— 149 —



(BL7B)
Luminescence Decay of Ce-doped GSO under Excitation of VUV

with Energy less than 30 eV at Room Temperature

S.Shimizu *, A.Ejiri * and S. Kubota *

* Rikkyo University, Nishi-Tkebukuro 3, Tokyo, 171 Japan
b Meiji University, Higashi-Sanda, Tama, Kawasaki, 214 Japan

It is well known that the efficient scintillation photons are produced mainly through recombination of
electron-hole pairs created by ionization processes with charged particles [1,2]. However, the details of the
electron-hole recombination process in Ce-doped GSO (Gd,SiOs) have not been investigated yet, except
refs.[3,4]. The purpose of this experiment is to study the energy transfer of electrons and holes to Ce’” activator
centers and to study the scintillation mechanism of Ce-doped GSO.

The measurements of decay curves were carried out at BL7B beam line under a single bunch operation of
UVSOR. A normal incidence Mcpharson Monochromator equipped at BL7B beam line was used VUV
excitation of the specimen. The interval of successive synchrotron light pulses was 177.6 ns and the duration of
the pulses was about 550 ps, including response time of a detection system. An UV optical fiber cable was used
for detecting luminescence lights. Delayed luminescence photons coming out from a monochromator (Model
SP-300i, Princeton Instruments), were detected either with a CCD array detector (Model 1340PB) for emission
spectra measurement or with a channel plate photomultiplier (Hamamatsu, R3809U) for decay curve
measurement.

The observed emission spectra of 0.5 mol % Ce-doped GSO with VUV excitation at hv higher than the
band-gap energy Eg (~6.2 eV [4, 6]) showed the Cel*" emission band peaking at 440 nm as reported in [5,6].
Figure 1 shows the decay curves for the emission of 420 nm from 0.5 mol % Ce-doped GSO under excitation of
VUV photons between Eg < hv < 30 eV, together with the decay curves of the Cel® center excited at 3.64
eV(monitored at 420 nm) and Ce2’" center excited at 3.26 eV(monitored at 480 nm).

The decay times of Cel’" band and Ce2®" band are measured to be 24 ns and 5 ns, respectively, and these
results are consistent with those of ref.[6]. A drastic change in the decay curves was observed for the excitation
photon energies in the range of Eg < hv < 30 eV; i.e. the decay curves including the initial build-up and the
decay strongly depend on hv. The apparent decay time is 58 ns for an excitation just above the band gap energy
of 6.2 eV and increases to the maximum value of 92 ns at h v= 7.0 eV and then decreases to 60 ns at hv=10.0
eV. For 10.0 eV< hv < 30.0 eV, it tends to 60 ns. The maximum rise time is observed at hv= 7.0 eV. The initial
build-up time #, that from 10% to 90 % of the peak intensity and the apparent decay time ¢, are shown in Fig.2.

Those results are interpreted in terms of the excitation from the ground SSm state of Gd*" ion into the higher

excited multiplets of 6.27 eV to 7.41 eV and form the valence band into the conduction band [7].
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Many magnetic multilayers have been studied by the magnetic circular dichroism (MCD) measurements in the
extreme ultraviolet, soft X-ray and hard X-ray regions. Among them, Co / Pt multilayers carefully grown to <111>
direction have been investigated intensively to clarify the origin of their novel character of the perpendicular magnetic
anisotropy (PMA) [1-3]. In the previous work by Nakajima et al. [3], it was proposed that the PMA is caused by the
Co 3d - Pt 5d hybridization, which is highly localized at the Co / Pt interface. So it is interesting to investigate the
magnetic properties and hybridization effect of Co / Pt multilayers grown to other directions without special treatment.

The Faraday rotation measurements on Co / Pt multilayers on collodion films were performed in the 55-80 ¢V
region. The degree of linear polarization of the incident beam was more than 96 % in the energy region of the present
experiment. The full bandwidth of the monochromatized incident beam was about 0.1 eV. The Faraday rotation
apparatus consists of a magnetic circuit, a sample holder and a rotating analyzer unit [4]. A field of 8.2 kOe was
generated by the magnetic circuit composed of four Sm / Co permanent magnets. The samples are situated, as the
multilayer plane was perpendicular to the magnetic field. The polarization states of incident and transmitted beams
were monitored by a rotating analyzer unit mounting Al / YBg and Mo / Si reflection multilayer polarizers. Twelve
samples of Co / Pt multilayers which have the different combination of the one-layer thicknesses of both materials (7,
and f) were prepared by ion-beam-sputtering onto collodion films supported by Cu meshes. The total thicknesses of
the multilayers were about 200 A, where the period numbers were 5-24 depending on the thickness of each layer. The
magnetizations of the multilayers were measured by a vibrating sample magnetometer (VSM). All samples were the
samples with in-plane magnetic anisotropy. The crystallinity and the structure of the present multilayers were checked
by an electron diffractometer. Single series of Debye-Scherrer rings was clearly seen. This means that the present
mutilayers are polycrystalline with randomly oriented having one lattice constant.

One of the optical density spectra and that of Faraday rotation spectra obtained by our measurements are shown in
Figs. 1a) and 1b), respectively. The dots with error bars show the experimental data and the solid line represents the
smoothing curve. Peaks are clearly seen in the Faraday rotation spectrum around Co-M, 5 and Pt-Nj 7 absorption edges
as indicated in the figure. The observed Faraday rotation spectra show a negative and a positive rotation angles around
Co-M,5 edges with increasing photon energy, and a positive and a negative rotation angles around Pt-Ng; edges.
Considering the selection rules for the p—d (Co-M,;) and f—d (Pt-Ny;) transitions, we confirm that Pt atoms have
magnetic moments parallel to those of Co atoms, which is consistent with the previous study [3]. Fig. 1c) shows the
MCD spectrum calculated from the Faraday rotation spectrum in Fig. 1b) by the Kramers-Kronig translation. The
spectral shape at the Pt-N,; edges is somewhat different from that of the previous result [3], but similar to that of
CoPt; alloy which shows the unusual profile due to the Fano effect [5]. Therefore, in the present experiment, the
magnetization state in Pt seems to be similar to that in CoPt; alloy. However, the ratio of the MCD magnitudes for
Co-M,; and Pt-Ng; edges is about 1/3 in CoPt; alloy, but about 1 in the present multilayer, of which #c, / . is about
1/3, so that the present samples are not CoPt; alloy.

Here, we assume that the peak-to-peak values of Faraday rotation angles around Co-M, 5 and Pt-Ng; edges are
proportional to the total magnetic moments of Co and Pt layers, respectively. In Figs. 2a) and 2b), the peak-to-peak
values of the rotation angles around Co-M, 5 edges per unit thickness of Co layer (normalized by the total thickness of
the Co layers) and those around Pt-N; 7 edges per unit thickness of Pt layer (normalized by the total thickness of the Pt
layers) are plotted against the Co and Pt one-layer thicknesses (fc, and #p), respectively. Except for the samples with 3
A thick Co one-layer, the peak-to-peak values for Co-M, ; edges per unit thickness of Co layer are almost the same,
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but decrease gradually with the increase in Co one-layer thickness. The similar behavior was found in the case for
Pt-Ng7 edges. This means that each magnetic moment of Co and Pt atoms is almost constant, so that the
magnetization of Co and Pt is not localized at the interface, but volumetric in our case. The reason why the values
decrease with the increase in Co one-layer thickness may be due to the fact that the out-of-plane magnetization of
these samples are not saturated, which was checked by the VSM. For the samples with 3 A thick Co one-layer, rapid
decrease with the increase in Pt one-layer thickness may be due to the disordered-alloying effect at the interface,
where Co atoms become minor and are dispersed among Pt atoms.

In summary, the magnetization of Pt is not localized at the Co / Pt interface, but volumetric in the present samples.
The state of hybridization is similar to that of CoPt;. This conclusion is different from the previous experiment [3],
which may be due to the difference in the growth direction and suggests that the PMA manifests itself in the
multilayers grown to <1 11> direction.
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Among rare earth oxides, Y203 has higher melting point than that of AleOs and is applied for a
laser crystal and a heat-resisting material. Y203 is also used as a mother material for producing
tri-valence rare earth ion phosphor and the applications for an optical waveguide and a thin film
luminescent material have been reported. In this study, the structure of AleOs-Y20s amorphous
films were analyzed from AlI'K XANES and Y-Km XANES spectra. Samples were synthesized by
means of rf-spattering, a method by which amorphous material can be easily obtained from
material with high melting point.

Ale03-Y203 amorphous film samples with Y203 content from 9 to 82 % were prepared. X-ray
absorption was measured by BL-7A at UVSOR, Institute for Molecular Science, Okazaki, Japan.
The storage ring was operating at electron energy of 750 MeV. The spectra were collected in a total
electron yield mode at room temperature by an electron multiplier, using KTiPO4 (KTP) (011)
double crystal monochromator.

Figure 1 shows AlI'K XANES spectra of the samples. AIPO4 and Al:0Os were used as references of
Al with coordination number (CN) 4 and 6, respectively. The peak intensity at about 1566 eV
decreased with the increase of Y20s content. It is considered that the decrease of Al with CN 4 is

indicated. Figure 2 shows Y-Lm
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In rare-earth borocarbides RB,C, (R: rare-earth (RE) metals) rare-earth metal cations are intercalated
in the planar BC sheets. These intercalation compounds show interesting electronic and magnetic properties,
such as superconducting behavior (7,=2.4K for LuB,C,"). Therefore, it is important to know their electronic
structure in order to clarify the mechanism of these properties. In the present study, the La 3d X-ray absorption
spectroscopy (XAS) and valence-band resonant photoelectron spectroscopy (RPES) were used to reveal the
partial density of states at the core-excited atom for lanthanum borocarbide (LaB,C,). Use of the relatively high
energy photons of BLIA at the UVSOR facility (hv~830eV) allows us to perform the bulk-sensitive
measurement.

The measurement of X-ray absorption and photoelectron spectra was performed at the BL1A soft X-
ray beamline equipped with the double crystal monochromator. A pair of beryl (1010) crystal was used as a
monochromator crystal, where the bandpass of monochromatized light was 0.6eV around 850eV. The XAS
spectra were measured by the total electron yield mode. A SCIENTA SES-200 hemispherical electron energy
analyzer was used for the measurement of RPES spectra. The energy resolution of the analyzer was set to be
~0.4eV and the total energy resolution for the measurements of the photoelectron spectra was ~0.7eV. The
intensity of the spectra was normalized by the mesh yield (/). A polycrystalline flake of LaB,C, cleaved in the
atmosphere was introduced in the UHV chamber (base pressure: <3X10"°Torr), and the sample surface was
scraped by diamond files to remove surface oxidized layer in the vacuum just before the experiment.

The XAS spectrum of LaB,C, in the La 3d-edge is shown in Fig. 1. According to Ref. 2, the
assignment of the peaks in the spectrum is summarized in Table I. The off- (hv=826.4eV) and on- (834.3¢V,
peak 2) RPES spectra of LaB,C, in the valence region are shown in Fig. 2. Abscissa corresponds to the binding
energy relative to the Fermi level (£7). La 5p bands (peaks d, e) and some bands near to the £, (peaks a-c) are
significantly enhanced in the on-resonant spectrum. Observation of the resonance effect on the valence suggests
that some valence states near to £p are localized on La atom. This does not support the complete donation of the
three valence electrons of La to the BC sheet, but means that some valence (5d or 6s) electrons of La atom are
participating to the formation of the valence band of LaB,C,. It is reasonable to expect that the 6s” electrons are
completely ionized in the system and the 5d' electron contributes to the valence band. This is in agreement with
the analysis of the theoretical band calculation.” Kesseler et al. evaluated the number of electrons localized on a
La atom in a La@Csy,, from the resonant enhancement ratio of La 5d band to that of La 5p. According to their
scheme, we estimated the number of La 5d derived-valence electron localized on a La atom in LaB,C, roughly to

be 0.3.
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Fig. 1. La 3d-edge XAS spectrum of LaB,C,.

TABLE I. The assignment of the peaks in the XAS spectrum of LaB,C,.

Peak# Peak Pos. /eV Assignments
1 830.2 La 3dsp ->4f (3D))
2 834.3 La 3dsp -> 4f (3P))
3 850.6 La 3dsp -> 4f (1P))

LaB,C, valence:RPES
i at La 3d-edge : T

Photoelectron yield /a.u.

25 20 15 10 5 Er=0 -5
Binding Energy /eV

Fig. 2. Off- and on-resonant valence-band PES spectra of LaB,C,.
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Polyethylene terephthalate (PET) is a representative aromatic polyester having a
benzene ring in the main chain, and has been subject of study by many researchers with
different interests, since long ago. Polyethylene 2,6-naphthalate (PEN) is similar
polyester with a naphthalene ring instead of benzene. Both polymers can be extruded
in sheet form, and, after biaxially drawn and crystallized, are utilized for variety of
applications.  Their optical and photo-physical properties have also been pursued.
Absorption spectra of PET films in visible and ultraviolet regions manifest three bands
between 300 and 190 nm; their nature was examined in detail, particularly for the first
band at 300 nm.” The third band at 197 nm was found to consist of two peaks of
different polarization by a molecular orbital calculation using 7 electron approxi-
mation, whereas it was not certain from experiments which of the two peaks had
parallel polarization, because of the limit of the measurement in air or nitrogen."

We have been trying to investigate the deep levels of valence electrons in oriented
polyester films for the past years. At the present, optical constants and absorption
spectra have been obtained for PET and PEN down to 50nm, or up to 24.7eV, from the
reflection spectra by use of Kramers-Kronig conversion and Fresnel Formula. Fig. 1
illustrates the absorption spectra of uniaxially drawn PET and PEN films as a function
of photon energy. Table I list the absorption bands of these films in relation to the peak
position and polarization, comparing with the previous data obtained in air; absorption
bands therein are denoted as I to VII, from the longer wavelength to the shorter.

If magnified, it is clearly observable that the band III of PET consists of two peaks as
listed in Table I. Bands I, II and III are originated in the allowed ‘A, 2'B, transitions
due to 7T 7 * excitation; major difference between PET and PEN appears in this region.

The rest of the region, consisting of Bands IV to VII, resembles each other in spectral shape and
peak positions, although there are minor differences in the polarization and shape. These bands
must be caused by the transitions associated with o electrons. The number of
valence 0 electrons in a repeat unit of PET and PEN are 54 and 68, respectively; the
ratio of these numbers must be equal to the ratio of the integrated area of the peaks of
each polymer, if taken for isotropic samples. The peak area is larger for PEN than PET,
but not in proportion to 68 vs. 54, because of the anisotropy of the sample and mostly of
the inevitable error caused by the method of approximation in the calculation of
Kramers-Kronig conversion.

The feature in the region near Bands VI and VII resembles that for other polymers

® Present address: Saga University

— 158 —



such as polystyrene and PMMA as recorded by electron energy loss spectroscopy many
yvears ago®” This may be understandable from the fact that a majority part of most

polymers consists of carbon and hydrogen atoms.

PET PEN

Band No. | absorption peak| polarity |previous data* absorption peak| polarity |previous data**

A (eV) exp. | cale. A (eV) exp. cal.
Vil 800 (15.5) wvs I 800 (15.5) vvs Il
Vi 930 (13.3) s I 920 (13.5) vs Il
\Y 1100 (11.3)  sh L 1100 (11.3) sh L
1200 (10.3) sh Il 1230 (10.3) sh I
v 1480 ( 8.4) sh L 1550 ( 8.0) sh I
1700 ( 7.3) sh €L
& n.a.
11 1860 ( 6.7) wvs I (6.29) | (6.44) |[2200 ( 5.6) s Il
1970 ( 6.3) s L (6.33) [|2400 ( 5.2) vvs I ('5.5)
2500 ( 5.0) sh Il ( 4.8)
11 2420 ( 5.1) vs I (5.09) [(5.27) ||2780 ( 4.5) sh Il
2500 ( 5.0) vs I 2880 ( 4.3) s I ( 4.2)
2990 ( 4.1) sh Il ( 4.0
1 2800 ( 4.4) sh L 3260 ( 3.8) sh Il
2900 ( 4.3)  w L (4.26) | (4.66) | |3410 ( 3.6) w Il (3.7
3000 ( 4.1) w J (4.13) 3580 ( 3.5) w I ( 3.5)

Table 1. Absorption peaks of PET and PEN films
Peak intensity is denoled by the abbreviation; vvs=extremely strong, vs=very strong, s=strong, w:=weak, sh= shoulder.
Also, * designates the reference [1]; ** [3].
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The orientation of ammonia (NHsz) adsorbed on
the ZnO(1010) surface at room temperature has
been investigated by near-edge X-ray absorption
fine structure (NEXAFS) spectroscopy. The NEX-
AFS technique is a well established method to de-
termine the orientation of a wide variety of ad-
sorbed species on the surfaces [1]. However, no
such attempt has been made so far for adsorbed
ammonia, partly because the NEXAFS spectra of
adsorbed NHj3 show only broad resonance features
with a poor dependence on the electric vector of
the light [2]. Regarding adsorbed ammonia, there-
fore, electron stimulated desorption ion angular
distribution (ESDIAD), photoelectron diffraction
(PhD), and X-ray emission spectroscopy (XES),
etc., have been used to investigate the orienta-
tion of adsorbed NH3. The present study demon-
strates that the polarization dependent NEXAFS
measurements combined with curve fitting analy-
sis are also capable to determine the orientation of
adsorbed NHjz

The N K-edge NEXAFS spectra were measured
at beam line 2B1 with the N KLL Auger electron
yield mode with a constant final state energy of
375 eV. The ZnO(1010) sample was oriented so
that the incidence plane of the light was paral-
lel to the [0001] azimuth. The NEXAFS spectra
were normalized by photon flux estimated from
the photocurrent of a gold mesh at the entrance
of the UHV chamber. The photon energy was cal-
ibrated using the absorption feature at 284.5 eV
in the photocurrent, which is associated with the
7 resonance of highly oriented pyrolitic graphite
(HOPG) formed on the gold mesh as a contami-
nant. The accuracy of the photon energy is & 0.5
eV.

Our recent photoelectron spectroscopy study
has revealed that ammonia adsorbs molecularly
on ZnO(1010) at room temperature. Adsorption
reaches saturation at the coverage of 0.5 (3.0 x
10" em~2). Fig. 1 shows a series of the N K-
edge NEXAFS spectra from the NHz-saturated
Zn0(1010) surface as a function of the incidence
angle of the light 6 relative to the surface nor-
mal. All the NEXAFS spectra do not exhibit a
sharp resonance as is often observed for the adsor-

Intensity (arb. units)

1 1 1
390 400 410

Photon Energy (eV)

Fig. 1. The N K-edge NEXAFS spectra at var-
ious incidence angle @; of the light. The angle is
measured from the surface normal direction. The
incidence plane of the linearly polarized light is
parallel to the [0001] azimuth.

bates with the 7 conjugated system [1]. However,
at least three resonances are resolved at ~ 401,
404 and 407 eV (indicated by bars in the bottom
spectrum). The N-K edge excitation spectra for
the free NHz molecule [3] have shown a threshold
excitation peak at 400.6 eV and an intense peak
at 402.3 eV, which are assigned to the transitions
of the N 1s electrons to the 4a, and 2e molecular
orbitals, respectively. For free NHs, three more
peaks are observed between 402.8 and 404.2 eV
with a weak intensities and are associated to the
transitions to the N 3p, (a1), 4s (a1), and 4p.
(e) Rydberg states, respectively [3]. Since ammo-
nia adsorbs molecularly on ZnO(1010), the exci-
tation features found in free NH3 should be also
observed in the adsorption system, although the
position and the width of the peaks as well as the
intensity ratio of the peaks are considered to be
modified because of the bonding interaction of the
molecular orbitals of NH3 with the substrate or-
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Fig. 2. The results of curve fitting analysis for the
NEXAFS spectra. Four Gaussian functions for the
resonance features and an error function for the
continuum step are assumed. The line through
the dots are the best fitted results.

bitals [2]. We, therefore, interpret the peaks at 401
and 404 eV as the excitations of the N 1s electron
to the 4a; and 2e orbitals of adsorbed NHjz, respec-
tively. The third peak at 407 eV can be related to
the excitation to the hybrid Rydberg states formed
between the N 3p, and N 4sp orbitals of NH3 and
the substrate Zn 4sp orbitals.

Fig. 1 shows that the observed peaks at 401, 404
and 407 eV exhibit a rather weak, but an obvious
polarization dependence. In order to quantify the
polarization dependence of these peaks, the NEX-
AFS spectra were decomposed by the curve fitting
procedure using Gaussian functions for the peaks
and an error function for the continuum step [1]. A
selected set of the result is shown in Fig. 2. Apart
from the peaks at 401, 404 and 407 eV, which are
related to the 4a;, 2e and hybrid Rydberg states,
respectively, another peak (shown by dashed line)
is requisite to reproduce the low energy tail. The
origin of this peak for the present system is un-
clear, but the NH3 3a;—Zn 4sp antibonding state
could be responsible for the low energy tail.

Because of the large overlap between the 4a;
peak and the low excitation energy peak (dashed
line), the intensity of these peaks seems to be cor-
related each other, especially at large 6; where the
4a, peak becomes a shoulder. Thus, the polar-
ization dependence of the 4 a; peak intensity is
ambiguous. On the other hand, the 2e and the
hybrid peaks, which are well separated from the
4a; and low excitation energy peaks, shows a clear
polarization dependence.

Fig. 3 shows the #; dependent change in the
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Intensity (arb. units)

5
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Fig. 3. The 6, dependence of the intensities of the
peaks, which are associated with (a) the 2e state
and (b) the hybrid Rydberg state. Filled circles
are the observed data. The solid lines are the best
fit to the data using Egs. 9a and 10a in Ref. [4].

peak intensities of these peaks. The 2e peak ex-
hibits a decreasing trend with increasing #;. The
2e molecular orbitals are mainly composed of the
N 3pgy orbitals (the z axis is taken along the Cs,
molecular axis). If NH3 adsorbs with the Cs, axis
tilted in the [0001] azimuth, the dependence of the
2e peak intensity on the incidence angle of light
#; is expressed by Eq. 9a in Ref. [4]. The best
fit to the data points is obtained at the molecu-
lar tilt of 33 £ 5° from the surface normal. On
the other hand, the the peak associated with the
hybrid states at 407 eV shows an increasing trend
with increasing 6; (Fig. 3b). This result implies
that the molecular orbitals with the different sym-
metry from the 2e symmetry should be contribute
significantly to the 407-eV peak. Namely, the Ry-
dberg orbitals with the a; symmetry is responsible
for the observed §; dependence. In such a case, the
the #; dependent peak intensity can be fitted us-
ing Eq. 10a in Ref. [4] with the tilt angle of 41
+ 5°. Analysis of the intensity variation of these
two resonances concordantly indicates that molec-

ularly adsorbed ammonia on ZnO(1010) is inclined
in the [0001] azimuth.
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An organometal spin-crossover complex [Fe(2-pic);JCLEtOH (2-pic=2-aminomethyl-pyridine)
shows the thermally-induced phase transition of two stages at critical temperatures of 114 and 121 K
[1]. The high- and low-temperature phases correspond to the high-spin (HS) phase with S=2 and low-
spin (LS) phase with S=0, respectively. In addition to the thermally-induced phase transition, [Fe(2-
pic);JCLEtOH shows the dramatic change in chromic and magnetic properties due to the photo-
induced phase transition, when it is excited by photons at low temperatures. Up to now, these
thermally- and photo-induced phase transitions in [Fe(2-pic);|CLEtOH have been investigated mainly
by optical and magnetic methods, but to our knowledge, there are a few works that highlight the
electronic structure in the wider energy range [2]. In order to clarify the photo-induced phase
transitions, it is also indispensable to understand the electronic structure in the wider energy range. In
this study, we have carried out a resonant photoemission study at N 1s-2p and Fe 2p-3d excitation
regions for [Fe(2-pic);]CLEtOH.

Experiments have been carried out at the beam line BL2B1 in the UVSOR facility. Powder
samples of [Fe(2-pic);]CLEtOH were synthesized at Kyoto university. The sample was attached on the
sample holder using a carbon adhesive tape and introduced to measurement chamber without being
exposed to air using a glove-bag filled with nitrogen gas and a load-lock chamber. The sample
temperature was changed between 300 and 100 K using liquid nitrogen. The sample was irradiated by
visible light from the Ar*-ion laser of about 9 mW in multi-line mode at 100 K in order to cause the
photo-induced phase transition. Photoemission spectra were measured using a double-pass CMA
analyzer. Total energy resolution is about 1.5 eV for N 1s-2p excitation region.

Figure 1 shows the photoabsorption spectrum at the Fe 2p,, and 2p;, edges of [Fe(2-
pic);]CLEtOH at HS phase. Figure 2 shows the difference spectra in valence band and Fe 3p regions at
the Fe 2p,, and 2p;, edges of [Fe(2-pic);]CLEtOH at HS phase. Off-resonance spectrum (A) is also
shown in Fig. 2. The features at 688 and 635 eV in kinetic energy correspond to the L,;VV and L;M,,V
Auger lines, respectively. As shown in Fig. 2, spectral intensities of these features increase at Fe 2p,;
edge. It is also found that the photoemission intensity of valence-band (feature 1) and satellite of Fe 3p
(feature 3) increase at Fe 2p,, edge. Figure 3 shows the photoabsorption spectrum at the N 1s edge.
The feature at 399 eV corresponds to the 7" resonance. On the other hand, the features at 406, 407.5,
and 416 eV correspond to ¢ resonances. Figure 4 shows the difference spectra in valence-band and Fe
3p regions at the N 1s edge of [Fe(2-pic);]CLEtOH at HS phase. Off-resonance spectrum (A) is also
shown in Fig. 4. The main features in the difference spectra correspond N KVV Auger lines. As shown
in Fig. 4, it is found that the kinetic energy of the KVV Auger lines shift to lower kinetic energies with
increasing the excitation energy from 7 resonance to G resonance regions. In contrast with the Fe L, 3
excitation region, it is found that the spectral intensity at valence-band and Fe 3p regions show almost
no change at N K excitation region.
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We have also measured photoabsorption and photoemission spectra for LS and photo-induced
(PI) phases. It is found that the feature at 416 eV in the absorption spectrum at N K edge region
broaden at LS phase and the energy separation of features around 407 eV increase at PI phase. It is
considered that these spectral changes are indicative of the change in Fe-N bonding at thermally- and
photo-induced phase transitions. However, we could not find electronic structure changes in resonant
photoemission spectra at LS and PI phase with finite energy resolution in this study. Further

investigations with higher energy resolution are in progress.
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Electrical properties of DNA double strands are being attractive as they are considered to be a candidate for
the building block of functional molecular systems in nano-scale technology. Direct measurements of the
electrical transport of DNA have been extensively reported, and thus it has been found out that double-stranded
DNA  polynucleotides with well-defined sequences, Poly(dG)-Poly(dC) and Poly(dA)-Poly(dT), show the
hole-conductive and the electron-conductive behaviour, respectively (p ~ 1 €-cm) [1]. It has also been
confirmed that the conductivity of Poly(dG)-Poly(dC) were increased by the iodine doping, i.e., hole-doping,
while that of Poly(dA)-Poly(dT) were not changed [2]. In this study, both occupied and unoccupied electronic
structure of such polynucleotides have been characterized by use of photoelectron spectroscopy (PES) and
near-edge X-ray absorption fine structure spectroscopy (NEXAFS), aiming at the investigation of the origin of
the iodine-doping effect as well as that of carrier conduction mechanism of DNA, which is currently a hot
debate.

The specimens used in our experiments were synthesized DNA polynucleotides, Poly(dG)-Poly(dC) and
Poly(dA)-Poly(dT), purchased from Amersham Pharmacia Biotech. DNA solutions were dropped onto
Si0y/p-8i(111) surfaces (p = 20-40 Q-cm), blown off after the fixation for a few minutes. Iodine doping was
achieved by sealing samples with elemental iodine in evacuated Pyrex glass ampoules for 6 hours. PES and
NEXAFS measurements were performed at BL4B soft-X-ray beamline of the UVSOR facility, equipped with the
double crystal monochrometor. NEXAFS measurements were performed by the total electron yield mode. A
SCIENTA SES-200 hemispherical electron energy analyzer was utilized for the PES measurements. The PE
spectra of Si 2p region (Binding energies (B. E.) of bulk of p-Si: 99.1 eV and SiO,: 103.2 ¢V) were measured to
calibrate the electron energy and intensity of the spectra.

Figure 1 shows the N 1s XP spectra of DNA polynucleotides on SiO./p-Si(111) surfaces with and without
iodine doping. Two dominant components (lower B.E.: =N- and higher B.E.: -N- [3]) observed for non-doped
samples were drastically changed in intensity ratio by doping iodine. For both polynucleotides with iodine
doping, the intensity of higher B.E. component was stronger than that of lower one, while P 2p core levels did
not show drastic differences in intensity and binding energy in their spectra (see Fig. 2). Nitrogen K-edge
X-ray absorption spectra has also shown the significant difference between iodine-doped and non-doped
polynucleotides samples, as shown in Fig. 3. As iodine were doped into DNA, second prepeak (m* . resonance

[4]) were shifted toward the lower excitation energy, while first prepeak (n*_y. resonance) were not shifted and
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the intensity of second prepeak is stronger than the first one. It is concluded so far, from these PES and
NEXAFS results, that iodine intercalates directly into the DNA base molecules ( stacking). We are currently

analyzing these doping effects using molecular orbital calculations.
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The N; molecule has been widely used as an ideal system to study the inner-shell excitation process.
Many N 1s photoabsorption spectra have been reported for the gas phase (monomer [1-3] and clusters [4]),
condensed phase [5,6], and surface-adsorbed phase of N, [7,8]. The gaseous N, spectra show a strong bound
state resonance and a strong continuum resonance, even in low-resolution spectra. These features arise from the
1s-rt" excitation and the 0" shape resonance, which are orthogonal to each other in the polarization dependence to
the linearly polarized soft X-rays. The anisotropy is clearly observed in the angle-resolved photoion yield
spectroscopy (ARPIS) of gaseous N, [1], and is used to determine the adsorption geometry of N, [8].
Furthermore, high-resolution inner-shell spectra of N, show many Rydberg excited states below the ionization
threshold and several double and triple excitations near and above the threshold [2,3]. Some of them have
diffuse character and should have environmental effects around the molecule. Thus, N; is also an ideal system
from the viewpoints of the surrounding effect and of the difference between gas and solid.  In the present work,
we have measured N 1s excitation spectra of N, trapped in rare gas matrices.

The experiments were carried out at a new beamline BL4B, which is equipped with a varied-line-spacing
plane grating monochromator. The monochromator was operated with an energy resolving power E/dE = 8000
at 400 eV photon energy. N 1s photoabsorption spectra were measured with an electron yield method, but with
a transmission method for gaseous N,. The rare gases used were Ne, Ar, Kr and Xe. Samples were prepared
by mixing gaseous N, with rare gas in the high-vacuum stainless-steel vessel; before the mixing, the amounts of
N, and rare gas were controlled by measuring the pressure in each vessel with a capacitance manometer. The
gas mixtures were evaporated on an Au coated sample plate of a cryostat. The temperature of the sample plate
was below 6.5 K. The ratios N; to rare gas were 1/10 and 1/1.  Furthermore, N 1s photoabsorption spectra of
the condensed and gaseous N, were also measured.

Figure 1 shows the N 1s photoabsorption spectra in the 1s-t" resonance region for the N, in gaseous phase,
rare gas matrix phases (the amount ratios of N, to rare gas were 1/10) and condensed phase. The energy
position and the vibrational structure in all spectra are essentially unchanged, indicating that the 1s-r”excited
states do not have significant overlap with surrounding atoms. Flesch et. al. have recently reported red shift of
6 + 1 meV of the Is-r" excitation in N, clusters relative to N, monomer due to dynamic stabilization that follows
photoexcitaion [4]. Though there are also very small energy differences among the present data, argument
about the energy shift would need more high-resolution measurement and more careful energy calibration on our
spectrometer.

Figure 2 shows the N 1s photoabsorption spectra near the N 1s ionization threshold region, which contains
Rydberg excitations, multiple excitations and a o" shape resonance. The excitations from N 1s to 3s and 3p
Rydberg states are clearly identified in all spectra. The 3s and 3p excited states both exhibit blue shifts in
photon energy in the matrix phase. Furthermore, compression of the Rydberg series is observed with the
increasing the concentration of N; in the rare gas matrices.  The behavior of the blue shifts is the same as that
in UV photoabsorption spectra of NO trapped in the rare gas matrices reported by M. Chergui, et. al. [9].

The absolute energy for the Rydberg excitation is obtained by subtracting the term value from the
ionization potential; then, the shift of the Rydberg excitation energy is determined by competition between the
shifts of the ionization potential and the term value. The ionization potential becomes smaller with decreasing
the distance between the N, and the neighbor atoms or molecules [10]. Thus the red shift of the ionization
potential becomes larger as the cage size smaller. On the other hand, the term value is related to the
antibonding character in the Rydberg state, and the antibonding character depends on the overlap of the Rydberg
orbitals with the valence orbital of the neighbor species; that is, on the distance between the N; and neighbor
species or the cage size.  Thus the term value becomes smaller as the cage size smaller. Since the observed
matrix effect exhibits a blue shift, the variation of the term value is larger than that of the ionization potential.
The situation for the energy shift by the N, concentration effect is nearly the same as that by the cage size effect.

The double excitations near the threshold show a complicated behavior in some systems, though it is
difficult to distinguish from Rydberg excitations and from other new electronic states in solid. The well-known
double excitations at 415 eV can be clearly observed for all the spectra, though fine structures in the gas phase
are disappeared in the matrices. However, the energy position is essentially unchanged as for the m resonance
excitation. The ¢” shape resonance for the dense media shifts slightly to the higher energy with respect to the gas
phase. The interatomic bond distance in the N, molecule in the matrix might be shorter than that of the gas
phase.
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By using the UVSOR-BLI1A, we have already carried out the La 3d-edge X-ray absorption
spectroscopic (XAS) and valence-band resonant photoclectron spectroscopic (RPES) studies of lanthanum
borocarbide (LaB,C,) to obtain the information about the dergee of charge transfer between La atoms and BC
sheets."” In the present work, B 1s-edge (~200eV) and La 4d-edge (~100eV) XAS and valence-band RPES were
measured to obtain further information about the electronic structure of LaB,C,.

The Measurement of X-ray absorption and photoelectron spectra was performed at the BL4B soft X-
ray beamline of the UVSOR facility equipped with varied-line-spacing plane grating monochromator. The
grating with 267line/mm was used. The energy resolution of monochromatized used light was 0.1eV at 200eV
(B 1s-edge) and 0.03eV at 100eV (La 4d-edge), though the E/AE can be more than 5000. XAS spectra were
measured by the total electron yield mode. A SCIENTA SES-200 hemispherical electron energy analyzer was
used for the measurement of photoelectron spectra with the pass energy of 150eV (B 1s-edge) and 75eV (La 4d-
edge). The energy resolution of the analyzer was ~0.3eV. The intensity of the spectra was normalized by the
mesh yield (/;). A polycrystalline flake of LaB,C, cleaved in the atmosphere was introduced in the UHV
chamber (base pressure: <3X10"'"Torr), and the sample surface was scraped by diamond file in the vacuum just
before the experiment to remove surface oxidized layer. The calibration of photon energy was carried out by
assuming the * peak of h-BN as 191.8eV.”

La 4d-edge XAS spectrum of of LaB,C, is shown in Fig. 1. The assignments of the peaks are
indicated in the figure.” The valence- and inner-valence RPES spectra of LaB,C, at various photon energies
(indicated by numbers) are shown in Fig. 2. Abscissa corresponds to the binding energy relative to the Fermi
level (£y). La 5p bands (~20eV) are significantly enhanced in the on-resonant (La 4d) spectrum. Especially, an
anomalous change of the photoemission branching ratio between 5p;, and 5p,,, intensity can be seen. Actually,
this anomaly is also observed in other La compounds. Ogasawara e/ al. attributed this to the multiplet
dependence of the Auger transition probabilities.” The intensity of the all valence- and inner-valence band begin
to decrease from the photon energy of “5”, and almost no structure can be observed at “10”. Such a phenomenon

was not observed in the RPES spectra at B K-edge as seen in Figs. 3 and 4.
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The absorption of photon with energy larger than the bulk band-gap energy generates electron-hole
pairs. The spatial separation of electrons and holes in the space-charge layers causes electromotive force called
surface photovoltage (SPV) [1]. Recently, we proposed an approximate formula to give a simple relation of SPV
with photocarrier density, temperature and initial band-bending. This approximation is in good agreement with
the experimental results of the SPV effect on p-type GaAs [2]. In the present study we have measured the SPV
effect on n-type GaAs using photoelectron spectroscopy combined synchrotron radiation (SR) and laser. The
applicability of the approximation to the measurements of n-type GaAs will be discussed.

The experiments were performed at BL5A, UVSOR. SR was monochromatized with an
SGM-TRAIN-type monochromator. The photon density was typically 3 x 10° photons/s'mm” at 100 eV. The base
pressure of the experimental chamber was about 2 x 10® Pa. A hemispherical electron-energy analyzer
(OMICRON EAI125HR) was used for the photoelectron spectroscopy. The overall energy resolution was about
0.2 eV. We used a Ti: Sapphire laser system (COHERENT Mira 900-F) to cause the SPV effect. The wavelength
of the laser was 800 nm and the repetition frequency was about 90 MHz (synchronized with SR). Laser light was
transported to the experimental chamber using an optical fiber and focused onto the sample with a 3-mm radius
spot. The temporal width of the laser pulses was expanded to about 100 ps by passing through the optical fiber.
The spatial overlap between the laser and SR was adjusted by our eyes. We performed experiments on a

Si-doped (1 x 10" cm™) GaAs. The clean surface of the sample was prepared in sifu by an annealing and ion

sputtering.
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Figure 1. Effects of the laser illumination on an n-type GaAs surface.
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photoelectron spectrum. Circle and triangle represent the peak energy of the Ga-3d with and without laser
illumination, respectively. In the range over 350 K, the peak energy without laser illumination remains almost
constant. In the range under room temperature, the peak energy shifted toward lower kinetic energies with
decreasing temperature. The absolute values of the SPV shift of Ga-3d in the range of 80- 400 K are shown in
Fig. 3 as dots. The SPV shift increased with decreasing temperature from 400 K to room temperature, while, the
SPV shifts decreased on further cooling below ~275 K.
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decreasing temperature. It is found that the peak D) 7721 e LaserON “e“ . .
1 “A ]
energy without laser illumination remains nearly g 7Rl | & LaserQFF g 4 ]
77.0 - LAt et 4
unaffected by the change of temperature in the L zegL LoaeT, el 1
Q ’ .
p-type, while that is strongly affected in the n-type. -g mepy e ]
76.7 (e e N
Therefore, the temperature dependence of the E st
initial band-bending values may explain the 765 1 L ' '
100 150 200 250 300 350 400
discrepancy of SPV shift. The simple formula of Temperature (K)
the SPV effect can be expressed as Figure 2. Temperature dependence of the peak energy
5 of the Ga-3d photoelectron spectrum.
BAY exp (BAY )= exp (BY,) W
n(!
where [ = e / kT, e is the absolute value of electron
charge and k and T have their usual meanings, AY
is SPV, 6n is photoexcited carriers, and ng is the 012
doping density. From Fig.2, we can obtain the . oa0f
temperature  dependence  of  the initial % 008 L
S
band-bending values. The solid line of Fig. 3 —_— il .
represents the simulation of SPV that includes E dab graf
L O |
temperature  dependence  of  the  initial =y B Simuiated 8PV afisct ']
band-bending wvalues. This simulation agrees F
o0l — — 1 . 1

1 1 n
100 150 200 250 300 350 400

qualitatively with the experimental result. The
Temperature (K)

simulation is not complete in temperature range

lower: hin, 200 K. THi disagreement may b Figure 3. Temperature dependence of the SPV shifts.
attributed to the fact that the present experimental

conditions are beyond the approximation. Further consideration is in progress.

In summary, we have studied the SPV effect on n-type GaAs. The simple approximate formula fairly

explains the temperature dependences of the SPV in both of p-type and n-type GaAs.
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Surface photovoltage effects on n-type GaAs

studied with a time-resolved photoelectron spectroscopy
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Synchrotron radiation (SR) and laser are widely used as useful light sources. We have studied the

electronic non-equilibrium in the surface layer of photo-excited p-type GaAs using the combination of the pulse

nature of two light sources [1-3]. In this report, we present the temporal change of the surface photovoltage

(SPV) cffect on n-type GaAs caused by laser illumination by means of a time-resolved photoelectron

spectroscopy (TR-PES). Two kinds of methods are performed for measuring the TR-PES. One is the pump-probe

method through the synchronization of SR and laser. The other uses the pick-out method through the gate circuit.

Experiments were performed at BL5A. A Si doped (1 x 10" cm™) n-type GaAs was used for the
p yp

measurements. We used the Ti: Sapphire laser (COHERENT Mira 900-F) and the regenerative amplifier
(COHERENT RegA) as the excited light sources to cause the SPV effects. The OMICRON electron-energy

analyzer (EA-125HR) was used to observe the photoelectron spectra. The SPV effects caused by laser

illumination have been observed via core-level photoelectron spectra [3, 4]. The temporal overlap of the laser

and SR pulses was evaluated by an MCP-PM/TAC system.

The repetition frequency of SR at the
UVSOR is 90.115MHz in the multi-bunch
operation and 5.63MHz (1/16 of multi-bunch
operation) at the single bunch operation. In the
multi-bunch operation, the Ti: Sapphire laser can
be synchronized with SR via the Synchro-lock
circuit. We obtain the TR-PES in the range of
I1ns using this system. In the single bunch
operation, if the laser pulses could be picked out
via the AO modulator to synchronize with SR, the
range of about 176 ns would be allowed to
observe the TR-PES. Time resolution of the
pump-probe method is restricted by the SR pulse
width and it is typically about 1.5 ns.

Fig. 1 shows the measurement of the
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Figure 1. Time dependence of the SPV on an n-type GaAs.

time dependence of SPV on n-type GaAs in the single bunch operation with different delays between the laser
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and SR pulses. One can see the increase of the SPV around zero delay and it decreases gradually with time. We
can also distinguish that the SPV lifetime is longer than 176 ns. Here we would like to emphasize that the laser
pulses was not completely picked out to one by one ratio for a single SR-pulse because the rise time of the AO
modulator were lager than |1ns. Although, a single pulse was not completely picked out, the pulse train of laser
light was synchronized with an SR pulse.

The regenerative amplifier gave the laser light with the frequency of 10 to 300 kHz. The combination
of this laser light and the gate system can provide TR-PES in the microsecond range. The gate circuit receives
the photoelectron signal from the electron energy analyzer and the trigger signal from the laser system. The gate
system can pick out the time-window for the time width in the range from 40 ns to 160 ps. The time resolution of
this system 1is restricted by the time width of the photoelectron signals, which is about 0.1 ps. In Fig. 2 we
present the TR-PES Ga-3d photoelectrons. The Ga-3d photoelectron spectrum without laser illumination is also
shown for comparison. The frequency of the laser was 100 kHz. It can be seen that the Ga-3d photoelectron
spectrum is shifted toward lower kinetic energies

due to the SPV effects caused by laser

illumination. It is also obvious that the shift value
decreases with the delay time. The analyses in 1.50 |

detail, such as the curve fitting of the core-level

-
]
a

spectra and time constant of the SPV decay time,
are NOw in progress.

To summarize, we have performed the 10-07

time dependent experiments of the SPV effects il
2207
on an n-type GaAs using the TR-PES. It was ]
3-37

=
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=]

observed that the temporal change of the SPV
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effects in the range from nano-second to 0,28 5-57
microsecond. These experimental results provide +6-67
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the better understanding for the dynamics of the L e e g T A
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Figure 2. The time-resolved photoelectron spectra
of the Ga-3d core-levels. Each figures of right side
represents the pick out time in microsecond unit.
The spectrum without laser illumination is shown
for comparison.
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Surface photo-voltage (SPV) effects on semiconductor surface have been attracting
considerable interest from the viewpoints of surface physics and practical applications for photo-
electronic devices. Recently, several researchers have reported the SPV effects on Si(111) [1] or
GaAs(100) [2] surfaces using the core-level photoemission spectroscopy with the combinational use of
synchrotron radiation (SR) and laser. GaN has the large band-gap energy of 3.4 eV, thus it is expected
to show the large SPV effect. In this study, we have performed the photoemission spectroscopy with
SR and laser for p-type GaN(0001) in order to investigate SPV effects on GaN.

Experiment was performed at the beamline BL6A2, UVSOR Facility. The p-type Mg doped
GaN(0001) was grown on a sapphire substrate with AIN buffer layer using MOVPE method. The hole
concentration is 1.3x10" ¢m™ at room temperature determined by the Hall measurements. The clean
surface was obtained by annealing in ultra-high vacuum at about 1000°C. X-ray photoelectron spectra
showed Ga/N ratio of 1, indicating no loss of the nitrogen atom after the annealing. We used the
Ti:Sapphire laser (Spectra-Physics, Hurricane) to cause the SPV effect. The output of the Ti:Sapphire
laser was about 130 fs pulse duration and 1 kHz repetition rate. The third harmonic of the output from
Hurricane (hv = 4.66 eV) was used as the light source to cause the SPV effect. The diameter of the
laser light at the sample is about 5 mm that covers the beam spot of SR. The Fermi level of the sample
was determined by the comparison with a Au reference. It is found that the present sample shows the
downward band-bending of 1.26 eV determined from the valence-band spectrum.

Figure 1. shows Ga 3d photoemission spectra of GaN(0001). Solid and dotted lines represent
the spectra with and without laser irradiation, respectively. The intensity of the laser light is about 0.5
mW/cm®. As shown in Fig. 1, the Ga 3d core-level shifts to the higher kinetic energy side under the
irradiation of laser. It is also found that the spectral shape does not change with laser irradiation. In
conjunction with our previous results for GaAs, it is considered that the observed peak shift originates
from the SPV effect due to the spatial separation of electrons and holes excited by absorption of laser
light in the space-charge region.

Figure 2 shows the dependence of the peak shift on the laser intensity. In Fig. 2, positive
direction of peak shift corresponds to the shift to higher kinetic energies and the laser intensity of
100% corresponds to 50 mW/cm®. As shown in Fig. 2, the peak shift due to the SPV effect increases
with increasing laser intensity from 0.015% to about 1%. On the other hand, it is found that peak shift

decreases with increasing laser intensity at the laser intensity above 5%, and finally Ga 3d peak shows

— 174 —



negative peak shift at the laser intensity of
50 and100 %. We found that the observed
dependence on the laser intensity in the low
laser intensity region less than 1% fits well
with the theoretical relation between laser
intensity and SPV effect which is described
in detail elsewhere [3]. In this theoretical
model, we assumed that the amount of the
photo-excited carriers is in proportion with
laser intensity and distribution of the
surface state is uniform. It has been
reported that this approximation is in good
agreement with the experimental result of
the SPV effects on p-GaAs(100). However,
the dependence in the higher laser intensity
region cannot be explained by the present
simple formula. In order to fully explain

the laser intensity dependence, the change

of the surface electronic charge caused by

many amounts of photo-excited carriers

should be Further

investigations including the time-resolved

considered.

measurement are needed to elucidate the
SPV effects on GaN surface in detail.

In conclusion, we have performed
the photoemission study for the SPV
effects on p-GaN(0001) using synchrotron
radiation and laser. It is found that Ga 3d
core-level spectra show the peak shift due
to the SPV effect. The dependence of the
peak shift on the laser intensity at the laser
intensity less than 0.5 mW/cm® can be
explained by simple formula.
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Figure 1. Ga 3d photoemission spectra with and
without laser irradiation for p-GaN(0001).
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Figure 2. Laser intensity dependence of the peak
shift due to the SPV effect on p-GaN(0001).
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Silica-alumina (SiO,-Al;0;) binary oxide is one of the typical compounds for use of fundamental
materials or basic supports. Several types of silica-alumina materials such as aluminosicicates and mullites
are present, and the structure of these materials is almost depend on the Si/Al ratio and heat-treated
temperature. Zeolite materials with very low Si/Al ratios are well known as microporous ones, and have
been applied widely to several engineering processes because of peculiar surface activity. Zeolites are open
framework aluminosilicates consisting of SiO4 and AlO, tetrahedra, interconnected via oxygen atoms.
There are several types of zeolites (MFI, MOR, BEA, efc.) with original types of ordered framework
structure. Thus the local symmetry around Si and Al ions in these zeolites is slightly different from each
other. But it is very difficult to characterize the local structure around Si and Al ions. In BL7A beamline of
UVSOR, clear XANES spectra at Al K- and Si K-edges have been obtained since YBgs double-crystal
monochromator was ernployed.1 KTP(011) monochromator gave more emission of soft X-ray source in the
region of 1.2 - 2.1 keV,? and thus, more accurate XANES spectra can be obtained. In recent studies,
Shimizu and Yoshida et al.’® applied the XANES study to evaluate the local structure around Al ions. They
proposed the possibility of the characterization of local structure by means of edge energy in Al K-edge
XANES. This characterization is based on the relationship between the energy and the local structure
around Al ions. On the other hand, Si K-edge XANES can give an information about the local symmetry of
SiQy structure, reported by Tanaka et al.? and other workers. In our study, XANES at Si K-edge was applied
to characterize the several types of zeolites in order to evaluate the possibility of characterization around Si
atom. Another study of Al K-edge XAFS on these materials will be reported elsewhere.”

For zeolite samples, H-MOR (synthesized, [I]Si/Al,=10 and [II]Si/Al,=18), H-MFI ([I]Tosoh
JRC-Z-1000H (Si/Al,=1000) and [II]Tosoh HSZ-890HOA (Si/Al,=1880)), H-BEA (JRC-HBEA-25,
Si/Al,=25) were employed. Quartz, Silica-gel, and silicic acid (SiO,°xH,0) were used for silica reference
samples. The XANES at at Al K- and Si K-edges were measured in BL7A of UVSOR in a total electron
yield mode at ambient temperature by using KTP(011) monochromator.

Figure 1 (Top) shows the Si K-edge XANES spectra of reference Si compounds. SiOy tetrahedra
with 7, symmetry are dominant in quartz. The SiO4 tetrahedra in silica-gel and silicic acid contain several

types of vacancy sites and/or hydrated species partly, and thus, mean symmetry of SiOq4 local structure is
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lower than that of 7 structure in quartz. The prominent peak in XANES centered at 1853 eV is due to 1s -

3p electron in Si atom. In symmetric SiOy (7y)
tetrahedron, monolithic state of 3p band energy is
present. In case of lower symmetry, the band should
be broader, and intensity of the prominent peak should
be lower. The results of XANES spectra indicate the
structural feature about the lower symmetry in
silica-gel and silicic acid than that in quartz. This
structural result can hardly be obtained by means of
other spectroscopy.

Middle of the figure shows the XANES of MOR
zeolites. These results show the independence between
the Si/Al atomic ratio and local symmetry in SiO,
tetrahedra. These tetrahedra have low symmetry than
silicic acid. Thus it is clear that local structure around
Si in MOR framework has low symmetry by
formation of mordenite structure with
three-dimensional micropore. This feature is also seen
in the XANES results of H-MFI. In contrast, intensity
of the peak in H-BEA (with thenty-menbered ring in
local framework) is larger than that in silicic acid,
indicating the higher symmetry than in MOR or MFI,
From these results, local symmetry around Si atom in
zeolites depends on the framework structure of
zeolites. It is likely that small pore size(s) and
low-membered rings in the framework tend to give
low symmetry in SiO; tetrahedra. Detailed
characterization on zeolites and silica-alumina
materials are now in progress. This work is partly

supported by Asahi Glass Fundation.
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Characterization of Mn_Mo, V, O, as anode for Li Secondary Battery
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Commercial available lithium ion batteries consist of two Li-intercalation materials in both for cathode
and for anode electrode materials. One is the lithiated transition metal oxide as the cathode, and the other is
graphite as the anode. However, the graphite anode suffers from small capacity per unit weight (about 350
Ahkg"). Furthermore to attain rapid charge-discharging, the rate capability of graphite material needs to be
improved, because of its poor lithium ion diffusion coefficient which is much lower than that of LiCoO, or
LiMn,O,. In order to overcome these problems about the capacity and rate performance of graphite material,
it is desired to synthesize novel anode materials having large capacity and high rate with high lithium ion
diffusion coefficient. Therefore, considerable amount of attempts such as oxide, nitrides and intermetallics
have been made to finding out alternative anode materials in place of graphite anode. Among them, the oxide
anode is attractive because of their high capacity. In previous paper, we proposed novel oxide anode of MnV,0,
synthesized by polymer gellation method. The MnV,O, compound had monoclinic brannerite type structure
with space grope of C2/m, and exhibited reversible capacity of about 800 Ahkg' which is more than two times
larger than that of graphite. Furthermore, the brannerite MnV,0, compound had better rate property than that
of graphite.

In this study, we synthesized Mo doped MnV,0, (Mn, Mo, V,, O, (x=0, 0.4)) by conventional solid-
state reaction and investigated electrochemical properties. The crystal structure of Mn, Mo, V, | O (0 <x
<0.45)compound has been reported that Mn and Mn vacancies are randomly distributed over the original Mn
sites, V and Mo randomly occupy the original V sites in the parent MnV_O,. Therefore, we expect that these
vacancies on Mn sites might work effectively for Li ion diffusion, which leads to higher rate performance than
that of un-doped sample.

The samples, Mn,_ Mo, V, | O, (x=0, 0.4) were prepared by conventional solid-state reaction. The start-

x - 2(1-x)
ing materials used were Mn,0,, V,0, (99.9 % Soekawa chemicals) and MoOj (99.9 % Soekawa chemicals).

Mn,0, was prepared by pyiofysis of MnCO; (99.9 % Soekawa chemicals) at 600°C for 1day in air atmo-
sphere. The stoichiometric amounts of these materials were mixed and ground in an agate mortar. To deter-
mine oxidation states of Mn,
V and Mo on the synthesized
compounds, X-ray absorption MnCO,
near edge structure (XANES)
measurements were performed
on BL8BI1 for L-edges of Mn MnV.O
and V, BL7A for L-edge of Mo e
at UVSOR (Okazaki, Japan)
with a ring energy of 750 MeV
and a stored current of 70-220 / w’oﬁM%svuoﬁ
mA in a mode of total electron /
yields at room temperature. '

CR2032 coin-type cell
and the beaker-type cell were Mn,0;
selected for charge-discharge |
measurement. Thel working 635 640 645 650 655 660
electrode was fabricated by
doctor-blade technique on a
copper-foil, spreading paste

F

Absorption / a.u.

Energy / eV

Fig.1. Mn L-edge XANES spectra for Mn, Mo, V,, O (x=0, 0.4),
MnCO, and Mn O,.
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consisted of 10 wt% polyvinylideneﬂuoride (PVDF) binder, 20 wt% acetylene black (conductive agent), 70
wt% active material of Mn, Mosz,“ 00 (x=0, 0.4) and appropriate amount of n-metyl-2-pyrrolidinone
(NMP) as solvent. After evaporatmg of NMP solvent in a furnace at 110°C in air atmosphere for 1day, the
electrodes were roll-pressed and cut into disks. Lithium metal was used as the counter electrode. The electro-
lyte was 1M LiClO, dissolved in ethylene carbonate (EC) / diethyl carbonate (DEC) (volume ratio of 1:1)
(received from Tomlyama pure chemical industries LTD.). All the cell assembling (Li | 1 M LiCIO, in EC /
DEC |Mn_Mo, V,, O, (x=0, 0.4)) was operated in a glove box filled with argon gas. The eleetrochemlcal
measurements were camed out galvanostatically at various current densities at room temperature. Relaxation
time between charge and discharge was set at 20 minutes.

L-edge XANES measurements of Mn, V and Mo for synthesized powdered Mn, Mo, V, | O, (x=0,0.4)
were carried out in order to investigate the oxidation states of Mn, V and Mo in the compounds. Flg 1 shows
the Mn L, -edge XANES spectra of Mn, Moh 2100 (80, 0.4) together with those of MnCO, (Mn*") and
Mn, O, (Mn*) as references. The spectra in the figure show strong absorption features due to the spin-obit
sphttmg of the Mn 2p core hole around 640 ¢V, and they correspond to the transition from Mn2p®3d" to
Mn2p®3d™!. Mn L, absorption peaks of MnCO, and Mn,O, are apparent about 640 ¢V and 642 eV, respec-
tively. This result indicates that the Mn L, absorption edge shifts to higher energy with increasing the oxidation
state of manganese. Both synthesized MnV O, and Mn, Mo, O exhibit the same feature of the spectra.
Since the spectra of the edge jumps for MnCO and Mn, MOZx 201006 (x50, 0.4) are very close to each other,
Mn ions exist as close to Mn** in Mn, Mojx\/'z(I .63 (x 0,0.4) compound However, small peaks which
correspond to Mn®" are observed around 642 eV. Accordmgly, small amount of Mn** beside main Mn?* may
include in the solid solution Mn,_Mo, V, O, (x=0,0.4).

V L -edge XANES spectra of Vsz(V”) VOSO0,(V*) and Mn, Mo, V, | O, (x=0, 0. 4) presented in
Fig. 2 1llustrate that the valence of V in Mn, Mo, V, 0 (=0, 0. 4) should be +5 because of very similar
behavior of Mn, Mo, V, | O, (x=0, 0.4) and V0.

In the same way, Mo Ly edge spectra of MoO (Mo®") and Mn, Mo V0O, in Fig. 3 designate that the
Mo oxidation state is +6 in Mn, MoV, ,0O, compound In the absorption of Mo L, -edge of MoO, and
Mn, MoV, O, the spectra split into two peaks due to splitting of d-orbital. In a pseudo-octahedral coordina—
tion, the first peak (t, ) dominates, while in a pseudo-tetrahedral coordinates, the second peak (t,) dominates.
Consequently, Mo is coordmated pseudo-octahedrally with oxide ions in brannerite structure of Mn, Mo .V ,0,.

In order to investigate the electrochemical performance of Mn, Mo, V, O, (x=0, 0.4), the cells was
subjected to charge-discharge cycles in constant current mode of 0.2 C Cutoff voltage was set at 0.01 V and
2.50 V. The insertion process of Li into the active materials is defined as charge process, while the reverse holds
for extraction process. The first Li insertion in MnV,0, shows a large capacity of about 1000 Ahkg™ and that of
Mn, Mo,V ,0, is about 1400 Ahkg", these capac:ltles are much larger than that of graphite (about 350 Ahkg

1), Furthermore, Mn, Mo,V ,0, has larger charge-discharge capacity than that of MnV O

V.0, \
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= :‘,\/\/\/\ :_ ,ﬁ“ o
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Fig2. V L-edge XANES spectra for Mn, Mo, V, O, Fig.3. Mo L-edge XANES spectra for Mn, Mo, .V ,O,,
(x=0, 0.4), V,O, and VOSO,. MoO, and MoO,.
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Natural graphite can be thought as promis-
ing candidates for anode in lithium ion battery in
terms of cost. However, it has been difficult to con-
trol the key parameters of carbon that affect their
characteristics for use as anode because carbon
materials have large variations in their electrical
properties. Furthermore, it has been known that natu-
ral graphite flakes cannot deliver reasonable elec-
trochemical performances such as reversible specific
capacity, cycle life, rate capability, etc. Since an elec-
trochemical reaction takes place on the surface of
electrode, the control of surface properties can be
thought as one of the critical factors. Therefore it
needs to consider improvement by control surface
properties that affect the electrochemical property
of natural graphite. In this report, we investigated
the influence of surface and/or structure modifica-
tion by aluminum compound on electrochemical per-
formances of natural graphite as anode in lithium
ion battery. Furthermore the correlation between the
local structure of amorphous-like aluminum oxide
and electrochemical performance will be discussed
with the results of Al K-edge XANES measurement.

The Aluminum-treated samples were prepared
by aluminum tri-etoxide(Al(OC,H,),, Soekawa
Chemicals) treatment on NG2(Kansai chemicals).
The NG2 graphite was soaked in ethyl alcohol solu-
tion containing 10wt% aluminum tri-etoxide, fol-
lowed by ultrasonic treatment for 3 hours, filtration
and drying above 200°C for 1 day in air atmosphere
to remove residual of alcohol. On the other hand,
pristine sample also prepared by alcohol soaking
without Al tri-etoxide, ultrasonic treatment and heat
treatment for comparison with Al-treated one. Al
K-edge X-ray Absorption Near Edge Structure
(XANES) were measured on BL7A at UVSOR with
a ring energy of 750MeV and a stored current of
70-220mA in a mode of total electron yields. The
KTP double crystal monochromator was used. The
monochromator scanning angle step width was
0.003°, which corresponds to ca. 0.1eV at 1560eV.
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Fig.l. Al K-edge spectrum of alumina on the sur-
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The absolute energy scale was calibrated by using literature value of Al K-edge in 0-ALO, . The curve fitting for
obtained XANES spectra was carried out with the REX2000 software by Rigaku.

The electrochemical measurement was carried out with the use of CR2032 coin-type cell. The working
electrodes were prepared by doctor-blade technique on copper foil, spreading paste consisted of 10wt%
polyvinylidenefluoride(PVdF) as binder, 10wt% acethylene black as conductive agent, 80wt% treated or pristine
NG?2 graphite and appropriate amount of 1-methyl-2-pyrrolidinone(NMP) as solvent. After drying of NMP
solvent, the electrode was cut into disk (the weight of all sample was controlled around 4mg). Lithium metal was
used as counter electrode. The electrolyte used was 1M LiClO, dissolved in ethylene carbonate(EC)/diethylene
carbonate(DEC)(volume ratio 1:1). The cell assembly was operated in a glove box filled with argon gas. The
specific capacity was measured by galvanostatically with current density 70mA/g, 175mA/g and 350mA/g in the
ranges 0 to 2.5V on Hokuto Denko charge-discharge tester.

To investigate the correlation of Electrochemical performances with the local structure of alumina, we
measured the Al K-edge XANES and electrochemical performance, especially in high rate Li intercalation/
deintercalation to clear comparison, of samples which surface treated in different heat treatment temperature,
because the structure of amorphous aluminum oxide is sensitive the preparation temperature. Since the accurate
structures of alumina are not known except q-Al,O,, the structural analysis of amorphous-like alumina is not so
simple. Recently, Al K-edge XANES measurement combining quantitative analysis was proposed to estimate the
local structure of alumina[1]. It is well known that the XANES spectra of AlO, tetrahedra and AlO, octahedra
were clearly identified in aluminum oxide. A white line 1566¢V is characteristics of AlO, compound and the
peaks at 1568eV and 1572eV can be assigned to AlO, octahedral compound. Normalized XANES spectra with
the calcination temperature of the Al-treated graphite samples together with reference sample of o-Al, O, (corun-
dum) are shown in Fig. 1. The peak ratio of tetrahedral AlO, to octahedral A1O, in the XANES spectrum of f;-
AL O, (corundum) in our measurement is 7:93, which is in good agreement with that of Reference 1. We can
observe a peak at 1565eV due to AlO, and two peaks at 1567eV and 1570eV due to AlO, and the difference of
peak position between AlO, and AlO, was about 2eV. In addition, the relative intensity of AlO, and AlO, was
varied with the calcination temperature. In the range of this study up to the 500°C of calcination temperature, the

portion of AlO, increased, like that of previous re-

port , this alumina phase can be thought as bochmite

+ g type alumina. From the above results of XANES 2
of each sample, we can determine that the variation
of local structure of aluminum oxide with calcina-
tions temperature, and the influence of local struc-
ture of aluminum oxide on the electrochemical per-
formances of graphite can be observed in Fig. 2. In
Fig. 2 shows the charge-discharge profiles of pris-
tine and Al-treated graphite samples, which calcined
300 and 500°C, during the first cycle and 30th cycle
at current density is 350mA/g and cut-off voltage is
0.0-2.5V. Comparing the profiles of the potential
curves of Al-treated sample with those of pristine
sample, we could not observe the remarkable changes

[a—

o O

[

Voltage/V

o O

in electrochemical reactions from initial profiles. 1

However, Fig. 2 clearly indicates that the cycle per- |
formance was improved by the Al-treatment and cal- 0 ; - (c?
cination temperature. 0 100 200 300 400
Refedences Specific Gapacity/mAhg'1

[1] K.Shimizu, Y.Kato, T.Yoshida, H.Yoshida,

A.Satsuma and T.Hattori, Chem. Commun.,1999,  Fig.2. Voltage profile of 1,2,10,20,30th cycle of
1681 (1999) (a)pristine, (b)Al-treated (calcined at 300°C) and (c)Al-

treated(calcined at 500°C) natural graphite electrode.
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Recently, many inorganic oxides (Ag-zeolite, Zn-hydroxyapatite, TiO,...and so on) for bactericidal
material were developed and investigated by the researchers of university and industry [1~3]. The mechanism of
bactericidal effects was suggested as follows. (DThe inhibition effect of noble metal ion(Ag*, Cu**, Zn?'.. that is
“Soft acid”) which was dissolved from the materials to SH group of enzyme. (2 The strong oxidation property of
active oxygen species (hydroxyl radical, super oxide, hydrogen peroxide), was produced on the surface of
materials under photo irradiation in the case of semiconductor oxide. However, its detailed explanation was still
unclear and both suggestions were reliable. In our previous study[4], we prepared Ti0,-Si0,-MgO tertiary oxide
and investigated the OH radicals formation on that of surface contacted with water using the spin-trapping
method. In the following experiment, we also investigated the effect of evacuation temperature to OH radical
formation. The thermally reduced surface was formed on the TiO,-Si0,-MgO oxide by the evacuation at high
temperature (over 773K) and the formation of OH radicals was increased. However, the stable electron state was
formed by the thermally reduction (Cu**—Cu" or Cu”) in the case of Ti0,-Si0,-CuQ. The quantity of active
oxygen species was decreased by the results of the inhibition of hydrogen abstraction reaction. From these
findings and background, we prepared Cu-MgO/TiO, oxides and investigated the effects of pretreatment
(evacuation, O, treatment, H, reduction) to the bactericidal function in progress. In this report, we investigated
the surface structure of these oxides using Mg K-edge X-ray Absorption Near Edge Structure analysis.

Cu-MgO/TiO, oxides (denoted as C-M/T) containing 25wt% Cu and 25wt% Mg were prepared by
impregnation of ultra fine particle titania (IDEMITSU KOSAN, IT-S) with an aqueous solution of copper(1I)
nitrate trihydrate and magnesium nitrate hexahydrate followed by drying in air at 383K for 24h. Then, they were
calcined at 873, 973, and 1073K in air for 1h. Additionally, we also prepared two different kinds of these oxides
as follows. Firstly, titania was impregnated with an aqueous solution of copper(Il) nitrate trihydrate. After
drying, copper supported titania was impregnated with a magnesium nitrate hexahydrate solution, and then
MgO/Cu/Ti0, oxide(denoted as MC/T) was obtained. Cu/MgO/Ti0, oxide (denoted as CM/T) was prepared by
impregnation using the reverse order of MC/T. These oxides were calcined at the same temperature mentioned
above. The pretreatment of these samples were performed in a vacuum cell: the samples were (a) evacuated at
383, 673 and 773K for 1h, (b) reduced with 50Torr H, for 1h at 473K, (c) oxidized in 50Torr O, for 1h at 473K,
(d) re-reduced by the same condition of (b).

Mg K-edge absorption spectra were collected on the BL-7A facility at UVSOR, IMS with 750MeV of ring
energy. The samples were put on the first Cu-Be dynode of electron multiplier using adhesive carbon tape, and
then were evacuated until under 1X107 torr in a vacuum chamber. The spectrum was recorded in a total electron
yield mode at room temperature using KTiPO, [KTP](011) double crystal monochromator (2d=10.954nm).

Mg K-edge XANES spectra of reference samples and MgO/TiO, calcined at 873 and 1073K(previous data)
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[5] were shown in Fig.1. Fig.2 was also indicated that those of prepared samples (C-M/T, CM/T and MC/T) at
various temperatures. It was found that the formation of MgTiO, was inhibited by Cu addition and 6-fold
coordinated Mg (rock salt type structure) predominantly existed in all prepared samples. These results were
corresponded to our previous data[5]. However, the characteristic difference of the spectra was detected in the
samples calcined at under than 973K. Relative intensity of the peak around 1306eV in CM/T was more weaken
than those of the other samples. It was indicated that the environmental structure of Mg was affected by the
preparation and the effect of Cu addition was varied by the supporting method. Unfortunately, the effects of
pretreatment to the XANES spectra were not shown in this experiment. The mechanism of bactericidal materials
was so complex, theoretical and experimental efforts were more need. We believed that XAFS analysis was

effective method to clarify this problem.
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Fig.1 Mg K-edge XANES spectra of (a) reference samples and
(b) 25wt% MgO supported titania
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Fig.2 Mg K-edge XANES spectra of Cu and MgO supported titania
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Poly(methyl —methacrylate) (hereafter, PMMA) ultra thin films impregnated with
(N,N’-di(hexadecyl)-2,2"-bipyridine-4,4 -dicarboxyamide)-bis(2,2 -bipyridine)ruthenium(II) diperchlorate
complex (denoted as RuBP) have been prepared, and the characterization has been investigated by the
X-ray absorption spectroscopy (XAS) [1]. So far, it was found from Ru Ls-edge, Cl K-edge, and Br
L;-edge X-ray absorption near-edge structure (XANES) spectra that (1) the RuBP complexes are
impregnated only a single-side of the PMMA thin film, resulting that it gives hydrophilicity due to the
RuBP complexes; (2) the Cl K-edge peak of ClO, ions which are counter anions in RuBP complex is also
observed in the Ru L;-edge XANES spectrum; and (3) the intensity ratio between the peaks of Cl K-edge
and Ru Ls-edge changes in the film-prepared conditions on the water surface, suggested that the surface of
the RuBP-impregnated thin film chooses the anion on a water surface, for example Cl1O, and OH" ions. The
ion-selectivity of the surface was confirmed from the XANES measurements for the RuBP-impregnated
thin films prepared on the water surface including the excess concentration of each of ClO4, CI', and Br’
ions, compared with the concentration of the ClO4 ion in RuBP solution [2]. In this study, in order to
investigate further surface ion-selectivity of the RuBP-impregnated thin films, we measured the XANES
spectra for the thin films prepared on the water surface including the excess concentration of each of BrOj’,
S0,%, SO57, $,0,7, and SCN jons as mentioned above.

The X-ray absorption spectra were measured at BL7A of the UVSOR in the Institute of Molecular
Science, Okazaki [3]. The ring energy of the UVSOR storage ring was 750 MeV and the stored current was
110-230 mA. S K- and Ru L, ;-edge absorption spectra were recorded in the regions of 2420-2540 and
2800-3000 eV, respectively, by use of two Ge(111) crystals, while Br L, ;-edge absorption spectra were
recorded in the region of 1550-1700 eV by use of two KTP(011) crystals. The absorption was monitored by
the total electron yield using a photomultiplier. The RuBP solution and RuBP-impregnated polymer thin
film were prepared by the procedure as described elsewhere [1.4], here, each anion was in advance added
to water. These anions were added as sodium salt, and the molar quantity of these anions was 50000 times
that in the RuBP solution normally dropped on the water surface. The thin films were directly attached to
carbon adhesive sheets, and the reference materials, for example powder of each sodium salt, were spread
on the sheets. Each sheet was adhered to the first dynode of the photomultiplier.

The Ru L;-edge XANES spectra for the RuBP-impregnated thin films prepared on the water surface
including the excess concentration of each of BrOy', 8042', SO32', 82032', and SCN ions are shown in Fig. 1
along with that of the RuBP powder and normal RuBP-impregnated thin film. The photon energy is
calibrated by setting the Ru L;-edge peak of the Ru metal to 2838.0 eV. The spectra are normalized to the
Ru L,-edge peak. In all the thin films, no peak A assigned to the Cl K-edge of ClO4 ion appears in the
XANES spectra, though it appears in those of the RuBP powder and normal RuBP-impregnated thin film.
This result suggests that few CIQOy4 ions exist at the RuBP-impregnated surface of the thin film, and another
anion interacts with that instead. The S K-edge and Br L;-edge XANES spectra for those thin films are
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shown in Figs. 2 and 3. The XANES spectra for the sodium salts of ; ; ; ;
the S compounds as reference samples are presented in Fig. 4, and S K-etge
that of NaBrO; is also depicted in Fig. 3. The photon energy for the
S K-edge and Br L;-edge is calibrated by the references of Refs. 5
and 6, respectively. The spectra in Figs. 2 and 3 (only RuBP-BrO;)
are multiplied by the coefficient when the Ru L,;-edge XANES
spectra are normalized to the Ru L,-edge peak, that is, their spectra

Na;S;0; (57)
is comparable in the intensity with that of the Ru L;-edge. In Figs.
2 and 3, all the anions exist as counter ions at the

RuBP-impregnated surfaces of the thin films, though the peak NSNS}

intensity for the ClO4 ion in the normal RuBP-impregnated thin

film is larger than that of all the anions except for RuBP-SO;. The R LR R

RuBP-impregnated surfaces of the thin films may be thus 247I£’Jhoton2£r?eorgy / e%/490

suggested to predominantly interact with another anion rather than .

BrO;, 8042', 82032', and SCN’ ions. However, it is not understood ?lg' 4. The'S !{—edge XANES spectra
g ! or the sodium salts of the S

why the SO;7 ions are predominantly adsorbed to the compounds as reference samples

RuBP-impregnated surfaces of the thin film, compared with the

other anions, and the peak positions (2480 eV) of RuBP-SO;, -S,05, and -SCN are similar to that of

RuBP-S0y, though the feature characteristic of each spectrum for RuBP-S0Oj3, -S,03, and -SCN still remain.

This will be clarified by progressing this study furthermore. In conclusion, it is found that the chemical

state of the RuBP-impregnated surfaces of the thin film changes by anion added in advance to water.

Na,S0, (%)

Intensity / Arb. Unit
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Ceramic solid solutions are widely used not only for functional materials but also for engineering materials.
Properties of the ceramic materials are dramatically changed by the kind of the doped solute. In order to control
the properties intelligently, detailed knowledge of local structures around solutes is indispensable. X-ray
absorption near edge structure (XANES) and electron energy loss near edge structure (ELNES) are versatile
tools to analyze them. In this work, MgO-ZnO solid solutions are investigated by XANES and ELNES with
special interests on the local structure around Zn in MgO. In order to interpret the experimental spectra, a first
principles band-structure calculations were performed using the orthogonalized linear combination of atomic
orbitals (OLCAQO) method [1].

High purity MgO powder having rock-salt structure (2000A, Ube Materials Industries, Japan) and ZnO
powder having wurzite structure (Seido Chemical Corp., Japan) were used as starting materials, Two powders
were mixed by a magnetic-starrier in ethanol until they dry up. Sintering was done in air at 1623K for 3h for
undoped ZnO, and 1933K for 2h for the doped/undoped MgO. The solubility limit of Zn in MgO was reported to
be 38.7 at % at 1873K [2]. All specimens used in this work exhibit a single crystalline phase of a rock-salt
structure by a standard powder x-ray diffraction method. XANES was obtained at BL-7A of the soft X-ray beam
line of UVSOR, in the Institute for Molecular Science, Okazaki, Japan. Zn-L; edge spectra were collected in a
total electron yield mode at room temperature using a beryl two-crystal monochrometer. The photon energy was
calibrated at the Al K-edge (1568eV) from the beryl monochrometer. Samples were put on the first photocathode
of electron multiplier by adhesive carbon tape. ELNES was measured using transmission electron microscopy
(CM200 FEG Philips) operated at 200 kV with standard transmission geometry. A post-column imaging filter
system (GIF, Gatan) with a slow-scan CCD camera was used in a spectroscopic mode.

Figurel shows Zn-L; ELNES and XANES from wurzite-ZnO (w-ZnQ). Two experimental spectra are in good
agreement except for the fact that the present XANES shows higher energy resolution than that of the ELNES.
As a result, fine structures of peaks A and B can be clearly seen only in the XANES. The theoretical spectrum
obtained by the OLCAO method using a large supercell composed of 108 atoms is also shown in Fig. 1.
Theoretical spectrum is found to reproduce the experimental spectra quantitatively well up to the peak C if we
correct the absolute energy by 15 eV (1.4 %).

Figure 2 shows the Zn-L, XANES from the MgO-30mol% ZnO solid solution. The spectral features are
clearly different from that of w-ZnO. The spectrum from w-ZnO is basically composed of 4-sets of peaks, A, B,
C, and D. On the other hand, the 3-sets of peaks, A, B, and C, make the spectrum from the solid solution. The
spectral difference can be ascribed to the difference of coordination number of Zn [3]. The calculated spectrum

from an isolated Zn model is also shown in Fig. 2. The isolated Zn model was made up with the assumption that
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an isolated Zn ion is present in the MgO matrix. The reproduction of the theoretical spectrum is satisfactory
except for small discrepancy in the shape of the peak B. Although the peak B in the experimental spectrum is
rather sharp, it shows a double peak in the isolated Zn model. The isolated Zn model should therefore be
modified.
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Calcium titanate, CaTiO;, has the perovskite type structure as well as BaTiO; for ferroelectric
materials. CaTiO; with the addition of some oxides as a doping is expected to possess the possibility of
novel ferroelectric properties. Recently, according to Hayakawa et al, it was also reported that the usage of
CaTiOs based materials with small amount of nickel led the exothermic reaction without H,O in the case of
the oxidation of methane. In this study, the evaluation of microstructure for CaTiO; with the addition of
some oxides and its structural analysis around Ca and P atoms was carried out by means of Ca K- and P
K-edge XAFS. In this report, obtained results and discussions about P K-edge XAFS were omitted.

As an initial material, CaTiO; powder, zirconium oxide powder, strontium oxide powder, and barium
nitrate were selected. 5 wt% of their oxide powders and salt was added into CaTiO; powder and mixed in
ethanol solvent for 24 hours by a ball-milling method. The slurry was dried with an evaporator and then in
an oven at 50°C. The mixture of CaTiO; and other oxides or salt was molded with a stainless die. The
compacts were heat-treated in an air atmosphere for 2 hours at 1100 - 1300°C. XAFS spectra at Ca K- and
P K-edges were measured at BL7A of UVSOR by means of Ge(111) double-crystal monochromator, All
samples were measured in a total electron yield mode.

Heat-treated CaTiO; with some additives was identified by X-ray diffraction (XRD) and composed
of only CaTiO; phase without reaction phases. The XRD results indicated that these CaTiO; with some
additives had the perovskite-type structure. It is suggested that the solid solution of Ba, Zr, and Sr into
CaTiO; structure was performed. Fig. 1 shows XANES spectra of CaTiO; with some additives. CaTiOs has
perovskite-type orthorhombic structure, and Ca ions are surrounded by 12 oxygen atoms in three types of
slightly distorted square-planner CaQO, tetrahedra. Thus the feature of XANES are quite different from
those of CaO (CaOg, 0)) and HAp (Ca-O)g). In case of CaTiO; with several additives (Sr, Ba, Zr, or La),
the features of XANES spectra are almost similar to that of non-doped CaTiO;. However, the transition
intensities of each peak (especially, prominent peak at 4044 eV) on these samples have a little difference
from each other. This result indicates that a little change was brought about in Ca local structure by addition

of those dopants. Fig. 2 shows EXAFS oscillation waves of these samples in the range of Ak = 3.0 - 10.0
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A", Slight difference of oscillations can be between CaTiO; and Ba-, La, or Zr-added one, supporting the

structural change around Ca ions in minor. To clarify the difference, Fourier-transformed EXAFS analysis

was introduced. The results of FT are shown in Fig. 3. In CaTiO;, two types of Ca-O bonds are present in

the range of 2.39 - 2.50 (80) and 2.58 - 2.69 A (40). For FT-EXAFS, it seems that Ca-O scattering of these

bonds are seen in the range of R = 2.2 - 3.2 A (as shoulder and primary peaks). The FT peak at ca. 4.0 A

may be due to Ca-Ti scattering (3.84 A as a real bond length). The feature of Ca-O peaks in S5wt% Sr-added

CaTiOs; is almost as same as those of CaTiOs, however, the difference can be seen in 10wt% Sr-added

CaTiO; from non-doped one. In addition, intensity of the peaks in higher shells (R > 4.0 A) becomes large

by Sr addition. These results show that Sr-insertion in CaTiO; perovskite give a successive change of local

structure around Ca ions in minor. In cases of La- or Zr-added CaTiOs, separate peaks due to Ca-O

scattering can be seen at 2.4 and 3.3 A. The peaks at 4.2 A, which may be due to overlapped Ca-La or

Ca-Zr scattering with Ca-Ti one, becomes large by metal-addition. These

change of local structure around Ca ions in CaTiO; perovskite phase. The

slight change of Ca local structure.
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Fulvic acid is a typical organic compound with aliphatic and/or aromatic carboxylic and phenolic
hydroxyl groups in natural water. Tt is also a polymer which has molecular weight of 1000-10000.
Therefore, it is important to understanding the behavior of aluminum ion with this acid on the
environmental science. Thus for understanding the binding properties of aluminum ion to fulvic acid, it is
also important to investigate the interaction between aluminum ion and some model compounds of fulvic
acid that have functional groups such as carboxylic groups and amino groups in aqueous solution. We
choose a chelate and cation exchange resin. But the structure of these model compounds was not clear yet.
In this study, the Al K XANES spectra of the chelate and cation exchange resin adsorbing aluminum ion as
model compounds for fulvic acid were measured and discussed steric structure of these compounds in solid
state.

Chelate resin, Chelex 100, and cation exchange resin, Bio-Rex 70, were obtained from Bio-Rad Laboratories,
Richmond, Calif, respectively. Each resin (2-5g) was added into aqueous solutions (100-200 cm’, pH3) with
various concentrations of aluminum ions and stirred for 24h. The resin adsorbing aluminum ions was filtered,
air-dried and dried at 60°C for several hours. The Al K XANES measurements were carried out at the BL-7A of
UV-SOR in the Institute for Molecular Science. The

storage ring was operating at electron energy of 750 : J : J ¥ T L
MeV. All spectra were recorded in total electron yield,

using a KTP double-crystal monochromator The

samples were spread into the carbon film on the first
photodynode made of CuBe of the electron multiplier. gl

Fig.1 shows Al K XANES spectra of the resin
adsorbing aluminum ions and Al(CyDTA) complex.
AI(CyDTA) complex contains six coordinated AP ions,
each of which is bonded to two N atoms and four O
atoms. For Al K XANES spectra, the first peak of

K-edge shifts higher energy with increasing the

Normalized Intensity/a.u.

coordination number of aluminum ions. The absorption

1540 1560 158 1600 1620

edges of the three compounds are located on the same Photon Energy/eV
energy level. The result shows that these compounds Fig. 1 Al K XANES spectra of the resin adsorbing

aluminum ions and AI(CyDTA) complex
have similar surroundings of aluminum ions.
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Several metal oxides have been utilized as catalysts of the oxidative coupling of methane (OCM).
LiNiO, has an activity for the OCM reaction and a layered structure in which lithium and transition
metal ions are alternately and regularly arranged to oxygen layers. We suggested that the anisotropic
structure should be a key to the formation of the active sites for the OCM reaction. In this study,
ultraviolet photoelectron spectra (UPS) were measured in order to examine electronic structures of the
valence band of LiNiO,. It should be carefully investigated, because the top of the valence band usually
determines chemical activities and properties.

The measurements of ultraviolet photoelectron spectra were carried out at the BL8B2 of the
UVSOR/IMS. LiNiO, was synthesized by solid phase reaction at 800°C in the atmosphere. The surface
treatments were carried out by a surface cutting under high vacuum and/or argon sputter. The
h v-dependence of ultraviolet photoelectron spectra of LiNiO, was also measured at room temperature.

Ultraviolet photoelectron spectra of LiNiO, after the surface treatment are shown in Figs. 1 and
2. These spectra were measured with reference to Er as zero of the energy scale. Fig. 1 is different
demonstrating the effect of the surface contamination and/or modification by air. Fig. 2 shows the
incident photon energy dependence of UPS of LiNiO,. The intensity of these bands at E,=6.9 eV and
Ev=1.6, 2.7, 3.5 eV from the Fermi level shows maximum at around /> =40 eV and 55 eV, respectively.
It seems likely to be a considerable possibility of orbital mixing between Li, Ni and O atoms.
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Fig.1. UPS of LiNiO,, a) LiNiO, sample of no

surface treatment; b)-d) LiNiO, sample after the Fig.2. The hy -dependence of UPS of LiNiQ; in the

surface cutting and argon sputter treatments. hy -region of 30-60 eV.
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1 Introduction

MgAl204 spinel is recognized as one of structural oxide materials because of high melting
point (2015°C), superior resistance to chemical attacks strength and so on. However, it is very
difficult to prepare dense polycrystalline spinel with high-purity and stoichiometric composition
by a conventional method. Advanced synthesizing techniques have been applied to preparation
of the powder with good sinterability[1-3]. Mechanochemical process is a well-known process
that improves the reactivity of powders and gives new properties to them, using mechanical
stress by agitating and milling processes. Despite mechanochemical phenomena are applied to
various industrial fields in practice, few studies of quantitative mechanochemistry were carried
out.

In the present study, the formation of spinel phase from a mixture of aluminum and

magnesium hydroxide activated mechanically with wet-milling was investigated through Xray
diffraction (XRD) analysis and Mg K-edge X-ray near-edge structure (XANES).

2 Experimental

Aluminum hydroxide (Sumitomo Chemical Industries Co. Ltd. : C-31) and magnesium
hydroxide (Ube Chemicals Co. Ltd. : UD-653) was used as raw materials for mechanical milling,
without further heat treatment and purification. The average particles size were 50um and
2.8um respectively. For preparation of activated powder, the hydroxides were milled in
hydrochloric solution with a Mg : HCl molar ratio of 1 : 0.01 by using a planetary ball'milling
equipment (Fritsch Co. Ltd. : P-5). The milled hydroxide powders were calcined at a
temperature between 300° and 1200°C. The crystalline phase of calcined powder was examined
via XRD analysis. The thermal behavior was estimated at a heating rate of 5°C via DTA.

Mg K-edge XAFS measurements were carried out on the BL-7A at UVSOR facility in the
Institute of the Molecular Science, Okazaki. The spectra were recorded in a total electron yield,
using a beryl double crystal monochromater.

3 Results and Discussion

As-milled powders were determined to consist of a mixture of aluminum and magnesium
hydroxides and no new phases by wet milling could be recognized via XRD analysis. With
increase in the calcining temperature, MgO formed at 600°C, resulting from thermal
decomposition of magnesium hydroxide and the formation of spinel was identified around 900°C.
The diffraction peak of spinel was broad, indicating that the crystallite size was very fine. The
fraction of spinel was determined to be approximately 49 vol% via XRD analysis. Figure 1 shows
Mg K-edge XANES spectra of as-milled hydroxide and powders calcined at a temperature
between 300°C and 1200°C. Figure 2 also shows Mg Kedge XANES spectra of some reference
compounds. Compared with the figures, magnesium element is found to exist as a hydroxide
until a caleining temperature of 600°C and formation of MgO could be recognized at 600°C.
These results are in good agreement with those by XRD analysis. XANES spectrum at 900°C
looks a combination of spectra for spinel and MgO. In order to examine the degree of reaction to
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spinel, therefore, we tried to combine the XANES spectra of MgO and spinel in Fig.2, with
changing the intensity ratio of each spectrum. Dashed line in Fig.3 shows the result of the
combination for 57% MgO and 43% spinel. The combined curve was similar to the spectrum
obtained at 900°C, as shown in Fig.1. The fraction of spinel, 43% would be good agreement with
the result, 49% from XRD analysis, although the fraction was a little bit smaller.
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5 900°C D MgAIO,
= © (Spinel)
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Fig.1. Mg K-edge XANES spectra of spinel precursor Fig.2 Mg K-edge XANES spectra of reference
and powders. Mg compounds.

Total electron-yield

1300 1310 1320 1330
Photon energy / eV

Fig.3. Combination of XANES spectra for spinel and MgO.
(a) spinel powder calcined at 900°C
(b) [spectrum of 57% MgO] + [spectrum of 43% spinel]

References

[1] R.J. Rratton, J. Am. Ceram. Soc. Bull., 48, 759 (1969).

[2] S.Hokazono, K. Manako and A.Kato, Br.Ceram.Trans..J, 91, 77 (1992).

[3] T.Shiono, K.Shiono, K.Miyamoto and G.Pezzotti, J. Am. Ceram. Soc., 83, 235 (2000). the result

— 193 —



(BL7A, BL8B1)
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The Li-ion rechargeable batteries are considered as the most suitable power sources for portable elec-
tronic devices due to their high capacity and energy density. Generally, Li-ion rechargeable batteries consist of
intercalation compounds in both for cathode and for anode electrode materials. One is a lithiated transition metal
oxide as the cathode and the other is graphite as the anode. However, the graphite anode material commonly used
in Li-ion rechargeable batteries suffers from small capacity per unit weight (about 350mAh/g) and/or per unit
volume due to its low density in spite of its low redox potential and good cycle life. Furthermore the rate capabil-
ity of graphite material due to the diffusivity also needs improvement. To overcome these disadvantages, consid-
erable amounts of attempts have been made to find out alternative anode materials, including metal oxide(MO,
M=Co, Ni, Fe), tin-based material, vanadium-based oxide materials, in place of graphite anodes. Especially,
vanadium based oxide materials have been researched as active materials for Li secondary battery, since the
vanadium oxides have interesting characteristics in a standpoint of variety of oxidation state. Recently, several
researchers have described the low potential Li-insertion behavior in vanadium based oxide such as
RVO,(R=In,Cr,Fe,ALY) and MnV O,. Molybdenum oxides should be attractive as anode material, because they
also have various oxidation state like vanadium. In this report, we synthesized molybdenum-based oxide MnMoO,
as new anode material and described the lithium insertion/removal behavior at low potential cycle property. The
XRD measurement and X-ray absorption study of Mn and Mo L-edge have provided insight on the structural
transformation and electrode reaction mechaniam.

MnMoO, powder sample was prepared by conventional solid reaction method. Starting material used
was MnCO,(99.9% Soekawa chemicals) and M0O,(99.9% Soekawa chemicals). This reagents mixed with sto-
ichiometric ratio in agate mortar and the mixture was heat-treated at 600°C for 24h in air atmosphere. Then we
could get crystalline MnMoO, powdered sample. The phase identification was carried out by powder X-ray
diffractometry using Rigaku RINT2500V with CuK¥a radiation. The samples for the electrochemical measure-
ment were prepared by mixing crystalline MnMoO,, acethylene black as conductive agent and
polytetraflourocthylene (PTFE) binder(55-40-5wt%, respectively) in an agate mortar and made in the form of
film. The film was then cut into a disk form (5.4mm diameter). Cells were fabricated by coupling this disc with
lithium foil of same area as counter elec-
trode using microporous polyprophylene
film(Celgard2400) as separator. 1M
LiClO, dissolved in Ethylene
Carbonate(EC)/DiEthlylene
Carbonate(DEC) (vol ratio=1:1) was used
as the electrolyte. The electrochemical mea-
surement was carried out galvanostatically
at various current densities at room tem-
perature in a glove box under argon atmo-
sphere. The cut-off voltage was set at 0.0
and 2.0V versus Li/Li". Mo L-edge X-ray
Absorption Near Edge Structure (XANES)
of synthesized powder were measured on
BL7A at UVSOR (Okazaki, Japan) with a
ring energy of 750MeV and a stored cur-
rent of 70-220mA in a mode of total elec- Energy (eV)
tron yields. The KTP double crystal mono-
chromator was used. The absolute energy
scale was calibrated by using literature

Absorption (a.u.)

Fig.1. Mn L-edge XANES spectrum of MnMoO,
and various Mn compounds as reference
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value of Mo L, —edge inMoO,. MnZ, ,-edge XANES was measured on BL8B1 beam line at UVSOR (Okazaki,
Japan) with ring energy of 750 MeV in a mode of total electron yield at room temperature.

Mn and Mo XANES for synthesized powder also carried out to investigate the oxidation state of Mn
and Mo and to verify the chemical formula. XANES results were shown in Fig.1 and Fig. 2 with reference
materials that have various oxidation states. The Mn L-edge XANES shows two strong absorption features due
to the spin-orbit splitting of the Mn 2p core hole. The absorption shown in Fig.1 about 640-645 eV is 2p, , (L3)
edge. In Fig.1, the spectra for the edge jumps for MnCO, and MnMoO, are very close to each other, we can
assume that Mn exists as Mn*' in MnMoO,. Mo L-edge XANES spectra of MnMoO, and MoO, presented in the
Fig. 2 illustrate that the valence of Mo in MnMoO, should be +6. The oxidation state arrived from the XANES
spectra and well-defined XRD pattern obtained for the prepared sample confirm that the compound is stoichio-
metric MnMoO,. Furthermore, the spectra of Mo L-edge XANES of MnMoO, and MoO,, which involves the
transitions from the 2p core levels into the empty 4d orbital, show separation of two peaks clearly Generally, in
octahedral coordinated metal, the d-orbitals are splits into triply degenerate t, and doubly degenerate ¢, orbitals.
The electrons in e, orbitals are repelled more strongly by the negative charge since electrons are located along the
bonding axes than those of t, orbltals which point between the axes. Thus the t, orbitals lie lower in energy than
the e, orbitals, whereas, in tetrahedral coordination, triply degenerate t, orbltals lie higher in energy than doubly
degenerate e orbitals. The Mo atoms in MoO, are in a octahedral env:ronment and Fig.2 indicate the typical 4d
splitting in two sets of e, and t,, symmetry.
On the other hand, the Mo atoms in
MnMQO ,areina tetrqhedral environm_ffnt, ® MnMoO,
and Fig.3(b) shows ligand field splitting v MoO;
parameter: (energy difference of t, and ¢)
is about 1.6eV.

In order to obtain charge-dis-
charge profile of MnMoQ,, cell was sub-
jected to several cycles at constant current
mode. The charge-discharge profiles ob-
tained are depicted in Fig. 3. The initial
charge capacity was about 1800Ah/kg and
reversible capacity in consequent discharge
process was around 1000Ah/kg. During
the first charge, the lithium intercalation - I - I . | .
process exhibited a plateau around 0.8V 2415 2420 2425 2430 2435
versus Li/Li* which is not observed in the
following cycles. Energy (GV)

Absorption (a.u.)

Fig.2. Mo L-edge XANES spectrum of
MnMoO, and MoO,.
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Fig.3 Charge-discharge voltage profile of MnMoO,.

— 195 —



(BL8B2)

Intermolecular Energy-Band Dispersion in Well-Oriented PTCDA Multilayer
by Angle-Resolved UV Photoemission

Satoshi KERA", Shinji TANAKA®, Yosuke YABUUCHI", Tadaomi MORI*, Hiroyuki Y AMANE®®,
Daisuke YOSHIMURAP, Koji K. OKUDAIRA®, and Nobuo UENO*
“Graduated School of Science and Technology, Chiba University, Chiba 263-8522

"Institute for Molecular Science, Okazaki 444-83585

The energy-band dispersion is a fundamental basis for understanding the basic properties of
solids. Angle-resolved ultraviolet photoemission spectroscopy (ARUPS) using synchrotoron radiation
is a powerful technique for directly measuring the valence band dispersion. For typical organic
molecular solids, the energy-band dispersion has been difficult to observe, since the bandwidth is
small due to weak intermolecular van der Waals (vdW) interaction. Some experiments have been
reported during past decades for the families of organic charge transfer salts, such as metal complex
systems of DCNQI [1], BEDT-TTF [2], and TTF-TCNQ [3]. In a single-component organic
molecular film, however, the energy-band dispersion was observed for only two systems, that is, Cg
[4] and BTQBT [5] so far. The HOMO bandwidth due to the dispersion is about 0.4 eV for Cg, and 0.4
eV for BTQBT. In this work, the valence band of well-characterized perylene-3,4,9,10-tetracarboxylic
dianhydride (PTCDA) multilayer was measured by ARUPS with synchrotoron radiation. We
succeeded to observe the small energy-band dispersion due to the weak HOMO-HOMO interaction for
a conventional organic solid PTCDA.

ARUPS measurements were carried out at the BL§B2 of UVSOR. ARUP spectra were measured
by a newly installed system of a VG-ARUPS10 analyzer with a multi channel detector. A MoS, single
crystal substrate was cleaved in the UHV. A purified PTCDA was carefully evaporated onto the MoS,
surface. We confirmed the molecular orientation of the PTCDA (30 A) multilayer by the LEED pattern.
The film thickness and the deposition rate (~ 0.7 A/min.) were measured with a quartz microbalance.

Figure 1 shows an example of the /v dependence at an electron take-off angle 8 = 0° and a photon
incidence angle o = 70° for the well-oriented PTCDA (30 A). Band A is well separated from other
valence bands and assigned to be single t MO (HOMO) [6,7]. Band B is related to some © MOs [6,7].
In this film, PTCDA molecules lie flat with their molecular plane oriented parallel to the substrate and
form a two-dimensional rectangular unit cell [6,7]. For the HOMO band, the continuous change of peak
position with /v is clearly seen. The total energy shift in the peak position is about 0.2 ¢V in a region of

photon energy hv = 15-81 eV.
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From Fig.1, the energy band dispersion relation along the surface normal was determined using the
procedure described in the previous report [5], where assumed that (i) both energy and momentum of
electrons are conserved for the ionization and (ii) the final continuum state is a parabolic free-electron
like band in a constant inner potential V. In Fig.2, the best fit dispersion curve along with the
experimental results calculated by a simple tight-binding model is shown, where inner potential Vyis
—8.5 eV, the binding energy of the band center is 7.43 eV, the lattice spacing is 3.7 A, and the transfer
integral is 0.05 eV. As seen in Fig.2, we could observe the energy-band dispersion over four Brillouin
zones ( 3"1, 4&‘, 5" and 6" zones) with the bandwidth of about 0.2 eV. For Vg value, further confirmation is

now in progress using the low-energy transmission spectroscopy [8].
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Fig.2 The experimental dispersion for the HOMO
Fig.l Photon energy dependence of ARUPS at band (filled circles) and the best fit curve (line) in the
normal emission for PTCDA (30A) on MoS,. tight-binding model.
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Diamond-like carbon (DLC) films have been very interesting material in view of their numerous applications because of
their high hardness, low friction coefficient and chemical inertness. DLC films have been dominantly formed by vapor
phase methods [1,2], however their properties are not sufficient for the various devices in the next generation. In order to
improve the quality of DLC film, our group has proposed a novel method in DLC synthesis using gas cluster ion beam [3].
The DLC films were formed by irradiating Ar cluster ion beam during evaporation of Cgp as a carbon source. The films by this
method exhibited good properties of hardness, adhesion and wear resistance. Electronic and structural properties of
amorphous carbon  films are related to the coordination of the carbon atoms.  The DLC films mainly consist of two phase
of carbon bonding.  One of them is sp” hybridized orbital and other is sp” hybridized orbital. The content ratio of these phases
in the DLC films is a variable parameter of a deposition method and a deposition condition. The DLC films with lower
content of sp” orbital have similar character of diamond while those with higher content have similar character of graphite.
That is, the estimation of the sp’ content is important in order to determine the coordination of the carbon film and to
understand the properties of the DLC film. Recently, near edge X-ray absorption fine structure (NEXAFS) spectroscopy
was reported to be useable estimating sp” content for amorphous carbon films [4]. In order to optimize the condition on the
forming DLC films with lower content of sp°, the film thickness dependence and acceleration voltage dependence in the
NEXAFS spectra were measured.

NEXAFS measurement was
performed at the BL8BI station of T T
UVSOR [5]. The synchrotron B
radiation provided by the 0.75 GeV I
electron storage ring was dispersed

by a constant-deviation

constant-length ~ spherical ~ grating ]
maonochromator and was DLC (1.04m)
perpendicularly irradiated to the film
surface.  The NEXAFS carbon

K-edge spectra were measured in the

DLC (0.3um)

DLC (0.1um)]
photon energy range 275-320 eV

with 0.5 eV FWHM resolution. T TN ORI SONS VEPURS JRVTE N O SR T
Thi- ditecice, oF Slovims el 275 280 285 200 295 300 305 310 315 320

Normalized absorption [a.u.]

from sample was performed in the Photon Energy [eV]
total electron yield mode. The details
of the deposition method of DLC
film by using GCIB assisted
deposition have been described in the

Fig.1 NEXAFS spectra of graphite and DLC films formed by Ar gas cluster
ion beam (GCIB) assisted deposition. The films were deposited with various

) ) film thicknesses.
previous paper [3]. The accuracy in
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our NEXAFS spectra was confirmed
by measuring the reference sample of
graphite as shown fig. 1.

Fig. 1 shows the typical NEXAFS
carbon K-edge spectra of the DLC films
formed by GCIB assisted deposition
with the spectra of graphite. The spectra
of DLC films with various film
thickness, which were deposited with
9kV acceleration voltage of GCIB, are
shown. The NEXAFS spectra of
various carbon films have been

Normalized absorption [a.u.]

1 1 | L | L 1 L 1 L 1 i | ! 1

investigated previously [4,6,7]. A 275 280 285 290 295 300 305 310 315 320

pre-edge resonance at 285.3 eV is due Photon Energy [eV]

to wmsiions, i € Iy el 1o Fig2 NEXAFS spectra of DLC films deposited with various
unoccupied 7 orbital principally acceleration voltage.

originating from sp’ (C=C) hybridized

orbital. This peak is not almost present in the diamond spectrum [8], because the diamond consists of only sp’ (C-C) orbital.
Therefore the intensity of the transitions at 285.3 €V represents as an index of sp” content.

The established method for the quantitative determination of sp” content from EELS technique was applied to the
NEXAFS measurements. The sp® content was estimated from the integral of the pre-edge peak at 285.3 eV. Further
information for the determination of sz content is denoted in the literature [9, 10]. In the fig. 1, the sp” contents of the DLC
films with the various film thickness were almost same values. This result showed no dependence on the film thickness of the
surface structure, since the total electron yield mode of this measurement detected the electrons from the film surface in the
depth up to approximately 10 nm. That means homogeneous DLC films could be produced by GCIB assisted deposition
under the constant acceleration voltage.

Fig. 2 shows the acceleration voltage dependence of NEXAFS spectra in the DLC films. The DLC films were deposited
by varying the GCIB acceleration voltage from 5 to 9 kV with 0.3 pm of film thickness. The intensity of ls—m* transitions
increases with increasing the GCIB acceleration voltage. The film formed by Ar gas cluster ion beam assisted deposition with
5KV acceleration voltages has a lowest sp” content under this voltage condition.
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Evaluated from Transition Metal L-edge and O K-edge XANES
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1. Introduction

Some of LaMO,-based oxides (M; transition metals) with perovskite-type structure have been widely
investigated for use as electrode materials in solid oxide fuel cells (SOFCs) and oxygen semi-permeable
membranes since they exhibit high oxide ionic (O%) and electronic conductivities. Under operating conditions
of such devices, the LaMO,-based oxides are exposed to gases with various oxygen partial pressures, P(0,), at
elevated temperatures. There are, however, few studies on P(Q,) dependence of their electrical conductivity
(o), although their ionic and electronic conductivities are much affected by a change in P(QO,) because of a
deviation in oxygen content from 3. The decrease in the oxygen content from 3 leads to a formation of the
oxygen vacancies, paths of an oxide ion transport, and changes the electronic structure, which directly
influences their electronic conductivity. In the present study, the change in the electronic structure of Sr-
doped La(Coy,Feq5)0; as a function of P(O,) was studied. In this system, p-type electronic conduction is
dominant, and o tends to increase with Sr-doping into La-site or temperature rise (semiconductor-like behavior).
The enhancement in o with Sr content is due to a hole doping. In fact a nominal mean valence of transition
metals (1) increases to about 3.3 for 40% Sr-doped La(Co,,Fe,5)O;, while n is about 3.0 for undoped sample
[1]. The aim of this work is to evaluate a valence of each transition metal, as well as »n, under several P(O,)
conditions. In addition, the previous study [2] revealed that this system exhibited a curious p-type electronic
conducting behavior at low P(Q,); ie., the p-type electronic conduction under » less than 3. Hence, the
relation between the change in its electrical conductivity and that in its electronic structure was also discussed.

2. Experimental

Powders of 40% Sm-doped La(Co,,Fe; )04, LaySry.Coy,Fe,4O0,, which is regarded as one of the best
candidate for the cathode material of SOFC, were synthesized from each metal nitrate. It was found that the
molar ratio of each metal in the powders thus obtained was desirable by an ICP analysis. Its crystal structure
was rhombohedrally distorted with a, = 5.466 A, and o, = 60.33° confirmed by XRD. Then, samples were
prepared by re-heating the powders in air at 1273 K, followed by annealing and cooling under various P(O,)
[10® < P(O,)fatm < 0.2]. The electrical conductivity during cooling was also measured using d.c. 4 probe
method under the same P(O,) conditions. The Co L.;-edge, Fe L,;-edge and O K-edge X-ray Absorption Near
Edge Structure (XANES) spectra were measured on the BL-8B1 beam line at UVSOR (Okazaki, Japan) with
ring energy of 750 MeV in a mode of total electron yield at room temperature.

3. Results and discussion

Figure 1 shows the Fe L-edge XANES of La,Sr,,Co,,Fe,3O; after annealing and cooling in various
P(0O,). For comparison, the spectra of LaFeO; and SrFeO; are also shown in this figure. A valence of iron is
probably 3 in LaFeO,, while iron exhibits two valences of Fe’* and Fe*" in SrFeQ,. The absorption at around
708-713 eV is the 2p;, (L;) edge and that at around 720-725 eV is the 2p,,, (L,) edge. In the spectrum under
higher P(O,), the peak shape resembled that of SrFeO;, exhibiting mixed valences of Fe'™ and Fe*. The
sample after cooling in air exhibits about 3.3 of nominal B-site mean valence and its oxygen nonstoichiometry
(0 in Lay¢Sr,,Coy,Fe 0, ) is about 0.05, determined from a weight loss during decomposition [1] and by
iodometry [2]. With decreasing 2(0,), no noticeable chemical shifts were observed, but the peak shape in the
spectrum slightly changed. In the case of P(0,) = 10 atm, the spectrum of the sample and that of LaFeO,
resembled each other. With a decrease in P(0,), the peak shape changed continuously from SrFeO;-like to
LaFeOs-like. This is due to a reduction of Fe valence caused by the formation of oxygen vacancies. The
total electrical conductivity (o), i.e., p-type electronic conductivity was about 10° and 10" Scm’, at room
temperature after cooling in air and P(0O,) = 10, respectively. Hence, it is found that the change in o is well
corresponded to the change in a concentration of charge carriers (electronic hole). It should be, however,
noted that the Fe ions have mixed valences of Fe'* and Fe*' rather than Fe’" alone, even in the strongly reducing
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condition of P(0,) = 10" atm (Fig. 1). This indicates that the charge carriers still exist at that condition.

Figure 2 shows the Co L-edge XANES of the same samples. The spectra of LaCoQ; and CoO are also
shown in this figure for comparison. The absorption at around 775-782 eV is the 2p;, (L;) edge and that at
around 790-797 eV is the 2p,, (L,) edge. The spectral features near 783 and 798 eV under the lower P(O,)
conditions were unknown at present. The peak of LaCoQO;, exhibiting a valence of ca. 3 appeared at 779.22 eV,
whereas that of CoO, exhibiting a valence of ca. 2 appeared at 776.92 eV. This figure shows that the mixed
valences of cobalt in the samples changed from Co®-Co* to Co?-Co™ with decreasing P(O,). Our previous
work [2] revealed that p-type electronic conduction appeared in the P(0,) range [10"" < P(O,)/atm < 1 at 1273

K], while ¢ is equal to 0.28 (2.84 of
nominal B-site mean valence) at 107
atm of P(O,) at the same
temperature. Hence it is suggested
that the appearance of Co®* enabled
the p-type electronic conduction to
appear in the wide range of P(O,)
even if the mean valence of M is
less than 3. While the formation of
Co*" may not be preferable in view
of the stability of the structure in
(La,Sr)Co0; system, in the case of
(La,Sr)Co,,Fe, ;O;, B-site sublattice,
consisting mainly of Fe ions may
stabilize Co™" ions.

Figure 3 shows the O K-
edge XANES of the samples. The
peak near 528 eV is attributed to
the band derived from the mixing
of the transition metal 3d states
with O 2p states. The prepeak
near 527 eV is attributed to the
hole state, containing O 2p
character caused by Sr-substitution.
With decrease in P(O,), the
prepeak disappeared along with the
oxygen vacancy formation.
Oxygen atoms containing this hole
state with O 2p character may be
transformed easily into neutral
oxygen molecules under low P(O,),
leaving the oxygen vacancies at
the lattice. In conclusion, the role
of each element to the electric
conducting behavior was revealed
by XANES studies on
Lay ¢5104C00,Fe 3055 In the
further work, a quantitative
observation regarding the hole
concentration at each position has
to be done.
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Electronic Structure Change by Li deintercalation in LixCo1-yMnyO2
from Co-L, Mn-L and O-K XANES
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LiCoOs2 is used as a cathode active material of 4 V lithium secondary battery, because of its high
energy density and excellent cycle performance. However, because Co is expensiveness and toxic,
development of alternative material is desired. Mn is candidates for the alternative material
because of its low price and low toxicity. In this study, LiCoiyMnyO: was synthesized and the
electronic structure change due to Li deintercalation was analyzed from Co-L, Mn-L and O-K
XANES.

LiCo1yMnyOs powder was prepared by conventional solid state reaction starting with lithium
hydroxide (Wako Chemical Co. Inc., 99.9 %), cobalt hydroxide (Wako Chemical Co. Inc., 99.9 %),
and manganese hydroxide (Wako Chemical Co. Inc., 99.9 %). Mixtures of low material was heated
at 700°C for 12 h, ground and then heated at 800°C for 12 h in air. The crystal structure of the
products was confirmed by XRD. LixCoosMno102 was prepared by electrochemical lithium
deintercalation. A mixture of 80 wt% LiCoosMno1Oz, 15 wt% acetylene black, and 5 wt%
polytetrafluoropropylene binder was used as working electrode. The electrolyte was 1 M LiClO4 in
propylene carbonate. X-ray absorption was measured by BL-8B1 at UVSOR, Institute for
Molecular Science, Okazaki, Japan. The storage ring was operating at electron energy of 750 MeV.
The spectra were collected in a total electron yield mode at room temperature by an electron
multiplier using G1 diffraction grating.

Figure 1 shows XRD patterns of LiCo1yMnyOz (y=0, 0.1, 0.2). The patterns were indexed to a
rhombohedral lattice and E3.m space group. For LiCoosMno20s, tiny unknown peak was observed
at about 37 °.

Figure 2 shows the electrode potential change during the electrochemical deintercalation of
lithium from LiCoo.sMno.10z.

Figure 3 shows Co-L, Mn-L and O-K XANES of LiCo1yMnyO: (=0, 0.1, 0.2). As shown in Fig.
3(a), The Co-L XANES of LiCo1-yMnyO:z showed no significant chemical shift and the change of the
shapes were small. This indicates that the substitution of Co with Mn does not affect the electronic
structure of Co ion. As shown in Fig. 3(b), the Mn-L. XANES of LiCo1yMnyO: showed no significant
chemical shift and the change of the shapes were small. As shown in Fig. 3(c), the peak intensities
at about 531 and 533 eV increased with increase of Mn content. These peaks are attributed to
transition from O1s orbital to O2p-Mn3d hybridized orbital?.

Figure 4 shows Co-I,, Mn-L and O-K XANES of LixCoosMno.i0z x=0.2, 0.4, 0.6, 0.8, 1.0). As
shown in Fig. 4(a), the Co-L. XANES of LixCoosMno.102 showed no remarkable chemical shift and
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the change of the shapes were small. This indicates that the valence of Co ion was almost
unchanged by deintercalation of Li from LiCoosMno.102. As shown in Fig. 4(b), the Mn-L XANES of
Li:Coo9Mno.10z showed no significant chemical shift and the change of the shapes were small. This
indicates that the valence of Mn ion was almost unchanged by intercalation of Li from
LiCoosMno.102. As shown in Fig. 4(c), by extracting lithium from LiCoosMno.10¢, the peak shape at
about 529 to 533 eV changed and a new shoulder was observed at about 527 eV. This indicates that

oxidation by lithium deintercalation is mainly related to the electrons in O2p orbital.
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Recently, room-temperature ionic liquids (ILs) have attracted much attention for their excellent
properties such as wide temperature range of the liquid phase, excellent chemical stability, very low
vapor pressure, high ionic conductivity, and so on. Especially, among the synthesis and catalysis
chemists focused on for their potential as green “designer solvents”.[1,2]  Such room-temperature ionic
liquids are consists of organic cation and inorganic anion. Typical inorganic salts (e.g. Na'Cl") have
very high melting point, but by using the organic compounds as the cation brought about remarkable
lowering of melting point. The study of the electronic structure of ILs is very important to
understanding their properties and refining the performance of these materials. To investigate the
electrical structure of liquid state and the geometrical structures at the liquid/vacuum interface are also
interest problem. Generally it is difficult to apply the surface
scientific techniques to the liquid state sample. But the nature of CHa~ N&ﬁ" CaHy
very low vapor pressure of ILs enables us the measurement in
ultra-high vacuum (UHV) condition. However, there have been
few studies that directly observed the electronic structure of ILs. Fig.1 molecular structure of bmim"

In this study, we investigated the electronic structures of ILs by ultraviolet photoemission
spectroscopy with synchrotron radiation. We also performed MO calculations for each isolated ions
based on the density functional theory (DFT) method. Comparing the observed spectra with the
calculated ones, we obtained detailed information about the electronic structure of ILs.

UPS measurements were carried out at the beamline 882 of UVSOR facility. The incident
photon energy was varied from 20-120eV. Three samples of ILs were investigated. ~ All of the sample
contain 1-buthyl-3-methylimidazolium (bmim”) [3] which is known as one of typical organic cation for
ILs, and this cation combined with three fluorine containing anions (hexafluorophosphate (PFy),
tetrafluoroboronate (BF,), bis(trifluoromethanesulfonyl)imide (CF;(S0,),N"; TE,N ). All of these ILs
are in the liquid phase at room temperature. In Figure 1, we show the molecular structure of bmim".

The samples of ILs were prepared by
putting one droplet onto the metal (a) [Bmim*|PFq” F2p
substrate. During the measurements,

no change of the base pressure owing observed (f1=50eV) ERprap
to the sample evaporation was oy
observed (< 5x10™Torr). Figure 2
shows the UPS spectra of these ionic
liquids; a) [bmim™]PFy, b) [bmim’]
BF,, ¢) [bmim ]CF4(SQ,),N. The
incident photon energies of the

caleulated (BILYPIB-311G) TR

Intensity/arb.units

spectra were 80eV for Fig 2a and
60eV for Figs. 2b and 2c¢c. The

abscissa of the spectra is the binding 35 30 25 20 15 10 5
Fig 2(a) energy relative to the Binding Energy vs. E,ac/eV
vacuum level. Fig. 2(a) Observed and calculated spectra of [bmim]PF, .
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We also performed MO
calculations for each isolated ions (b) [Bmim*]BF s~
based on the density functional
theory (DFT). The calculations ohsenved (hie60eV)
were performed by GAUSSIANO9S
with B3LYP parameters and 6-311G
basis set. Below the observed

F2p

F2peBTs

FIz

N2 C2pilp

spectra in Figs. 2, we show the
calculated density of states (DOS) by
convoluting each calculated states
with a Gaussian function (FWHM = gy BTk
0.5eV) under the assumption that the ‘: |1 A nr ”_ﬁ m
emission intensities from each orbital 35 30 25 20 15 10 5
were the same.  Each of the Binding Energy vs. Eyac/eV

calculated DOS for the isolated ions Fig. 2(b) Observed and calculated spectra of [bmim|BF,".
was shifted in the energy scale for
better correspondence  with  the (c) [Bmim*JCF3(SO4):N"
observed spectra. The direction and

calculated (B3LYPI5-311G)
BF+

-
e
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the amount of the shifts were shown
in Table 1, together with the
experimentally obtained values of

observed (h1=60eV)

ionization potential (IP) of these ILs
from the another UPS
measurements.[2]  Comparing the

Intensity/arb.units

observed spectra with the simulated
ones, there was fairly good

agreement  with  each  other.

Therefore, it is concluded that the top 35 30 25 20 15 10 g
of the valence band is derived from Binding Energy vs. E,ac/eV
the HOMO of the bmim™. We can assign the another Fig. 2(c) Observed and calculated spectra of

[bmim'JCF,(SO,),N".

peaks of ILs’ spectra based on the calculation as shown in Figs. 2. In these figures, we can see the
trend that the orbital energies of the cation (bmim’) were unstabilized, and those of anions were
stabilized against the predicted value by the calculations. Before the shift in the energy scale, the
calculated HOMO of bmim’ lay deeper than its

counter anions. This inversion of the top of the I &'mrrr? in energy scale
valence states can be explained by the effect of Cation | _Ankon
Mudelung energy. Lastly, we mention that the [bmim™PFg” | 7.8 3.1 +6.9
molecular orientation of bmim" in the liquid phase [bmim*]BF4” | 6.68 21 | +93
from  our rtecent results of NEXAFS bmim*]TlaN" | 7.82 39 +68
measurements.[2] Next, we will try to obtain ]

more detailed information about molecular ney)
orientation from ARUPS measurements. Table 1. Ionization potential and the energy shifts.
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SR etching of SiO; using a contact cobalt mask
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!Institute for Molecular Science, “The Graduate Univ. for Advanced Studies

We have studied a new etching technique, which can be applied to the area selective
deposition of SAM and biomaterial on silicon wafers. We use SFg+0O; as the reacting
gas and a cobalt thin film as the contact mask. The cobalt mask was found to show
strong resistibility for SR, while it can be easily removed with dilute acid. The
roughness of the surface after the SR etching was sufficiently small to fabricate an
well-ordered SAM on silicon wafers.

The silicon dioxide film (~ 205 nm) was thermally grown on n-type (80-120 ohm - cm)
Si (100) wafer. A cobalt thin film (~ 200 nm), which was fabricated on the silicon
oxide surface by using a sputtering technique was used as the contact mask. The gas
pressure for O, and SFg was 0.05 torr and 0.002 torr, respectively. The beam current
was about 200 mA. The irradiation dose of SR beam was about 2000 mA - min.

The depth profile (Fig. 1) of the etched pattern indicates that SR irradiation with
flowing SF¢ and O, can effectively etch the silicon dioxide and completely stop on the
silicon surface. The cobalt mask shows strong resistibility for SR etching.
Furthermore, the cobalt was found to be easily removed by diluted HNO; or HF
solution. Consequently, the cobalt can be used as a good mask for SR etching

The cross section of the etched pattern was observed with scanning electron microscopy (SEM).
Due to the good directivity and short wavelength nature of synchrotron radiation beam, the SR
etching for Si0; is anisotropic, and the sidewall of the etching pattern is very steeper. The AFM
topography (Fig. 2) shows that the roughness of the surface after SR was about 1 nm. These flat
surfaces are fit for depositing well-ordered SAM and biomaterials.
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Desorption induced by electronic transition (DIET) from solid surfaces has been
studied extensively in recent decades, and a general mechanism of the ion desorption
induced by core-level excitation was proposed by Knotek and Feibelman. It is based on the
results they obtained when measuring the electron stimulated desorption (ESD) yield of O*
from TiOsz, whose desorption threshold correlates with the Ti3p core excitation threshold but
not with the O2s or the valence excitation. In the Knotek-Feibelman (KF) mechanism, a
Ti3p core hole is produced by a primary excitation and decays by means of an interatomic
Auger process because there are no higher-lying occupied electronic states except for the O2s
and O2p orbitals. (i.e., it is the “maximal valency” state). If two Auger electrons and an
additional electron (due to, for instance, double Auger decay) are emitted by the oxygen
atom, the remaining O* ion desorbs as a result of the Coulomb repulsion from the
surrounding Ti*" ions.

Recently, we have proposed another mechanism based on the investigation on the
TiO2(110) and the ZnO(1010) surfaces by means of the electron-ion coincidence (EICO)
spectroscopy. In the proposed mechanism, the creation and desorption of O* are driven by a
charge transfer through the O2p-Ti3d hybridization due to the core hole potential at Ti (the
Kotani-Toyozawa mechanism). TiOz has an unoccupied 3d orbital while ZnO has fully
occupied 3d orbital. Thus, the proposed model predicts that the ion desorption occurs only on
Ti02, and 1s consistent with our experimental result.

SrTiOs is a typical perovskite-type metal oxide. There are two possible (100) planes
that can exist on its surface: one is SrO, and the other 1s TiO2. After 1on-sputtering and
annealing, the SrTi03(100) surface contains both planes. Some authors reported that the
ratio of two areas is approximately 1:1, but the other claimed it is dependent on the history
of the sample treatment. The investigation of the ion desorption from this surface is of

interesting because Ti is transition metal and Sr is not. Therefore, if one assumes a simple
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electronic configuration in which the

bonding between Ti and O and that

. hv =690 eV between Sr and O in SrTiOs are the same

d as those respectively in SrO and TiOsg, it is
N,»f’/ Sr3p  f expected that the ion desorption occurs

e

O1s | . .
Tizp  TiAuger S?Sd only on the excitation of the Ti-core level.

All the experiments were carried
OAuger | N out at BL2B1 of UVSOR. The SrTiOs(100)

surface was Art-sputtered and annealed

T S T .
600 500  -400  -300 200 100 O in the vacuum and oxygen (1x106 Torr) to

Binding Energy (eV) obtain the stoichiometric surface with

Bigee] small number of oxygen wvacancy. The
ratio of SrO and TiO: domains is not

) known. Figure 1 shows the photoelectron
o' SrTio,
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mﬂ%l**m MMW“MWWMM{“T“W b evera peakKs are observeaq, an

spectrum of the  taken at hv=690eV.

_;g ,.,,JHWM“MW%WW-W*MNMW&WW c indicated as a — 1. These are
P mmmﬁ‘wwqtWﬁ,ﬂl@#ﬁ#ﬁ&ﬁh‘i‘fﬁ%ﬁm d photoelectron from the core-level and
< i - ;
= " *"M‘WTI“W% MW%W’*MWW'MW € Auger electron emissions, as shown in
< ‘ A It I onrt
E WW‘V Wik Wﬂﬁ“*ﬁ%‘%ﬂw“m | the figure. Figure 2 shows EICO spectra
P R e T . i
g PR T e of using the photoelectrons of a — i in
= g e e g Fig.1. O* desorption is observed for the
0 1000 2000 3000 4000 curves of a — f which are the

TOF Difference (nsec 5
(gl photoelectron emission from the O-core

Figure 2 (a), and Ti-core (b) levels, and Auger
electron emission of O-core (e,f), and Ti-core (c,d) levels. Note that the peak d in Fig. 1 is also
contributed from the Sr-core electron emission. Meanwhile, no peak is observed in the
coincidence spectrum g, which indicates that the excitation of the Sr3d electron does not
efficiently yield the ion desorption. This result is consistent with our proposal on the
desorption mechanism, and contradict against the KF model, because the maximal valency
condition is satisfied in SrO as well as TiOz2. However, according to the experimental results
using a different photon energy, the the desorption induced by the Sr 3p and 3d electron
excitation is clearly observed, even though their efficiencies are smaller than the Ti and O
core-electron excitation. More work, including a quantitative comparison of ion desorption

probabilities among the core-levels, is needed and in progress.

= 209 =



(BL4A2)

Reactivity of the Nearly Ideally H-terminated Si(100)-2x 1 Surface with Water
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The Graduate Univ. for Advanced Studies’ / Institute for Molecular Science’, Nation. Insti.
Advanc.Indust. Sci. Technol. Shikoki’

The ideally H-terminated Si(100) surface
is very important from both viewpoints
of surface science and semiconductor
process technology. Surprisingly the
detailed investigations are very few since
the experimental difficulties on detection
of surface species on one hand and
theoretical expensive on the other hand.
In this work, the BML-IRRAS technique
was used to monitor the water reaction
with ideally H-terminated Si(100)-2x 1
surface for the first time. In Fig. 1, IR
spectra of nearly ideally H-terminated
Si(100) 2x 1 surface (a), and the changes

Absorbance
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Fig. 1 IR spectra of (a) nearly ideally H-terminated
Si(100)-2x 1 and (b), (c), (d) after the 50, 200 and
1000L exposure to water vapor, respectively.

of the IR spectra by exposing the surface (a) to (b) S0L, (¢) 200 L and (d) 1000L water vapor.

The 2100 cm™ peak is assigned to the symmetric stretching vibration mode of the coupled

monohydride. From Fig. 1, it is clear that the H-termination has passivation effects for

dissociative adsorption of water. But, it is also clear that the surface is still highly reactive

with water and easily oxidized. The complex peak assignment is now under investigation

combined with an ab initio molecular orbital (MO) calculation of the cluster model. The

initial oxidation mechanism of water with H-terminated Si(100)-2 x 1 surface is also proposed.
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Nearly ideally H-terminated condition for Si(100)-2x 1 surface is determined from the

dependence of the peak intensity and the

linewidth of the coupled monohydride

symmetric stretching vibration on the o @ %
hydrogen exposure and the exposure ::E— 4 _ J@/,
temperature, which has been investigated g RN ?"\-3 A 5}4{:{:{

with  infrared  reflection  absorption 5 ‘i’g‘%gﬂi
spectroscopy (IRRAS) using CoSi, buried = ' ' ' ;
metal layer substrate. It was found that even E Ll

for nearly ideally H-terminated surfaces, the ‘L:i B T i

linewidth significantly changes depending é Zj: % ] .

on the hydrogen exposure and the exposure % as L § """ ot SR
temperature. At low temperature region é 00} - g .
(<600K), the line width broadening was 2 W

) i Exposure Temperature, T (K)
explained by the inhomogeneous of surface

caused by dihydride species SiH; existence. Fig. 1 Dependence of linewidth and desorption of D
atoms incorporated into the bulk on the exposure

At higher temperature region (>700K), the line temperature.

width broadening was explained by the

decomposition of coupled monohydride and background water adsorption contamination. In

the region of (600K ~ 700K), the line width broadening can not simply explained by these

effects since no dihydride species can be detected and no water contamination trace exist. The

concentration of deuterium atoms incorporated in the Si bulk is measured by temperature

programmed desorption. It is proportion with the line width. From these experimental facts it

is concluded that hydrogen diffusion into the subsurface of Si has a significant influence on

the linewidth broadening.
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Recently, great attention has been focused on the understanding of atomic arrangement and electronic
structure of binary adsorbates on the semiconductor surface to control crystalline growth mode, such as perfect
flat interface and nano-dots. In the case of (Pb,Sn) binary adsorbates on the Si(111) surface, they form unique
2V7x3 and V7x\3 structures at the total coverage of 0.7 ~ 0.8 ML, although they are immiscible in bulk. We
have also observed that co-adsorbates of Pb and Sn form a V3xV3 reconstruction at the total coverage of 1/3 ML.
Therefore, it is interesting to study local atomic arrangements and electronic structures of (Pb,Sn) co-adsorbates
at low coverage on the Si(111) surface, In this paper, the Si(111)\3xV3-(Pb,Sn) surface at single and binary
adsorbates have been studied by topographic scanning tunneling microscopy (STM) and Pb 54 and Sn 4d
core-level photoelectron spectroscopy (PES) in order to discriminate the adsorbate elements on the STM images
and identify the local atomic arrangement.

Specimens were mirror-polished n-type Si(111) wafers with a resistivity of 3 Qcm in sizes of 15x3x0.5
mm? and 15x6x0.5mm" for STM and core-level PES measurements, respectively. In the PES measurement, the

specimen was placed on a manipulator under 5x10” Pa base pressure in the UHV chamber equipped with a
LEED optics, a hemispherical electron energy analyzer ( AE = 0.04 eV ) with an angular acceptance of + 8° at
the normal emission angle, and two evaporation sources for Pb and Sn. Excitation photon energy of 52 eV was
used at the 45° incident angle in this study. The energy spread of excitation photon was 0.04 eV, The binding
energy was determined from the Fermi edge of a Ta plate that holds the Si wafer. The total energy resolution
including the thermal broadening was estimated to be about 0.10 eV from the Ta Fermi edge.

Typical topographic STM images of the Si(]ll)\/3xxf3-(Pb,Sn) surface are shown in Fig.1 (a) for the
filled states and (b) for the empty states. Observed spots in the STM images can be classified into three type of
spots; white and gray (o), gray and white (), and black and gray (y), in the filled- and empty-state images,
respectively. The Pb 54 and Sn 4d core-level photoelectron spectra were measured for mosaic V3xV3-Pb,
V3xV3-Pb, V3xV3-(Pb,Sn), V3xV3-Sn, and mosaic V3xV3-Sn surfaces to investigate the chemical states of Pb and
Sn adsorbates. Typical core-level PES spectra are shown in Fig.2. As is seen in Fig.2 (b) and (d), the V3xV3-Pb
and V3xV3-Sn surfaces show two major surface chemical shifted components in the Pb 54 and Sn 4d core-level
spectra, respectively. This is ascribable to charge density wave or dynamical fluctuation of Sn adatoms between
two different vertical positions above T4 site [1], which are detectable on PES but not in STM because of the z
scale resolution limit and the difference in the probing time scale [2,3]. The peak positions and shape of Pb 54
and Sn 4d core-levels of the V3x\3-(Pb,Sn) surface are similar to those of the V3xV3-Pb and V3xV3-Sn surfaces.
This suggests that there is no specific charge transfer between Pb and Sn at the V3x\3-(Pb,Sn) surface and that
chemical states of Pb and Sn are almost the same as those of the V3xV3-Pb and V3x\3-Sn surfaces. Since the
minimum atomic distance between adsorbates in the V3x\3 reconstruction at the coverage of 1/3 ML is 0.665

nm, it may be reasonable to have no direct interaction between Pb and Sn adsorbates. On the other hand, the Pb
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5d and Sn 4d core level spectra of the mosaic V3xV3-Pb and mosaic V3xV3-Sn surfaces show one major
component, respectively. The binding energies of Pb 54 and Sn 4d spectra of mosaic V3xV3-Pb and mosaic
\3xV3-Sn surfaces are almost equal to those of lower binding energy component on the V3xV3-Pb and V3xV3-Sn
surfaces, respectively. This result agrees well with the result reported previously [1,2,4]. These results indicate
that Pb and Sn atoms are stabilized at certain height or in one charged state on the mosaic V3xV3 surfaces. These
results also suggest that the Pb and Sn heights, or charged states, stabilized at the mosaic V3xV3 surface are
similar to those at the V3xV3 surface.

From the topographic STM images including domain boundary of the 7x7 and V3xV3-Pb surfaces and
that of the 7x7 and V3xV3-Sn surfaces, it is found that the averaged spot heights at Sn are 0.03~0.05 nm higher
than those at Pb in the filled state image, while they are 0.05~0.07 nm lower in the empty state image. This bias
dependence of the corrugation of Pb and Sn is closely related to those of the spots o and B on the V3xV3-(Pb,Sn)
surface in Fig.1. Thus, we conclude that Sn and Pb are located at o and 3 positions, respectively. Since Si
adatoms are easily replaced with Pb and Sn in V3xV3 surface and their STM images at the Si adatom position
show black and gray spots in filled and empty state images, respectively [5], it is considered that Si adatoms are

located at the y position.
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1. Introduction

Electron or photon irradiation of the surface of rare gas solids produces the electronic excitations which
can be followed by the desorption of various kinds of particles. Investigation of the desorption induced by
electronic transitions (DIET) will reveal the dynamics of the electronic excitations and relaxations in solid and,
especially, at the surface. DIET at the surface of rare gas solids has been extensively studied since 1980s [1].
We have reported the results of measurements of absolute photo-desorption yields from the surface of solid Ne
[2], Ar [3, 4] and Kr [5] at excitonic excitation regime. At a film, which is thicker than 400 atomic layers,
condensed on a metal substrate, the absolute photo-desorption yields are about 1.5, 0.2, and 0.03 atoms/photon
for Ne, Ar, and Kr, respectively, at the excitation energy of the first order bulk exciton. The quantitative analysis
of the absolute desorption yields and the thickness dependence reveal relaxation channels from the primary
excitonic excitation to the desorption. The desorption yield of Ne was quantitatively explained by the internal
sputtering mechanism [2]. In the case of Ar [3, 4] and Kr [5], the dominant desorption mechanism is the excimer
dissociation which is followed by collision cascade.

The diffusion of excitons and these behavior at the interface between a solid rare gas and a substrate are
important process to be considered for the estimation of the desorption yields and these thickness dependence.
In the previous works, we adopted the assumption that the excitonic excitation is quenched immediately when it
reaches at the interface. In the present study, we measured the photo-desorption yields from Ar films condensed

on the solid Ne. The behavior of the exciton at the interface between two different rare gas solids are investigated.

2. Experimental

Experiments have been carried out at the beam line BL5B in UVSOR of the Institute for Molecular
Science, Okazaki. The experimental procedure and set-up have been described in detail elsewhere [5] and are
briefly summarized here. A liquid helium cryostat was installed in an ultrahigh-vacuum chamber with a base
pressure of 5 x 10° Pa. Neon gas was introduced into the main vacuum chamber and was condensed on the
surface of a platinum substrate attached to the liquid helivm cryostat. The temperature of the sample was kept at
6 K or lower during the experiments. The thickness of the solid Ne was about 200 atomic layers. Argon gas was
introduced and condensed on the surface of the solid Ne. Ar films of various thickness up to 800 atomic layers
were investigated. The film thickness was calculated from the exposure on the assumption that the condensation
coefficient of each gas at 6K was unity.

The absolute desorption yield was calculated from the absolute values of the intensity of the incident
photons and of the number of Ar atoms desorbed. The absolute number of the incident light was monitored by
measuring a photoelectron current emitted from the gold mesh which was installed in the beam line. The
absolute number of the desorbed atoms was calculated from the rise of partial pressure of Ar, which was
measured by a quadrupole mass spectrometer, during the irradiation of the sample and the total pumping speed
for Ar.
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3. Results and Discussions

The dependence of the total photo-desorption yields of Ar on the incident wavelength is shown in Fig. 1
for three different film thicknesses. For the film of 3 atomic layers in thickness, clear peaks are observed at 103
nm and 101 nm, which corresponds to the excitation energy of the first order bulk excitons, B1(3/2) and B1
(1/72), of solid Ar, respectively. For the film of 150 atomic layers, an additional peak appear at the wavelengths
corresponding to the second order bulk (B2, 91 nm (3/2)) exciton. For the 520 atomic layers film, the small
shoulder at 106 nm and the peak at 96 nm are observed, which corresponds to the creation of the second order
surface (S2) and the first order surface (S1) excitons, respectively. The spectrum at 520 atomic layers is almost
identical to that of the thick Ar film which is solely and directly condensed on the metal substrate.

Figure 2 shows the thickness dependence of the absolute desorption yields at B1 exciton excitation energy
for two different systems; the Ar film condensed on the solid Ne and that on the metal substrate. The difference
of the desorption yields between them at the thickness less than 10 atomic layers is originated from the
difference in the behavior of the exciton at the interface. In the case of Ar on metal, the exciton is immediately
quenched when it reaches at the surface of the metal substrate. In thin films, therefore, it results in low
desorption yields. On the other hand, in the case of the Ar film condensed on solid Ne, the interface of Ar/Ne
plays as a reflector for Bl exciton of Ar because the excitation energy of Bl exciton can not be transferred to
solid Ne. Consequently the high desorption yields are observed at thin Ar film condensed on solid Ne. The

quantitative analysis of the absolute desorption yields are now in progress.
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INTRODUCTION

Electron field emission from various carbon materials has recently attracted much attention for their
promising applications in displays and other microelectronic devices. Diamond, nanodiamond and
diamond-like carbon are widely investigated and demonstrated to initiate emission at reasonably low fields.
Among them, carbon materials such as nanodiamond and diamond-like carbon exhibit conspicuously excellent
field emission characteristics, including very low threshold electrical fields, large emission current density,
and high emission site density.

Previously, we demonstrated the anisotropic micromachining and film formation of Teflon (fluorocarbon
polymer) using synchrotron radiation (SR) ablation process [1, 2]. Moreover, in order to clarify the mechanism
of SR ablation, we have performed polytetrafluoroethylene (PTFE) micromachining by selecting the photon
energy distribution of incident SR beam with carbon (C) membrane and carbon/magnesium fluoride / carbon
(C / MgF,/ C) triple-layered membrane as filters. From these results, the photons with energy below 120 eV
were found to contribute to the ablation of PTFE [3]. In addition, SR ablation was applied to pattern formation
of metal fluoride film [4].

In this report, the material processing using the SR induced reaction was applied to deposition of carbon

film. As the beginning of deposition of carbon film, the deposition was demonstrated using SR ablation.

EXPERIMENT

The experiments were performed at beam line BL-8A of UVSOR. The deposition of carbon film was
carried out in two ways. Figure 1 (a) and (b) show a schematic diagram of the apparatus used in this study. It
consisted of the SR beam, a reaction chamber, and a pumping system. The reaction chamber was evacuated to
1 x 10™* Pa using a turbomolecular pump before irradiation by the SR beam.

Figure 1 (a) shows an experimental setup used for SR ablation. The PTFE, PE (polyethylene), C,H,F,
thick films as a target were set perpendicularly to the SR beam in the reaction chamber. The sample heating
was carried out using carbon heater. The sample temperature was monitored with a thermocouple in contact
with the surface of sample. The SR ablation was carried out in vacuum.

On the other hands, figure 1 (b) shows experimental set up used for SR induced reaction. The substrate
were set perpendicularly to the SR beam. The hydrocarbon and fluorocarbon gases were generated in the
reaction chamber by evaporating PE and C,H,F, targets using carbon heater. The SR beam irradiated the target
at 1 x 107 Pa.
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RESULTS

Figure 2 shows a scanning electron microscopy (SEM) image of particles deposited on substrate using SR
ablation of PTFE at dose of 1500 mA min and a sample temperature of 500 °C. The size of particles were less
than 1 pm.

Figure 3 shows a SEM image of particles deposited on the SR irradiation region on substrate using PE
evaporation. The deposits with hemispherical shape of about 3 pum size were observed. In the case using
C,H,F, evaporation, on the other hand, these deposits were not observed on the substraete.

Evaluation of deposits are being carried out using XPS and FT-IR. Moreover, emission characteristics will

be investigated for the samples fabricated in this study.
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substrate using SR ablation of PTFE at substrate SR irradiation region on substrate using PE
temperature of 500 °C. evaporation.
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Recent progress in micro-fabrication technique opens a new field of the microsystem such as the
micro-machines, micro-sensors etc. Polytetrafluoroethylene (PTFE) is known to have unique properties: superior
chemical stability, high thermal stability, high hydrophobicity and so on. These unique features of PTFE seems
valuable for the microsystems. Although PTFE have been used in many application fields for a long time,
formation technique of PTFE thin films or microstructures is not established yet. Recently, Kato ef a/ showed
that vacuum ultraviolet light in the synchrotron radiation (SR) beam is useful for the processing of these
materials on the small scale with very high processing rate and even at room temperature.[1] Author’s group has
reported that the results of preliminary experiments of etching and deposition of PTFE films by use of SR
radiation at UVSOR.[2] In this report, microprocessing of PTFE films by SR beam was investigated.

Experimental arrangement for a microprocessing is shown in Fig.1. The SR beam was incident through the
same Ni mesh mask onto the spin-coated films. Thus, limited area ethicng of the PTFE film is expected here.
Etching experiments were carried out in the reaction chamber having differential evacuation system was
connected to the BL-8A port in UVSOR.

For the sample preparation, commercially available PTFE emulsion was used as a source of PTFE thin films.
This source contains PTFE fine particles and surfactant. The rotational speed in the spin-coat process was 4000
rpm for 60sec, and the wafers were baked and filmed for 10min at the temperature of 513-673K. From x-ray
photo-spectroscopy (XPS) spectrum of the deposited PTFE film shown in Fig.2, only C and F peaks were
observed and no trace of impurities were found. From the XRD patterns of the spin-coat films a very strong
sharp peak due to (100) plane of PTFE was observed. Thus, the crystalline quality of the films was obtained. The
surface of the films was very smooth from atomic force microscope (AFM) observation, as shown in Fig.3.

The surface of PTFE is etched/ablated by irradiating SR beam and only irradiated surface region was easily
etched through a mask. Nano-structured fabrication on the PTFE surface is possible with a suitably patterned

mask. We tried the etching of commercially available PTFE sheet, and SR-induced and spin-coated PTFE thin
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films through the Ni metal mask. The etching rate was very high (6mm/min for the electric current of 230mA in
the storage ring), and was linearly dependent on the photon flux in proportion to the electron beam current in the
storage ring. Figure 4 showed the SEM image of the etched surface of spin-coated PTFE films, and the PTFE
surface was easily etched only on the area exposed to SR beam. By using SR-assisted process only, it is possible
to deposit the crystalline PTFE films and succeedingly etch the surface of these films on a micro-scale. Since the
SR beam is straightforwardly incident, the distance between a mask and the surface is allowed to be large even
on a nano-structure. When the spin-coat method is accepted, the smooth and flat surface of PTFE is obtained

even on complicated surface of the substrates.
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Fig.3: AFM image of spin-coated PTFE film.
Fig.4: SEM image of etched film.
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Polytetrafluoroethylene (PTFE) is a fascinating material due to its superior chemical
stability, high thermal stability, high hydrophobicity and low surface tension. Adding to these, it
also has excellent electrical characteristics, such as high breakdown voltage with low dielectric
constant (£,=2.1). In spite of these features, formation or patterning of PTFE thin films are
thought to be difficult due to the aforementioned nature. Recently, vacuum ultraviolet light in the
synchrotron radiation (SR) beam utilized processing of PTFE films has been reported by Katoh et
al.[1] They have ablated the PTFE target, and deposited thin film onto the substrate nearby the
target. In this study, to obtain high quality PTFE thin films by the SR beam process,
characteristics of PTFE thin film deposited by SR process was investigated.

Figure 1 shows experimental setup for PTFE thin film deposition[2, 3]. The vacuum
chamber having differential evacuation system was connected to BL-8A of UVSOR ring. PTFE
target, that is commercially available PTFE lump, was placed in the chamber to incident the SR
beam directly. Deposition was made onto the p-Si(100) substrate which is faced to the target. The
distance between the target and Si substrate was 3cm, Target heating can be achieved with a
target heater.

Figure 2 showes Fourier transformation infrared (FTIR) spectrum of the PTFE thin film
deposited at room temperature. Absorptions can be seen at the wavenumber of 1207, 1152, 630,
553, 502cm™’. Observed absorption peaks are assigned as CF, related bond that is a fundamental
composition in PTFE. Weak peak observed at the wavenumber of 980cm™' is thought to come
from CF; bond. We have changed the beam current and target temperature in PTFE deposition,
however, change was not observed in the FTIR spectrum from the deposited film.

Target temperature dependence of the surface morphology of the deposited film was
investigated. Figure 3 shows the atomic force microscope (AFM) image of the deposited PTFE
film for various target temperatures. Here, the beam current in storage ring was chosen at 220mA.
As shown in Fig.3, granular-like structure was observed on the surface deposited in higher target
temperatures. Root mean square (RMS) of the surface roughness suggests that the rough surfaces
appear in higher target temperatures. Thus, target temperature affects the surface morphology.

As compared with the previous report in Ref.1, larger deposition rate was obtained in our
results. From the sharpness of the XRD peak of the deposited film, the film deposited in this

study seems to have good crystallinity. At present, fair comparison between two reports is
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difficult, however, one possibility of the observed sharp XRD peak in this study is a utilization
of focused SR beam in BL-8A. Indeed, the vacuum pressure of the chamber went up to 10™*Torr
during the deposition process. In such a situation, enhanced reaction is expected due to the
existence of large amount of saturated fluorocarbon species in between the target and. This may

lead to cause a high crystal PTFE film depostion.
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(BL6B)
Silicon Oxide on Si (001) Surfaces Removed by SR Stimulated Desorption
Youichi NONOGAKI and Tsuneo URISU
Institute for Molecular Science, Myodaiji, Okazaki 444-85835, Japan

By SR irradiation to the solid surfaces, various kinds of surface photochemical reactions occur
due to strong interaction between VUYV light and materials. So far, we have investigated SR stimulate sili-
con oxide desorption reaction on Si (111) surfaces by scanning tunneling microscope (STM) and low en-
ergy electron diffraction (LEED). From the STM observations, we have observed significant difference on
the surface structures between usual thermal desorption and SR stimulated desorption on Si (111) surface.
In this report, silicon oxide SR stimulated desorption on Si (001) by LEED observation.

Si (001) wafers covered by silicon oxide were prepared by wet-chemical technique. Si (001) wa-
fers were degreased by organic solvents and immersed into HF (5%) solution. After removing of native
silicon oxide, the silicon oxide layer was formed on the Si (001) surfaces by HCI:H,0,:H,O = 1:5:10 solu-
tion. After introducing the wafers into UHV chamber at BL6B, the samples were heated up to 650°C or
700°C and irradiated by SR. Irradiation dose was varied in step at 5,000, 10, 000 and 20,000 mA min. The
SR was not monochromatic because of high photon flux to irradiate. After the irradiation, sample surfaces
were observed by LEED.

In upper side of Fig. 1, LEED patterns were shown obtained after the SR irradiation of 5,000,
10,000 and 20,000 mA min at the sample temperatures of 700°C. With increasing irradiation dose, 2 x 1
pattern appears and the each spot becomes clear, indicating that the clean Si (001) surface appears and the
area of clean surface increases gradually. For comparison, LEED patterns were shown in the lower side of

Fig. 1 obtained after thermal annealing at the same temperature of 700°C without SR irradiation. The an-

nealing times were set at 22, 49, 90 min,

SR Irradiation

which corresponds to the duration time for
5,000, 10,000 and 20,000mA min irradia-
tion of upper side samples. All the LEED
images have no spots, indicating that sur-
face oxide remains even for 90 min anneal-
ing.

This result means that silicon oxide
on Si (001) is removed by SR stimulation

effect. This phenomenon can be applied to

make silicon oxide patterns on Si (001) sur-  Figure 1: LEED patterns after SR irradiation at 700°C in upper side. In
faces by the area selective desorption using the lower side, LEED patterns after thermal annealing without SR irra-

SR irradiation. diation
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UVSOR Workshop VIII

Beamline Upgrade Project at UVSOR (I)

26 and 27 November 2001
26 Nov. (Mon) 13:00 — 18:00 (coffee break included)
<First half> Chair and discussion leader: E. Shigemasa (IMS)
UVSOR upgrade project
13:00 - 13:20  Introduction of UVSOR upgrade project N. Kosugi (IMS)
13:20-13:45  Upgrade of the UVSOR storage ring M. Kato (IMS)
13:45—-14:10  Current status of the novel beamline BL4B at UVSOR T. Gejo (IMS)
14:10 —14:35  New undulator beamline BL7A at UVSOR Y. Nonogaki (IMS)
14:35—-15:00  Upgrade project of BL3 at UVSOR T. Hatsui (IMS)

15:00 - 15:15 Coffee break

<Second half> Chair and discussion leader: N. Kosugi (UVSOR, IMS)

Current circumstance and future prospect of surface science at BL2B1

15:15-15:45  Site specific photoion desorption induced by inner-shell excitations T. Sekitani (Hiroshima Univ.)

15:45-16:15  Photoion desorption from transition metal oxide surfaces S. Tanaka (Nagoya Univ.)

16:15—-16:45  Present status of studies on site specific ion desorption at BL2B1

and their future prospect S. Nagaoka (Ehime Univ.)

16:45-17:15  Studies on surfaces using coincidence spectroscopy at PF;

Current status and future plans K. Masa (KEK)

17:15-18:00  Comprehensive Discussion I
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27 Nov. (Tue) 9:00 — 14:30 (lunch and coffee break included)

<First half> Chair and discussion leader: E. Shigemasa (UVSOR, IMS)

Present situation and future perspectives of surface science at PF

9:00 —9:50 Frontiers of surface molecular sciences; Geometrical and electronic

structures of adsorbates and their magnetisms on metal surfaces

9:50-10:30 Nano-scale science utilizing synchrotron radiation;

A few examples from recent work at PF

Now and future for investigations in a gas phase at BL8B1

10:30 - 11:00  Dynamics following inner-shell excitations of large molecules

11:00 - 11:30  Photodissociation processes of inner-shell excited organic molecules

studied by an Auger-electron—photoion coincidence technique

11:30 — 12:00  Future perspectives of gas phase experiments at HISOR

12:00 - 13:00 Lunch

<Second half> Chair and discussion leader: N. Kosugi (UVSOR, IMS)

13:00 — 14:30  Comprehensive Discussion II
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UVSOR Workshop IX

Beam line Upgrade 11
~ Low-Energy Photoemission of Solids and Nano-Science at UVSOR  ~

March 5 and 6, 2002
March 5, 2002
Upgrading UVSOR  Chair: S. Kimura (Kobe Univ.)
1300-1320 Upgrading UVSOR N. Kosugi (UVSOR)

1320-1340 Plan of upgrading UVSOR light source M. Kato (UVSOR)

Present status of VUV monochromator Chair: S. Kimura (Kobe Univ.)

1340-1410 Present status of HISOR BL-9 (Off-Plane Eagle) M. Arita (Hiroshima Univ.)
1410-1440 Present status of UVSOR BL7B K. Fukui (Fukui Univ.)
1440-1510 Present status and future plan of UVSOR BL5A K. Takahashi (UVSOR)

1510-1530 Coffee break

High-resolution angle-resolved photoemission Chair: K. Soda (Nagoya Univ.)
1530-1600  Electronic structure of superconductors studied by high-resolution angle-resolved
photoemission at low temperatures T. Kiss (Tokyo Univ.)
1600-1630 Angle-resolved photoemission of transition metal oxides with one- and two-dimensional
structure (Utilization of SSRL) K. Mizokawa (Tokyo Univ.)
1630-1700  Electronic structure of Bi2Sr2CuO6+d studied by high-resolution angle-resolved
photoemission (Utilization of SRC and ISSP) T. Takeuchi (Nagoya Univ.)
1700-1730 High-resolution low-temperature photoemission of d- and f- electron systems at HISOR

K. Shimada (Hiroshima Univ.)
1730-1800 Discussion
1800-1830 UVSOR tour
1900-2100 Banquet (Club house restaurant)

March 6, 2002

Photoelectron-emission microscopy Chair: S. Kimura (Kobe Univ.)

0900-0930 MCD-microscopy of core electron using high brilliance circularly-polarized soft x-ray
S. Imada (Osaka Univ.)
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0930-1000  Structural study of metal-SiC, -Si, contact using soft X-rays: PEEM, SXES
J. Labis (Okayama Univ.)
1000-1030  Present status of PEEM experiment T. Kinoshita (Tokyo Univ.)

Multi-layered mirror Chair: S. Kimura (Kobe Univ.)
1030-1100 Development of wide band multi-layered mirror region and Schwarzschild optics for XUV

region T. Ejima (Tohoku Univ.)

Nano-science using photoemission Chair: K. Takahashi (UVSOR)
1100-1130 Photoemission of low-dimensional nano-metals A. Tanaka (Tohoku Univ.)
1130-1200  ARUPS of organic materials at BL8B2 [: One-dimensional electronic structure of long chain
molecules for nano-wire H. Ishii (Tohoku Univ.)
1200-1230  ARUPS of organic materials at BL8B2 I: Present status of new ARUPS spectrometer and
study on organic thin films K. Okudaira (IMS)
1230-1300 Plan of SR in Saga Prefecture and study on nano-technology and materials

M. Kamada (Saga Univ.)
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Appendix



Director
Nobuhiro Kosugi
Accelerator Division
Masahiro Katoh
Masahito Hosaka
Shigeru Kouda
Akira Mochihashi
Toshio Kinoshita
Jun-ichiro Yamazaki
Kenji Hayashi
Beamline Division
Masao Kamada
Eiji Shigemasa
Tatsuo Gejo
Kazutoshi Takahashi
Osamu Matsudo
Masami Hasumoto
Eiken Nakamura
Naonori Kondo
Suekichi Matsuo
Bunichi Kamimoto
Guest Scientist
Yoichiro Hori
Junpei Azuma

Secretary

ORGANIZATION

Professor

Associate Professor
Research Associate
Research Associate
Research Associate
Unit Chief Engineer
Unit Chief Engineer

Engineer

Associate Professor
Associate Professor
Research Associate
Research Associate
Section Chief Engineer
Unit Chief Engineer
Unit Chief Engineer
Engineer

Supporting Engineer
Supporting Engineer

Associate Professor

JSPS Research Fellow

kosugi(@ims.ac.jp

mkatoh(@ims.ac.jp
hosaka@ims.ac.jp
kouda@ims.ac.jp (-Aug.2001)
mochi@ims.ac.jp (Aug. 2001 -)
kinoshita@ims.ac.jp (- Mar. 2002)
yamazaki (@ ims.ac jp
h-kenji@ims.ac.jp

kamada@jims.ac.jp
sigemasa(@ims.ac.jp
gejo@ims.ac.jp
ktakahashi@ims.ac.jp
mastudo@ims.ac.jp
hasumoto@ims.ac.jp
eiken@ims.ac.jp
kondo@ims.ac.jp
mastuo@ims.ac.jp

kamimoto@ims.ac.jp

yoichiro.hori@kek.jp(Apr.2001 -)
azuma@ims.ac.jp (Apr. 2001-)

Hisayo Hagiwara
Naoko Onitake

Graduate Student

Senku Tanaka

Kousuke Hayakawa

hagiwara@ims.ac.jp

onitake@ims.ac.jp

senku@ims.ac.jp

hayakawa@ims.ac.jp(Apr. 2001- Mar. 2002)
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STEERING COMMITTEE
( April 2000 - March 2001 )

Nobuhiro Kosugi
Masao Kamada
Masahiro Katoh
Eiji Shigemasa
Yoichiro Hori
Tatsuhisa Katoh
Tatsuya Tsukuda
Hayao Kobayashi
Tsuneo Urisu
Toyohiko Kinoshita
Akira Yagishita
Nobuo Ueno
Yasuo Udagawa
Keiichiro Nasu
Takao Nanba

Ken-ichiro Tanaka

UVSOR IMS  Chairperson
UVSOR IMS
UVSOR IMS
UVSOR IMS
KEK

IMS

IMS

IMS

IMS

Univ. of Tokyo
KEK

Chiba Univ.
Tohoku Univ.
KEK

Kobe Univ.

Hiroshima Univ.

JOINT STUDIES

( Financial Year 2001 )

Cooperative Research Projects : 25
Use-of-UVSOR Projects 1157
Workshop 12

Machine Time for Users

: 35 weeks
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Mr. Kinoshita’s farewell party
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UVSOR staffs
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