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Preface

This Activity Report describes the research activities at the UVSOR facility in the Institute for
Molecular Science (IMS) in FY2002. This is the last report by use of the UVSOR-I ring,
though some results may be reported next year again. This is also the last volume in the red-
covered activity report series for the second 10 years in UVSOR. Statistics such as operation
time and number of users do not so much change for recent years. Unfortunately, in FY2002,
we were forced to stop the user time for five weeks due to serious water leakage in vacuum. We
compensated the loss of user beam time by postponement of the start of the shutdown for the
UVSOR-II construction. The details are reported by Prof. Masahiro Katoh in this volume. He
is in charge of the UVSOR accelerator complex, involving the UVSOR-II ring.

Next year we will start the third 10 years by using the UVSOR-II ring. The construction of
the UVSOR-II ring will soon be completed. We will be able to get low-emittance ~27 nmrad
photons and four additional straight sections for undulator beamlines; two new in-vacuum
undulators have already been installed on the BL-3U and BL-7U beamlines. BL-5U is now
being upgraded. We are trying to get budget for construction of other new undulator beamlines,
BL-6U and so on. On the other hand, bending-magnet beamlines are reduced in number and are
improved; for example, the BL-6 bending port is now dedicated only to infrared/terahertz
spectroscopy. Professors Eiji Shigemasa and Shin-ichi Kimura are in charge of these beamline
construction/reconstruction projects.

For this one year, two research associates of the four left the UVSOR facility. In April 2003,
Dr. Tatsuo Gejo moved to Himeji Institute of Technology located near SPring-8 as associate
professor, and Dr. Kazutoshi Takahashi moved to Synchrotron Light Application Center, Saga
University, as lecturer. On the other hand, Mr. Toshio Horigome joined the technical division in
October 2002. In April 2003, Dr. Takahiro Ito joined the photophysics division as research
associate from RIKEN/SPring-8.

I hope that the UVSOR facility with the UVSOR-II ring will be more successful with our
user community and in-house staff than in the UVSOR-I period.

May, 2003

gy,

Nobuhiro Kosugi
Director of UVSOR
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UVSOR Light Source in 2002

Masahiro KATOH

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

1. Machine Operation

In 2002, the UVSOR accelerator complex was operated for
36 weeks (including machine tunings). Monthly statistics of
the operation time are shown in Figure |. Two weeks in this
year were assigned to single bunch users operation. One week
for users and another week for machine studies were canceled
because of an accident on the storage ring vacuum as
described later. We had four shut down periods, around the
new years day (two weeks), in spring (six weeks), in summer
(three weeks) and in autumn (one week). The spring shut
down period was longer than usual for installing a new
undulator.

The operation pattern and the filling beam current were
changed in May. New weekly operation pattern is as follows.
Mondays (from 9:00 to 16:30) are assigned to 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 15 o’clock. The beam is stopped at 21 o’clock. The filling
beam current is 300 mA in multi-bunch mode, and 70 mA in
single bunch mode.

We had a few troubles on the injector. The most serious one
was on the power supply of the booster synchrotron magnets
in June. A transistor control unit was malfunctioned and many
transistors were broken. It took about four days to recover as
lacking some transistors. It was in August that the power

supply completely recovered with a complete set of transistors.

There were a few minor troubles on the power supplies for the
synchrotron magnets and for the electron gun. Since both of
these occurred not so frequently and lacked reproducibility, it
took long time to find their origin. Fortunately, users time was
not affected so much on these troubles except for that the
beam injections were delayed several times.

In November, a vacuum leakage happened. The cooling
water of a SR beam shutter at a beam-line came into the
ultra-high vacuum system of the storage ring. We must have
restarted the users time as soon as possible, hopefully within
one month. This was because that the shutdown for the
upgrade project described later had been scheduled to start in
March.

Fortunately, we could recover the vacuum of the storage
ring within five weeks. The users run was restarted late in
December. We decided to delay the start of the reconstruction
works for the upgrade project by one month. The machine
operation for users was extended until the end of March. More
details of the accident will be described in the next section.

Operation Time (hr)
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2. Vacuum Leakage in November

In 13" November, a vacuum leakage happened. The origin
was a beam shutter at the front-end of a beam-line (BL1B). Its
cooling water came into the ultra-high vacuum (UHV) system
through a pinhole between the water channel and the surface
of the shutter in UHV. The water vapor went around the whole
ring.

We had completed preparing for baking of the vacuum
chambers of the whole storage ring within a week. It took
about two weeks for baking the whole ring. Fortunately no
vacuum component was malfunctioned. However, it was
found that the UHV pressure of the main RF cavity rose by
several orders of magnitudes when the RF power was
introduced. By observing the occurrence of the pressure rises
in various operating conditions, we concluded that electric
discharge happened at the input coupler. We removed the
coupler and found traces, which indicated the occurrence of
electric discharge. We replaced the coupler with a new one and
baked the cavity. It was supposed that the coupler was
damaged during the leakage. Later it was found that the
interlock system of the RF cavity against the vacuum accident
was insufficient. We improved it immediately.

Finally, we could restart the operation middle of December.
It took about one week for vacuum conditioning with SR
irradiation to recover the beam lifetime marginally long
enough for users operation, as shown in Figure 2. The users
time was restarted on 24th December.

3. Status of Upgrade Project (UVSOR-II Project)

The UVSOR upgrade project (UVSOR-II project)[1, 2] was
funded in FY2002. In this project, the magnetic lattice of the
storage ring is going to be changed to produce more straight
sections and to reduce the beam emittance. We are going to
have four 4 m straight sections and four 1.5m straight sections,
six of which would be available for insertion devices. We are
going to reduce the beam emittance to be 27 nm-rad, which is
almost one sixth of the present value. We will have second
in-vacuum undulator of 2 m long, new electron gun and power
supplies of injection linac. There will be several improvements
on beam-lines, as described elsewhere in this report.

‘We have started construction of accelerator components. All
the quadrupole and sextupole magnets are being replaced with
combined function magnets [3], which can produce both
quadrupole and sextupole fields. Sixteen vertical steerers are
being installed, which is almost twice larger in number than
present. All the power supplies of the storage ring magnets,
including that of bending magnets, are being replaced as well
as their control system. All the beam ducts at quadrupoles and
sextupoles are being replaced [4]. In addition, three of the
beam ducts at the bending magnets are also being replaced.

New in-vacuum undulator for BL3U (previously called
BL3A) is being installed at the straight section between the
bending magnets, B2 and B3. The undulator period is 38 mm
and the number of periods is 50. It will cover the spectral
region between 50 eV and 120 eV with its first harmonic
radiation. The third harmonic radiation will come close to the
K-edge of carbon.

The injection linac has been used for about 20 years. It has

D v e
i q
[
1000 ——
s —t _ H =
= .
i, 17 _;EM E.
| I A5t ‘ |
100 L LLLL WL L2 e
| |
10 I Uil L Z | .| I n
100 1000 10 10

IT (mA h)

Fig.2 Recovery of the beam lifetime after the
vacuum leakage in November

The product of the lifetime and the beam current
(It) 1s shown as a function of integrated beam
current (IT). The users time started at around 10*
(mAh). Some discontinuities are due to the
change of operating conditions.

e "
|

P

IEY
1 ol

4 %l .

-y
g?”*"_ F
E

=37
=

+
4

+ 4 H +] f"
veay AT~ AT
oloRCRED o
ol N | el
i
A.L LA | et i

Fig. 3 Design of In-vacuum undulator for
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This is the second in-vacuum undulator. The
period length is 38mm and the number of periods
is 50. The magnetic length is about 1.9 m and the
overall length is 2.4 m.



got more and more troubles in recent years. In the upgrade
project, the electron gun will be replaced as well as its power
supplies. It will be capable of producing short pulses for single
bunch injection into the 90 MHz RF buckets of the booster
synchrotron and the storage ring. Also the pulse modulator of
the klystron will be replaced.

Until the end of March 2002, the fabrications of all these
components were completed. The installation was started in
April 2003, delayed by one month as described previously. All
the reconstruction works will be completed until the end of
June. In July 2003, the commissioning of the upgraded
UVSOR, UVSOR-II, will be started.

4. Improvements
2-1. New operation pattern and increase of filling beam
current

The weekly operation pattern of UVSOR was changed in
May. Previously, from Tuesday to Friday, UVSOR had been
operated for users, for 9 hours a day (9:00-18:00) with twice
injection. Only on Thursday, UVSOR had been operated for
12 hours (9:00-21:00) with three time injections. Since last
May, from Tuesday to Friday, UVSOR has been operated for
12 hours a day with twice injection.

To keep average beam current as high as before against the
longer injection interval, the filling beam current was
increased from 250 mA to 300 mA. Last year, we had already
tested this high current operation and found no problem [5].

Previous and recent beam current histories are shown in Fig. 5.

Even though the injection interval is longer than before, the
average beam current is slightly higher.
2-2. Installation and commissioning of in-vacuum undulator

Construction of an in-vacuum undulator was completed
until the end of February [6]. It was installed at the straight
section between the bending magnets, B6 and B7, in March
after removing the super-conducting wiggler as shown in Fig.
6. After the in-situ baking, the pressure reached 2x10™® Pa.

The magnet arrays are coated by copper foil of 50 micron
thick to reduce the surface resistivity and water-cooled. There
are RF shields on both ends, which are connecting the surface
of the arrays and the neighboring beam ducts smoothly. The
shields themselves are not water-cooled. We did not observe
any noticeable temperature rises both on the arrays and the
shields for the beam current up to 300mA. We also have not
seen any beam instability, such as resistive wall instability.

The change in beam lifetime was observed as making the
magnetic gap narrower. It had been expected that the lifetime
would reduced for the gap narrower than 20 mm in the present
operating condition. The result was slightly narrower than
expected. When the gap came to be around 16 - 18 mm, the
lifetime began to decrease.

We have developed a control system for the undulator. A
schematic diagram of the system is shown in Fig. 7. The
undulator can be controlled from a personal computer at a
beam-line connected to the local area network for machine
operation. The system is capable of correcting the orbit
distortion due to the change of magnetic gap automatically.
The orbit distortion could be corrected to be smaller than 10
microns for entire ring both in horizontal and vertical [7]. The
users can change the magnetic gap any time from their
experimental station. Same system is being prepared for the
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Fig. 4. SR Spectra after the upgrade project
We will have three undulators just after the
upgrade, a helical undulator/optical klystron of 2.35
m for BL5U (previously called BL5A), an
in-vacuum undulator of 094 m for BL7U
(previously 7A) and the second in-vacuum
undulator for BL3U (previously 3A). With these
undulators, highly brilliant SR in the energy range
from 10 eV to several hundred eV would be
provided.
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second in-vacuum undulator for BL3U.

2-3. Baking method of beam ducts in bending magnet

In the early stage of the UVSOR, the beam ducts were
baked by producing electric current directly on the ducts.
Although this method was simple, we must have paid much
attention to confirm electrical insulation of the ducts. In
1990°s, it was changed to use heaters mounted on the ducts
except for the bending section. There put many ceramic
breaks on the ducts to separate the bending sections
electrically. It was observed that electrical noises leaking from
these breaks. In addition, the breaks might be origins of some
kind of beam instabilities.

In the upgrade project, we are planning to change the
baking methods at the bending sections to the normal methods
utilizing heaters. We are going to put the heaters on the
bending duct except for there facing to the magnetic poles to
avoid the influence on the field quality. We are going to put
aluminum coated polyimide film on the duct for thermal
insulation. We made a test in spring 2002. When the
temperature near the heaters rose to 200 degree C, the
temperature of the surface facing to the magnetic poles was
around 120 degree C. The temperature of the surface of the
magnetic poles was well below 100 degree C.

2-4. Input coupler of main REF cavity

The RF power amplifier has capability of producing 20 kW
output power to the main accelerating cavity of the storage
ring. However, in daily operation, the output power has been
limited below 7 kW for many years. This was because of the
heat problem of the input coupler. It happened that the ceramic
window at the coupler was broken in the past high power test.

The smaller beam emittance after the upgrade would
inevitably result shorter lifetime because of the stronger
Touschek effect. Thus, it is desirable to increase the RF
accelerating voltage by increasing the RF input power.

We have constructed a new coupler and installed it during
the spring shutdown in March 2002. In the high power test, it
was found that the temperature rise at the coupler was greatly
reduced. The details are described elsewhere in this report [8].
2-5. Power supply of extraction kicker magnet

The power supply of the extraction kicker magnet in the
booster-synchrotron has been used for about 20 years and the
troubles have been more frequent in these years. Thus, we
have replaced the power supply during the spring shutdown in
2002.

2-6. Vacuum monitoring system

In spring 2002, we have replaced the vacuum monitor
system. The old system was based on VAX computers and
CAMAC interface [9], which had been used for about ten
years. The new system is based on a personal computer and
programmable logic controllers (PLC). In adding to the
storage ring, the pressure of the linac, booster synchrotron and
the beam-line front-ends can be monitored. All the data are
sampled every 1 second and stored in the hard disk of the
server. The real time data can be displayed on any personal
computer, which is connected to the local area network for
machine operation. An example of the display is shown in
Figure 8.

2-7. RF knockout system
We have been used two RF knockout (RFKO) system, one

BL7U
installed at the straight section between the
bending magnets, B6and B7

Fig. 6 In-vacuum undulator for
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for the tune measurement and another for controlling filling
pattern. After the upgrade, there are fewer spaces to install
devices for beam monitors and beam handlings. Thus, we have
changed the latter RFKO system to be available for fune
measurement, The detail of the new system is described
elsewhere in this report [10]. It has been working well and
another system can be removed.
2-8. SR Position Monitor

By using the beam position monitor system introduced in
2001 [11], we found rather large orbit drift in scale of a few
hundred microns. However, since the present beam position
monitors are mounted on the beam duct of the bending
magnets, the measurements might be influenced by the
thermal deformation of the ducts due to SR irradiation.

We have installed a SR beam position monitor at a
beam-line BL7B during the summer shutdown. The details of
the monitor are described elsewhere in this report [12].

5. Researches and Developments
3-1. lon trapping phenomena

The ion trapping phenomena at UVSOR have been
intensively studied theoretically and experimentally [13, 14,
15]. By using the newly developed RF knockout system [10],
it was found that the betatron tune in vertical shifted
depending on the beam current and the pressure in the beam
ducts. These facts could be explained as the results of the
change in number of trapped ions.

3-2. Free electron laser

We are continuing the two photon excitation experiments on
Xe atoms by using the high power free electron laser and the
undulator radiation in collaboration with the beam-line
division [16]. This year, we have changed the wavelength of
free electron laser to 420 nm from 570 nm. The average power
of several hundred milli-watts could be easily achieved.

Our next step will be to realize higher output power in
shorter wavelength, hopefully in VUV. We are expecting that
the low emittance electron beam after the upgrade of the
storage ring would make this possible.

3-3. Coherent FIR radiation

We have been continuing the feasibility study on the bunch
slicing on UVSOR [17]. It was predicted and demonstrated by
some authors that a part of an electron bunch can be sliced out
by using an undulator and a femto second laser [18]. It was
also suggested that this technique might be applicable to
produce coherent far infrared radiation. This year, we have
investigated the possibility to produce coherent far infrared
radiation on UVSOR by using this technique. It seems to be
possible to produce coherent far infrared radiation which may
be much more intense than normal synchrotron radiation by
many orders of magnitudes [19].
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UVSOR Accelerator Complex

Parameters of UVSOR-II Storage Ring Parameters of UVSOR Injector
(Upgraded UVSOR) & ;

Circumference 53.2m Injection Lina

Lattice DBA X4 EUEI’gy 15 MeV

Straight Sections dm X4+ 1.5m x4 Length 25m

Beam Energy 750 MeV Frequency 2856 MHz

Bending Radius 22m Acceleration 2n/3Traveling Wave

RF Frequency 90.115 MHz Klystron Power 1.8 MW

Harmonic Number 16 Energy Spread ~1.6MeV

RF Voltage ~75kV Repetition Rate 2.6 Hz

Mom. Comp. Factor 0.028

Betatron Tunes (3.75,3:20)

Natural Energy Spread 42X 104 Booster Svnchrotron

Natural Emittance (a goal) 27 nm-rad

Natural Bunch Length ~130 psec Energy 600 MeV

Max. Beam Current (a goal)  500mA Lattice FODO X8
(multi-bunch) Circumference 26.6 m
100 mA Beam Current 32 mA (8-bunch filled)
(single bunch) Bending Radius 1.8 m

Betatron Tune (2.25, 1.25)

Mom. Comp. Fac. 0.138
Harmonic Number 8§

RF Frequency 90.115 MHz
Repetition Rate 2.6 Hz

Plane view of the UVSOR Facility
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UVSOR Beam Opties (Modified Laitice; s =37 dnm-rad) ics (£ =2Tnm-rad, x=10%)
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Electron Beam Optics of UVSOR Storage Ring
hefore (lower) and after (upper) the upgrade
UYSOR SR SPECTRA 0 =200mA) Light Source Parameters
10"
1oV u3 Bending Magnets
 US(helical) - —_F__:_\\\‘ o S Bending Radius 22m
L ke \‘ i \\\.}Q"%-\ Critical Photon Energy 425 eV
2 10" ) \"“\
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Z o' b BL3U In-vacuum Linear Undulator (U3A)
B " . ; Number of Periods 50
% E o s b siadil T Period Length 3.8 cm
10" Pole Length 1.9m
; Pole Gap 15 - 40 mm
8 100 1000 Deflection Parameter 2.0-0.24

Photon Energy [eV]

Synchrotron Radiation Spectra BILSH Helicdl Undulgtor

/Optical Klystron (U5A)

Of UVSOR Number of Periods 18

before (dashed lines) and after (solid lines) the upgrade Period Length 11 cm
Pole Length 235m
Pole Gap 30 - 150 mm
Deflection Parameter 4.6 - 0.07 (helical)

8.5—0.15 (linear)

BL7U In-vacuum Linear Undulator (U7A)

Number of Periods 26

Period Length 3.6 cm
Pole Length 0.94 m
Pole Gap 15 - 40 mm
Deflection Parameter 2.0-0.19




Basic Parameters of UVSOR-FEL

Free Electron Laser

Wave Length 240~570 nm
Spectral Band Width ~10*
Polarization Circular

Pulse Rate 11.26 MHz
Maximum Average Power 1.2 W (at 570nm)

Optical Cavity

Type Fabry Perot

Cavity Length 133 m

Mirror HfO,, Ta;O5 multi-layer
Optical Klystron

Polarization Circular

Length 235m

Period Length Il em

Number of Periods 9+9

BL5U Helical Undulator
(Optical Klystron for FEL)
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Optical Cavity for FEL at BL5U




Beamlines in 2002

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", and are dedicated to the use of research groups within IMS. We have one soft X-rays
(SX) station equipped with a double-crystal monochromator (DXM), nine 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.
Recently, discussion for the reconstruction 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 upgrade project of the UVSOR storage ring, in which the creation of four new straight sections
and the achievement of much smaller emittance (27 nm-rad) have been planned, has been approved in
the fiscal year of 2002. Keeping pace with this project, it has been determined that a new in-vacuum
undulator and monochromator for BL3 and a new high-resolution photoelectron energy analyzer for
the end station of BL5 will be introduced. The following is a summary list concerning the status of
the beamlines in 2002.

<Open beamlines>

BLIA was initially constructed for SX photoabsorption spectroscopy, and then a high-resolution
hemispherical electron energy analyzer (SCIENTA SES200) for photoelectron spectroscopy on solids
was installed on this beamline in 1994, This beamline is equipped with a focusing premirror and a
DXM.  The monochromator serves SX in the photon energy range from 0.6 to 4 keV using several
kinds of crystal-pairs such as [-AlOs;, beryl, KTP, quartz, InSb, Si, and Ge. In 2001, the
experimental system for photoelectron spectroscopy was removed from BL1A.  All activity on BL7A
was transferred to BL1A till the end of March 2002 and BL1A has been completely converted to one
of the open beamlines since May 2002.

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.



The computer control system of the monochromator as well as the motor drivers has been renewed
recently. It was found that the intensity of the monochromator output ranging from 40 to 200 nm
becomes considerably smaller than that just after the installation of new gratings. New gratings will
be installed during the shutdown in 2003.

BL2BI1 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 electronion 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 electronion coincidence spectroscopy have been carried out on
adsorbed surface and bulk material. No serious problem with the monochromator and photoelectron
spectrometer has been met. However, the performance of the monochromator is far from satisfaction,
comparing to modern monochromators. Discussion with users, concerning future plans for this
beamline, has been initiated in 2001. Finally, it has been decided that BL2B1 will be shutdown in
2003.

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.  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. It has
been decided that the undulator and beamlines will be renewed in 2003, and accordingly all the
activity on BL3A has been terminated until the end of March 2003. The reconstruction program for
the new undulator based beamline BL3U has just begun.

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 on
both valence bands and shallow core levels. 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
continuously performed in recent years. The original end station (a photoelectron spectrometer, and
a spin- and angle-resolved photoelectron spectrometer) was removed from BL5A by the end of 2002.
The preparation to use the undulator radiation in the low energy region is under way. A novel
high-resolution photoelectron analyzer (MBS-TOYAMA A-1) will be installed in 2003.

BL5B is mainly used for the 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. BLS5B 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 the calibration of optical elements using
a goniometer, optical measurements of solids, and photo-stimulated desorption experiments. The
control systems for the goniometer and monochromator, which have become too old for use, will be



improved during the shutdown in 2003.

BL6AT1 is used as a unique IR and FIR beamline. This beamline is composed of FT-IR and FT-FIR
interferometers, which covers a 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 2002, new adjusting systems for two mirrors were introduced, in order to make beam alignment
much easier. Reflection and transmission spectroscopy at low temperatures became feasible with the
use of a newly introduced cryostat. Parallel to the UVSOR upgrade project, the renewal of the
vacuum duct at BL6 was initially scheduled in the spring of 2003, but has been postponed until the
regular shutdown in spring 2004.

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 enough to carry out spectroscopic
investigations on solid samples with high resolution. In addition to the previously introduced
photodiode in the sample chamber, a photomultiplier and an electronmultiplier are ready for use as a
detector. Small modification to the manipulator with a cryostat has been made, to irradiate the whole
area of the sample holder by SR. The 600 I/mm grating is planned to be replaced during the

shutdown in 2003, since its photon intensity in the wavelength region from 80 to 150 nm is too low.

BL8A 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, which 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. A collaboration study between UVSOR and KEK for investigating the mechanism of the

carbon contamination on mirror surfaces has been conducted here.

BLS8BI 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. The gas phase experiments have been finished. Modification to
the scanning mechanism of the monochromator, which can improve its reliability and reproducibility,
is scheduled during the shutdown in 2003.

<In-house beamlines>

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 since 2001,

and it has been decided that no maintenance fee for this beamline will be provided any further.

BL2B2 is an EUV and SX beamline used for gas phase experiments. The monochromator is a
Dragon-type SGM, which has commissioned in 1999. There was a serious problem on the scanning
mechanism of the monochromator, which has been already fixed. Photoionization efficiency curves
and time-of-flight mass spectra for some fullerene samples have been measured in 2002. Some

structures at the higher energy side of the giant resonance peak in C4y were newly found.

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 the gas phase, and has been
providing interesting results for a long time. Adjustment of the analyzer has been continuously
performed. In 2002, oxygen and chlorine radicals have been investigated using photoelectron

spectroscopy.

BL4A1/4A2 are used for investigations on the reaction mechanism of SR stimulated processes. A
multilayered-mirror monochromator for studying the SR etching processes is installed at BL4A1.
There is no monochromator, but there are two branch lines (scanning tunneling microscopy (STM)
and infrared reflection absorption spectroscopy) on BL4A2. Modification to the beamline
components has been made for switching SR utilization from monochromatic to white light easily.
SR irradiated ablation processes of glass as well as Teflon have been observed lately.

BL4B is a high-resolution beamline in the SX region (1000J1000 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.
Spin-forbidden shake-up satellites of small molecules have been observed using high-resolution
resonant Auger spectroscopy in recent years. Inner-shell excitation spectra of diatomic molecules
and rare gas atoms trapped in rare gas matrices have been extensively investigated. Very recently, a
new spectroscopic technique for probing multielectron processes in molecular inner-shell

photoabsorption spectra has been tested.

BL6A2 was composed of a PGM and a photoelectron spectromicroscopy equipment (micro-ESCA,
VG ESCALAB 220i-XL). In order to create a blank port preparing for future construction of a new
undulator based beamline, the monochromator and the apparatus were detached from the beam in
2002. The responsibility for the micro-ESCA apparatus has been transferred to Prof. Yokoyama’s
group (Department of Molecular Structure).

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
photochemical reaction processes on Si(111) surfaces stimulated by SR irradiation. The transference



of the UHV-STM instrument to BL7A, where the new in-vacuum undulator is available, was
completed in April 2003.

BLS8B2 is utilized for angle-resolved photoelectron 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 eV, 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. There are 6 users’ groups for utilizing this

beamline. The introduction of a new cryostat for low temperature experiments is under preparation.

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 I. Station masters and supervisors of open beamlines in 2002

Beamline Station Master Sub Master Supervisor
1A N. Kondo E. Shigemasa E. Shigemasa
1B M. Hasumoto S. Kimura S. Kimura

2B1 K. Takahashi E. Nakamura S. Kimura
3A1 E. Nakamura E. Shigemasa E. Shigemasa
3A2 N. Kondo T. Gejo E. Shigemasa
SA K. Takahashi S. Kimura S. Kimura
5B M. Hasumoto E. Nakamura E. Shigemasa
6A1 S. Kimura E. Nakamura S. Kimura
7B M. Hasumoto S. Kimura S. Kimura
8A T. Gejo E. Nakamura E. Shigemasa
8B1 T. Gejo N. Kondo E. Shigemasa
Table II. Representatives of in-house beamlines in 2002,
Beamline Representative

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

6A2 T. Urisu

6B T. Urisu Dep. VUV Photoscience

8B2 K. Okudaira Dep. VUV Photoscience
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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 (absorption)
BL1B 1-m Seya- Namioka 650 -30 nm 60 6 Solid (absorption)
BL2A I-m Seya- Namioka 400 -30 nm 40 6 photoabsorption
BL2B1 2-m Grasshopper 60 - 1.5 nm 10 1.7 Solid &surface
(photoemisson)
BL2B2  18-m Spherical Grating 60 - 6 nm 15 6  Gas (photoionization,
photodissociation)
BL3A1 None (Filter, Mirror) (U) 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 16.6 12.8 Irradiation
Monochromator Mo/Si MLMs
BL4A2 None SR-CVD
BL4B  Varied-line-spacing Plane 15 - 1.5 nm 7.5 2 Gas (photoionization,
Grating Monochromator photodissociation) &
solid (photoemission)
BLSA 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)
BLOAI Martin-Puplett FT-IR 3000 -30 pm 80 60 Solid (absorption)
Michelson FT-IR 100 - 1 um 80 60
BL6A2 Plane Grating 650 - & nm 10 6 Solid & surface
(photoemission)
BL6B None 8.3 6 Irradiation
BL7A None (U) Under construction
BL7B 3-m Normal Incidence 1000 - 50 nm 65 10 Solid (absorption)
BLSA None (Filter) 25 8 Irradiation &
user’s Instrum.
BL8BI  15-m Constant Deviation 40 -2 nm 10 1.5 Gas (photoionization,
Grazing Incidence photodissociation) &
solid (absorption)
BLEB2 Plane Grating 650 -8 nm 10 6  Solid (photoemission)

SGM-TRAIN: spheri cal grating monochromator

including normal incidence mount

U: with an undulator
OK: with an optical klystron

with translating and rotating assembly



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 (E/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. 1 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 simultancously 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 Torr as 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 1s 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.

RELATIVE LIGHT INTENSITY

PHOTON ENERGY (eV)

Figure 1. Transmitted /; intensity with and without an Ar gas filter.

Specification
Monochromator: 1-m Seya Wavelength range: 30-400nm
Resolution: E/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 I/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 (EICO) 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 I/mm)
Resolution of photon :<0.4eVat300eV
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 mm™’, 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. S, 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
The undulator has 24

periods with a period length of 80 mm. The photon energy ranging from 8§ to 52 eV can be

ring provides an intense quasi-monochromatic radiation to BL3AI.

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 - 5‘
Type : planar-type undulator ‘|

Source emittance : 164 nmrad ”

Period : 80 mm §4WL |

Number of periods : 24 % j

Magnetic field : Kmax 3.6 a0a0*] i \l

Photon Fulux : 10" photons/s at 34eV s ;A/‘
Energy range 1 8-52eV 00- ! c




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 eV)

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. Hattori et al., J. Chem. Phys. 106, 4902 (1997); Y. Hikosaka et al., ibid.
105, 6367 (1996); Y. Hikosaka ef al., ibid. 107, 2950 (1997); 110, 335 (1999); K. Mitsuke et
al., J. Electron Spectrosc. Rel. Phenom. 112, 137 (2000).
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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: £/AE = 14000 at 100 nm (AE = 0.9 meV) with the slit widths of 10 um
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.

Specifications

Monochromator: Multilayered-mirror monochromator
Wavelength range:  13.3 -22.5 nm

Resolution: 5-9¢eV (FWHM)

Experiments: Excitation energy dependence of the SR processing



BL4A2

SR-CVD beam line

This beam line is 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. |
shows the absolute photon flux for each grating, with the entrance- and exit-slit openings set
at 25 and 10 pwm, 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.
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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 eV with slits width of 0.1 mm)
1x10" 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..

Top view of BL6A1

Specification

Energy resolution :

Energy range :
Interferometers :

Detectors :

Spectral distribution of UVSOR BLEA1 (001013)
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Photoelectron Spectro-microscope for Solids and Surfaces

The beamline BL6A2 has been used for photoelectron spectroscopy on solids and surfaces
with bending magnet radiation. The beamline consists of a Plane Grating Monochromator

BL6A2

(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 wm for spectroscopy

: 2 um for imaging

Others : XPS, LEED, Ion-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.

UHV-STM System

Image at Foc

Specification
Specification: whole range of synchrotron radiation from UVSOR

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



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 1s also possible at the reaction chamber without any windows.

BL8A

Focusing Mirror Separation

Chamber
|~ 2500mm s | — 2807mm — |
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



BL8BI

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; 1080 I/mm, 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 IXIO']UTorr), a cleaning chamber (base pressure IXIO'[OTorr), and a sample
evaporation chamber (base pressure 3x10"°Torr). 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: 12001/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 Ix1mm?®.  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 gw- i 4
Energy range: 2-150eV 3 %, GM10
Resolution:  100meV at 40eV as g ]
determined by the Fermi edge of gold 2 j
Experiment: Angle-resolved photoelectron E
spectroscopy (ARUPS) for various organic E”’m ] 3
solids i: s
Polarization: 85~91% at 500nm s I
é ]
210-11 - o
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Figure Throughput spectra of plane-grating
monochromator at BL8B2 with 100 pm exit slit.
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Improvement of RF-KO System in UVSOR
A. Mochihashi, K. Hayashi, M. Hosaka, M. Katoh, J. Yamazaki, Y. Takashima®, Y. Hori™"
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*Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan
**High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801, Japan

In the UVSOR, a transverse stripline kicker for RF knock-out (RE-KO) has been installed in a long straight
section, and the kicker has been routinely used for making empty RF-buckets in the multibunch operation to avoid
multibunch instability such as ion instability[l, 2, 3]. From April to June 2002, we have improved the RF-KO
system not only to reinforce the power of the RF-KO but also to rebuild a transverse tune measurement system.
Moreover, the new RF-KO system can be used for a bunch-by-bunch beam handling with a high speed gated RF-
KO. With the system, not only dumping particular bunches circulating in the ring but also measuring the horizontal
and vertical tune have become much easier than before, and moreover, precise bunch-by-bunch beam handling,
such as purification at the singlebunch operation in which spurious bunches are dumped continuously by the RF-
KO without disturbing the main bunch, also becomes possible. High purity operation with the purification system
in the singlebunch mode has been successfully applied since July 2002, and good purity has been kept without
decreasing the beam lifetime.

In the former RF-KO system, the low level RE-KO signal from the signal generator (S.G.) and the pulse signal
synchronized with revolution of the electron beam from a pulse generator called bucket-dumper were multiplied
by a double balanced mixer (DBM). The pulse-modulated RF-KO signals amplified by the high power amplifier
were forcibly divided and applied to each stripline because the former RF-KO system had only one high power
amplifier. The power divider that divided the high level signal limited the maximum power of the RF-KO, therefore,
the RF-KO power was not sufficient to dump the electron beam easily although the high power amplifier itself has
good specification (maximum output power of 250 W). Moreover, it was not so easy to measure horizontal/vertical
tunes with the RF-KO system because the direction of the transverse kick by the RF-KO were fixed and not able
to be changed easily. To clear these problems, we have improved the RF-KO system. Figure 1 shows a block
diagram of the new RF-KO system. We have prepared 4 high power amplifiers (R&K, A220-100R) that cover
wide frequency range (10 kHz - 220 MHz) and have maximum power of 100 W. We have also developed a phase-
switching controller that can easily change the direction of the transverse kick by the RF-KO. With these systems,
not only dumping the electron beam but also measuring the horizontal/vertical tunes have become very easy.

Because the new amplifiers have good response for the pulse signal, it is possible to perform pulse-modulated
RF-KO that can perturb motion of the particular bunch circulating in the ring. As a pulse generator in the low level
system we have used a high speed pulse generator (Agilent Technologies, 81110A) that has short riseup/falldown
time enough to single out and kick one particular bunch without disturbing adjacent bunches. As application of
the RF-KO system to the users runs, we have tried to perform purification at the singlebunch operation in which
spurious bunches are dumped continuously by the RF-KO without disturbing the main bunch[4]. In the former
singlebunch operation, a horizontal beam scraper was used for keeping the purity by stopping the electrons that
dropped out from the main bunch and captured in the next RF buckets[5]. However, with the former method, it
was very difficult to keep good purity for a long time, and moreover, the beam lifetime became shorter because the
horizontal scraper was inserted near the beam orbit. On the other hand, it is expected that the purification method
with the gated RF-KO can keep good purity and avoid the influence on the main bunch. Figure 2 shows the output
signal from the stripline in the singlebunch condition when the purification system is in operation. The signal
behind the bunch signal in the figure corresponds to the gated RF-KO signal. In the purification, the frequency of
the RF-KO signal has been tuned to vertical betatron frequency (2.56 MHz) and performed frequency-modulation
whose modulation range is £250 kHz. To dump unnecessary bunches unexpectedly injected in front of the main
bunch, the timing of the gate is firstly adjusted in front of the main bunch. After the bunches in front of the main
bunch are dumped, the timing of the gate is adjusted just behind the main bunch and fixed. Figure 3 and 4 show
timing spectra of the stored beam in the singlebunch condition when the horizontal scraper was used and the gated
RF-KO was operated, respectively. In the observation, we injected and stored the singlebunch whose beam current
is 94 mA in Fig. 3 and 71 mA in Fig. 4, and after the beam current was decreased up to about 25 mA the timing
spectra was observed with a photon counting method. As seen in these figures, the spurious bunches are clearly
observed when the horizontal scraper was used, however, no spurious bunches can be seen when the gated RF-KO
was operated although the background counts are not small enough to observe precisely the unnecessary bunches.
From these figures, the purity of the singlebunch is estimated to be (5.4 £ 6.3) x 10~% in the former purification
method and (1.9 £ 5.0) x 107% in the gated RF-KO. The purity is greatly improved. however, now it becomes
difficult to measure the purity precisely because of the background count of the photon counting system. Upgrade



of the beam diagnostic system, such as the photon counting system, is one of the next subjects.

After some machine studies we have developed a high-purity and long-lifetime mode in the singlebunch con-
dition. Figure 5 shows change in the beam lifetime on the beam current for several singlebunch operations. The
beam lifetime with the gated RF-KO becomes larger than in the former purification system because the horizon-
tal scraper inserted near the beam orbit is not necessary in the new system. We also found that using the skew
quadrupole magnets are effective for increasing the beam lifetime without any influence on the users. With the
gated RF-KO system and the skew quadrupole magnets, the beam lifetime has increased about 2.5 times larger than
that in the former singlebunch operation. The high-purity and long-lifetime mode in the singlebunch condition has
been successfully applied to the users runs since July 2002, and no troubles have been reported so far.

The authors express their sincere thanks to Dr. Obina in the High Energy Accelerator Research Organization
(KEK) for his useful suggestions.
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Optical Beam Position Monitor in UVSOR
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In the UVSOR, transverse positions of the electron beam circulating in the ring has been mainly observed with
button-type beam position monitors (BPMs) that are set on the beam ducts in bending magnets (bending ducts).
Because the BPMs are fixed on the bending ducts, it is difficult to observe precise beam positions because an effect
of deformation of the ducts could not be negligible for the observation. To clear the problem, we have developed
an optical beam position monitor that can observe the beam position by detecting a transverse position of the
synchrotron radiation (SR) emitted by the electron beam. Such beam monitors have never been installed in the
UVSOR before; therefore, it is the first model of the optical monitor in the UVSOR. Because the monitor is set in
an SR outlet chamber that is fixed independently of the bending ducts, it is expected that the monitor can observe
precisely the beam position without influence of the deformation of the beam ducts.

We have decided that the monitor is set in the SR outlet chamber in the BL.-7B and designed the monitor that
matches environmental condition in the beamline; namely, it is necessary to set the monitor without any influence
on the SR users in the beamline. Figure | and 2 show a drawing and a photograph of the optical beam position
monitor in the UVSOR BL-7B. Basically, the monitor has the same structure as that has used in KEK-PF[1];
namely, the monitor has a pair of triangular plates that are vertically aligned together. The plates are irradiated by
the SR from the bending section, and photocurrents are induced on each plate. By measuring asymmetry of the
photocurrents induced on the plates the vertical position of the SR can be detected. Because there is not much room
in the outlet chamber, we have simplified the cooling system of the monitor; the plates are indirectly water-cooled
by cooling a copper-mount on which the plates are set. To adjust the position of the plates to the SR axis, moving
gears are settled not only for the vertical direction but also for the horizontal direction. To cope with photoelectrons
that exist in the environment, a setup that can apply negative voltage (~ —50V) to the plates has been applied. The
monitor was installed in the UVSOR BL-7B at August 2002 and some performance tests were carried out. Figure 3
shows measured SR position when the position of the plates are scanned vertically by a stepping motor. As seen
in the figure, it is expected that the monitor has good linearity for vertical movement of the SR position. Figure 4
shows change in the measured SR position when the vertical stepping motor moves in one step that corresponds to
4 pm. From the figure, it is found that the resolution of the monitor for the vertical movement of the SR beam is
less than 4 pm, that is almost the same resolution of the BPMs.

After some performance tests, we found that the optical monitor has good performance enough to measure
subtle movement of the beam orbit in the routine operation in real time. Figure 5 shows an example of a measured
vertical position of the SR for one day. As seen in the figure, the monitor can see a drift of the SR position in
the vertical direction for one day although the monitor tends to be affected by the operation of the beam shutter
because the shutter is settled near the monitor. The measured position seems to drift in several 10 g m for one
day; the tendency roughly corresponds to the measurement with the BPM system. From Fig. 4 and 5 it is expected
that the monitor can be used not only for the usual beam diagnosis in the routine users runs but also for check
distortion of the beam orbit due to free-tuning of the in-vacuum undulators that have been installed in the BL-7U
and BL-3U[2, 3] in the UVSOR-II. Now we are developing a control system and a data acquisition system for the
optical monitor. After the development we are planning to apply the monitor to one of the beam diagnostic tools
for the routine operation in the UVSOR-IL

The authors express their sincere thanks to Dr. Mitsuhashi and Mr. Tadano in the High Energy Accelerator
Research Organization (KEK) for their useful suggestions.
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Figure 1: Drawing of the optical beam position mon-

itor in the UVSOR BL-7B.

Beam Position [mm]

Figure 3: Change in the measured vertical SR position
when the monitor is scanned vertically in +200zm.
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An RF-system in the UVSOR electron storage ring is composed both of a main RF-cavity whose resonant fre-
quency of 90 MHz and of a third harmonic cavity. Table 1 show the main parameters of the main cavity in the
UVSOR. The main cavity is operated with a transistor-type transmitter whose maximum output power is 20 kW,
however, the output RF power is limited up to 7 kW in routine multibunch operation because an input RF cou-
pler abnormally heats up. Even though an air cooling system is operated, the temperature of waveguides near the
coupler is over 60°C when the output power is only 6 kW; therefore, it is supposed that the temperature of the
coupler itself becomes much higher. To improve a beam lifetime larger and to compress bunch length shorter it
is strongly desired to increase an RF voltage V.. (V. = 46 kV in the routine operation) by increasing the output
RF power; however, it is very difficult to increase the power because of the heating problem. In the past, we have
an experience that when the main cavity was in operation a ceramic window of the RF coupler cracked and the
vacuum condition in the cavity was troubled. From the experience, it is supposed that not only the inner and outer
conductors of the coupler but also the ceramic window get heat; however, the RF loss at the ceramic window is
estimated to be very small. We have considered that it is the cause of the heating that not only the RF loss but
also a multipact phenomenon that locally occurs between the inner and outer conductors through the surface of the
ceramic window.

From the point of view, we have designed a new RF coupler that can cope with the multipact phenomenon.
Basically, the new coupler has the same configuration as the old one, however, it has some improved points; to
suppress the RF loss in the coupling loop the thickness of the loop has been improved (from 1 mm to 3 mm). An-
other point is that to suppress emission of secondary electrons that cause the multipact phenomenon TiN has been
coated (coating thickness is 100 A) on the surface of the ceramic window. Figure 1 and 2 show the photographs
of the new RF coupler. The size of the coupler is 120 mm in diameter and 220 mm in length without the coupling
loop. The inner and outer conductors are made of oxygen-free copper, and the joint between the coupler and the
waveguides are made of oxygen-free copper coated with gold. The coupler was installed in the main cavity at
April 2002 and some performance tests were carried out. As a result, the dangerous heating has been completely
suppressed; when the output power is 7 kW the temperature of the waveguides near the coupler is reduced to about
only 30°C. The coupler has been currently used in the routine operation without any trouble.

Next, we have tried to increase the RF voltage in the main cavity and observed the change in the beam lifetime.
Figure 3 shows the beam current and the beam lifetime in the single/multi bunch conditions when the cavity voltage
was increased to about 60 kV. When the multibunch condition whose beam current is 300 mA, the I+ value that
is 1700 mA-Hour in the routine cavity voltage (V. = 46kV) was improved to 1950 mA-Hour in V. = 61kV that
corresponds to the output power of 8 kW. On the other hand, when the singlebunch condition whose beam current
is 90mA, the I value that is 30 mA-Hour in the routine cavity voltage and without skew-Q magnets was improved
to 80 mA-Hour in V.. = 63kV without the skew-Q magnets. We have also tried to increase the cavity voltage more
and more by increasing the output power, however, we found that as the power is increased it becomes difficult
to store the electron beam stably because in such high power operation the cavity tends to be largely detuned and
it is necessary to adjust a tuner position beyond movable reach of the tuner. To increase more the output power
and realize the high power operation routinely and stably, therefore, it is necessary to improve the cooling system
of the cavity itself. We are now planning not only the improvement of the current RF system but also an renewal
project of the RF cavity to improve quality of the electron beam in the UVSOR-IIL.

The authors express their sincere thanks to Dr. Y. Saitoh, Dr. E. Naitoh and Dr. T. Kasuga in the High Energy
Accelerator Research Organization (KEK) for their useful suggestions.



Table 1: Main parameters of the main cavity of the UVSOR-ring.

Frequency 90.1 MHz
Harmonic Number 16

Q-factor 3000 (Loaded)
Shunt Impedance 500 kQ
Cavity Voltage 46 kV (routine)
Number of Cavity 1

Bucket Height 7.5x1073

Maximum Output Power 20 kW

Figure 1: Photograph of the new RF coupler for the
main cavity of the UVSOR-ring.

Figure 2: From the view of the ceramic window and
the coupling loop.
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Figure 3: Beam current and I7 value when the high power operation of the RF system. I7 values increased by
about 20% and 250% in multibunch and singlebunch conditions in the high power operation.
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In the UVSOR upgrade (UVSOR II) project, a number of vacuum beam chambers should be replaced new

ones compatible to the new magnets and the improvements of beam-lines. Some vacuum problems have been
discussed for designing new chambers.

1. Pressure and beam lifetime
Main processes of beam loss are the Touschek

. o 3
effect, that is electron-electron collision in bunch, and 10" or
o (FTjtotal |

collision with residual gases in the UVSOR ring. The
former collision occurs in proportion to the number
density of bunch electron, and the latter the pressure.

x  (I'T)vac

:

The opfﬁratmg pressure of the ring is approximately ; %
proportional to the stored beam current because the w =
photo-stimulated desorption (PSD) from chamber # >
walls irradiated by synchrotron radiation (SR) is the T o
dominant outgassing process. Then, in both cases, the ;E ; s
product of the beam lifetime and the stored beam = - g 3
current (I't) is constant if the other parameters are g PR 8
constant, and is a very convenient figure of merit to |P_-" j
evaluate the lifetime. The Touschek lifetime is about = iz ]
2.4 Ah in the present ring, and will be 1.4 A-h in the 100 E | L SI'GIM"“‘M?Ol Scdiail I 10"
upgraded ring [1]. 0 5 10 15 20

The vacuum lifetime also strongly depends on APERTURE(half) [ mm ]

the physical aperture in the ring as shown in Fig. 1-a,
in which the cross section of the vacuum beam loss is ~ Fig.1-a Beam lifetime and vacuum beam loss
also shown. The lifetime is calculated at the CO  constant as functions of aperture.

equivalent normalized pressure of 1 E-6 Pa/A. The
conversion factor of the measured pressure to the CO
equivalent pressure is about 0.5 [2]. The horizontal

160 e T AL

axis is the half value of the minimum physical [+ TyTouschek = 144 :
aperture. It is determined to 11 mm in present ring by 140 © qq% _______ : gap :'151'"’" ]
a narrow beam channel at an insertion device, and i ' Pay : . 3: +1:11:: ]
will be 5 — 11 mm depending on the gap of a new 120 - - - v n q}% - - .
insertion device after upgraded. Present lifetime : ; ; :
observed at 200 mA storage is about 6 h. It means E 100
that the practical operating pressure is about 2 E-6 =
Pa/A (CO equiv.). If the pressure will be maintained, E 8o !'m R
the lifetime would be 2.5 — 4.5 h in the future. Itis £ go
also expected from Fig. [-b that decreasing the 3 r
pressure in 1 E-6 to 1 E-7 Pa range is effective to 40 [
improve the lifetime, but further decreasing is
inefficient and impractical. 20 -

The pressure distribution of the ring is
determined by the outgassing rate, the pumping speed 010-8 T

and the conductance in each place and can be
simulated by a simple one-dimensional calculation.
The pumping speed and its distribution are assumed
like Fig. 2-a. The present distribution at 400 mA
storage is simulated as shown in Fig. 2-b. The
average pressure of 2.5 E-7 Pa has been obtained when the PSD yield is | E-6 molecules/photon as a constant

pll [PalA]

Fig.1-b Beam lifetime as a function of pressure.



value. The lifetime of 7.5 h is expected from the resulting average pressure, and it is approximate to the observed
value. The distribution of outgassing rate is also given in the figure. Though there are many assumptions, it is
clear the that intense irradiation with relatively small pumping speed results a high local pressure at bending
sections. This suggests, however, the increasing pumping speed at these sections is effective to decrease the
pressure. Same simulation expects that the lifetime can be improved by 10 - 30 % by increasing the pumping

speed by factor of 2 — 4 at these sections. Further improvement is dependent on the elongation of the Touschek
lifetime.
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Fig.2-a Pump arrangement of the ring. Titanium

sublimation pump and sputter ion pump are
used.

2. Thermal/structural analysis for SR irradiation at 500 mA storage

Radiation power emitted at a bend is 1 kW/rad or 460 W/m at the maximum stored current of 500 mA.
Distance between the chamber wall and the light source point is about 50 c¢m in the bend. Sidewall of the bend
chamber suffers from up to 460 W/m of the SR load, and normally irradiated parts, such as photon absorber,
suffers from up to 2.0 kW/m. It is not so serious for conventional chamber materials. Stainless steal is enough as
a chamber material, and copper material is desirable for some absorbers installed near the bend.

A two-dimensional thermal/structural analysis was carried out for a slainless steel beam chamber. The
analysis model is shown in Fig. 3. Cross section of the beam channel is a racetrack with the thickness of 3 mm,
which is same as a present standard chamber. The heat transfer coeflicient of 3000 W/m?¥/K is assumed on water
boundary for the water-cooling, and 10 W/m*/K on air boundary for air-cooling. These can be very easily
obtained. Results are listed in Table 1. In both case the stress is less than the yield strength, but the temperature
rise is rather high in the case of air-cooling. The 0.2% strength of SuS316 is 2.05E-8 Pa. Also the deformation
should be considered, especially in BPM sections. The above applies to bending section. Power load sharply

reduces as the target is off from the bend, since the bending radius is small, so that air-cooling may be enough
for downstream components.

cooling channel 13
Table 1 Temperature rise, stress, and deformation /
by SR irradiation at 500 mA storage. ' SR -
ATmax Amax  AXmax AYmax 460 W/m
[deg.] [Pa] [mm] [mm] \
water-cooling 42 6.04E7  0.13 0.12
air-cooling 268 6.38E7  0.35 0.075 110
Fig.3 Shape of the analytical model.
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In the UVSOR upgrade (UVSOR 1I) project, all straight chambers and three bend chambers except some
elements such as RF cavities and insertion devices should be replaced to new ones. Also beam position monitors
(BPMs) will be newly installed at up- and down-stream in each long straight section. It is important for the
effective pumping to increase the pumping speed as much as possible in the bend section and the just
downstream. New chambers have been designed and fabricated, and will be installed in the UVSOR 1I in
FY2003.

1. Straight chamber design at the quadrupole magnet

According to the new magnet arrangement [1], beam chambers installed in straight sections must be
replaced to new ones. The boundary condition with existing bend chamber is not changed. Each two quadrupole
magnets are installed in the up- and down-stream of every straight section. The pumping is essential between
neighboring quadruple magnets, because the BPM mounted at the downstream of the bend chamber occupies an
effective position for pumping. More than 200 I/s of the pumping speed is required to maintain a present
efficiency. A schematic chamber

.. S . bend 890 1374 for \
design is shown in Fig. 1. Tt is a chamber druoo | short straight
e - \
symmetry configuration in up- D ,ﬂggngﬁp ore \
: beam 140 {150 i
and down-stream of the straight chamber \
section. Main pumps are the

M‘
titanium sublimation pump (TSP) 7 £ iw r _ Iﬂﬁ{‘ Lot BErRALES

and sputter ion pump (SIP) as the -

resent. The TSP is installed ?F
? Bom %&‘g % j BPM

close to the beam channel in

e-

order to obtain a required TSPt :ﬁ!égw:hvém
pumping speed. Each two BPMs
will be additionally installed in
the long straight section. Fig.1 Straight chamber installed in quadrupole magnets

2. Bend chamber design

Three bend chambers, B3, B6 and B7, have been remodeled according to the improvement of beam-lines.
Basic form is inherited from old one. The first problem is how to increase the pumping speed. In the present
chamber, distributed ion pump (DIP) is already installed in the inside of the beam channel and BPMs are
mounted at the up- and down-stream. The additional pumping can be inevitably installed only in the outside of
the beam channel. It is most convenient and effective to install the additional pumping at junction with the
beam-line if the pumping space is ensured there. But those spaces are already occupied by beam-line
components in  usual. The s
considerable second best way is (aygufafo%
equipping the pump between 2
and/or in the upstream outside of BL7B
the coil as long as it does not
interfere with the synchrotron
radiation light to be introduced to
the beam-line. Actual design of e '
the chambers is determined under
the boundary condition with BPM
beam-lines, as shown in Figs. 2 | E— === |
and 3. The B7 chamber is similar
to the B3. The B6 chamber has a

pumping port

cooling channel

DIP in chamber

Eending Magnét

Fig. 2 Conceptual design of the bend chamber B3



special shape including an optical mirror inside. Increase of the pumping speed is considered in each chamber.

undulator line
(Odeg) ~-.

BL6A2
(5.72deg) T FEL exp.
" -
MIRROR in chamber R e ST cooling channel

DIP in chamber

Bending Magnet

CROSS SECTION

Fig. 3 Conceptual design of the bend chamber B6

3. BPM chamber design
The BPM consists of four electrodes that each two is mounted

on top and bottom side of the beam channel. Sensitivities Sx and l : —
Sy of the BPM are defined as

x=U(x,y)/Sx, y=V(x,y)/Sy, O f@'o*::; 7;.} O %

where x and y are position coordinates of the beam, and U(x,y) and
V(x,y) are coefficients made from the charge induced in each ‘ | l_
electrode by the beam. The sensitivities depend on the clectrode

layout, and that of the present BPM is not proper in view of the
sensitivity. The mapping simulation was carried out by a boundary
element method in order to improve the vertical sensitivity Sy. The L~
present sensitivity is 0.0792 in the horizontal and 0.0226 in the 3
vertical. The horizontal distance between two electrodes is rather
long in the present layout and it causes the low vertical sensitivity. ]

It was found by the simulation that the vertical sensitivity could be o /gg
improved in the 1.5 — 2 times without reducing the horizontal e
sensitivity so much by making the electrode small and shortening —%
the horizontal distance. The decrease of the signal output can be \ 4-elgctrode
sufficiently supplemented by electrical amplification. This concept ~ €00l 2y

is adopted in the BPM newly installed. Fig. 4 shows the chamber ~ channel |

design and electrode-layout of the new BPM. The sensitivity is

0.0735 in the horizontal and 0.0376 in the vertical.

The vertical position error up to 200 pm can occur in each electrode, and it induces an offset of the electrical
center of the BPM. The offset was estimated using the same simulation. The result shows vertical shift up to
190 um and horizontal offset up to 90 um can be introduced by each position error. These offsets should be
measured and corrected by some method such as electrical mapping or beam-based calibration.

0 1CF203
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1. Introduction

An in-vacuum type undulator (U7) was installed at UVSOR in spring 2003 (Fig. 1)[1]. A machine study was
carried out to achieve so-called independent tuning, which mean that users can change the gap length of the
undulator anytime they need to. The closed orbit distortion (COD) caused by
gap change was corrected by steering magnets installed at upstream and

downstream of the undulator magnet. Latest result of the study is reported.

2. In-Vacuum Undulator at UVSOR

The undulator is installed at a straight section (S7) of UVSOR. It employs a
control software which works on local area network, so that beamline users
can change the gap length at the experimental stations. However, it was found
that the gap change causes considerable COD (Fig. 2), producing a serious
problem for other beamlines. Thus the COD must be eliminated to achieve the

independent tuning.

3. Study on Independent Tuning of Undulator Fig.1 in-vacuum undulator (U7)
We compensate the COD due to gap change of the undulator by using a pair of local steering magnets installed
upstream and downstream of the undulator. At first, COD response to undulator gap length was measured by
beam position monitors (BPM). Next, COD response to steering magnets was measured changing the excitation
current of the steering magnets of the undulator. Then, with these two results the currents of the steering were
determined so as to minimize the COD. We used least-square method, that is to find local minimum of S given
below;
s Ny [ (x, +ul'1,)?
i=l (yi +V:(,]u)2
where u,H , I, and X; represent horizontal response of i-th BPM to horizontal steering magnets for unit
current, excitation current of horizontal steering magnets and horizontal response of i-th BPM to gap length
change, respectively. The currents of upstream horizontal and downstream horizontal magnets were set to the
identical value, in the same way as upstream vertical and downstream vertical magnets. After the correction, the

COD caused by gap change from 40mm to [8mm was reduced from order of 100 1 m to 10 & m (Fig.3).
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Fig. 3 COD with correction by steering magnets (result of 16 BPMs are shown)

4. Conclusion

The COD caused by gap change of the undulator was reduced to about one tenth of the case without correction.
We are going to suppress the COD to smaller value utilizing extended methods, such as individual (i.e. upstream
horizontal, upstream vertical, downstream horizontal, downstream vertical) optimization of steering magnet
current and taking account of xy coupling. The independent tuning technique developed in our study will be
soon applied to beamline 7U and same procedure will be applied to another new undulator, namely U3, which is

going to be installed in spring 2003.
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The output power of a storage ring free electron laser (SRFEL) operated in the CW mode is limited by
bunch heating effect due to the FEL interaction. On the other hand, much larger peak power (~100 times at the
UVSOR) in a macropulse can be obtained by using Q-switching technique because lasing is started from a
completely damped state of the energy spread of the electron bunch. On the UVSOR storage ring, the
Q-switching operation is performed by using an rf modulation method in which the synchronism between an
optical pulse and an electron bunch is detuned by varying an accelerating rf frequency fed from a master
oscillator [1].  When the optical gain is small, the detuning range of the rf frequency is relatively narrow, so that
the small frequency jump is sufficient to kill the lasing, and consequently the residul amplitude of excited
synchrotron oscillation of the electron bunch is negligible as compared with the natural energy spread of the
electron bunch. However we have recently stored a very high beam current, more than 100 mA/bunch for user
application and the FEL gain at the current is estimated to be >~ 5% . Because of the higher FEL gain and the
bunch lengthening, the relative detuning range of the rf frequency is getting to be more than 10” and therefore
the amplitude of the synchrotron oscillation is supposed to be no longer negligible.

In order to examine the influence of the
rf modulation to the longitudinal dynamics
of the electron bunch, we have observed the

evolution of the bunch profile by using a

1.9 ns

dual-sweep streak camera. Figure 1 shows

longitudinal collective motions of the
electron bunch observed when the rf
frequency is suddenly changed by 2 kHz.
As seen in the figure, the synchrotron
oscillation is excited with relatively large

amplitude. However, particularly one at the

higher beam current, the measured

amplitude of the synchrotron oscillation of 1.0 ms
the beam bunch is damped much faster than

synchrotron radiation damping time (~ 20 . I _
> : PIRE ( Fig. 1 Collective synchrotron oscillation excited by the rf

ms). This fast d ing can b lained
) ast dampig S modulation at beam current of (a) 1.0 mA and (b) 45 mA

as Robinson damping [2], which occurs in
. measured by a dual-sweep streak camera.
the interaction between the beam frequency
spectrum and the cavity impedance. Thus
the damping depends on a tuning angle of the rf cavity. ~As the tuning angle is made more negative the damping
increases and if the tuning angle is positive the oscillations are anti-damped. Figure 2 shows the measured

damping decrement «, of the oscillation as a function of the tuning angle. In the measurement the tuning



Tuning Angle (deg.)

Fig. 2 Synchrotron damping decrements measured
as a function of the tuning angle of the rf cavity.

The solid curve is a calculated value based on

Robinson damping model.

1.9 ns

1.0 ms

Fig. 3
Q-switched FEL together with beam bunch.

Two-dimensional spectrum of the

Due to the bunch heating, the bunch is very broad
shortly after lasing.
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angle is varied using a tuner of the rf cavity and the
damping decrements are deduced from the streak
camera data. An calculation based on the cavity
impedance model was performed and the result is
also plotted in the figure. As seen in the figure, the
calculation is almost consistent with the experiment.
Besides such overall properties of the oscillation,
we observed the evolution of the Q-switched FEL
macropulse and the electron bunch simultaneously
by using a streak camera. In order to reduce the
laser intensity, which is much higher than the
spontaneous radiation, a band-pass-filter of 540 nm
was used for the measurement of the 570 nm lasing.
Typical temporal spectrum taken with a beam
current of 140 mA/2-bunch and an rf frequency
jump of 1.6 kHz is shown in Fig. 3. In order to
maximize Robinson damping decrement, the cavity
tuning angle of 40 deg. was chosen, in which the
calculated damping time is 100 psec. As seen in
the figure, the lasing gets start just after the first
cycle of the collective oscillation executed by the
frequency jump. It was found to be clear that
Robinson damping is a crucial phenomenon for the
Q-switched lasing driven by the rf modulation

method.
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An out-coupled power of a storage ring FEL is critical issue for application experiments. On the UVSOR, an
out-coupled power of a storage ring FEL in the visible region (around 570 nm and 420 nm) has exceeded 0.5 W
and then thus high power FEL was used for user applications. Recently there is a demand from biomolecule
studies for circular polarized UV light whose helicity can be switched [1]. The UVSOR-FEL source can meet
such demand because the lasing has already been achieved down to 240 nm in 1997 [2] and the helicity switch of
the laser can be made freely by changing the phase of the helical undulator. However in the former experiment,
the out-coupled FEL power at the wavelength was small (<ImW) as a result of low FEL gain at that time.
Recently we can store the electron beam of more than 50 mA/bunch in the storage ring and expected FEL gain is
around 1.7 % (Fig. 1) in the UV region. This allows to employ high efficiency mirror for the lasing and hence
much increased out-coupled power in the UV region is expected.

An experiment on high power UV lasing was

planned targeting wavelength of 240 nm. We have I ————— I .
employed multi-layers of HfO./SiO, on silica
substrate for the cavity mirrors since this
multi-layers show good optical property, namely 2
low absorption coefficient and high reflectivity at
the wavelength. It is important to choose

appropriate number of layers for high power

FEL gain (%)

lasing as well as mirror material. In general, an
out-coupled power of a FEL is proportional to a

cavity efficiency defined as (transmittance of a

mirror)/(cavity loss per turn). This value becomes 00 e 5'0 — ' 160

large as a decreasing number of layers of the I (mA) /bunch
cavity mirror, while the cavity loss increases with

Fig.1 Calculated FEL gain at a wavelength of 240 nm

a decreasing number of layers. Taking into . o
g Y & as a function of a beam current taking into account of

account the estimated FEL gain shown in Fig. 1, bunch lengthening due to the potential-well distortion.

we chose multi-layers of 13 and 19 layers for the

rear and the front mirror, respectively. With these mirrors, the estimated round-trip cavity loss was 1.4% which is
enough small comparing the FEL gain of 1.7 % at a beam current of 50 mA/bunch (one half of maximum beam
current stored) and the transmittance of the rear mirror is estimated to 0.4% leading to a cavity efficiency of
about 30%. This value is enough large for high power lasing.

Prior to a lasing experiment, we measured round-trip loss of mirrors fabricated by a private company under
our instruction discussed previously. The loss measured with the cavity ring down method [3] was about 1.9 % at
a wavelength of 240 nm. The value was much larger than the value we expected and this is probably because
reflection index at the wavelength was smaller than one we have used for the estimation. Therefore a lasing

experiment was made with a beam current of more than 60 mA/bunch to satisfy the threshold condition, i.e.; gain

> loss. Since the gain was not well above the loss, an optimization of the optical cavity conditions to obtain the



25 —

1.5 |

Round-trip cavity loss (%)

05 L ]

0—,;.|. (O N TR [t S T S | w-
0 20 40 60 80 100

Dose (mA h)

Fig. 2 Measured round-trip cavity loss at a
wavelength of 240 nm as a function of dose of

exposure to the undulator radiation.

maximum overlap between the electron beam and
the laser was very important. If a FEL gain is
enough high comparing cavity loss, lasing is
possible without perfect overlap between electron
and the optimization is possible looking at
extracted laser power after the lasing. However,
since the lasing was not yet obtained, we had to
tune a lot of parameters of the optical cavity
without clear target. Furthermore the loss had
reached up to 2.2 % as irradiated by the
synchrotron radiation during the experiment (Fig.2)
and then we had to store the electron beam of more
than 75 mA/bunch to threshold

condition. At this high current, the electron beam

satisfy  the

decayed very quickly and consequently we have
found that the optimization of the optical cavity is

impossible.

In conclusion, an experiment on high power UV lasing using a high efficiency mirror was performed but the

“UVSOR-II” with an improved gain by at least factor 2.
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1. Introduction

We have been considering a method for the
generation of far infrared coherent synchro-
tron radiation from UVSOR storage ring.

Low energy synchrotron radiation is
emitted coherently by electrons within a bunch
if the wavelength of the radiation is equal
and longer than the length of the bunch [1].
The intensity of the coherent radiation is
proportional to the square of the number of
electrons in a bunch. However, coherent
radiations are generally not emitted from a
storage ring because the radiations are
dumped in the beam pipes if their wavelengths
are longer than the dimensions of the beam
pipes [1].

Far infrared coherent radiations, which
wavelengths are much shorter than the
dimension of the beam pipes, can be emitted
when the electron bunches have periodic
density modulations [2]. In order to obtain
intense far infrared synchrotron radiations, we
have been studying the feasibility to generate
coherent radiations by using the bunch slicing
technique [3,4,5,6].

The bunch slice can be achieved by using a
laser pulse passing together with an electron
bunch through in an undulator [6]. 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 rm.s. energy
spread of the electron beam, the modulated
electrons are separated spatially and a dip is
made in the bunch when the electrons pass

through a dispersive section as shown in Fig. 1.

The modulated electron bunch with a dip can
emit coherent radiations, the wavelengths of
which is in the same order of the size of the
dip.
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Fig. 2. Layout of experimental equipment.

2. Experimental Equipment

Fig. 2 shows an example of experimental
setup to slice the electron bunches. We will use
the existing BLAHA 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
modulation in order to make a dip [6].

3. Intensity of Coherent Radiation
The intensity of the coherent radiation is
expressed by the following equations [1,2],

dl
dﬂ') multiparticle

= P(w)

—(N+ NV =) f (@)

@ oneparricle

incoherent coherent

+ P(w)

Te%S(z)dz

—on

flw)=

, where 7is the intensity of the radiation, wis
the frequency, N is the number of electrons
within a bunch, fw.)is the Fourier transform
of the normalized spatial distribution of
electron density of a bunch, S(), along with
the beam direction. P(w /incoherent and Plw.) coher
ent are the power of incoherent and coherent



radiations, respectively, emitted from a
electron bunch. The ratio of the coherent to
incoherent radiation intensity is [2],

M =N- f(w)
P (Cl)) incoherent

, because of the large number of N (~1010),
coherent radiations can dominate over the
incoherent radiations.
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Fig. 3. Electron density distribution at the
exit of BM6 with a dip calculated by using
SAD code.

N - f(w)

x 10°
% 10° §
10000 ¢

100 ¢

Frequency (cm?)

Fig.4. Ratio of the coherent to incoherent
radiation intensity, N+ f(w), at the exit of BM6.
Nis 210 (18mA/bunch).

As shown in Fig.3, the beam tracking
simulations has confirmed that a dip can be
made in the bunch at the exit of BM6. The
SAD code developed in KEK for accelerator
design [7] was used for the simulations. The
electrons of the width of 1 ps in a bunch were
modulated their energy up to 0.8 % in the
existing BL5SA undulator (modulator) and
then traveled to the BM6.

Fig.4 shows the ratio of the coherent to
incoherent radiation intensity. For example, at
the frequency of 20 em (wavelength is 0.5
mm), the ratio is abut 2 X 10° when the beam
current is 18mA/bunch(Nis 2 X 1019),

In order to improve the intensity of the
radiation, we have been considering making
dips periodically in one bunch shown as Fig.5.
Fig.6 shows the the ratio of the coherent to
incoherent radiation intensity for S(z) of Fig.5
with the beam current of 18mA/bunch. At the

frequency of 12.6 cm(wavelength is 0.8mm),
N+ f(w) is 1.6 X107, The peak intensity is
proportional to the square of the number of
dips. The peak frequencies are at 2= m/l, m is
an integer and /1s the distance between dips.
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Fig. 5. An example of normalized electron

density distribution with 13 periodical dips.
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Fig.6. Ratio of the coherent to incoherent
radiation intensity, V- f(w), for S(z)of Fig.5. Nis
210 (18mA/bunch).

4. Summary

We have been planning to generate far
infrared coherent synchrotron radiation using
the bunch slicing technique at UVSOR. A
commercial short pulse laser can be used to
slice electron bunches and make dips which
are indispensable to generate the coherent
radiations. The averaged intensity of the far
infrared coherent radiation is about ten times
larger than the incoherent radiation if we use
the laser of 5 kHz repetition rate and make
one dip in each bunch.

For further studying, we should consider
methods to improve the intensity of the
radiation, for example, how to make dips
periodically in a bunch.
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In the UVSOR, a coherent oscillation of electron bunches in vertical direction has been observed in a multi-
bunch operation, in which a series of bunches (a bunch train) followed by a series of empty buckets (a bunch gap)
is stored in the ring[1, 2]. The oscillation amplitude is small enough to neglect influence on users experiments of
the synchrotron radiation, however, it can be observed by pickup electrodes with a spectrum analyzer. The oscil-
lation depends on the condition of the vacuum in the ring; namely, the oscillation is clearly observed under poor
vacuum conditions and becomes weak in good vacuum conditions. The dependence implies that the phenomenon
is caused by ion-trapping[3, 4]. When the ions are trapped, their electrostatic force produces a shift of betatron
oscillation frequency (betatron tune) of the electron beam. The tune shift caused by the trapped ions occurs both
in the horizontal and in the vertical directions. For flat beams such as in the electron storage ring, the ratio of
the vertical tune shift to the horizontal tune shift is approximately the inverse of the beam size, so that in general,
vertical tune shift is more prominent than horizontal tune shift[4].

We observed dependence of the vertical tune on the vacuum conditions in the UVSOR-ring. We changed
the vacuum conditions by turning off distributed ion pumps (DIPs), that are settled along inner arc wall of the
beam ducts at every bending magnet section, and sputtering ion pumps (IPs), that are settled below the beam
ducts at every straight section, and measured the vertical tune. In a series of the experiments, we performed the
measurement with a multibunch condition in which a series of 12 bunches followed by 4 empty buckets are stored
in the ring. This filling pattern is normally adopted for users runs. To measure the vertical tune, we used the
RF-KO method with a band-limited noise source (colored noise source) and analyzed beam signals from a pick-up
electrode by a spectrum analyzer (Rhode & Schwartz, FSEB30). Figure | shows that the tunes changed when the
averaged vacuum pressure was intentionally changed. From Fig. 1, it is clearly seen that the vertical tune increases
with increase in the vacuum pressure, especially when all the DIPs and several IPs were turned off (14 IPs are
settled in the ring, and 4 IPs were switched off in the experiment).

Next, we observed dependence of the vertical tune on the beam current in the multibunch condition (12 bunches
+ 4 empty buckets) without changing the vacuum conditions intentionally. Figure 2 shows the measured tune shifts
from the tunes of the highest beam current in each experiment. Circles and triangles in Fig. 2 represent the results
in the multibunch condition but in different vacuum condition. Diamonds in Fig. 2 represent the results for the
horizontal tune in Exp. 2. For comparison measured tune shift in single bunch operation is also shown in the
figure. Figure 3 shows the change in the averaged pressure in the ring during each experiment. The pressure in the
Exp. 2 of the 12-bunch train was higher than in the Exp. 1; this is because we installed a new vacuum chamber in a
beamline between these two experiments. As seen in Fig. 2 and 3 the dependence of the tune on the beam current
tends to become larger when the vacuum pressure is higher, as seen in the Exp. 1 and 2 in Fig. 2 and 3. On the other
hand, the dependence in the singlebunch condition was much smaller than in the multibunch conditions although
the bunch current in the singlebunch and the multibunch conditions were the same. The fact that the change in the
horizontal tune in Exp. 2 is very small compared to that in the vertical tune also indicates that the change in the
vertical tune in the multibunch condition is caused by the ion-related phenomenon.

Vertical tune shift Awy, due to the trapped ions is written as[4]

_ Teko By(s)
A% = o A‘f”/C 73(3) ((5) T oy () W

where 1. the classical electron radius, Ejy the rest mass of the electron, F the total energy of the electron, A. the
averaged line density of the electrons, 7 the neutralization factor, 3, (s) the vertical betatron function and o ,,(s)
the horizontal/vertical beam size, respectively. In Eq. (1) the tune shift is proportional to the line density of the
electron A.; namely, the tune decreases as the beam current decreases. For the Exp. 1 and 2 in Fig. 2, however, the
vertical tune increases with decrease in the beam current just contrary to the prospect from Eq. (1). One of causes
of the disagreement is that the neutralization factor n might strongly depend on the beam current; namely, in Fig. 2
the neutralization factor could increase largely as the beam current decreases.

We have estimated theoretically the dependence of the neutralization factor on the beam current by evaluating
a capture rate of the ions as a ratio of the number of the trapped ions to total number of the created ions. According
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to the theoretical model[5], the neutralization factor 7] is written as

Dy

7=, @

where Dy is the residual gas density, D.is the electron density in the beam and « is the capture rate of the ions,
respectively. From Eq. (2) we have calculated the rate with both an analytic method that is from the classical
theory of the ion trapping[3, 4] and a tracking method that tracks motion of the ions under continuous passage of
the electron bunch train. Figure 4 (a) shows the change in the capture rates («) on the beam current from both the
analytic and the tracking calculations. In the calculation, we only consider CO that is the main component of the
residual gas in the UVSOR-ring. As the trapped ions, we only consider CO™ ions that are created in scattering
between the CO and the circulating electrons|6]. The « in Fig. 4 (a) corresponds to the value that is averaged
over the ring circumference. It is clearly seen that the capture rates increase as the beam current decreases. To
estimate the neutralization factor () from Eq. (2), it is necessary to consider not only the dependence of the o
on the beam current but also the dependence of the residual gas density (Dp) on the beam current. Moreover, for
the estimation of the 7 it is necessary to evaluate the Dy on the beam orbit, that is difficult to measure directly.
Here, we have used the averaged pressure (Fig. 3) measured by the vacuum gauges which are located near the ion
pumps to evaluate the [Jy. Even though the vacuum pressure at the vacuum gauges is not necessarily the same as
that on the beam orbit, it must reflect the change in the Dy on the beam current. The averaged pressures during
each experiment (Exp. 1 and 2) in Fig. 3 are plotted again in Fig 4 (a). From the theoretical value of the capture
rates and the measured value of the averaged vacuum pressure with the vacuum gauges, we have estimated the
neutralization factor during each experiment with Eq. (2). Figure 4 (b) shows the neutralization factors during the
experiments in the multibunch condition. The curves and marks correspond to the 5 estimated with the o« from the
analytic and tracking calculations, respectively. As seen in the figure, the neutralization factor largely increases
despite the decrease in the beam current, especially in 15~30 mA/bunch.

With the neutralization factors in Fig. 4 (b) and Eq. (1), we have estimated the dependence of the vertical
tunes on the beam current for the multibunch condition. The analytic and tracking results for the experiments in
the multibunch condition are shown in Fig. 5 with each experimental results. As seen in the figure, the results of
the tracking calculations agree qualitatively with the experiments, though the averaged pressures measured by the

vacuum gauges are used to evaluate the neutralization factors, as discussed above. As a measure, we analyzed

change in the vertical tune with the bunch current (il}f ) for the region in which the bunch current is higher than

15 mA. For ('3—’;1‘) in Exp. 1, —1.16 x 107%£2.4 x 10~%/mA is obtained in the experiments and —1.77 x 10~%mA

is obtained from the tracking. For Exp. 2, —2.02 x 10~ *£5.0 x 10~%mA in the experiment and —2.28 x 10~ %/mA
from the tracking are obtained, respectively. The tracking results reproduce the experiments performed in different
conditions of the vacuum. In the region where the bunch current is lower than 15 mA, the agreement between the
tracking results and the experiments are not as good as in the higher bunch current; the tracking results tend to
underestimate the change in the vertical tune. The disagreement might be explained by the contribution of other
ion species on the neutralization factor; namely, the contribution of the effect of the dissociated Ot and C* ions.
Another cause of the disagreement between the tracking calculations and the experimental results is that we have
used the averaged vacuum pressure measured by the vacuum gauges to evaluate the residual gas density (Dg): the
vacuum pressure on the beam orbit is not necessarily the same as that at the vacuum gauges. Moreover, in general,
the vacuum pressure depends on the position along the ring circumference. Because the capture rate depends not
only on the beam current but also the position along the ring circumference it is complicated to estimate the 5
exactly. The tracking results, however, reproduce not only the tune shift that depends on the beam current but also
the difference of the dependence of the tune shift on the vacuum pressure. As seen in Fig. 5, the results from the
analytic calculations qualitatively agree with the experiments, though the results overestimate the change in the
vertical tune compared to both the experimental results and tracking calculations. This is because in the analytic
calculation[5] the stability condition can be only considered; all the CO™ ions are trapped and never go away from
the beam. Therefore, the analytic calculation tends to overestimate the neutralization factor.
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Figure 1: The change in the vertical tune and the aver-
aged pressure when the ion pumps were intentionally
turned off. Empty and filled marks correspond to the
change in the vertical tune and the averaged pressure,
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and IPs were turned on (circles), all the DIPs were
turned off (squares) and all the DIPs and several IPs
were turned off (triangles), respectively.

200 - —-

@
=]

12 Bunches (Exp.2)

o
=1

Averaged Ring Pressure [nPa]
2

12 Bunches (Exp.1)

0 3 1] 15 20 25 30
Bunch Current [mA]

Figure 3: The averaged vacuum pressure for each ex-
periment in Fig. 2.

s

=)

Change in Vertical Tune k107]

<

-2

0 5 10 15 20 25 30
Bunch Current [mA]

Figure 5: The experimental results, tracking calcu-
lation and the analytic calculations of the change in
the vertical tunes in the 12-bunch train. Empty trian-
gles, filled triangles and solid curve correspond to the
experiments, the tracking and the analytic results for
Exp. 1, respectively. Empty/filled circles and a broken
curve are for Exp. 2.

12 Bunches (Exp.1) & i ul

Single Bunch & & o
L] E] e o

= a oo

] &

&
olgy ocoetstsE oo ofsuo s o 200w
Horizontal Tune (Exp.2)

Change in Vertical Tune P(i(i"‘]
"
=]

0 5 10 15 20 25 30
Bunch Current [mA]

Figure 2: Dependence of the vertical tune on the beam
current in the multibunch condition but in different
vacuum condition (Exp.l and 2), and in the single-
bunch condition.

g

B @ o
S & S

Capture Rate [%]

3
S
1

Averaged Pressure [nPa)

Neutralization Factor
=)

0 5 10 15 20 25 30
Bunch Current [mA]
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When a surface is irradiated by X-rays, ions are desorbed by the following three step processes: 1) a
core-electron emission (-0.1 fs), 2) an Auger transition leaving two valence holes (1-10 fs), 3) ion desorption due
to hole-hole Coulomb repulsion and electron missing from valence orbitals (10-100 f5) (Auger stimulated ion
desorption (ASID) mechanism) [1]. For study of the ASID mechanism, coincidence measurements of
energy-selected electrons and mass-selected ions (electron-ion coincidence (EICO) spectroscopy) is a powerful
technique, because core-excitation-final states or Auger-final-states leading to ion desorption are directly
identified [2]. The information on the coincidence ions, however, has been limited to mass and yield, so far.
In order to obtain information on kinetic energy and desorption polar angle distributions of ions, we have
developed a new EICO apparatus using a coaxially symmetric mirror electron energy analyzer [3] and a compact
polar-angle-resolved time-of-flight ion mass spectrometer (TOF-MS) with three concentric anodes.

Figures 1 and 2 show the cross section and photographs of the polar-angle-resolved compact TOF-MS
with three concentric anodes, respectively.

Electric field shield
Ion drift electrode

Synchrotron
radiation f

Anode 3
' Anode 2
Anode 1
¢ 26mm

|

Fig. 1  Cross section of a polar-angle-resolved compact
TOF-MS with three anodes. The TOF-MS consists of an
electric field shield, an ion drift electrode with three meshes,
MCP, and three concentric anodes. Trajectories for ions with a
kinetic energy of 2 eV from a pointed source are shown for the
desorption polar angles of 0°~90° with 5° step based on the
simulation with SIMION 3D version 7.0. The voltages of the
sample, the drift electrode and the entrance of the MCP are 0, -30
and -2000 V, respectively.

Sample

21mm
3.4mm

Fig. 2 Photographs of the polar-angle-resolved compact
TOF-MS with three concentric anodes. (a) The front view, (b)
the side view, and (c¢) the three concentric anodes.

The polar-angle-resolved TOF-MS is composed of a
drift electrode, an electric field shield, and MCP with three concentric anodes. The MCP was constructed from



commercial one (Hamamatsu photonics, F4655). The outer diameter of the innermost anode (anode 1) is 3.0
mm, and the inner and outer diameters of the middle anode (anode 2) and the outer anode (anode 3) are 4.0, 8.0,
9.0, and 14.5 mm, respectively. Figure 3 shows a contour line chart where the characteristics of this TOF-MS
are described, that is, ion desorption polar angle and kinetic energy dependency of the time-of-flight (TOF) and
the detected anode. When the TOF of a coincidence ion is measured by the individual anodes as a function of
the drift bias, the desorption polar angle and the kinetic energy of the ion are estimated from the Fig. 3.
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Fig. 3 Contour map of TOF of H" for the
compact TOF-MS with three anodes as a
function of the desorption polar angle and
the kinetic energy. The geometry and the
electrode voltages are the same to those of
Fig. 1.

A new EICO apparatus using a
coaxially symmetric mirror electron energy
analyzer [3] and the polar-angle-resolved
compact TOF-MS is shown in Fig. 4.
Features of the electron —
polar-angle-resolved ion coincidence
analyzer are as follow: 1) The desorption
polar angle and kinetic energy distribution of
the coincidence ions can be estimated for the

selected core excitations or the
Auger-final-states. 2) The atoms or
molecules responsible for the ion desorption
can be identified from the desorption polar
angle and the mass. For instance, in the case
of fluorinated Si(111), F" desorbed in the
surface normal direction can be assigned to the
—SiF, while F' desorbed in the surface
off-normal direction can be assigned to the
—SiF;.  3) Ome can clarify how the ion
desorption mechanism is different according to
the desorption polar angle

Fig. 4  Cross section of a electron —
polar-angle-resolved-ion coincidence analyzer
which consists of a coaxially symmetric mirror
electron energy analyzer [3] and the
polar-angle-resolved compact TOF-MS with
three anodes.
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Solar-B X-ray telescope (XRT) is being developed in collaboration with US group and Japanese group is
developing an X-ray camera as its detector and an on-board computer for the automatic control of telescope
operation. XRT is a 3 m-long gazing-incidence telescope and has a spatial resolution of 2 arcsec. It covers a
wide spectral range from soft X-ray to EUV range owing to adoption of a back-illuminated CCD. We are
expecting high-resolution images for the study of the solar corona after the launch of Solar-B, which is a
spacecraft of Institute of Space and Astronautical Science (ISAS), and will challenge to solve a question
why the solar corona is formed in conjunction with the Solar Optical Telescope and EUV Imaging
Spectrometer aboard Solar-B.

We have developed a CCD camera with a back-illuminated CCD for an EUV observation of the solar
corona and launched an EUV telescope with the ISAS S520CN-22 sounding rocket in 1998 D, The
calibration of the CCD camera, filters, and EUV multilayer mirrors was performed at BL5B 23 Since the
pass band of the EUV telescope was so narrow that the quantum efficiency of CCD can be considered as a
flat spectral response, the quantum efficiency (QE) of the EUV camera was simply estimated by comparing
the current of a calibrated EUV photo diode and CCD outputs. On the other hand, XRT has a broad spectral
response from soft X-ray (0.2 nm) to EUV range (40 nm), resulting in more complicated process in QE
measurements. Since the mission duration of a satellite program is more than three years, much longer than
5 min observing time in the sounding rocket program, the contamination to the flight-model camera during
the QE measurement has to be stringently controlled.

After a test of long-duration soft X-ray and EUV irradiation to a back-illuminated CCD Y which was
performed at BLSB for a selection of Solar-B XRT CCD from a point of view of the on-orbit radiation
hardness, we built a test facility for QFE measurement of an X-ray CCD camera in our laboratory at National
Astronomical Observatory of Japan (NAOJ). Since it did not have capability of CCD calibration in EUV
range at the initial phase, we planned to use the UVSOR synchrotron beam for the QE measurement and
did several measurements in 2002, Although we were originally going to make the QE measurement of the
flight-model (FM) CCD at UVSOR, we could not execute it due to several reasons. One major reason is a
delay of completion of FM camera electronics, and the other major reason is that we felt that we cannot
easily control the cleanliness level in the BLSB chamber. We measured the outgas in BL5B calibration
chamber with a contamination monitor, the so-called TQCM, and found that the rate of deposition of

contaminants on the TQCM crystal whose temperature is —15 degree C is about 100 Hz/hour, which



corresponds to a deposition thickness of 1.0 nm/hour. In the reflectance measurement of multilayer mirrors
we have not experienced the reduction of reflectance during the measurement. We think that contaminants
could not be deposited to the multilayer mirrors owing to a high-temperature (about 40 deg C) condition of
mirrors during the measurements and that a cooled CCD condition is quite different from the
contamination-control point of view.

We did three measurements at UVSOR for calibration of XRT CCD camera in 2002: 1.
filter-transmittance measurement of a proportional counter for absolute calibration (Fig.1), 2. cross
calibrations of several SSD used as a reference detector, 3. quantum efficiency measurement of
proto-model (PM) CCD (Fig.2). After the UVSOR measurements in 2002 we set an EUV monochrometer
at NAOJ for calibration in EUV range and we have a capability to calibrate CCD from soft X-ray to EUV
range at present as shown in Fig.2. FM CCD is going to be calibrated at NAOJ.
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Fig. 1: Filter transmittance of a proportional Fig.2: Quantum efficiency of Solar-B XRT
counter for absolute calibration. Solid proto-model CCD. Solid line indicates
line indicates a model estimated from a back-illuminated CCD model.

the elemental compositions of filter

materials.
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An extreme ultraviolet imaging spectrometer (EUIS) for the Mercury mission is
under development. The instrument is designed to measure extreme ultraviolet radiations
from the atmosphere of Mercury, which could not be identified by the Mariner 10 mission [1].
In this report, the performance of a Mo/Si multilayer grating, which is newly developed optics
to improve the diffraction efficiency in the EUV, is presented. Two types of grating are
fabricated, i.e. mechanical ruling and holographic gratings.

In this experiment, we used a blazed mechanical ruling plane grating (blaze angle
8.38° , blaze wavelength 250nm) and a blazed holographic plane grating (blaze angle 7.9° ,
blaze wavelength 229nm). To improve the diffraction efficiency at 30.4nm, we coated these
gratings with 10 pairs of Mo (5nm) and Si (15nm) layer.

Figure 1 shows the diffraction image of each grating. In the mechanical ruling
grating (Fig. 1(a)), the diffraction light is relatively difficult to find due to the high intensity of
stray light. It is caused by surface roughness of the grating. On the other hand, the diffraction
light of the holographic grating is clearly identified as shown in Fig 1(b).

Figure 2 shows the intensity of diffraction light of each grating. The intensity
(vertical —axis) is normalized with electron beam current. Signal(diffraction
light)-to-Noise(stray light) ratio is shown in Table. The result shows that stray light of the

holographic grating is 8 times less than that of the mechanical ruling grating.
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Fig. 1 Diffraction image of (a) the mechanical ruling grating and (h) the holographic grating
Wavelength : 30.4nm Incident Angle : 33°
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Fig.2 Diffractive distribution of (a) the mechanical ruling grating and (b) the holographic grating
Wavelength : 30.4nm Incident Angle : 33°

Table Diffraction-stray light ratio (A, B, and C are in Fig.2)

Type of grating (A ((B+C)/2) | Ratio [(A):((B+C)/2)]
Mechanical ruling | 1330[cts] 343[cts] 26%
Holographic 2935[cts] 93[cts] 3.2%

Reference
[1] Yoshikawa, I., A. Yamazaki, T. Murachi, S. Kameda, H. Sagawa, S. Okano, T. Okada, and

M. Nakamura, Development of an Extreme Ultraviolet Imaging Spectrometer for the

BepiColombo Mission, Advances in Space Research, in press.
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Photoelectron spectroscopy (PES) is one of the most powerful tools to investigate the electronic states
dominating property of material. Since with the progress of process technology, semiconductor devices with the
size of sub-wm have been made and it is very important to analyze the influences caused by the reaction at
interface and impurity on the performance of the devices in sub-um, microscopic photoelectron spectroscopy
(U-PES) with spatial resolution of sub-um is strongly demanded. However, the spatial resolution of the
conventional PES is limited to about 10 um because laboratory light source, such as discharge lamp and X-ray
tube, have low photon flux density. Therefore, we are presently developing a p-PES equipment with
Schwarzschild objective. This system has high detection efficiency to overcome the disadvantages of laboratory
light sources, since it consists of the higher harmonic (A=17.8 nm) produced by pulsed laser [1]. the
time-of-flight (TOF) photoelectron analyzer, and Schwarzschild demagnification objective.

Reflection multilayer, which consists of two materials, is necessary to be coated on the Schwarzschild
mirrors to obtain the high reflectivity at the wavelength of the higher harmonic (4=17.8 nm). Two materials (Mo
and Si) were selected according to the selection rule of material pairs. The thickness of materials was designed
so as to obtain high reflectivity by using layer by layer method. The designed thickness of each layer and the
number of layers are Mo (2.8 nm) / Si (6.6 nm) and, 41 respectively. The ranges of the incident angle are from
2.9° to 5.2° for the concave mirror and from 8.0° to 14.2° for the convex mirror as a function of radial direction
of Schwarzschild mirrors, respectively. Ideally, the period length of the multilayer should be controlled in the
radial direction of Schwarzschild mirrors so as to reflect the light of the same wavelength for every angle of
incidence. However, it is not easy to control the thickness of multilayer in such a way. Therefore, the present
mirrors were coated with the multilayer within the deviation of the period length of 2 % (d =94 £ 0.2 nm). Asa
result of the simulation in consideration of the deviation, the reduction of the reflectivity was found to be 20 % at
the maximum.

The multilayer were fabricated by magnetron sputtering system (ANELVA SPL-500). The convex
(diameter 10 mm) and concave (diameter 40 mm) mirrors were polished at machine shop of Tohoku University
for Schwarzschild mirrors. Two mirrors and a Si-wafer for the monitor of the period length were coated with
Mo/Si multilayer at the same time. Mo was dc-sputtered by the power of 100 W, and Si was rf-sputterd by the
power of 200 W. The Ar pressure was 2.0 mTorr during the deposition and the base pressure was 5.0 x 107 Torr.
The deposition rates of Mo and Si were 1.65 nm/min. and 1.7] nm/min., respectively. The distribution of the
period length of fabricated multilayer in radial direction were evaluated to be 9.3 £ 0.1 nm from analyses of the

bragg peaks of X-ray diffraction.



To estimate the throughput efficiency of Schwarzschild objective, the reflectivity of the Mo/Si
multilayer coated on Si-wafer was measured at beamline BL5B of UVSOR. The grating and mirror combination
of G2 and M3 was used in this experiment and Si filter was inserted to remove the higher order light between the
re-focusing mirror and sample. The calibration of wavelength was performed by observing L-edge of Al filter.
The s-reflectivity spectra of Mo/Si multilayer at the incident angle of 10 deg. are shown in Fig. 1. The dotted line
and the solid line are measured and calculated reflectivity spectra of Mo/Si multilayer, respectively. In this figure
the measured reflectivity was 38 % around the wavelength of 17.8 nm. On the other hand, the calculated one was
55 % at same wavelength. This reduction of the reflectivity is caused by the roughness and diffusion at the
interfaces between Mo and Si, because it can be explained by simulation of the reflectivity in consideration of
the roughness and diffusion. The distribution of the reflectivity of Mo/Si multilayer as a function of the distance
from center of the multilayer is shown in Fig. 2. With the deviation of the position from the center, the
reflectivity decreases a little. This reduction of the reflectivity at the position of » > 10 mm is due to be shorter
for the period length than the one at the center position (» = 0 mm). The reduction of the reflectivity was able to
be restricted within 10 % at the maximum by controlling the period length of the multilayer in radial direction. In
conclusion, the throughput efficiency of Schwarzschild objective is expected to be >14% and this fabricated

system is available as Schwarzschild objective for u-PES using the higher harmonic (4=17.8 nm).
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Fig.1 The s-reflectivity spectra of Mo/Si multilayer Fig. 2 The distribution of reflectivity in radial
at incident angle of 10 deg. The dotted line and the direction at the wavelength of 17.8 nm.
solid line present measured data and calculation

one, respectively.
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Diffraction efficiency of a mechanically-ruled flat field grating' (sample grating) was evaluated using
BL-5B plane grating monochromator (PGM) with s-polarization condition. G3M3 was used for a wavelength range
from 10nm to 21nm and G2M1 was used for a wavelength range from 5nm to |Inm. Foils of boron (t=0.13um),
beryllium (t=0.2pm), silicon (t=0.57pm) and aluminum (t=0.15um) were used as higher order elimination filters.
The sample grating is mounted on a rotational stage at the center of a goniometer and a back illuminated CCD is
mounted on a rotating arm of the goniometer. Both angular dependency of the light intensity diffracted by the sample
grating and incident beam intensity were measured with the same CCD. In order to intercept the beam on the CCD
during charge transfer, a rotating shutter was equipped.

Figure 1 shows an experimental result of angular distribution of diffracted beam intensity at a wavelength
of 16.0nm(G3M3) without any filter. The grating constant of the sample grating is 1200 lines/mm. Measurement was
performed at a fixed incident angle of 87 degrees. Each observed peak corresponds to a combination of diffraction
order of PGM(n) and diffraction order of the sample grating(m). The absolute diffraction efficiency of the sample
grating was calculated by normalizing the observed angular dependency of the diffracted light intensity by the
incident beam intensity. Figure 2 shows absolute diffraction efficiency of each order.

The higher order contamination of the PGM was estimated using the angular dependency of the diffracted
light, measured diffraction efficiency of the sample grating and measured sensitivity of the CCD. Figure 3 shows the
intensity ratio of the 2nd order to the 1st order of the PGM. It is confirmed that the 2nd order ratio to the st order

can be reduced to less than 2% with an adequate filter.

Reference
1. T. Kita, T. Harada, N. Nakano and H. Kuroda, Appl. Opt. 22, pp.512, 1983.
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Fabrication of Mo/Si and Cr/C multilayer polarizers and
polarization property measurement of SR in BL5B beam-line

Masahito Niibe and Mikihito Mukai
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Kouto 3-1-2, Kamigoori, Ako-gun, Hyogo 678-1205

Soft X-ray multilayer mirrors can be utilized as polarizers, since they have pseudo-Brewster angles in the
vicinity of 45deg. incidence angle, and since large difference in reflectivity occurs between s-polarized
and p-polarized lights. In this study, polarizers for wavelengths near 13.5 nm and 7 nm were fabricated
using Mo/Si and Cr/C multilayers, respectively. The polarization property of SR in the BL5B beam-line
was measured using them. It is known that the error is produced for the reflectivity measurement of
multilayers near the 45deg. incidence angle by the polarization of light source. By calculating the
reflectivity considering the degree of polarization of the light source, the error was able to be reduced.

SiPD

Mo/Si multilayer (period: 10.5 nm, Si film
thickness ratio: 0.6, 30 layer pairs) and Cr/C
multilayer (period: 5.43 nm, C film thickness

Pul t
Incident Angég) ulse motor

=

Multilayer
analyzer

ratio: 0.7, 50 layer pairs) were prepared as
polarizers for the wavelengths near 13.5 nm and 7
nm, respectively, using a magnetron sputtering
technique. The reflectivity and polarizance of
produced multilayers were evaluated using BL5SB Fig. 1 Rotating analyzer detector
reflectometer.

The polarimetry was carried out by Rotating-Analyzer Ellipsometry (RAE) method". The schema of
rotating analyzer detector produced in this study is shown in Fig. 1. It is rather small type; the overall
length is about 200 mm. A stepping motor was used in the rotating analyzer, and the angular resolution of
azimuth was 0.024 deg.

The polarizance measurement of the multilayers was carried out by the polarimetry of the soft X-rays
reflected by the multilayer mirror as a polarizer at 45 deg. incidence. The measurement wavelengths were
13.8 nm for Mo/Si multilayer and 7.48 nm for Cr/C multilayer. The measurement result for Mo/Si
multilayer is shown in Fig. 2 and that for Cr/C multilayer is shown Fig. 3. The solid circles in each figure
denote measured values, and the continuous lines denote cosine square fitting by Malus” law. The reflected
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Fig. 2 Polarizance measurement of Mo/Si multilayer.
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Fig. 3 Polarizance measurement of Cr/C multilayer.



light from the polarizer seems to be almost linearly polarized light. Then, polarizance of the analyzer was
calculated to be 0.959 for the Mo/Si multilayer and 0.996 for the Cr/C multilayer.

On the basis of the polarizances of multilayer analyzers, degree of linear polarization of SR in the BL5B
beam-line was measured. The measurement was carried out by the RAE method with directly introducing
the SR right to the analyzer. The Mo/Si multilayer was used as the analyzer at the 13.8nm wavelength. The
measurement result is shown in Fig. 4. The solid circles in the figure denote measured values, and the
continuous line is the cosine square fitting.

The contrast factor, C,y, of the observed intensity 108

Measurement

is written by following equation with the maximum | A=13.8m

Calculation

intensity, Imax, and minimum intensity, Imin, of
incident light on the analyzer detector.
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: . 1o710.|
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analyzer by P,ac., the contrast factor is obtained as Azinuthal angle(deg)

Fig. 4 Measurement of the degree of linear
polarization of the SR light in BL5B beam-line
at A=13.8nm.

From equation (1) and (2), the degree of linear polarization of lights in the BL5B beam-line was obtained
and which value was 0.821.
The reflectivity of multilayers at 45 deg. incidence

angle were calculated considering the degree of linear A = sz?iﬁll‘?ﬁgrtl ,\
polarization of the light source. The result of Cr/C 0.1 i
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Fig. 5 Reflectivity of Cr/C multilayer at 45 deg.
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(BL5U)

High-energy-resolution angle-resolved photoemission spectroscopy
apparatus at BL5U
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We have constructed a new high-energy-resolution angle-resolved photoemission apparatus shown in
Figure 1 for the helical undulator beam line, BL5U. The main purpose is the investigation of the
electronic structure near the Fermi level as well as the topological shape of the Fermi surface, so-called
“Fermiology”, of solids, thin films and surfaces. The apparatus consists of a photoelectron analyzer, a
main chamber, a sample preparation chamber, a liquid-He flow-type cryostat (JANIS ST-400 UHV) with a
manipulator, a He lamp with UV monochromator (GAMMADATA VUV5000 + VUV5040) and several
vacuum pumps. Samples are transferred to the preparation chamber from a load-lock chamber, a
molecular beam epitaxy system or other chambers that can be replaced by users.

The main part of the apparatus is a new type hemispherical photoclectron analyzer with 200-mm main
radius, MBS-Toyama A-1, we call it “Peter analyzer”. The energy resolution is better than previous one,
i.e., the line width of Xe 5p3,» photoemission is about 3.12 meV at 1-eV pass energy (Figure 2). Since the
line width includes the doppler shift of the Xe gas and the width of the He lamp, the energy resolution of
Peter analyzer is evaluated to be less than 1 meV. The same resolution was obtained by the measurement
of the Fermi edge of Au at low temperatures (Figure 3).  Six pass energies from 1 to 50 eV can be selected.
The resolving power (E / AE) is about 1,800 in all pass energy. The angler resolution is less than 0.5
degree.

The main experiment of the apparatus is to measure angle-resolved photoemission spectra. The test
using a He lamp is in progress.

The apparatus that will be installed at BL5U in September 2003 is used for angle-resolved

200mm-radius hemispherical
photoelectron analyzer

——._ (MBS-Toyama A-1)
~

He discharge lamp +
UV monochromator
(GAMMADATA

Cryostat +
manipulator

Preparation
chamber

Main
chamber

Fig. 1. High-energy-resolution angle-resolved photoemission apparatus for BL5U.



photoemission measurements with tunable photons of the energy and the polarization (linear / circular)
from the helical undulator at BL5U [1].

References
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gas (~ 3 meV) and the line width of the He lamp

(~ 0.9 meV).
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Spectromicroscopy in the terahertz region at BL6A1
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Infrared synchrotron radiation (IR-SR) is very powerful for an IR spectromicroscopy with the spatial
resolution of the diffraction limit because of its low emittance nature. Therefore more than fifteen [R-SR
beam lines, which are mainly used for the IR-SR spectromicroscopy in the region of the mid-IR — the
near-IR, have been constructed up to now in the world [1].  On the other hand, since the photon flux of SR
in the terahertz as well as the far-IR region is several orders higher than that of ordinary light source in the
region, for instance a mercury lamp, the spectromicroscopy using SR in the region has the advantage for
the ordinary light source.  In addition, since many rotational modes of protons, vibrational modes of heavy
molecules and carrier absorption of quasiparticles of strongly correlated systems appear in the terahertz
region, the development of the spectromicroscopy method is very important in the future. Then we tested

the terahertz spectromicroscopy using SR is useful or not.
The experiment was done at the IR beam line, BL6AT. An IR microscope made by BUNKO-KEIKI

Co. Ltd. was installed at the free port of the beam line. SR was led to a FTIR spectrometer Bruker IFS66v
and to the IR microscope. Figure 1 is the obtained throughput spectra using UVSOR and globar lamp
mounted in the FTIR. Since the photon flux from UVSOR is two orders higher than that from the globar
lamp, the difference appears in the figure. Top of the figure 2 is the intensity plot of a gold mirror edge vs
position and the bottom the first derivative curve indicating the spatial resolution.  The spatial resolution is
evaluated to be 71.4 um that is the similar to the diffraction limit.

References
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We have designed a new infrared beamline, BL6B, for infrared and terahertz spectroscopies including
microspectroscopy with high brilliance and high flux. The beamline will be replaced in the spring of 2004
from the infrared beamline, BL6A1, at UVSOR that was firstly opened for users in 1985. [1] The
beamline made an important contribution to the development of IR-SR science. In 2002-2003, UVSOR is
upgraded to a high brilliance light source. [2] Due to the upgrading, the infrared beamline is also replaced
to a new one with a large acceptance angle. The main purpose of the beamline is spectromicroscopy for
development of new materials in the infrared and terahertz regions. Here, the beamline design and the
expected performance are reported.

The design concepts are the followings.

(1) Higher photon flux and higher brilliance than old beamline, BL6AI.

(2) The place of the end station does not shift because of the keeping of the experimental area.

To achieve (1), a collecting mirror
is set in a bending magnet chamber as

shown in Figure 1. The IR light is led .

to the focal point by three mirrors, first G 4

1s the collecting mirror, the others

plane mirrors. The acceptance angle

becomes 215(H) x 80(V) mrad” that is %,

about four times larger than BL6A1 FO_Cai . "% Fizitd

(80(H) x 60(V) mrad®). For the point . " it

focusing of the light with the large L.i ) i 2. Bending magnet
acceptance angle, we employed a S A ‘. chamber

perfect focusing mirror to the circular
trajectory, so-called "magic mirror"
that has been successfully installed at
the IR beamline of SPring-8. [3] To
avoid the heat load from the
synchrotron radiation to the mirror, a
part on the orbital plane is covered by a
copper plate with water cooling. The
expected beam size at the focal point
by a ray trace method is shown in
Figure 2. The beam size at v = 0.1
eV was calculated to be 2(H) x 1(V)

mm?® that is much smaller than that of e
BL6A1 (about 5(H) x 3(V) mm?). p- 2 B

The calculated photon flux and S 4
brilliance are shown in Figures 3 and 4. 0l :

The photon flux of BL6B is about four .

times higher than that of the BL6A1 Fig. 1. Optics layout of the new infrared and terahertz
and one order larger than that of the IR beamline, BL6B. The first focusing mirror that is a “magic
beamline, BL43IR, at SPring-8 mirror” is located in the bending magnet chamber.

because of the large acceptance angle.



On the other hand, the brilliance becomes one order higher than that of BL6A1 as shown in Fig. 4 because
of the smaller focal size. However, the brilliance above v = 0.1 eV is still one order lower than that of
SPring-8 BL43IR because the bending radius of SPring-8 is about one order larger than that of UVSOR.
However, considering a diffraction effect, the brilliance of BL6B is higher than that of SPring-8 BL43IR in
the terahertz region below 2v = 0.01 eV. Therefore experiments using the high brilliance in the terahertz
region, for instance terahertz microspectroscopy, are suitable for the beamline.
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A carbon contamination of an optical device 1s a serious problem for the SR experiment and
measurement. The carbon contamination reduces the reflectivity of the optical device and
deteriorates the measurement performance.

In the current fiscal years, we investigated the carbon contamination by using glass mirrors
with several conditions. The thermal condition of the glass mirror was not good when irradiate the
SR for the thermal conductivity. The measured reflectivity was included the thermal damage. So
we used temperature controlled cupper mirrors in this experiment. Figl shows the change of the
reflectance of the cupper mirror when irradiate SR with several conditions. The clear difference
was observe when apply an oil to the mirror surface directly. The reflectivity is reduced to less
than 20% when after 6 hours irradiate the SR. 5% reflectivity reduction was observed in the case
of the oil included in vacuum condition. In the cases of the include CQs2, CH4, and the different
mirror temperature condition of 10 degreeC, 25 degreeC, 50 degreeC showed same reflectivity
reduction 2~3%.
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Introduction

Storage Ring Free Electron Laser (SRFEL or FEL) has been developed at many synchrotron
radiation (SR) facilities all over the world as a powerful light source owing to its high power, high
coherence and unique temporal feature. Pump and probe experiments using FEL and SR pulses have been
tried to perform for the last decade, since the FEL pulse naturally synchronizes with the SR one. Recently,
we have successfully 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 results on the pressure-dependent

measurements that were applied to the same system.

Experiments

In the present work, separate experiments were implemented at two different beamlines of
BL3A1 and 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 FEL pulses were extracted
through the backward mirror of the optical klystron at BL5 and transported to experimental stations through
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 was 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. 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. In order to overcome such a difficulty,
we temporarily employed the Q-switching technique. With use of this technique, much larger peak power
of FEL than that in the normal operation 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. A newly developed feedback system was operated

to stabilize the lasing throughout the course of the experiments.
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Results and discussion
Fig. 1 shows the excitation spectrum near the Xe* 5p°5d resonance region obtained by setting the

FEL wavelength to the maximum of the 5d — 4f” transition. The background pressure indicated in the
figure was kept constant during the measurement. The clear enhancement just below the Xe* 5p’5d
resonance around 117.5 nm is observed in Fig. 1, which has not been detected in the previous
measurements at a lower pressure. This result strongly suggests that the newly found structure indicated
by the arrow is relevant to the formation of Xe clusters, mainly dimers. The potential energy curves for
only three-lowest excited states of Xe, have been intensively investigated both experimentally [1] and
theoretically [2], but no information about the other excited states is obtainable from the literature.
However, from consideration of the excitation energy, it seems to be safe to say that an excited state of Xe;,
exists near the 5p — 5d transition of the Xe atom, which act as intermediate states in the present
experiments. Figs. 2 and 3 represent the ion yield spectra in the vicinity of the autoionization Xe* 5p’4f
resonance state and near the 5py» ionization threshold, respectively, which were obtained by setting the SR
wavelength to the maximum of the 5p — 5d transition. The structures shown by the arrows, which have
never been identified at low-pressure measurements, also imply the existence of the excited state of Xe,.

Further improvement on the total performance of the experimental setup is desired for detailed discussion.

References [1] O. Dutuit et al., J. Chem. Phys. 73 (1980) 3107.
[2] J.B. Nee et al., Chem. Phys. Lett. 318 (2000) 402.
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Introduction

Optical response of Cg has attracted considerable attention in connection with its characteristic electronic
structure originating from the high-symmetrical molecular structure. In 1992, Hertel et al. have observed the
strong peak lying at Av ~ 20 eV with a FWHM of ~10 eV [1]. They assumed this peak ascribable to a giant
plasmon resonance as a collective excitation. Very recently, Colavita et al. have calculated total photoionization
cross sections at v = 7.6 — 80 eV [2]. Their spectrum calculated at v = 16 — 50 eV indicates many fine
structures which comprise several resonances close to one another. These fine structures are explained to arise
from shape resonances. So far there are a limited number of experimental data points above 25 eV. In particular
only a single point at 40.8 eV is available between 35 and 283 eV to our knowledge.

In the present study, we tried to obtain reliable and reproducible data of the ion yield from photoionization of
Cgo with relatively good energy resolution [3]. The observed ion signal counts were normalized carefully to both
the flux of the Cg, molecular beam and the photon flux of synchrotron radiation. This experimental setup and
elaborate procedure allow us to achieve detailed photoion yield spectra at v > 25 eV and to uncover a general

tendency and local features appearing in the valence photoabsorption cross section curve of Cyy.

Experiments

The detail of the experimental setup will be described elseehere [4]. A monochromatized synchrotron
radiation (SR) with linear polarization was provided from an 18 m-length Dragon-type monochromator [5]. The
molecular beam of Cg was generated by heating Cgy powder to approximately 450 °C with a resistive heater.
The Cg beam was irradiated with SR and then photoions were produced in the intersection region. The
photoions from C4, were analyzed by the use of a TOF mass spectrometer. A photoion yield spectrum of Cg, was
constructed by normalizing the ion counts at each /v to the photon flux and molecular-beam intensity monitored
at the same time, and by collecting the normalized counts consecutively with changing /v at an interval of 0.1

eV.
Results and Discussion

The solid curves in Fig. 1 show the ion yield of Cg" from Cgo, Our ion yield at v ~ 23 - 50 eV reflects the

molecular character of Cy in its valence photoionization. Below 40 eV the baseline of the ion yield curve tends



to decrease with increasing Av, since this region is situated on the higher energy side of the prominent peak at iv
~ 20 eV. Two broad structures are clearly seen at 26 and 34 eV, which will be referred to in the following
discussion as peak A4 and B, respectively. Moreover, the yield curve appears to level off between ~ 40 and ~ 50
eV (level €); then a steady decline is resumed above ~ 50 eV.

The present yield curve is quite different from that of Hertel et al. [1]. Their spectrum displays essentially no
marked structures at 35 eV > Av 2 23 eV. Our ion yield curve is similar to the photoabsorption cross section of
Cg calculated by Colavita et al. [2], i.e. the dotted line in Fig. | They demonstrated that the shape resonances
give rise to fine structures in the cross section curve. Comparing the solid and dotted curves gives us the
following summarization: (1) peak 4 observed at 26 eV can be identified to the peak at 27 eV in the calculated
spectrum, (2) peak B observed at 34 eV probably has the same origin as the calculated shoulder around 32 eV,
and (3) level C between ~ 40 and ~ 50 ¢V is compatible with the calculated flat region from 35 to 45 eV. The
good agreement between the solid and dotted curves in Fig. 1.strongly supports that the observed fine structures
are due to ionization via the shape resonances as single electron excitation to vacant orbitals. Conversely there is
no tangible evidence in favor of the plasmon resonance, that is collective electron excitation.

Above 50 eV the relative ion yield curve is reasonably represented by the absorption cross section of a
carbon atom as evidenced by the dashed curve in Fig. 1. In this region the photoionization cross sections are
dominated by ionization from deeper orbitals described by linear combinations of compact carbon 2s-type

orbitals, so that the relative ion yield of Cgy" from Cy agrees well with the absorption cross section of a carbon

atom.
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Geometrical structures and electronic properties of fullerenes have attracted widespread attention because of
their novel structures, novel reactivity, and novel catalytic behaviors as typical nano-size materials. Moreover, it
has been emphasized that the potential for the development of fullerenes to superconductors and strong
ferromagnetic substances is extremely high. In spite of such important species spectroscopic information is very
limited in the extreme UV region.

In the present study, we tried to develop a new apparatus for obtaining reliable photoion yield curves for
fullerenes with improved statistics in the range of extreme UV region. For this purpose, several essential devices
have been introduced and exploited in combination with a high-temperature source of gaseous fullerenes: a
grazing-incidence monochromator, a conical nozzle, a quartz-oscillator thickness monitor, and an efficient
time-of-flight mass spectrometer. We have examined their performance by using Ce [1].

The sample of Cqy with 99.98% purity was purchased and further purified by eliminating the organic solvent
such as benzene or toluene through heating the sample one day in vacuum at 300 °C. Every experiment has been
performed by using an 18 m spherical grating monochromator with high resolution and high photon flux
installed at beamline BL2B2 of the UVSOR facility. The performance of the monochromator was described in
vef. [2]):

Figure 1 illustrates the side view of the high-temperature oven supplying gaseous fullerenes and that of the
photoionization mass spectrometer. A copper sample holder attached to a conical nozzle was mounted inside a
radiation shield made of stainless steel. The fullerene sample was loaded into the sample holder which was
resistively heated. The oven temperature was measured by a chromel-alumel thermocouple fitted to the bottom
of the sample holder. We employed a water-cooled thickness monitor placed 35 mm away from the central point
of the ionization region for the purpose of measuring the flux of the fullerene beam correctly. Gaseous fullerenes
were subjected to irradiation of the synchrotron radiation from the Dragon-type monochromator. Photoions
traversed a drift tube of 71 mm in length and were detected with a microchannel plate electron multiplier
detector (MCP). We could accordingly obtain a TOF mass spectrum of the fullerene ions. Insertion of the drift
tube allows us to drastically reduce the background counts due to stray electrons and impurities and then realize
a stable operation of the MCP detector. The drift tube was equipped with parallel plate electrodes, designated in
Fig. | as a repeller and an extractor, placed above the oven unit. A pulse voltage rising from the ground level to
+100 V was applied to the ion repeller electrode as a start trigger for the TOF measurements. In the case of Cg,

the duration and frequency of this pulse voltage were 3 ps and 5 kHz, respectively.



A TOF mass spectrum demonstrates three broad peaks, which are assignable to singly, doubly and triply
charged cations of Cg. Figure 2 shows the photoionization efficiency curve of Cg," produced from Cgo. The
spectrum displays a tendency to decrease gradually with increasing photon energy, since this region is located on
the higher energy side of the prominent resonance at iv ~ 20 eV.[3] Two distinct peaks are found at ~v= 26 and
34 eV, and there is a flat area between ~ 40 and ~ 50 eV. Hertel et al.[3] have reported the ionization efficiency
of Cg" from Cg ranging from 7.5 to 35 eV, but their result appreciably differs from our efficiency curve
probably due to difference in statistics at sv > 25 eV. Colavita et al.[4] have calculated a theoretical
photoabsorption cross section curve of Cy, which exhibits several peaks and shoulders above 25 eV. Their cross

section curve shows a good agreement with our result.
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Fig. 1 Apparatus of the photoionization spectrometer and an expansion of the oven unit.
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Fig. 2 Photoionization efficiency curve of Cg,' produced from Cy. Tow peaks and a flat area are indicated
by the arrows. The doted line designates the theoretical photoabsoption cross section reported by

Colavita et al. (Ref. 3).
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The anisotropy of the fragment ions
produced by photoexcitation of SFs has been
measured using synchrotron radiation in the energy
range of 23 — 210 eV [l]. The apparatus for
measuring the angular distribution of the fragment
ions has been newly constructed. Two sets of
detection system are composed of an ion detector
and preceding three grids, as shown schematically
in Fig. 1.

In spite of the highly symmetrical
molecule strong anisotropy is observed at lower
photon energies. Figure 2 shows the fragment ion
yield from SF4 and the relevant B in the energy
region of E,, = 23 - 210 eV. Anisotropy
gradually decreases with increasing photon

energy.

Figure 1. Schematic experimental setup for the
measurement of anisotropy of fragment ions.
Two sets of ion detection system are mounted
in the parallel and perpendicular directions with
respect to the electric vector of synchrotron

radiation.

Figure 2. (a) Yield spectrum and (b) asymmetry
parameter for all the fragment ions from SFg

measured at £y, =23 - 210 V.

lon yield / a. u.

[r parameter

SR

cylindrical
sample nozzle

gold mesh

\"retafdmg

50 T T L T [ T T T T 1 LA R e T T L] L T 1 T
{a} Fragment jon yield
a0 F

SF,

g

10

! ]

- -\.‘Ar/\——
el v v 0 e o | ey e

pey T e b s e e e e e e N W

06

{b) Asymmeiry parameter

04 E

02k

a 50 100 250 200

Photon energy [ &V

87 —



The behavior of the curve of the

asymmetry parameter has been interpreted
qualitatively by means of simulation using partial
oscillator strengths for the formation of fragment

ions in the region of valence electron excitation (16

{ parameter

- 63 eV) as illustrated in Fig. 3. Only SFs" ions are
assumed to have an anisotropic angular distribution,
which can be explained in terms of transitions into
neutral excited states of wvalence type. With
increasing photon energy the branching ratio for
the SFs" ion decreases [2], while the contribution
of direct photoionization may increase. As a result
the asymmetry parameter involving all the fragment
ions declines steadily with the photon energy.
Moreover, inner valence-electron excitation between
35 and 50 eV is found to open new decay channels
which produce photoions isotropically.

Fragment ion yield spectrum and J
parameter around the ionization edge of the sulfur 2p
electron are shown in Fig. 4. The asymmetry
parameter remains constant at 0.01 — 0.02 below the
sulfur 2psn0 edges (<180 eV), whether the photon
energy is chosen at on- or off-resonance. Above the

edges it decreases down to almost zero, in accord with

the opening of the LV Auger decay channels [3].
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Molecular and dissociative photoionization of NOz has been studied in the photon-energy
region of 37-125 eV by use of time-of-flight (TOF) mass spectrometry and synchrotron radiation.
Ton branching ratios were obtained by analyzing TOF mass spectra for the singly charged NOz*,
NO+, 0+, and N+ ions as well as doubly charged N2+ and O2* ions and were converted to the
absolute partial cross sections by using the reported total absorption cross section of NOz [1].
Experimental details can be found elsewhere [2].

The present results are shown in Figs. 1 and 2 in comparison with those reported by Au and
Brion [1]. It can be seen in Fig. 1 that the NO* ion is the major product in the energy region
studied (the branching ratio is 0.567 at 37 eV) and gradually decreases as the excitation energy
increases. The parent NOz* ion is the minor product (the branching ratio is 0.148 at 37 eV) and
also slightly decreases at higher photon energies. On the other hand, the ion branching ratios for
O+ and N~ continue to increase in the energy regions of 37-120 eV and 50-120 eV, respectively. The
production of the doubly charged fragment ions, N#+ and O%*, is discernible above 60 eV (the
threshold for both ions), although these ion branching ratios are less than about 0.1%. As for the
thresholds of N2+ and 0%+, electron-impact experiments have reported to be about 80 eV (N2 and
02+ are not resolved) [3], and 51.5 £ 1 eV for N2+ and 52.1 £ 1 eV for 0%+ [4], which should be
compared with the present value.

The observation of the Oz* ion has been reported by Au and Brion (the abundance is ~1%) and
by other experiments [5,6], whereas the majority of reported experiments including
photoionization mass spectrometry [7] and electron impact studies [7] has not reported the
presence of Oz in the respective mass spectra in accordance with the present results. This issue
may remain as an open question. The discrepancies in the ion branching ratios for NOz*, O*, and
N+ between the present results and those of Au and Brion can be seen in Fig. 1, although their
energy dependencies are quite similar in both results. These discrepancies are mainly due to the
application of mass sensitivity correction factors determined for the ion detector to the ion
fragmentation branching ratios obtained from the TOF mass spectra of Au and Brion. Cooper ef al.
[8] determined mass sensitivity correction factors for a microchannel-plate detector (as well as a
Johnston multiplier) by using rare gas atoms He, Ne, Ar, Kr, and Xe and found that significant
variations in detector sensitivity occur at low m/e values. Their results have been applied to the
ion branching ratios of Au and Brion for NOz. Therefore, the correction factors for the N+ and O+
production from NO2 are large, causing the discrepancies for both ions between the two data sets
shown in Fig. 1. The discrepancy for O+ between the two data sets is in the range of 1.04-1.13 (the
ion branching ratio of Au and Brion over the present ion branching ratio), and for N* it is about
1.15 throughout the energy region that the present data cover, which are very close to the
sensitivity correction factors adopted by Au and Brion. However, as pointed out by Cooper et al. [8],
the detection efficiencies for atomic, diatomic, and polyatomic ions of the same m/ may be
different and the application of the correction factors obtained for rare gas ions to the case of NO2
is questionable. The differences in the ion branching ratios for N+ and O+ between the two data
sets causes rather large differences in the branching ratios of NO2*, ranging 0.73-0.65 (Au and
Brion/present). The reason that only the ion branching ratio for NOz* is affected and the ion
branching ratios for NO+ of the two data sets are in good agreement is not clear at present.

The present partial photoionization cross sections were obtained by the use of Eq. 5 [2], that



is, the product of the ion branching ratio, the ionization yield, and the total absorption cross
section. The results for the major ions are shown in Fig. 2 in comparison with those of Au and
Brion. It should be noted that Au and Brion used the ionization yield of unity above 24.5 eV (even
in the energy region that dissociative double ionization takes place), whereas in the present data
the ionization yield ranges 1.00-1.185 in the region from the double photoionization threshold
(35.0 eV) to 125 eV, as will be reported elsewhere. Because of the large discrepancy in the ion
branching ratios of NOz* mentioned above, the partial cross section for NOz+ is obviously different
between the two data sets.
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The photofragmentation of H,O has been studied by fluorescence spectroscopy at photon energies
between hv = 16.9 — 54.5 eV. The primary photon beam was monochromatized undulator radiation supplied
from BL3A2 of the UVSOR facility. The fluorescence in the wavelength range of 280 — 720 nm was dispersed
with an imaging spectrograph. The appearance energy of the OH'( d oW - X750 V") transitions is found
to be ca. 25.5 + 0.3 eV. This value is much higher than the dissociation limit for the OH ( A Tp) + H=1)
channel, but is consistent with the vertical ionization energy to HEO*[(lbl)'z(élal)' ’4,] that has been assumed to
correlate with the above dissociation limit in the literature. The vibrational distribution of OH+(Z Tlg) is
similar to the prior distribution in the rigid-rotor harmonic-oscillator approximation.

Figure 1 shows an emission spectrum encompassing the A = 280 — 420 nm range, in which many
vibrational bands of the OH'( Ay, v X°E V") transitions can be identified. The right and left figures in
parentheses designate, respectively, the upper v' and lower v vibrational levels of OH'. The V' level ranges
from zero to three.

The lowest thermochemical threshold of H,O for the formation of OH'( A Tlg,) is evaluated to be 21.5
eV, corresponding to dissociation into OH'( A Mg) + H(n=1). Our results, however, indicate that the

OH'( A Tlg,) fragments are scarcely produced

at hv = 21.7 and 24.9 eV. To make this point o OH"(A%1 —»X’x) emission band system  (6..2)
) < c 20.0 PP 1L 1 (R L1 !
clearer the fluorescence intensity was g 0.0) 04 (1.2
_ _ 5 r R
measured as a function of hv in the o 1 @) G2 @22
£ e 2,0 r(—1 0 - 11 #2) It
wavelength region A = 356 - 364 nm. This g = ’ (L Ve
. . . . o (3.0) ©-2 [
region includes the (0,0) vibrational band of _——— |
~ - » g (9-+2)
the OH'( 4 °Tlp— X °¥) transition. The § }
5 5 ]
resultant fluorescence excitation spectrum of § 504 W E
H,0 is depicted in Fig. 2. The intensity shows 2 1
8
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a slow onset at 25.5 £ 0.3 eV. which is much = s " oo a0 e 2 e "
higher than the dissociation limit of 21.5 eV Flitorsscenica wavalangind nm

and can be interpreted in terms of a highly ) .
B Figure 1. Dispersed fluorescence spectrum of H,O at
repulsive PES of the excited H,O' state along the  E,, = 27.2 eV. The vertical lines indicate the band
- T ' Ty :
dissociation coordinate. The correlation diagram of ~ ©rigins of the OH (4 "Tlg, v = X X7, v"). The (v,
v'") marks denote the bands due to the transition from

H,O" proposed by Appell and Durup manifests that . upper ' to lower v vibrational states.



the OH'( 4 °Tlg) + H(n=1) limit correlates with a 2-hole 1-particle 4, state of H,O" with the electronic

configuration of [(15,)%(4a;)"]. This doubly excited H,O"(*4,) state was reported to be located at 27.6 £ 1 eV

with respect to HQO()?' '4,) in the Franck-Condon region. This vertical ionization energy rationalizes the

present observation that the OH™( 4’ — X °%)
band system begins to appear at hv =25.5 eV.
We the  vibrational

have calculated

distribution of the fluorescing OH+(,Z *I,) fragments
for the purpose of obtaining a clue to energy
partitioning when the system runs down the PES of
H,O'[(15,)*(4a;)" *4,]. The cross section for each

vibrational band can be connected with the vibrational

Fluorescence intensity / arb. units

distribution P, by

24.0

3 = 2
Oy X Pv’ Gy V!,“,. Re(rv’v') - (1)

Here, ¢, denotes the Franck-Condon factor with
+ 73 T 35- s H,0
regard to the OH'( 4 "Il — X °Y) transition, v, the
transition frequency, and R. the electronic transition

of

at the r-centroid Fy»

moment the relevant
vibrational transition (v',v"). We adopt the following
. . . 2 . . . -

linearly decreasing function of R.” with increasing 7,

proposed by Gérard ef al.:

R,(Fye)? = 4.02-27.65F, @)

where F» is in nm. The (0,0), (1,0), (2,1), and (3,1)
vibrational bands are chosen for calculating P, from the

peak area by using Eq. (1). The calculated distribution is

Vibrational distribution / arb. units

illustrated in Fig. 3. As the statistical limit the prior

distribution PY

'+ in the rigid-rotor harmonic-oscillator

approximation is evaluated from the relation
P} x (1=f)" (3)

and plotted in Fig. 3 as well. Here, f,, is the vibrational fraction

of the available energy of 5.7 eV (= 27.2 - 21.5). The two

distributions are in a good agreement with each other, suggesting

that statistical factors dominate the partitioning of the available

energy into the vibronic degrees of freedom of the

H,O'[(1b))*(4ay)" 24,] state.
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It is possible that vibrationally mediated photodissociation is performed by using laser and
synchrotron radiation. Namely, infrared or visible laser 1s primarily used to excite a selected vibrational level in
the electronic ground state, and then synchrotron radiation is irradiated to promote photoexcitation. Figure 1
illustrates the absorption spectrum of a vibrationally excited molecule in a one-dimensional model system. Here,
Viy(R) and V(R) denote the potentials in the ground and excited electronic states, and ‘F{(R) the initial

wavefuction. From the reflection principle the absorption cross section can be represented by these equations:

2
Vi(R) = E, ol(E) = M

Wz

Here, R, stands for the classical turning point. The cross section is a reflection of the initial distribution of

R=Ry(E)

|¥(R)]* onto the energy axis mediated directly by the upper-state potential. Therefore, multi-modal reflection
structures appear in the spectrum when two or more vibrational quanta are initially excited.

In the two-dimensional case,

an analogous multi-modal structure can T v, fii B
be seen when the parent molecule is ; \\L____f ______________________________________________
excited in the direction of the g E\\

T T T
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Figure 1. Absorption spectrum of a vibrationally excited

photodissociation of highly excited : : ;
molecule in a one-dimensional model system.

vibrational states has been well studied.

It has been documented that the initial vibrational excitation influences the chemical branching, if two
different dissociation channels can be accessed. Much attention has been focused on the pioneering work of
Crim and his collaborators [1], who could accomplish the selective bond-breaking of heavy water, HOD. Very
recently, Akagi and coworkers reports that deuterized ammonia NHD, in the fourth N-H stretching overtone

preferentially photodissociates into the ND, + H channel [2].



In these studies UV lasers have been employed for
vibrationally mediated photodissociation. Instead, 1 am
planning to use synchrotron radiation in the vacuum UV
region because of the following interests:

(1) Elucidating the properties of dissociative states in the
vacuum UV region by sampling a wide range of their potential

energy surfaces, such as dynamics determining the final-state

Potential Energy / eV

distributions of the products, nonadiabatic transitions on

dissociation, and assignments and characterization of

unknown multiply-excited states produced by Auger decay

from core-excited states. 10 10

(2) Aiming at more universal “vibrational state-specific” )

rupture of chemical bonds, by changing the overlap of the ) _ _ .
) ) ) Figure 2. Correlation diagram between H,O

upper-state  continuum  wavefucntions  with  the and OH" + H and between H,0' and OH + H'.

ground-state wavefunction.

We tried to select an appropriate excited state through which photodissociation of vibrationally
excited molecules can be investigated based on the correlation diagram in Fig. 2 that we proposed in [3]. First,
we tackled the two “A, states which correlate the OH'(4°TIg) + H(n=1) and OH (4°S") + H' limits. Since these
states are highly repulsive, it is likely that significant decrease in the appearance energy for the formation of the
photofragments is perceived, by setting vibrationally excited molecules to the initial state of photodissociation.
We probed the final fragments by observing spontaneous emission from OH'(A’Tly) or OH (4°ZH.

A continuous titanium-sapphire laser was used in the wavenumber range between 13814 — 13819
em’, with its bandwidth of 4 x 10 ¢m™ and scanning range of 30 GHz. This energy range corresponds to
excitation of the third O-H stretching overtone of water. However, when the visible laser was introduced, no

additional peak feature of emission bands has been detected in the dispersed spectra. Then I changed my mind

to shift the target to the dissociation channel of OH'(X°Y) ' ‘ !
+ H(n=1). The OH  ion was detected with quadrupole
mass spectrometer. Figure 3 shows the difference between

e

the normalized signal ion counts with and without the

visible laser. Measurements were fulfilled at SR photon

energies near the dissociation threshold of 18.05 eV. We

consider that the curve exhibits multi-modal reflection

Difference of the ion counts /arb. units
L
/
L

structures due to the nodes of the vibrational wave - T - r - W i i
16.4 16.8 17.2 1786 18.0
function of the 4vgy stretch overtone of H,O. Photon energy / eV
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Rydberg states in condensed phase are of interest because they are sensitive to
external perturbation due to their large orbital radii. Rare gas (Rg) matrices have mostly been
used to investigate the Rydberg states of atomic and molecular Rydberg states. A systematic
study of NO molecule in rare gas, N> and H, matrices on the first ionization threshold has
been reported [1]. In the core excitation region, rare gas media in cluster have extensively
studied [2,3]. In the present study, core-excited Rydberg states of Ar in Rg and N; matrices
(Ar/Rg, Ar/N2) have been investigated by photoabsorption spectroscopy.

Photoabsorption spectra were measured by a partial electron yield (Auger yield)
method using a MCP detector with a retarding mesh. Photon energy was calibrated by
measuring Ar 2psp-4s* peak (244.4 eV) of Ar in gas phase in transmission mode before and
after each measurement. Samples were prepared by introducing mixed gas of Ar and Rg (or
N>) onto Au coated copper plate of a cryostat. The mixed gas is dosed approx. 30 L. The
temperature of the copper plate was below 9 K. All spectra were taken at grazing incidence
angle of 15 degree.

Fig. 1 shows Ar L-edge photoabsorption spectra for Ar/Rg and Ar/N; with atomic
(molecular) ratio of Ar:Rg (N;)=1:4. Compared with the Ar gas spectrum, the lowest band, Ar
solid spectrum show broadened Ar 2ps;-4s band with a shoulder structure at the lower energy
side. In order to discriminate surface contribution from bulk, fluorescence yield (F.Y. dotted
line) was measured for solid Ar. In fluorescence yield spectra, the shoulder was clearly
suppressed in intensity and hence assigned to the Ar 2ps»->4s excitation of surface Ar atoms,
which is in accord with the previous assignment for Ar cluster[4]. The excitation energy for
bulk 2p3»->4s band is blue shifted in a sequence of Ar/Xe, Ar/Kr, and solid Ar. Neighboring
atoms with shorter interatomic distance are expected to have larger perturbation because the
excited electron in Rydberg states is push to higher energy side by closer potential of the
surrounding atoms. Similar trend is observed for samples with different Ar concentration (Fig.
2-3), i.e. lower Ar concentration in Ar/Rg system results in lower excitation energy because of
longer Ar-Rg length in Ar/Kr and Ar/Xe systems.

In the case of Ar/Xe, Ar 2p»-4s and Ar 2p3; nd states are merged into a broad band,
which imply that nd series form band structure by significant overlap with the neighboring
atoms. The broad band split in Ar/Kr and Ar solid and form two distinct bands in Ar/Na,
which indicates that nd series interact with neighbors more strongly than 4s Rydberg states.
This can be explained as stronger repulsion by the surrounding atoms arises from larger radii
of nd Rydberg series than 4s Rydberg states.
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Introduction

The dynamics of molecular inner-shell photoexcitation, photoionization, and subsequent decay
processes is much more complex, in comparison to outer-shell photoionization which is still largely within the
scope of the single electron picture. For instance, the excitation and ionization of valence electrons
accompanies the inner-shell photoionization, which manifest themselves as shake-up and shake-oft satellite
structures in the corresponding photoelectron spectrum. The multielectron processes due to the electron
correlation are known to happen not only in the primary inner-shell hole creation processes but also in their
relaxation processes. In the case of the shake-off transition, where two electrons are ejected simultaneously, the
great intensity of the peaks in the zero electron kinetic-energy (ZEKE) spectrum arises through energy sharing
between the two emitted electrons as their kinetic energy distribution is peaked with one electron having low
kinetic energy electron and the other having correspondingly high kinetic energy. Thus, the ZEKE
spectroscopy or threshold photoelectron spectroscopy (TPES) is very sensitive to this two-electron process, and
is widely used for probing the multielectron processes in atoms and molecules.

The symmetries of the inner-shell excited states of small molecules can be deduced from the
information obtained by the angle-resolved photoion spectroscopic (ARPIS) technique; the angularly resolved
measurement of the fragment-ion emission with respect to the linear polarization of synchrotron radiation. The
combination of ARPIS with TPES may provide additional information on the symmetries of the multielectron
processes, such as multiply excited states and shake-up transitions in the core-ionization continua, which can be
called “symmetry-resolved threshold photoelectron spectroscopy (SR-TPES or SR-ZEKES). In this report, we
show that SR-TPES can be realized by a simple coincidence technique in which the coincident measurement
between the threshold photoelectrons and angle resolved fragment-ions are employed. It is demonstrated that
Z— and [l-symmetries of the multiply excited states and correlation satellites in the K-shell ionization region of

nitrogen are determined using this technique.

Experiments

The experiments were carried out on the bending magnet beamline BL4B at the UVSOR facility in
IMS. The apparatus for SR-TPES is composed of an effusive gas source, a photoelectron energy analyzer
specially designated for the efficient collection of low energy electrons, and two ion detectors. The threshold
electrons extracted by a penetrating field through a lens system of the analyzer were focused onto the entrance
slit and then energy- analyzed by a spherical sector electrostatic analyzer. The ion detectors on a plane
perpendicular to the incident radiation were set at 0° and 90° relative to the electric vector of the light. The
electron and ion signals were fed into a time-to-amplitude converter as start and stop signals, respectively. True

coincidence signals produce a peak in a time-of-flight spectrum, while non-coincidence signals (random signals)



originating from the detection of two unrelated events yield a background in the spectrum. The SR-TPES
spectra have been measured by scanning the photon energy with monitoring the intensity of the coincidence

signals.

Results and discussion

The T1- and Z-symmetry-resolved TPES spectra above the K-shell ionization threshold of N, are
shown in Fig. | and 2, respectively, as compared to the conventional TPES spectra. Except for the very strong
peak around 411 eV corresponding to the 1s threshold photoelectrons, two broad structures centered at 415 and
420 eV are dominant in the TPES spectrum. The higher energy band is know to be correspondent to some
lower-lying N 1s shake-up satellites, assigned as the Is'n 'n* configuration. The lower band can be assigned
to the doubly excited states, on the basis of its energy position, which could decay through the channels
producing low-energy electrons. The multiply excited states labeled C, D, E, and F, which have been identified
in our previous APRIS work, may correspond to the features in the SR-TPES spectra. One can find that the
peak C mainly consists of the [T-symmetry states, and the peak D is composed of the equivalent contributions
from the Z- and [1-symmetry states. The strong peak around 419 eV in the Z-symmetry spectrum may be
attributable to the shake-up satellite threshold with the 1s'w'n* configuration having °Z symmetry.

Further improvement on the data quality (statistics and energy resolution) of SR-TPES indicated in
Fig.1 and Fig. 2 is obviously required for identifying all the spectral features related to the multielectron
processes that are often buried in the strong single electron processes, which can be easily realized by
performing the same experiments on an undulator based beamline. Fortunately a new undulator based
beamline BL3U will be available in autumn 2003 and the present experimental method will be continuously

developed on this beamline.
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In order to identify the symmetries of molecular inner-shell excited states, polarization
dependent studies have been widely applied to both chemisorbed and free molecules. The
photodissociating molecules produced by a subsequent Auger decay of the inner-shell vacancy
are not isotropically distributed in relation to the exciting radiation, because the absorption
probability is greatest when the transition dipole moment is aligned with the electric vector of
the incident radiation. Since the lifetime of the molecular inner-shell excited state is much
shorter than the molecular rotation period, the angular distribution of the photofragments should
show a corresponding anisotropy. 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 (parallel) and AA=%1 (perpendicular)
transitions [1].

The 2p ionization spectra, or photoelectron spectra, show a molecular field splitting (MFS)
and spin-orbit splitting (SOS). The 2p excitation spectra, or photoabsorption spectra, exhibit
an exchange splitting (EXS) in addition to MFS and SOS. Due to the complexity in the
theoretical treatments and the lack of the appropriate experiments, the assignments for the
spectral features in the 2p excitation regions are not well established, even for simple diatomic
molecules. We have already investigated very complicated spectral features due to EXS and
SOS in the S 2p excitation region of SO,, CS, and OCS [2], based on angle-resolved photoion
spectroscopy (ARPIS) and the Breit-Pauli ab initio calculation. In the present work, CI 2p
ARPIS spectra of Cl; in comparison to HCI have been investigated. The lowest excited states
in these molecules are the Cl 2p—c* excitation. There are three 2p orbitals, and the Cl 2p—c*
excitation involves parallel and perpendicular transitions with respect to the bond direction.

The angle-resolved photoion measurements were performed on the beamline BL4B,
equipped with a varied-line-spacing plane grating monochromator. Two identical ion detectors
with retarding grids were used to detect energetic photoions (>5 eV) emitted at 0° and 90° with
respect to the electric vector of the incident light. The AA=0 component spectrum (I0) and
AA=%1 component spectrum (I190) were obtained by counting the signals from the 0° and 90°
positioned detectors, as a function of the photon energy, respectively. The photon-energy
resolution was set to about 50 meV for the present experiments.

The high-resolution Cl 2p ARPIS spectra of Cl, measured are displayed in Figure 1, in

comparison to those obtained by the quantum chemical calculations. Concerning the



calculations for the Rydberg transitions, only lower Rydberg orbitals (4s, 5s, 4p and 3d) are
taken into account. It is clear that the obtained 10 and 190 spectra nicely demonstrate the
symmetry decomposition of the conventional photoabsorption spectrum. It is shown that
theoretical ARPIS spectra for the ¢* transition as well as lower-lying Rydberg states are
reasonable agreement to the experimental data. The spectral profile for the 6* resonance in the
experiments is quantitatively reproduced by the calculations. For the Rydberg transitions, the
features are very complicated, but most features are rather well reproduced. It has also been
found that the EXS effect can be neglected in the lower Rydberg states of Cl, considered in the
present calculations, which is in sharp contrast to the 4s Rydberg state of HCI.
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Core-excited species are unstable and decay processes follow rapidly. The most dominant decay process is
resonant Auger electron emission for light elements. In some case, nuclear motion is so fast that dissociation
takes place on the same time scale (~fs) as Auger electron emission. Such dissociation in core-excited state is
termed “ultra-fast dissociation”. It was observed at first for HBr at the Br3d— o * excitation by detecting the
atomic Auger emission from the core-excited fragment Br* [1]. The electronic decay from core-excited fragment
was also observed for CH,F,, CHF;, and CF, 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 CH;F,,
electron-ion coincidence measurements have been carried out at the soft x-ray beamline BL8BI.

The experimental procedure was described elsewhere [3]. Total ion yield spectrum for CH,F, at the Cls
excitation region is shown in Fig. 1. Some resonant structures, which were already assigned to o *by, 0 *a,, and
3p [2], are observed in the spectrum. Fig. 2 shows the electron spectra following direct ionization of valence
electron at hv = 286.1 eV (top), the Cls— ¢ *b; resonant excitation at hv = 291.8 eV (middle), and the C1s—3p
resonant excitation at hv = 294.1 eV (bottom). Horizontal axis indicates final-state energy (FSE) calculated by
subtracting the electron energies from the initial excitation energies. By comparing these spectra, we notice that
the intensity for the Cls— ¢ *b, spectrum is fairly enhanced around 25 eV. This energy corresponds to the
intermediate energy between participant Auger final states (10-20 eV) and spectator Auger final states (>30 eV).
This structure was, thus, tentatively assigned to the electron emission from core-excited fragment [2]. Fig. 3
shows the coincidence spectra at FSE = 25 eV for the respective excitations described above. Horizontal axis
indicates mass number. The spectrum for the Cls—3p (bottom) is quite similar to that for the valence ionization
(top), while the spectrum for the Cls— o *b; (middle) is different from the others. A remarkable increase in the
yield of CH," (m/q = 14) and a decrease in that of CH,F~ (m/q = 33) are recognized in the Cls— o *b, spectrum
by comparing with the other two spectra. Such a considerable enhancement in the yield curve of CH," is
observed only around 25 eV for the Cls— o *b;. This implies that the emitting species are neither C* nor CF*.
We suggest the following dissociation processes after the Cls— ¢ *b; resonant excitation in CH,F,. At first, a
C-F bond fission takes place in competition with Auger decay of a parent molecule in the core-excited states
because of C-F anti-bonding character of o *b; orbital. Then Auger decay from the core-excited fragment

C*H,F produces an excited cation CH,F™* and it would dissociate effectively into CH, +F.
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Tsuyoshi KIMURA', Shigeki MIYASAKA', Kenya OHGUSHI', Masakazu MATSUBARA',
Takeshi GOTOU', and Yoshinori TOKURA'*

' Department of Applied Physics, University of Tokyo, Tokyo 113-8656

’Correlated Electron Research Center (CERC), National Institute of Advanced Industrial Science and
Technology (AIST), Tsukuba 305-8562
Spin Superstructure Project, ERATO, Japan Science and Technology Corporation (JST),
Tsukuba 305-8562

One of the most important characteristics for 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.

In this beam time, 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, the
imaginary part of the dielectric function of single-layered manganite crystals, Nd,.,Sr;:xMnQOy (x=0.67, 0.75,
0.82) are shown below.

At low temperatures, this system undergoes the doping-induced crossover between the charge-ordered
zigzag-type ferromagnetic state (x=0.75) and the charge-disordered one-dimensional ferromagnetic (C-type
antiferromagnetic) one
(0.75<x<0.90), which arise from

the e,-orbital ordering of alternate

dsx0.0/d3yor and coherent dsgr,
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VUYV Spectroscopy on Condensed Oxygen under Pressure
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Introduction

The physical and chemical properties of
condensed oxygen have been of considerable interest
for many years because of its simple and fundamental
molecular magnetism. For liquid oxygen, up to now,
many arguments about the formation of O4 molecular
units have been made while it has been revealed that
vibronically induced excitations of O, pairs from
23Zg‘ to 2'A, make liquid oxygen blue. (The
potential-energy diagram of O,[1] is shown in Fig. 1).
More recently, metal-insulator transition has been
reported in  highly condensed oxygen and
superconductivity has been observed in the
molecular-metal phase. (The P-T phase diagram of
oxygen[2] is shown in Fig. 2.) In such phenomena,
the intermolecular interaction between O, molecules
will play a main role. Therefore, it is important to
understand the interaction from the viewpoint of
chemical bonding of molecules. However, there has
been no report of the study on electronic spectra of
condensed oxygen in the VUV region under pressure.

In this report, VUV absorption spectra of
condensed oxygen are presented up to 13 GPa for the
discussion of the intermolecular interaction between
0, molecules.
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ENERGY (eV)
=

015 20 25
INTERNUCLEAR DISTANCE (A)

Fig.1 Potential-energy diagram of the O,
molecular states[1].

Experimental

The VUV absorption measurements were
developed over the wide pressure range from gaseous
state at 1 atm to solid state at 13 GPa at room
temperature using the VUV source on the BL-B1
beam line, at UVSOR in IMS. For applying pressure,
a sapphire or a type IIA diamond anvil high-pressure

cell was used. Liquid oxygen was loaded in a sample
chamber of the pressure cell, and pressure was
regulated at 300 K based on a ruby pressure scale.
Error of estimated pressure was £0.05 GPa. Raman
shift due to the intramolecular vibration (O, vibron)
was also used to determine the sample pressure. The
thickness and diameter of the sample chamber were
about 27-35 pum and 100-200 pm, respectively. The
oxygen sample in solid phases was polycrystalline.
Transmitted light through the oxygen sample and the
anvils were collected with a detector of a photo
multiplier.
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Fig. 2 Phase diagram of oxygen[2].

Results and Discussion

Figure 3(a) shows the typical absorption
spectra of condensed oxygen at pressure up to 1.5
GPa at 300 K. The spectra were measured using the
sapphire anvil cell. At first experimental run, pressure
was increased from 0.95 GPa to 1.5 GPa, and then
decreased to 0.05 GPa. At second run, pressure was
increased from 0.13 GPa to 1.0 GPa. By applying
pressure, the thickness of the sample, which was
estimated from the thickness of the recovered gasket
after compression, decreased from 35 um to about 27
um. Very strong absorption was observed in VUV
region of 5-7 eV. At lower pressure than 0.13 GPa,
the on-set of the absorption locates above 6.5 eV and
agrees with that of the absorption spectrum of
low-pressure gas at about 1 Pa. Maximum absorption
coefficient observed in the experiments was about
7x10° em™. The absorption band corresponds to the
Schumann-Runge system of the “T,>°%, transition.
The prominent feature of the spectra is a dramatic
low-energy shift of the absorption edge with
increasing pressure. The pressure dependence of the
absorption edge is illustrated in Fig. 4. The
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absorption edge shifts from 6.5 eV to 5.0 eV at
pressure between (.13 and 0.5 GPa. Under such
pressures, the sample is in a supercritical gas state
and the state is actually dominated by the
intermolecular interaction. However, it is unlikely
that the energy of the 323'932{ transition decreases
more than 1.5 eV by van der Waals like interaction
because its interaction is order of 0.1 eV. It should be
considered that a new absorption band occurs in the
VUV region. The band energy corresponds to the
Herzberg band. Therefore, one probable explanation
for the origin of the absorption band is that the
Herzberg system of the 323'93Eu+ transition becomes
allowed as a result of an intermolecular interaction
such as the formation of O, molecular units as
involving a symmetrical change in the electron orbit.
Because the system is forbidden by a parity selection
rule and its absorption is extremely weak.

The absorption spectra at higher pressure to 13
GPa at 300 K shown in Fig. 3(b) were collected using
the diamond anvil cell with two experimental runs.
As increasing pressure up to 13 GPa at 300 K, the
oxygen crystallized in the rhombohedral -0, at 6.0
GPa. The B-O, transformed to the orthorhombic 8-O,
at 9.5 GPa, and further to the monoclinic £-O, at 10
GPa. The edge of the strong VUV absorption shifts
the low-energy side monotonically with pressure and
reaches 3.5 eV at 12.7 GPa. The pressure dependence
of the absorption edge of the &-O, is consistent with a
previous report[3] and the energy of the edge finally
decreases 0.8 eV just before the metal-insulator
transition to C-O, at 96 GPa[3]. The optical gap
corresponds to the energy gap of the solid oxygen and
the metallization is caused by a closure of the gap.
In order to understand the metallization, it is
indispensable to clarify the mechanism of the new
VUV absorption. The spectra also indicate additional
absorption bands at 2.2-2.4 eV, 2.7-3.0 eV, and
3.5-3.8 eV. These bands, which move to higher
energies by about 0.02 eV/GPa, are assigned to the
25, 32'A, 2 D'AAHE,, and 25, >2'S,
transitions, respectively. The behavior well agrees
with the previous report[4].

In conclusion, a strong VUV absorption with
an on-set of 5.0 eV was newly found for condensed
oxygen in this study. The absorption occurred in
supercritical gas state, where the intermolecular
interaction actualizes. The interaction must be
remove the selection rule of Herzberg system with a
perturbation to the symmetry of electron orbits. Since
the VUV absorption of oxygen molecules has a
significant meaning for life, making clear the
absorption mechanism is next our subject.
References
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Cesium dihydrgen phosphate, CsH,PO4 (CDP) is one of hydrogen-bonded ferroelectric materials. Below the
transition temperature 7¢=150 K, the spontaneous polarization Pgs takes place along the b-axis, showing a
first-order structural phase transition from a monoclinic P2;/m to orthorhombic P2, [1]. Replacing the hydrogen
by deuteron, T increases from 150 K to 270 K. The advantage of targeting CDP is that the hydrogen bond
linking PO, tetrahedra are in quasi-one-dimensional network separated by Cs" ions, in contrast to well known
KH,PO, (KDP) with three-dimensional linkage of the hydrogen bonds.

In the present study, reflection and absorption spectra of CDP have been investigated in the VUV region by
using polarized synchrotron radiation at the BLIB beam line. The single crystals of CDP were grown at ~
50 °C by slow cooling of a saturated aqueous solution after several times of recrystallization [2], and the
specimens were cleaved just before the optical measurements.

Figure | shows the reflection spectra of CDP for polarization parallel to the crystallographic b-axis (£//b) and
the c-axis (E//c) measured at 12 K. By comparing the previous reports of the reflection spectra of KDP [3,4],
structures of the energy region from 8 to 15 eV are quite similar to those of CDP. Consequently, the A, B, C and
D peaks are certainly ascribed to the transitions due to the anions, namely, [H,PO,4]” complex ions. The sharp
reflection peak A is observed at 9.64 eV for E//b and at 9.43 eV for E//c, and the spectral profile is quite similar
to that of the structure of KDP at ~10 eV. It is to be noted that the structure A observed for CDP exhibits more
appreciable anisotropy. The structures observed in the region from 15 to 22 eV are shifted in energy with about 5
~8& eV higher than the structures in the reflection spectra of KDP, but the spectral profile and the polarization
dependence are quite similar to those of KDP. Therefore, these structures are originated {rom the transitions in
cationic Cs” ions.

Figure 2 shows the fundamental absorption spectra of CDP at various temperatures. At 12 K the absorption
edge starts at ~7.4 eV, shifting to the lower energy side with increasing temperature. It is also found that the
logarithmic plot of the fundamental absorption tail gives a straight line above 50 K, indicating that the Urbach
rule holds for the absorption tail of CDP. We have obtained the small value of the high- temperature steepness
parameter = 0.37.

We have investigated the energy shift of the absorption tail at around 7¢, and the anomalous shift was
observed at T¢. Figure 3 shows the temperature dependence of the absorption-edge energy in CDP determined at
=100 cm™. As clearly seen in Fig. 3, the absorption-edge energy above T shows a small temperature shift

compared with that below 7. Such an anomalous shift has been also found at the absorption edge of KDP [5].
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Therefore, it is concluded that the ferroelectric phase transition in hydrogen-bonded ferroelectrics influences the

fundamental absorption edge.
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Fig. 1. Reflection spectra of CDP measured at 12K.
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Fig. 2. Absorption edge spectra
of CDP at various temperatures.
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Photoionization of Adsorbed Dye below Aliphatic Acid Monolayer at the Aqueous Solution Surface
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Introduction
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 has a

complementary as compared with laser radiation to study photoionization 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 the 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 a
lack of precise experimental results.

Furthermore, it is not clarified also how a solute interacts on photoionization with solvent molecules or
surface-active species and how much distance from surface the solute molecule participate in that. In this study,
photocurrent induced by the single-photon ionization of a water-soluble rhodamine dye with and without aliphatic acid
is measured in a cell that is specially designed for solution surfaces. The photoionization process and the state of the

rhodamine dye molecules are discussed by acid density dependence of photoionization current.

Experimental
The experimental setup is illustrated in Figure 1. The monochromated synchrotron light (4-8 eV) was
obtained from BLI1B at the UVSOR facility and emitted from the chamber to the He-purged cell through an Mgk»

window.

He gas (2 L / min)

] l Cu
MgF?2 Sodium Salicylate
window A GEEGE Current

BL-1B Amplifier
hv ¥
Cu mesh HV
| Pt beaker ———10.5-1.0kV |
Current
| | Amplifier |- L

Teflon

Figure 1 Schematic illustration of experimental setup for single-photon ionization on
the water surface.
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The emitted light was reflected on an Al mirror and vertically irradiated on the aqueous solution surface through a Cu-
mesh electrode. The electrode was set at 5 mm high above the liquid surface and high voltage (500-1000 V) was
applied to the electrode so that emitted electrons were trapped. The sample solutions were composed of surface-active
dye (rthodamine B, 10 pM), a buffer electrolyte (HCI, pH 1.0), and water. The aqueous solution surface was modified
with aliphatic acid (arachidic acid, Cj9C39CO2H) by spreading as a benzene solution. The added amount was

approximately within two monolayers at maximum that is calculated by the assumption that close-packed layer was
formed on the aqueous solution surface. The photocurrent (~100 fA) was measured by a picoammeter (Model 617,
Keithley) and the incident photon intensity was monitored by measuring {luorescence intensity from sodium salicylate

plate by a photomultiplier tube (1P28, Hamamatsu Photonics).

Results and Discussion

Typical photon energy dependence of measured current is shown in Figure 2. The intensities are normalized
with the SR photon intensities. The photocurrent for the surface of pure buffer solution and aliphatic acid is not
detected in this experimental accuracy. Without aliphatic acid on the surface of Rhodamine B solution, the current

increases steeply with the photon energy above the threshold energy, 5.6 eV, which coincides with the previous report
of the photoionization threshold of rhodamine B on the water surface.2 By adding aliphatic acid on the solution

surface, the current increases in the same manner and no remarkable changes are observed on the threshold energy.
However, the intensity remarkably increases when a small amount of acid is added (~0.2 monolayer) and then decreases
to a constant value above monolayer formation level (Figure 3). These experimental results can not be explained by a
simple model that is described by the uniform monolayer formation and simple electron scattering through the aliphatic
monolayer because this model needs monotonous decrease of photoionizaion current upon film formation. Changes of
a surface structure such as aggregate formation and accumulation of dyes around the aggregate is one of the possible
explanations for such behavior. We do not have enough data to discuss the surface structure at this stage and further

experiments such as spatially microscopic two-photon ionization and fluorescence microscopy at the surface are now in

progress.
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Amorphous hafnium silicate and zirconium silicate films were successfully deposited by simple
plasma-enhanced chemical vapor deposition. The source materials are tetraethoxysilane (TEOS: Si(OC,Hs),)
and a hafnium alkoxide [Hf{O-i-C3H57)4] or a zirconium alkoxide [Zr(O-i-C;H7)(C Hg05)3].  Oxygen, used as
a carrier and oxidation gas, was excited with a rf power of 13.56 MHz through capacitive coupling. The TEOS
was vaporized and transported at 70 °C into the “tail flame” of the oxygen plasma. The TEOS flow rate was
controlled with a mass-flow controller. The hafnium or zirconium alkoxide was vaporized and transported at
220 °C into the oxygen plasma. Argon was used as a carrier and diluent gas for each alkoxide vapor and its
flow rate was controlled with a mass-flow controller. A CaF; crystal transparent to 9.9 eV (125 nm) was used
as a substrate for vacuum ultraviolet (VUV) absorption measurements. The substrate temperature was kept
constant at 400 °C during the deposition. By changing the flow rate of argon from 5 to 50 sccm, four kinds of
hafnium films shown in Table I were deposited. Another film deposited without using TEOS was also
prepared as a reference. Similarly, five zirconium films were deposited including one reference deposited
without using TEOS. Furthermore, one more film was deposited for reference without using alkoxides.
During the deposition, the flow rates of oxygen and TEOS were kept constant at about 0.71 and 1.0 sccm,
respectively. The total pressure changed from 40 to 65 Pa depending on argon flow rate.

The deposited films were examined by X-ray photoelectron spectroscopy (XPS) using Mg K (hv=1253.6
eV) X-rays. The VUV absorption spectra were measured by a Shimadzu UV-3100 spectrophotometer for only
sample ZC, while they were observed using synchrotron radiation (SR) operated in a multi-bunch mode (BL1B
Line, UVSOR, Institute for Molecular Science, Okazaki, Japan) for all the other samples. All measurements
were done at room temperature.

By XPS analyses, the deposited samples HCI to HC4 or ZC1 to ZC4 were found to be silicate films with
O-Si and O-Hf bonds or those with O-Si and O-Zr bonds. It was also found that the films are represented by
the formula Hf,Si.,,O, or Zr,Si;_, O, with the elementary compositions shown in Table 1.

Figure 1 shows the VUV absorption spectra of the silicates. The onset of the interband photon absorption
between the valence band and the conduction band shifts to a lower energy as the hafnium or zirconium content
increases. No specific absorption due to defect states or impurities is detected below the onset energy. The
fact that the onset spreads out over a wide energy region indicates that the deposited {ilms are amorphous with
structural randomness. Since the films are amorphous, the interband absorption can be expressed by the
following equation:

ahv o (hv-Eop), e (1)

where ¢, hv, and £, arc the absorption coefficient, photon energy, and optical band gap energy, respectively.
By replotting the data shown in Fig. 1 in accordance with Eq. (1), the values of k£, are estimated as shown in
Fig. 2. If we compare the values of £, between the films with the same x, the hafnium silicate has a larger
value than the zirconium silicate. The value of £, decreases monotonically as x increases in both silicates.
This is reasonable since the band gap of HfO, or that of ZrO, is far narrower than Si0,. However, if we go into
detail, £, decreases rapidly up to x = 0.6 and then stays almost constant. It is known that the nonbonding O 2p
states form the top of the valence band of SiO, and that the Si-O antibonding states form the bottom of its
conduction band. In the case of ZrO,, the O 2p states form the top of the valence band as in the case of Si0,,
but the antibonding d-states of zirconium form the lowest conduction band states. Therefore, the rapid decrease
in E,, with an increase in x in the case of the zirconium silicate is considered to be due to the increase in the
d-state electrons.  When x is higher than 0.6, it seems that the bottom of the conduction band 1s fully formed by
the Zr d-states, resulting in the constant £
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Table 1

Source alkoxide and elementary ratios of the deposited films.

Sample  Alkoxide

Elementary ratio (atomic %) Hf, Si(1.,O,

Hf Si O X b
HCI HA, T 13 20 67 039 2.0
HC2 HA, T 18 16 66 033 19
HC3 HA, T 20 12 68 0.63 2.1
HC4 HA, T 23 8.6 68 073 22
HC HA 33 - 67 1.0 2.0
- - Zr Si 0] Zr, 81,0,
Ze ZA, T 8.5 25 66 025 2.0
4G ZA,T 13 23 64 036 1.8
7ZC3 ZA, T 17 16 67 052 2.0
ZC4 ZA, T 20 15 65 057 1.9
ZC ZA 33 - 67 1.0 2.0
SC T --- 33 67 0 2.0

HA: hathium alkoxide, ZA:
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When the TI" ions are doped in alkali halides with the NaCl structure, the absorption bands called A, B and C
from the lower energy side are observed in the energy region below the fundamental absorption edge of the host
crystals. The A, B and C bands have it's origin in the intraionic transitions corresponding to 'S, — P,
(spin-orbit allowed), 'Sy — P, (vibration induced) and 'S, — 'P, (dipole allowed), respectively [1,2]. On the
other hands, the absorption bands of the TI™ centers doped in cesium halides having the CsCl structure are
remarkably different from those of NaCl-type alkali halides doped with the TI" centers [3- 7]. What is the cause
of the difference of the absorption spectra between NaCl- and CsCl- type alkali halide crystals doped with the
TI" centers? In order to make the problem clear, further optical studies of the Tl" centers doped in ionic crystals
with the CsCl crystal structure are needed.

Ammonium halides are the same ionic crystals as alkali halides and have the CsCl structure at low
temperature with an exception of NH4F. Though ammonium halides are an attractive host material for the TI"
ions, optical properties of the Tl  centers doped in the ammonium halides are comparatively less studied [8- 11],
especially in the vacuum ultraviolet energy region. Optical studies of ammonium halides doped with the T1"
centers will provide useful information on the T1" centers doped in ionic crystals with the CsCl structure.

Single crystals of NH,CLTI" were grown from saturated aqueous solution containing various TICI
concentrations from 10°* to 10°® mole %. Urea was added into the solution as a habit modifier in order to obtain
the good cube shaped samples. For the optical measurements, the light source of 2.0~25 eV was obtained from
the 270 MeV electron storage ring of the synchrotron radiation from a BL- 1B beam line of UVSOR. The
absorption spectra were measured by using a 1 m monochromator of Seya- Namioka type.

Figure 1 shows the absorption spectra of the NH,CL:TI” and NH4Br:T1" crystals with lower concentrations of
the TI" ions. In NH4CL:TI" and NH,Br:TI', absorption bands with the lowest peak energy are observed at 4.88
and 5.22 eV, having halfwidths of 65 and 77 meV, respectively. The most intense absorption bands are observed
at 5.98 eV for NH,CLTI" and at 6.59 eV for NH,Br:TI". Their absorption intensities are about six times as large
as those of the respective lowest bands. The intensity ratio is similar to those of the C to A absorption bands in
NaCl- type alkali halides doped with the T1" centers. Therefore, the lowest energy and most intense absorption
bands are assigned to the A and C bands, respectively. Several weak absorption bands appear in the energy
region between the A and C absorption bands.

Figure 2 shows the absorption spectra of NH,CL:TI” and NH,Br:TI" with higher concentrations of the T1'
centers. In the high energy region above the A absorption bands, successive absorption bands are observed in
both crystals. The bands appear at 5.07, 5.26, and 5.45 eV for NH:Br: TI', and at 542 and 5.61 eV for
NH,CLTI". The energy interval among these bands is about 190 meV and their absorption intensity become
smaller with increasing photon energy. Such the successive absorption bands have been observed in the
molecular crystals such as anthracene and perylene but not in alkali halides doped with the T1' centers. In the

molecular crystals, the successive absorption bands are attributed to the transition accompanied with the internal
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vibrations of the molecules: the vibronic absorption transitions [12]. Since the energy interval among these bands
in NH,CI:T1" and NHBr:TI is independent on the halogen ions, we ascribe the successive absorption bands to
the intracation transitions accompanied with the internal vibrations in the NH," ion which is the next nearest-
neighbor cation of the T1™ ion. In NH4CI:T1", the small humps are observed at the high energy region above the C
absorption bands. The small humps may be also the bands due to the vibronic absorption transitions for the C
bands.
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Recently, plasma display panels (PDPs) have been used in high-definition television (HDTV) applications. How-
ever, there are some serious problems to be solved. Luminous efficiency and lifetime of PDPs are directly related to the
performance of phosphors used in PDPs, thus higher efficiency, higher stability against high-temperature processes, and a
long lifetime against vacuum-UV (VUV) irradiation are major concerns in selecting suitable phosphors for PDPs. Current
VUV phosphors, BaMgAl O _:Eu* (BAM), which is currently used as the blue PDP phosphor, shows serious deteriora-
tion by the heating processes for binder burn-off, and by the plasma environment during operation. BAM has some dete-
rioration processes for thermal treatment[ [-3] and VUV irradiation[4]. These problems are probably caused by the crystal
structure of BAM(f3-alumina structure: two-dimensional layer structure) and by the Eu* site in BAM[S5]. Recently, many
attempts have been made by researchers to understand the detailed bulk structure around Eu** using '¥'Eu Mossbauer|[6],
neutron diffraction[7], and optical spectroscopy|[8]. Recently, some examinations for the improvement of BAM have been
performed by changing the chemical composition[9]. However well-stabilized BAM has never been obtained to date. One
possibility for overcoming the degradation problems is to replace host crystals with other stable compounds. Recently, We
reported new blue emitting Eu** activated silicate phosphors CaMgSi, 0, :Eu** (CMS:Eu*) for VUV excitation[10].
CaMgSi,0, has a one-dimensional-like structure and its Ca site is tightly enclosed by eight oxide ions of double 51,0,
chains and MgO, units. Thus, there is a possibility that CaMgSi,O, has a stable structure in comparison with BAM. In this
report, we show the PLE spectra of CMS:Eu** phosphor powder and phosphor paste.

CMS:Eu** phosphor powders were synthesized by a solid state reaction. The fired products were analyzed by the X-
ray powder diffraction (XRD) measurements using CuKa radiation. PLE spectra of CMS:Eu* were measured a synchro-
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tron radiation source BL-1B beam line. Excitation spectra
were corrected for the spectral distribution of the light source
and the instrumental response using sodium salicylate as a
standard.

Figure 1 shows the PL and PLE spectra of the obtained
powder which was obtained by firing the stoichiometric mix-
ture with 2 mol % Eu ion at 1200 °C. PL and PLE spectra of
BAM are also shown in Fig. 1 as a reference. CMS:Eu’* shows
a broad emission peak at about 4470 A and its bandwidth is
narrower than that of BAM. The CIE color coordinates of
emission spectra of CMS:Eu®* and BAM are shown in the
inset of Fig. 1. These CIE color coordinates are obtained as
(x, y) = (0.155, 0.047) for CMS:Eu* and (x, y) = (0.150,
0.070) for BAM. This shows that a wider color gamut is ob-
tained using CMS:Eu®. As shown in Fig. 1, several PLE
bands were observed. One component, which lies in the wave-
length region shorter than 1650 A for CMS:Eu?* and shorter
than 2100 A for BAM, is due to the host interband transition.
Other components, which lie in the 2200 to 3600 A region,
are due to the 4f to 4f°5d transition of Eu** ion. The PLE Wavelength (A)
intensity of Eu™ direct excitation of CMS:Eu* is approxi- . 5 )
mately 30 % of that of BAM, nevertheless the PLE intensity 56% 3 C l:é‘(i;?ﬁ:;iig?%%g (5%};?;11)1}:;1) paste bikedal
of host excitation of CMS:Eu** is approximately 50 % of '
that of BAM at 1470 A, which is the wavelength of the resonance line of Xe discharge. Thus CMS:Eu** is considered to be
appropriated to VUV phosphor. In addition, the edge position of the interband transition of CMS:Eu* lies at about 1600 A,
which is shorter than that of BAM. Therefore, the absorption coefficient of CMS at 1470 A seems to be smaller than that
of BAM as shown in Fig. 1, in other words, the penetration depth of VUV photon in CMS is longer than that of BAM. This
suggests that the absorption coefficient at 1470 A of CaMgSi ,O, crystal will be more suitable than that of BaMgAl O
crystal. The absorbed energy of excitation radiation therefore easﬂy transfers to the Eu* ions near the surface layer,
resulting in the suppression of the formation of an amorphous surface layer.

To examine the characteristic after the heating process, we performed the baking of phosphor paste which is made of
the mixture of vehicles and our CMS:Eu** or commercial BAM. The PL intensity of BAM decreases on increasing the
baking temperature as shown in Fig. 2. On the contrary, CMS:Eu** paste maintains almost the same PL intensity after
baking, and PLE spectra of CMS:Eu** phosphor paste is almost same at any baking temperature as shown in Fig. 3. PLE
spectra of BAM indicate that host and direct excitation bands significantly decrease after baking.[11] The BAM paste
therefore exhibits deterioration which should be due to the deoxidation of the host lattice[2] and oxidation of Eu2+ activa-
tors[1]. The lower degree of deterioration of CMS: Eu’ paste is considered to be due to the strong chemical bonding of
CMS. Finally phosphor pastes of first-firing specimens show an equivalent peak intensity to that of the baked BAM paste.

In summary, PLE spectra of synthesized CMS: Eu’ phosphors were observed and their resistance against thermal
process and VUV irradiation were discussed.

PLE Intensity (arb. units)

1000 1500 2000 2500 3000 3500 4000
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Spinel MgAl,Oy4 has been the subject of intense study for a long time, because it is a typical example of a
large class of inorganic solids with similar structures. The crystal structure of MgAl,O41is cubic, fee, with the
space group O;/.  Each Mg”" ion is tetrahedrally coordinated to four O atoms, while each A" ion is surrounded
by six octahedrally distributed O atoms. The reflectivity spectra of this material have been measured only by
Bortz and French [1] for a geological sample at room temperature. In the present study, we have measured the
reflectivity spectra of MgAl Oy crystals with different origins at a temperature of 9 K.

All the synthesized crystals used in this experiment were transparent, while the natural crystal was filmy red
like ruby. The specimens were mounted on the cupper holder of a cryostat of He-flow type. The reflectivity
spectra were measured under the configuration of near-normal incidence.

Figure 1 shows the reflectivity spectrum of a MgAl,O, crystal, which was grown from molten PbO-PbF,
solution by the flux method. The largest crystals were obtained in the temperature range 1220-1250°C with
B,0; used to limit the evaporation rate. The sample surface observed here was an as-grown <l11> face.

In Fig. 2 is shown the reflectivity spectrum of a MgAl,Oy crystal, which was prepared by the floating zone
(FZ) method using an infrared imaging furnace with a 2-kW Xe lamp. Starting materials were 99.99% pure
MgO and AL;O; in the ratio of 1:1. The x-ray analysis showed that the sample is a single crystal without any
trace of MgO or ALO; crystalline mixture. The sample surface was mechanically polished, its orientation
being not clear.

Figure 3 shows the reflectivity spectrum of a MgAl,O, crystal, which was prepared by the Verneuil method
in the Shinkosha Co., Ltd. The <100>-oriented surface was obtained by optical polishing.

In Fig. 4 is shown the reflectivity spectrum of a natural crystal of MgAl,O,. That was found in Mogok,
Myanmar. The reflection measurement was performed on the as-grown <111> surface.

A sharp peak appears at 7.8 eV for all samples. This is attributed to the lowest exciton transition of
MgALO,. The exciton band is most clearly observed in natural crystal. Spinel is well known to be highly
prone to cation disorder; i.e., some Mg”" ions may exchange positions with AI’" ions. This problem is
particularly severe in synthetic spinels. Natural crystals have less cation disorder. Furthermore, synthetic
spinels are often removed from the stoichiometric composition. It is supposed that these lattice imperfections
cause a broadening of the exciton band in Figs. 1-3.

The humps and peaks below 7.0 eV in Fig. 3 are due to the reflection from the rear surface of sample,

because the rear surface of Verneuil-crystal is polished parallel to the front surface. A weak structure is
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observed at around 6.2 eV in Figs. | and 2. Similar structure is also seen even in natural crystal (Fig. 4). The
origin is not clear at present.

The electronic structure of MgAl,O4 has been studied theoretically by means of the first-principles
self-consistent orthogonalized linear combination of atomic orbital method [2]. According to Ref. [2], the
calculated band gap is indirect and equal to 6.51 eV. The valence band is mainly constructed by the O 2p state,
while the conduction band is composed of the s orbitals of all atoms in the cell. From the present observation,
we estimate the band-gap energy to be about 8.5 eV. The broad structure above 10 eV is not so different from

sample to sample, and could be attributed to the allowed transition from the O 2p state to the hybridized s states.
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Zinc germanium dinitride (ZnGeN,) is one of the II-IV-V, compound semiconductors, 1I-IV-V, compounds
are derived from I1I-V compounds by replacing the group-IIT element with group-IT and group-IV elements. The
atomic arrangement of the group-II and group-IV elements in [I-IV-N; compounds has ordered structure, and the
symmetry changes from wurtzite to orthorhombic structure with space group of Pna2; (pseudo-wurtzite
structure) [1, 2]. From the analogy of II-IV-P, and/or II-IV-As, compounds, II-IV-N, compounds are expected to
have a large optical non-linearity, and thus, ZnGeN, has a potential for applications in optical band-pass and/or
band-rejection filters, second harmonic generators, optical mixers, and parametric oscillators, as well as other
chalcopyrite compounds [3]. Recently, epitaxial growth of ZnGeN, was succeeded on GaN/sapphire [4] or
sapphire substrates [5]. and absorption edge, excitonic luminescence, and its temperature dependence were
reported [5]. Other fundamental properties such as optical spectra, band structure, and effective mass, however,
have not been well investigated. In this work, we measure the reflectance spectra of ZnGeN, over the photon
energy range of 2 to 120eV. The optical constants such as the complex index of refraction and the complex
dielectric constants have been investigated by means of Kramers-Kronig analysis of reflectance data. The
anisotropy of optical properties for ZnGeN, was also investigated.

ZnGeN, films were directly grown on r-plane sapphire substrates by remote-plasma enhanced metalorganic
vapor phase epitaxy (RPE-MOVPE). The film thickness of ZnGeN; used in the present study was about 0.2pm.
Reflection high-energy electron diftraction (RHEED) pattern revealed that the ZnGeNj, film is single crystal with
pseudo-wurtzite structure. From the electron and X-ray diffraction measurements, no other phases such as Zn;N,,
Ge;Ny, and ZnyGeOy, could not be detected, and the lattice structure of ZnGeN, films has the space group Pna2,,
which is most stable structure expected from the density functional theory (DFT) calculation. The epitaxial
relationship were ZnGeN,(010)/0-AlL,0;(10-12) and ZnGeN,[100]//¢-Al,05[11-20]. The anisotropy of optical
properties for ZnGeN, can be investigated, because the c-axis of ZnGeN, epitaxial layer is parallel to the surface.
The incident angle was set to be 15° away from the normal direction of the sample surface. The optical constants
were determined from the reflectance R(E) and the phase AE) which was calculated by the Kramers-Kronig
analysis of the reflectance spectra. Since the spectral region of the reflectance measurements is always bounded
(2 eV < £ <120 eV in our measurements), it becomes necessary to extrapolate the reflectance R(E) to infinite
energies in order to estimate the phase A F). Below the low energy limit of the measurements (£ < 2 eV), the
reflectance was assumed to be constant. While the reflectance was taken to be proportional to £ as in the free
electron gas for the energy lager than the high energy limit [6-8].

Figure 1 shows the reflectance spectra of ZnGeN, epitaxial layer at room temperature in the photon energy
range of 2 to 120 eV. The reflectance peaks were observed at 3.9, 5.7. 7.2, 10.3, 13.5, 24, 54 ¢V when the
electric vector £ is perpendicular to c-axis. The reflectance spectrum as the electric vector E is parallel to c-axis
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is similar, but only the peaks at 3.9 and 50eV were shifted to low energy (3.7 and 50 eV). From the optical
absorption and photoluminescence measurements, band gap of ZnGeN, was 3.3 ¢V at room temperature. Below
the band gap (2 eV < E < 3.3 eV), the interference of ZnGeN, was occurred. The influence of this interference
was removed to refer to the reflectance of GaN in order to apply Kramers-Kronig analysis.

Figure 2 shows the real and imaginary parts of the refractive index, » and £ of ZnGeN,. The extinction
coefficient & rises up at about 3.3 eV, which is corresponding to the band gap energy of ZnGeN,. The anisotropy
of refractive indexes »# and k were similar to the reflectance spectra, in which some peaks are shifted to lower
energy. From ellipsometry measurement, the refractive index » on the same sample was found to be 2.46+0.12 at
the wavelength of 632.8 nm. On the refractive index #n below the band gap energy, the value calculated from the
reflectance data agree with that measured by ellipsometry. This fact indicates that the revision of the reflectance
spectra that, is referred to reflectance data of GaN is reasonable. The refractive index » spectra are similar to
other reports [9]. It is well known that the macroscopic quantity most directly related to transitions in the
electronic structure is the imaginary part of the diclectric constant &. Its spectral dependence reflects features of
the energy band structure. Figure 3 shows the real and imaginary parts of the dielectric constant, & and & for
ZnGeN,. They exhibit anisotropy in two directions. The peak shift below 10 eV by changing the direction of the
electric vector E can be observed. The spectral dependence of the imaginary parts of the dielectric constant & for
7ZnGeN, from theoretical calculations by means of the local density approximation (LDA) to the density
functional theory is shown in Fig. 4. See the spectral positions of main peaks for experimental and theoretical
value of &(F) in the region E < 15¢V, there is a reasonable agreement between experimental and theoretical,
although the intensity of the theoretical peaks is higher than of those in experimental spectra because the
theoretical spectra were derived in the single-particle scheme [10].
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In the early observation of electron-excited emission of a polyethylene terephthalate (PET)
film, a braod peak at 380 nm with a shoulder at 325 nm was reported!. This shoulder at 325 nm
corresponded to the fluorescence peak at 330 nm of dimethyl terephthalate (DMT), monomer of
PET, and originated in the lowest energy absorption of PET peaking at 300 nm; whereas, the
braod peak around 390 nm was difficult to be identified. Numerous work on photo-excited
emission of PET has been made since then for various purposes; whereas the interpretation for
the corresponding peak at 390 nm has not been agreed. Ground state dimers in the amorphous
phase of PET have been most supported as its origin, from the comparison with the solution
fluorescence of PET, for instance; whereas this has not explained the fact that the DMT crystals
fluoresce at the same wavelength region. Regardless of its nature, the fluorescence peak at 390
nm must be originated from a corresponding absorption or energy migration. We pointed out in
the past that there were faint absorptions in amorphous PET films at 341 nm and 358 nm,
corresponding to the excitation peak at 343 nm and to the broad shoulder at 358 nm?. Also, long
ago, we demonstrated the change of the fluorescence peak at 365-390 nm together with a
transmission at 340 nm, as a function of exposure time of a mercury lamp?. In this report, we
describe some of the observations relevant to the nature of the fluorescence peak at 390 nm.

Sample films of PET and polyethylene naphthalate (PEN) were prepared at the pilot plant of
the Film Research Laboratory of Teijin Limited; undrawn, uniaxially drawn and biaxially drawn
films of 60-100 © m were utilized. In addition, pieces of undrawn films of 100 2 m were supplied
by use of various polymerization methods. No fillers were used for both series.

Measurements were made at BL-1B, where a Seya-Namioka type monochromator was
equipped.  For the measurements of ordinary fluorescence or excitation, Yb-Jobin-MIC
mono-chromator, which was placed outside of the vacuum chamber was utilized. Overall
excitation spectra were taken without filter nor monochromator for emitted light; here, the
observed intensity was the sum of all the light of various wavelengths emitted from the sample
and reached the detector through its window. Here, one concerns the wavelengths effective to
cause luminescence, regardless of the energy of emission.

Fig.1 shows the overall excitation spectra of uniaxially drawn PET and PEN films. As
observed before, fluorescence intensity of PEN is greater than PET by more than 5 times.
Although there must be a considerable scattering which appears as background, a big difference
is evident between PEN and PET; peak positions of excitation spectra of PEN relate to its
absorption spectra in some manner, while those of PET do not look so. Namely, very small
excitation peaks are found at 197 nm and 243 nm, which correspond to the peak positions of
intense third and second absorption bands of PET, respectively. Some of the absorbed photon
energy at these wavelengths are radiated through the lowest energy band at 300 nm, while a
majority of them must be lost through non-radiative routes. Relatively more intense excitation
is clearly seen at 320 nm with a shoulder at 340 nm. The wavelength of 320 nm is in the tail of
the first absorption band peaking at 300 nm, and, at the same time, in the faint absorption peak
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of 340nm. Hence, the excitation at 320 nm causes two kinds of emission, one peaking at 330-340
nm which is the intrinsic fluorescence of PET molecules originating in the first absorption band
at 300 nm, and one peaking at 365-390 nm; the latter originates partially in the energy migration
from the first excited state of PET and partially in the faint absorption at 340 nm.

Separate measurements for undrawn PET films, using Shimadzu Fluorescence Spectromter
RF5300-PC, made it clear that the polymerization methods gave a slight difference in the shape
of these faint absorption at 341 nm and 358 nm, and also in the shape of the [luorescence peaking
at 390 nm. From these facts, together with some other results, we consider that the major origin
of the faint absorption around 340 nm which generate fluorescence at 390 nm is a kind of
degraded polymers which are possibly generated, by a very slight amount, during the
polymerization and extrusion processes, rather than the ground state dimers which many
reseachers have maintained.

The anisotropy found in the 320-340 nm peak in Fig 1 (a) is related to that in the transmission
spectra shown in Fig. 2. Identification of the origin of the faint absorption at 341 nm and 358
nm must be conformed to this anisotropy, which is yet to be made.

1) D.H. Phillips and J.C. Schug, J. Chem. Phys., 50 (1969) 3297.

2) 1. Ouchi, Polym. J., 15 (1983) 225.

3) 1. Ouchi, M. Hosoi and F. Matsumoto, J. Appl. Polym. Sci., 20 (1976) 1983.
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The development of solid-state ultraviolet laser has attracted a great deal of attention due to its
potential applications including environmental sensing, engine-combustion diagnostics, and medical analysis,
From the application viewpoint, Ce ion doped fluoride crystals are recognized as promising candidates, since it
provide efficient ultraviolet (UV) laser emission with broadband tunability. The main advantage of LiCaAlF,
(LiCAF) and LiSrAlFs (LiSAF) among the many fluoride crystals is its strong absorption spectrum at around
270 nm, which can be efficiently pumped by the fourth harmonics of Nd:YAG laser. Moreover, using LiCAF is
even more attractive than LiSAF because the solarization effect is significantly reduced. Recently, all-solid-state
amplifier system has been successfully demonstrated by using Ce:LiCAF crystal as an ultraviolet gain medium.
[1-3] In order to improve the laser performance, it is necessary to investigate this material from the spectroscopic
point of view. Here, we investigated the Photoluminescence (PL), Photoluminescence excitation (PLE), and
Transmission spectra of Ce:LICAF in VUV region. It is found that the optical excitation from the valence band
of LiCAF crystal to the highest “D excited state of Ce®” can be utilized as an efficient excitation channel to
obtain the ultraviolet emission of 4f — 5d transition in the activated Ce’”

Ce:LiCAF
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Fig. | PL ( A =265 nm) and PLE (A, = 290 nm) spectra of Ce:LiCAF crystral at (a) 20 K and (b) 300 K.

Figure 1 presents the PL and PLE spectra of Ce:LiCAF crystal measured at 20 K and 300 K. The
optical axis of LiCAF crystal was set parallel to the polarization of UVSOR light for generating intense UV
emission. For PL measurement, the excitation wavelength was set at 265 nm, which corresponds to the
excitation with the fourth harmonics of Nd:YAG laser. The PLE spectra were obtained by monitoring the
intensity of 290-nm emission with the bandpass filter and a photo multiplier. The PL spectrum at 300 K consists
of the bands at around 288 nm and 310 nm. These luminescence peaks are the transitions from the lowest excited
state to the *Fs;» and *Fop ground states of Ce™. At 20 K, the 288-nm band is slightly split, and its bandwidth
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becomes narrow. This result is explained by the small electron-phonon coupling at 20 K, which leads to the
separation of three energy levels in the *Fs;, band. A schematic diagram of the energy level for Ce:LiCAF crystal
is shown in Fig. 2. The optical transitions of 288-nm and 310-nm emissions correspond to (A) and (B) in Fig. 2.
The PLE spectra consist of three peaks at around 112 nm, 165 nm, and 265 nm. The 112-nm spectrum exhibits a
clear shift toward the shorter-wavelength side with varying temperature from 300 K to 20 K. In contrast, the
peak positions of 165-nm and 265-nm spectra are nearly identical and exhibit small temperature-dependent shift.
Many researchers have extensively studied the 265-nm spectrum, and its origin is identified to be the optical
transition from ground state of the ’Fs, to the lowest “D excited states of Ce’”. For 165-nm spectrum, two peaks
are clearly observed. This result imply that the origin of this absorption is the transition from ground state of the
2Fs, to the lowest “D excited states of Ce®', which has two separated energy levels in LiCAF crystal. It is well
known that the bandgap of LiCAF crystal increases with decreasing temperature. From the result of the
temperature-dependent shift, the origin of 112-nm spectrum is considered to be the transition from the valence
band of LICAF crystal to the highest *D excited states of Ce’". The optical transition of 112 nm, 165 nm, and 265
nm are shown as (C), (D), and (E) in Fig. 2.

Conduction band of LiCAF crystal
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Valence band of LiCAF crystal

Fig.2 Schematic diagram of the energy levels for Ce:LiCAF crystal. The arrows present the optical transition for
emission (black) and absorption (gray).

In summary, we have presented the optical properties of Ce:LiCAF crystal in VUV region. The three
excitation-channels are observed to induce ultraviolet laser emission due to 4f-5d transition of Ce’". For the
180-nm and the 260-nm, their origins are the transition from ground level of *Fs, to the °D excited states of ce’’.
In contrast, the 110-nm spectrum is due to the transition from the valence band of LiCAF crystal to the b/
excited state of Ce’".

Reference
[1] N. Sarukura, Z. Liu, H. Ohtake, Y. Segawa, M. A. Dubinskii, R. Y. Abdulsabirov, S. L. Korableva,
A. K. Naumov and V. V. Semashko: Opt. Lett, 22 (1997) 994.
[2] Z. Liu, S. Izumida, H. Ohtake, N. Sarukura, K. Shimamura, N. Mujilatu, S. L. Baldochi and T. Fukuda:
Ipn. J. Appl. Phys, 37 (1998) L1318.
[3] Z. Liu, T. Kozeki, Y. Suzuki, N. Sarukura, K. Shimamura, T. Fukuda, M. Hirano, and H. Hosono:
Opt. Lett, 26 (2001) 301.
[4] S. Ono, Y. Suzuki, T. Kozeki, H. Murakami, H. Ohtake, N. Sarukura, H. Sato, S. Machida,
K. Shimamura and T. Fukuda: Appl. Opt, 41 (2002) 7556.

= 23 —



(BL1B)
Two-Photon Spectroscopy of Core Excitons in BaF; with

Synchrotron Radiation and Laser

i e Tsujibayashia, J Azumab, Y. Inabe®, M. Itoh®, T. Takaokad, M. Watanabed,
O. Arimoto®, S. Nakanishil, H. Itoh!, and M. Kamada&

 Department of Physics, Osaka Dental University, Hirakata 573-1121
SDepartment of Physics, Kyoto University, Kyoto 606-8502
“Depariment of Electrical & Electronic Engineering, Shinshu University, Nagano 380-8533
dDepai‘l‘ment of Fundamental Sciences, Kyoto University, Kyoto 606-8501
“Department of Physics, Okayama University, Okayama 700-853()
fDelr).cu'z‘menr of Advanced Materials Science, Kagawa University, Takamatsu 760-8526
ESynchrotron Light Application Research Center, Saga University, Saga 840-8302

We have constructed 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 5.6-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 AFL of
BaF; [3, 5]. In this paper, we report the temporal behavior of AFL, changing the SR energy across the excitation
threshold of the luminescence.

The block diagram of the measuring system is depicted in Fig. 1. The 1.55-eV laser light was guided to the
sample by a 50-m-long optical fiber. This enables the measurement with use of SR and a laser at other beam
lines, such as BL7B where a 3-m normal incidence monochromator is equipped. The duration of the pulse was
stretched from 160 fs to about 0.3 ns during the travel through the fiber. The temporal behavior of AFL was
obtained through the time-correlated single photon counting method. The pulse shapes of the laser and SR are
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Fig. 1 The block diagram of the experimental setup.
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shown by broken and solid lines, respectively, in the top panel

of Fig. 2. As shown in Fig. I, MCA1 and MCA?2 accumulated

the signal when the shutter was open and closed, respectively.
Obtained temporal behaviors of AFL through MCA1 and

MCA2 are depicted with broken and solid curves, respectively, 0
in the lower panels of Fig. 2. Photon energies of SR were 17.0, -
17.8, and 18.2 eV for panels (a), (b), and (¢), respectively. The
temperature of the sample was kept at 295 K.

In panel (a), the excitation photon energy is lower than both
the lowest core exciton energy of 17.2 eV and the threshold of
AFL excitation. Besides AFL, the crystal of BaF, has another
luminescence band at 4.1 eV caused by the decay of
self-trapped excitons (STEs). This band has wide spectral
width and its high-energy tail overlaps with the AFL band.
The STE luminescence is observed as the background with a
long life time in both curves of panel (a) with the same
intensity. A fast component is also seen in the panel, whose (c)
origin is not clear at present. There is a possibility that it is not
luminescence of the sample, but is caused by the scatter of the 0 / )
excitation light beams. -5 0 5 10

Solid and broken curves of panel (c) are reproduced by Time (nsec)
conV(_)luting the excitati_on pulse shapes -with an epfpopential Fig. 2 Top panel: pulse shapes of SR (solid line)
function with a decay time of 0.8 ns which is the lifetime of ;4 jaser light (broken line). Lower panels:
AFL so far reported. The integrated intensity of the broken  temporal behaviors of AFL under excitation
curve is slightly larger than that of the solid curve.  exclusively with SR (solid lines) and with SR
Two-photon absorption may increase the number of core holes  and laser (broken lines).
at the expense of photon-absorption by valence electrons.

The solid curve of panel (b) has two components: one is the ordinary AFL and the other has the same pulse
shape as that of the excitation SR pulse. The broken curve consists exclusively of the ordinary AFL. The laser
irradiation seems to change the fast component of the solid curve into the ordinary AFL. This might be due to
two-photon absorption similarly to the case of panel (c¢). However, it should be noticed that the change in the
time response of the luminescence ranges prior to the arrival of the laser pulse. We must assume accumulated
defects or relaxed exciton states [6, 7] which are made by SR pulses irradiating the sample in a 90-MHz
repetition and have a longer lifetime than the interval of the excitation pulses. Laser pulses may excite and
remove such relaxed excitons or something generated by SR pulses with photon energies in the core exciton
absorption region.

o

Intensity (arb. units)

o
—b
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While laser action has been reported on interconfigurational transitions in LiYF,;Ce’* [1] and
LiCaAlF:Ce™ [2], it has not been achieved for Ce’" doped alkaline earth fluorides in spite of their high
energy band gaps. We report on interconfigurational 4f — 3d absorption and luminescence, as well as
temperature dependent X-band EPR measurements for CaF,:Ce’ co-doped with Na® and Li". A modified
defect distribution is revealed, which is due to the presence of the Li” and Na* co-dopants. For both Li and Na
co-doping, tetragonal and orthorhombic symmetry centers have been observed. It is notable that the g-values
of the tetragonal center, whilst not those of the regular C,(F") center, have the same value irrespective of
whether Na“ or Li" co-doping is used. The orthorhombic center consists of an alkali ion in the nearest-
interstitial site along the [110] direction giving an overall point group symmetry of C,, for Li" /Na" co-doping.

Figure | shows the absorption spectrum of Na' co-doped CaF,:Ce’ in the range of 100-500 nm at 300 K.
Non site-selective Ce’ luminescence in the Na* co-doped CaF,:Ce® has two broadbands A and B centered at
320 and 360 nm with excitation of 300 and 330 nm, respectively, as shown in Fig.2. Narrowband excitation
monitoring the 320 nm peak shows the *T, and “E levels of the excited configuration at 190 and 300 nm
respectively. Due to the absence of crystal-field splitting attributable to a significant non-cubic field, we
attribute this to the tetragonal center observed in the EPR measurements. The narrowband excitation spectrum
of the tail of the luminescence at 380 nm reveals a three fold splitting of the *T, level and a two-fold splitting
of the “E level. As such we attribute this to the C,, center. The measured fluorescence decay times yield a
5d(’E) lifetime of 39 ns for the tetragonal center and 46 ns for the orthorhombic center, Analogous results are
obtained for CaF,:Ce*":Li".
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The magnetic Kerr rotation measurement on Co/Cu multilayer was carried out around M, ; edges of Co
and Cu, at room temperature. The instrument consists of a goniometer, permanent magnets and a rotating
analyzer equipped with Al/YB¢ and Mo/Si multilayer polarizers."” The sample was a [Co(1.8 nm)/Cu(2
nm)]>o/Co(1.8 nm) multilayer grown by ion beam sputtering on a Si wafer, which was magnetically uncoupled.
In the measurement, the longitudinal Kerr configuration was applied and the angles of incidence were fixed at
65° and 80°.

Figures 1 and 2 show the magnetic Kerr rotation spectra of Co/Cu multilayer around M, ; edges of Co and
Cu, respectively. In the figures, dots represent experimental results. In Fig.1, the solid curves represent the
results by calculation, in which the off-diagonal element of dielectric constant of Co is that of bulk Co obtained
previously by us.” The calculated results are in agreement with the experimental ones. In Fig.2, the rotation
around M, ; edges of Cu is found. This means that Cu is also magnetized, though it is not magnetic material in
usual form. The detailed discussion will be made in the near future.
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The next generation photolithography will be exposed by using F, laser (=157 nm) or by using so-called
EUV light (4=13 nm). Especially, EUV (extreme ultraviolet) lithography requires new severe problems to the
optical elements, because EUV light is so high photon energy light that the Quartz, which is one of the
conventional and well-known optical materials, no longer transmit EUV light. In this background, we have been
developing and measuring solar-blinded VUV optical filters.

The metal thin films are used for VUV low pass filter (LPF). If one keeps the throughput of those LPFs more
than 10%, the thicknesses have to be from 10 to 100 nm. So they are supported by the metal meshes for
reinforcement. However, mesh supported LPFs have some problems, such as 1) decrease of effective
transmittance due to the existence of mesh itself, 2) scattering and non-uniformity of the intensity distribution
due to mesh itself and/or the irregularity of the film surface between on-mesh and off-mesh, and 3) pin holes or
cracks of thin film due to the stress between on- and off-mesh. Therefore, self-standing thin films are the best
answer for those problems. However, in the actual usage conditions of LPFs, optical configuration requires some
dimension to LPF, because optical filters are not able to insert at the focus points that are occupied by slits,
samples, efc. In this report, transmittance spectra in VUV region of self-standing thin films, which are made by
using both semiconductor and micromachine process technologies, are described.

Self-standing metal thin films are the applications of SiN membrane manufacturing technique on SiN/Si
substrates. Si substrate is partially etched and metal thin film evaporated on the substrate is remained. Finally,
LPF consists of integrated two parts; one is the part of self-standing metal thin film, and the other is thin film
with Si substrate frame. Since metals are evaporated under the appropriate tensile stress, self-standing metal thin
films are wrinkle-fiee flat as same as the surface of Si substrates. Shapes of self-standing metal thin films have
some flexibility, maximum dimension is 12 x 6 mm® and the typical other sizes are 8 x 8, 4 x 4 mm”. At present,
Au, Al, Zr, Ti, SiN and their multi-layered films are fabricated and the minimum thickness is 18 nm of Au.
Transmittance measurements at BL5B are carried out mainly from 50 to 100 eV at room temperature. Since SiN
membrane is able to use as LPF (higher order light cut filter) in this energy region, high purity monochromatized

light can be used.

— 128 —



Figure 1 shows the observed and calculated transmittance spectra of SiN membrane, which is used as LPF.
The estimated thickness of SiN membrane is about 100 nm. The calculation results are derived from the complex
index of refraction table of SiN [1]. The spectral feature of calculated curve is good agreement with that of
observed curve, although calculated transmittance is uniformly lower than observed one. Figures 2 and 3 show
the observed and calculated transmittance spectra of Ti (5nm)-Zr (44nm)-Ti (Snm) and Ti (Snm)-Al (50nm)-Ti
(5nm) films, respectively. Transmittance measurements are carried out with SiN LPF shown in fig.1. Since the
complex index of refraction of Zr metal has some differences among tables, two calculated curves derived from
different tables [1,2] are presented in fig. 2. Ti sandwiched multi-layer structure is employed to prevent the
oxidation of both Zr and Al metals. The spectrum features of observed and calculated results in Figs. 2 and 3 are
agreement with each other. Those films also have a good solar-blinded character. It is concluded that the
self-standing metal thin films are manufactured as designed and high throughput is easily obtained due to the
meshless structure. The high throughput will give us the flexibility for designing the dedicated multilayered LPF

with high contrast between transparence and non-transparence energy regions.
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Amorphous chalcogenide semiconductor materials, such as amorphous As2Ss (a-As2Ss),
amorphous As2Ses; (a-As2Ses), and amorphous Se (a-Se) etc., show a variety of photoinduced
phenomena. Since these materials are very sensitive to the light, they are greatly expected as
materials for optoelectronic devices, such as solar battery, photonic memory, and image sensors
etc. Although a large number of studies[1,2] have been done on the photoinduced phenomena of
these amorphous semiconductor materials, little is known about the details of these mechanisms.
These phenomena were studied by exciting outer core electrons with the irradiation of light with
the energy corresponding to the optical bandgap or subbandgap. The interest has been attracted
for the change of the optical properties in the energy region of the visible light. Lattle attention
has been given to photoinduced effects by exciting inner core electrons with the irradiation of
higher energy photon. We are interesting for the change of the optical properties in the higher
energy region. To obtain a wide knowledge of the photoinduced phenomena, it i1s necessary to
investigate to the photoinduced effects on wide energy region. In previous reports[3], we reported
the photodarkening in amorphous chalcogenide films by 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
bandgap(BG) light[4]. In previous reports[5-7], we reported the photoinduced change at the VUV
reflection spectra of the amorphous chalcogenide films induced by BG light. In present report, we
report the examination on the more exact measuring method of the photoinduced change at the
spectrum in the VUV region.

Samples used for the measurement were amorphous chalcogenide (a-As2Ses and a-As2Ss)
films. Thin films of amorphous chalcogenide were prepared onto quartz substrates for the
measurement of reflection spectrum and onto collodion films for the measurement of transmission
spectrum by conventional evaporation technique. A typical thickness of an amorphous film was
around 0.7 ¢ m. After evaporation, samples used for the measurement of reflection spectrum were
annealed near the glass transition temperature for two hours in a vacuum with a pressure of 104
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 reflection and transmission spectra in the VUV region was
performed at room temperature at the BLLAB 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. In
present experiment, to eliminate the higher order light from the monochromator, a Al thin film
was inserted between the monochromator and sample. We also monitored the spectrum of light
source by measuring the photoyield of the gold mesh. The reflection and transmission spectra
were obtained by normalizing the spectra by the spectrometer system response.

In until now measurement, we have noticed the relative change of the spectrum by
irradiating the light. Therefore, the filter for giving priority to the optical intensity, and for
removing the higher order light from the monochromator was not used. The effect of the higher
order light is removed in order to examine the exact change of the spectrum, and in addition,
calibration of the wavelength is also necessary. Then, the filter made of a thin film of aluminum
was used the measurement of the reflection spectrum for purpose of the removal of the higher
order light and wavelength calibration. Figure 1 shows the VUV reflection spectra of a-AszSes
film at room temperature. Two main peaks of a-AszSes were observed in this region. One peak
around 22nm corresponds to the 3d core level of Se atom. Another peak around 28nm corresponds
to the 3d core level of As atom. However, the ratio of noise and signal becomes very bad, when the
filter is inserted. The peak has been hidden, when the reflection spectrum is normalized with the
intensity of the incident light. This time, the sample was deposited on the collodion film, and the
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measurement of the transmission spectrum was also tried. Figure 2 shows the VUV transmission
spectrum of a-AszSes film at room temperature. There are two absorption peaks at the
transmission spectrum in the fig.2. Though the absorption was saturated, since the film thickness
was thick, the ratio of signal and noise was good. It is necessary to examine the optimum film
thickness of the sample of transmission spectrum. However, the annealing is future problem,
because it is not possible for the sample on the collodion film. 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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Fig. 1. VUV reflection spectra of a-As:S3 film at room temperature. (a)
1(Si)/I(beam) and (b) 1(Si)/Io(S1).
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Fig. 2. VUV transmission spectrum of a-AssSs/collodion at room
temperature.
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VUV and SX light are expected to be utilized in the new photolithography technique, such as using
the light of an ArF laser (A=193 nm), an F, laser (A=157 nm) and an EUV light (extreme UV, A=13 nm).
Currently, for the detection of VUV or SX light, Si-based photodetectors (SPDs) [1] are mainly used. However,
they have significant limitations due to some problems previously mentioned. III nitrides based photodetectors
are expected to overcome these limitations. The fabricated GaN based UV photodetectors have possibilities of
being used in steppers for future photolithography systems with short wavelength mentioned above. However
there are only few reports on the detection of VUV light (<25 eV) by GaN based photodiodes [2-4] and there are
no reports on that of VUV and SX light (>25 eV).

In this report, the responsivity spectra of GaN based Schottky type UV photodetectors with
transparent electrode from the VUV region to SX region (10-100 nm, 124-12.4 eV) are described.

The UV detectors used in this study adopt the Schottky contacts with a transparent electrode. They
consist of a 3-pum-thick n-GaN layer (n=2.0 % 10" ¢cm™) and a 1.5-pm-thick i-GaN layer (n=1.0>10"" 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 1 nm, respectively.

The diameter of detectors is 6.5 mm.

Prior to measuring responsivity, the transmittance of transparent Schottky electrode is estimated by
measuring the transmittance of Ti/Au membrane. The transmittance of 10-nm-thick Ni/Au Schottky electrode
is estimated to about 0.3-0.7 in the VUV and SX region (20-100 eV) as shown in Figure 1. Thus it is
considered that the 10-nm-thick Ni/Au Schottky electrode is enough thickness to transmit VUV and SX light
into transparent electrode. Figure 2 shows the responsivity spectra of samples The responsivity in VUV region
(10-50 eV) is about 0.01 A/W. The larger responsivity is found in VUV-SX region (>50 eV). It is considered

that the high responsivity in VUV-SX region is due to the increased transmittance of Ni/Au with increasing
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photon energy. The value of responsivity in soft X-ray region (@13 nm for EUV lithography system) is about
0.05 A/W.
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In recent years, lead tungstate (PbWQO,) has been expected as a new scintillating material for high-energy
physics experiments because of the fast luminescence response and the high density. For the improvement of the
optical properties, the luminescence mechanism of this material has attracted considerable attention.

Transient absorption measurement is a powerful technique to investigate the photo-excited states in
condensed matter. Therefore we have applied the technique of the infrared transient absorption measurement to
PbWO,.

In this experiment, photo-excited states were generated by two-photon excitation using the second
harmonics of a regenerative amplified Ti:sapphire laser (Spectra Physics, Hurricane). The wavelength, average

power, pulse width and repetition rate of the

0.12 =
second harmonics were 400 nm, 250 mW, 120 fs, 1(a) PbW04 g .
0.10 1 —
and 1 kHz, respectively. The measurement was 1 T=16 K %’ &
- =
performed in the energy range of 400~13000 ; 0.08 | 2 0 " .
4 . . : 2 .06 T1s 20 25
cm with the rapid-scan Michelson © ™ Temperature (K)
= ]
interferometer (Bruker, IFS-66V) by using a 0.04
quartz or a KBr beam splitter. A HgCdTe 0.02 1
detector was used. The transient absorption was 0.00 I : . , . : . : : :
obtained from the difference between the 4000 6000 8000 10990 12000
Wave Number (cm )
transmitted IR intensities with and without the
laser excitation. The sample used in this (b) PEWO, Chopper
T=16 K Frequency=30 Hz

measurement was a single crystal grown by the
Czochralski method.

Figure 1(a) shows the transient absorption

MWV\WW

cm’', with a peak around 9000 cm™. When the ——
Mirror Position (arb. units)

spectrum of lead tungstate at 16 K. A broad

Intensity (arb. units)

transient absorption band appears above 4000

sample temperature is raised above 20 K, this
absorption band disappears. The temperature Fig. 1 (a): Transient absorption spectrum of PbWQ,
dependence of the absorption intensity is shown crystal at 16 K. (b): Modulated IR interferrogram

in the inset of Fig. 1(a). obtained by the laser intensity modulation.
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In order to obtain the information about the decay time of the transient absorption, we have modulated the
laser intensity by using the optical chopper at 10~50 Hz. The modulated signal of IR transmittance synchronous
to the laser modulation was detected by a lock-in amplifier.

Figure 1(b) shows the modulated IR interferrogram. This corresponds to the interferrogram of the IR light
transiently absorbed by the photo-excited state. The intensity of the modulated IR interferrogram increases when
the modulation frequency is around 30 Hz. This means that the lifetime of the photo-excited state, the origin of
the transient absorption, is about 30 ms.

Martini et al. [1] have reported the thermally stimulated luminescence (TSL) of the lead tungstate. The
ordinary luminescence is stimulated by the thermally activated recombination between the hole trap center and
the electron trap center in this TSL process. In their paper, the TSL is found to appear around 20 K and 50 K. Tt
means that one type of the trap center becomes unstable around 20 K and other type becomes unstable around 50
K. The transient absorption observed here is probably due to the trap center related to the TSL around 20 K. The
lifetime of the transient absorption is much longer than the radiative lifetime around 16 K [2]. Therefore the
observed transient absorption should be originated from the extrinsic shallow trap center, the nature of which has
not been clarified yet. At low temperatures below 20 K, the photo-excited carriers partially relax into that center,
which may be linked to small yield of the intrinsic luminescence in PbWO,. The detail of this center is a future

problem.
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Strontium zirconate (SrZrQ;) is a typical material of proton conductors, when a few mol% Yb*" ions are
substituted for Zr"' ions. Protons are located between two oxygen ions as if they made a hydrogen bond and
migrate by hopping from a oxygen to another oxygen. Hempelmann and Karmonik[1] suggested that the
proton diffusion process was characterized as a combination of trapping and escape events from neutron
quasielastic scattering for SrCeO5:Yb. The proton trapping events have been associated with the dopants. On
the local structure around the dopant ions, it was suggested by EXASF measurement for the SrZrQ;:Yb that the
doped Yb ions would be sifted from the center of

the oxygen-octahedron.[2] The Zr ion locates at

the inversion center and a charge balance with pure-SrZr03
oxygen is maintained to be a neutrality. In the case e Yb10 mol%
of (YbOg)-octahedron, however, it seems to make a
significant polarization because of the different
valence charge and the off-center location. The

trapping state for the proton diffusion might be

ABSORPTION

resulted from such a polarization in the vicinity of
the Yb dopants. Therefore, it is expected to
investigate an [R-active impurity band induce by the
dopant Yb. To confirm the local polarization, we

have measured the infrared spectra of SrZrO; with

Several Yb_concentrationS. 150' o 20‘0 25‘0’ o :30‘0I o r35‘0‘ o 40‘“ ‘ I450‘ . I:—OUU
WAVE NUMBER [cm-1]

SrZrO; belongs to the space group of Pnma

containing 4 molecules in a unit cell. The Figure 1. Absorption spectra of pure-SrZrQ; (solid
curve) and doped SrZrO; with Yb 10 mol% (dashed

curve) at 30 K, calculated from the reflectivity spectra
by Kramers-Kronig analysis.

irreducible representation I” of the phonon modes at
the zone center can be decomposed as follows by a
factor group analysis:

['=7A;+ 5B, + 7By + 5B3, + 8A, + 10B,, + 8By, + 10Bs3,.

The above equation shows that there are 24 Raman-active modes (7A, + 5By, + 7B, + 5Bs,), 25 infrared active
modes (9B, + 7By, + 9B3,) and three translational modes (By, + By, + Bs,), while the 8A, modes are inactive in
both Raman and infrared. It can be expected from Raman experiments[3] that the IR active B,,, B2, and By, in
the range of 200 ~ 400 cm™' are mainly composed by oxygen-strontium vibrations with the exception of a By,
mode around 200 em™ due to zirconium vibration.  SrZr, Yb,O; crystals of (x = 0.0, 0.01, 0.05 and 0.10) were
prepared, and the IR measurements were carried out at 30K and room temperature,  Figure 1 shows absorption
spectra of pure-SrZrO; and doped SrZrO; with Yb 10 mol% at 30 K. When Yb ions were doped in SrZrOs;, the
IR absorption spectrum is just broading even around 200 cm™ associated with zirconium vibration. An
impurity band related to the local polarization, alternatively Raman active band by a symmetry breaking could
not be observed. It seems that the dopants Yb could not influence on the oxygen lattice so much in the present
wave length. It is necessary to change the approach for the conformation of the lattice distortions.

[1] R. Hempelmann and Ch. Karmonik Phase Transitions 58 (1996) 175.
[2] O. Kamishima, K. Ohta, Y. Chiba and T. Hattori J. Phys.: Condens.Matter 13 (2001) 152.
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K-(BEDT-TTF),Cu[N(CN),]Br is a quasi-two-dimensional organic superconductor with T¢= 11.6K.
The BEDT-TTF molecule has two ethylene groups at the end. By partially replacing all hydrogen of the
ethylene end groups by deuterium, k-(BEDT-TTF),Cu[N(CN),|Br shows superconductor-insulator (SC-I)
transition. Hereafter the partially substituted one is denoted by d[n, n], where n means the number of the
deuterium and n = 0 - 4 This SC-I transition 1is considered as Mott transition.
K-(BEDT-TTF),Cu[N(CN),]Br has two other SC-I transitions, one appears in d[2,2] by magnetic fields and
the other in d[3,3] by fast cooling at around 80 K. [1]

In this study, we measured reflectivity spectra of d[n, n| (n =0, 2, 3, 4) in the far-infrared region of @
=220 - 700 cm™ at UVSOR BL6Al combined with an infrared microscope. The other regions are
measured at SPring-8 BL43IR for magneto-optics, UVSOR BL7B for VUV reflectivity and a laboratory's
instrument for mid-infrared reflectivity.

Figure 1 and 2 show the optical conductivity ( o( w)) spectra at 4 and 50 K after the fast cooling (17
K/min) and the slow cooling (0.05 K/min), respectively. They are obtained by a Kramers-Kronig
transformation of the reflectivity spectra. In the d[0,0] spectra, the peak intensity at around 0.3 eV at4 K
is lower than that at 50 K. However, in the d[4.4] spectra, the temperature dependence is the opposite.
In d[3,3] spectra, the peak intensity at 4 K is lower than that at 50K by the slow cooling, but the behavior is
the opposite by the fast cooling. This means that the electronic structure of d[3.3] by the slow cooling is
the same as that of d[0,0] and that by the fast cooling is the same as that of d[4.4], i.e., the slow cooling
d[3,3] is a superconductor and the slow cooling d[3,3] is an insulator. The cooling rate dependence is the
same as the resistivity at zero magnetic field. Therefore it is concluded that the change of the o w)
spectra reflect that of the electronic structure due to the Mott transition.

Reference [1] A. Kawamoto, ef al., Synthetic Metals 133-134 (2003) 123.
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Infrared spectroscopy is one of the useful tools for in sifu characterization of the electrochemical interface
(solid/solution interface). Infrared reflection-absorption spectroscopy (IR-RAS) technique has been used
widely for this purpose, as in surface studies in ultra-high vacuum and gas phase. However, there exist several
problems in applying this technique to electrochemical systems. The most serious is the strong absorption of the
solution. The electrode must be pushed against a cell window to reduce the thickness of the solution layer to a
few um. The thin-layer structure of the cell prevents free mass transportation between the thin layer and the
reservoir, and also the quick response of the electrochemical system against externally applied potential
modulation. Furthermore, even if the solution layer is thin enough for spectral measurements, it is still three
orders of magnitude thicker than that of monolayers on the electrode surface, and hence complete subtraction of
the solution background from the surface spectrum is not easy.

To remove such problems, we have developed surface-enhanced infrared absorption (SEIRA) spectroscopy
using the Kretschmann ATR configuration (ATR measurements with a prism/metal (electrode)/solution geometry,
Fig. 1). SEIRA is an effect that infrared absorption of molecules adsorbed on some rough metal surfaces is
extremely enhanced [1,2]. The sensitivity of the SEIRA spectroscopy is over ten-times higher than IR-RAS,
which enables time-resolved monitoring of electrode dynamics. Unfortunately, however, the SEIRA
measurements have been limited to mid-IR range (> 1000 cm™ for Si) due to the strong absorption of the prism
(this is also the case in IR-RAS). In the present investigation, we aimed to extend SEIRA
spectroelectrochemistry to far-IR range by using the strong IR beam from UVSOR.

Figure 1 shows the optics constructed for the present study. The infrared beam was taken from a service
port on BL6AT with a KRS-5 window after passing through an FT-IR spectrometer (Bruker IFS 66V). An MCT
detector (for mid-IR range) and Si bolometer (for far-IR range) were used to detect the IR beam totally reflected
from the electrochemical interface. The electrochemical cell was a three-electrode glass one with a Pt counter
electrode and reversible hydrogen electrode (RHE) in the supporting electrolyte. The working electrodes were
prepared by electroless (i.e., chemical) deposition of Pt [3] or Au [4] on the total reflecting plane of a Si
hemicylinder (0.5 c¢m in radius and 2 c¢m long). The electrode potential was controlled with a potentiostat
(Hokuto Denko, HAB-151). Solutions were prepared from ultra-pure water and analytical grade chemicals, and
deacrated by Ar gas bubbling before use.

Figure 2 shows SEIRA spectrum of CO adsorbed on a Pt electrode in 0.5 M (= mol dm™) H,SO, at 0.1 V.
The CO adlayer was established by bubbling CO gas under a potential control at 0.05 V. Spectrum a and b
were constructed by coadding 100 and 5000 interferograms, respectively. A reference spectrum was recorded
before establishing the CO adlayer and all the spectra were calculated with the absorbance units defined as
—log(R/Ry), where R and Ry, represent the intensities of the IR radiation reflected from the electrode surface with
and without the CO adlayer. The very strong band at 2070 cm™' and the weak band at 1860 cm™ are the stretching
modes of CO adsorbed at atop and bridge sites of Pt surface (linear and bridge CO), respectively. The weak band
at 3660 cm’' is the stretching mode of water. The very high frequency and sharp feature of this band implies that
water molecules at the CO-covered electrode surface are free from hydrogen bonding. The down-going bands at
3550 and 1610 cm™" are the stretching and bending modes of water removed from the interface by the adsorption
of CO. The characteristic bands of “bulk” water (3400 and 1600 cm™) and of supporting electrolyte (mostly
bisulfate) are completely missing.

It should be noted that the peak intensity of the linear CO band is 0.3 (50 % in the reflectance change units
AR/Ry). The observed intensity is about 50-times as strong as that observed by IR-RAS. Relatively large surface
area of the chemically deposited Pt electrode (roughness factor of about 7 estimated by cyclic voltammetry)
contributes to the extremely strong absorption, but is not decisive. Rather, the strong absorption arises from
SEIRA effect.

Owing to the use of the strong IR beam from UVSOR, the spectral range could be extended down to 600
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cm™ with the MCT detector. We further tried to detect the Pt—CO stretching mode expected around 400 cm’'
with the Si bolometer. Although the intensity of the beam passing through the prism was strong enough in the
spectral range of 200-500 cm™, we have not yet succeeded in detecting this mode. Two reasons exist. The one is
the very small absorption coefficient of this mode; two orders of magnitude smaller than that of the stretching
mode. However, expected intensity is well above the detection limit of conventional FT-IR spectrometers
(10°-10* absorbance). The more serious is noise the source of which is unknown (probably, the electronic
circuits in the FT-IR spectrometer and vibration of the flour). In fact, the signal-to-noise ratios (S/N) of the
spectra obtained in the present experiment were much worse than those acquired in our laboratory with a ceramic
source, as shown in Fig. 2¢. Although the number of intermerograms coadded was only 100, the S/N of spectrum
¢ is equivalent or better than spectrum b (5000 interferograms coaddition).

In conclusion, we succeeded for the first time in observing SEIRA using synchrotron radiation for CO
adsorbed on a Pt electrode in acidic solution. Although no bands could be detected in the far-IR region due to
noise of the system, SEIRA measurements in the far-IR range will be possible if the noise of the system can be
reduced.

From FT-IR
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Fig. 1. (left) Experimental setup for in sifu surface-enhanced spectroelectrochemistry using UVSOR. PM:
plane mirror; CM: concave mirror, MCT: mercury-cadmium-telluride detector. The incident angle of the IR
beam (p-polarization) is 70°.

Fig. 2. (right) SEIRA spectra of CO adsorbed on a Pt electrode in 0.5 M H,SO, acquired with UVSOR (a and
b) and a ceramic light source. The number of interferograms coadded was 100 for spectra a and ¢, and 5,000
for spectrum b. Spectral resolution was 4 ecm™ . The applied potential was 0.1 V vs. RHE.
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Widely tunable mid-infrared (IR) coherent light sources are attractive for such applications
as spectroscopy, chemical monitoring, biomedicine, and atmospheric and environmental sensing.
Optical parametric oscillation (OPQ) or difference-frequency generation (DFG) in which solid-
state lasers are used as the pump sources are promising approaches to realize those sources.
Especially, quasi-phase-matched (QPM) OPO/DFG devices using periodically-poled LiNbOj
have been extensively studied and successfully developed for generation of 1 to 5 um. However,
it is difficult to obtain mid-IR light longer than 5 pm in high efficiency by use of LiNbOs due
to its significant TR absorption.

We are developing QPM devices using compound semiconductors to access the mid-IR region
because they have large optical nonlinearities [1] as well as longer absorption cutoff wavelengths
than LiNbOsz. GaAs, the nonlinear-optical coefficient of which is more than 6 times as large as
that of LINbQOj3, is one of good candidates. We measured the absorption spectrum of undoped
semi-insulating GaAs in the mid-IR region and found that it is transparent as long as 16 pm [2].
Another promising material is GaP; it is less sensitive to two-photon absorption when pumped
at 1 um, although its nonlinear-optical coefficient is smaller than that of GaAs (but still larger
than that of LiNbO3). Previous measurements of mid-IR absorption spectra of GaP were carried

Wavelength (um)

18 16 14 12 10 8
100 g— [ I T E
- C Undoped GaP 1
e g
(&)
. 10F =
© - |
(@] L ]
O B 4
=
e 1k .
= f
= n ]
a C ]
e - _
01 g =
- | 3

600 800 1000 1200
-1
Wavenumber (cm ')

Fig 1. Absorption spectrum of the undoped GaP in the mid-IR region.
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out only for n-type samples. Here we report the measurement for pure, i.e. undoped, semi-
insulating samples, which are free from carrier-related absorption and suitable for nonlinear
frequency-conversion devices.

We used undoped GaP samples grown by Sumitomo electric, the resistivity of which was
> 10% Q cm. Two samples with different thicknesses, 75 pm and 5.3 mm, were prepared in order
to accurately obtain the absorption coefficients both for high- and low-absorption regions. The
absorption spectrum was measured with the rapid-scan Michelson FT-IR (Bruker) at the beam
line BL6A1. Using the KBr beam splitter and a MCT detector, we made a measurement in the
wavelength range of 400-7000 em™! (25-1.4 um) at the resolution of 10 cm™L.

Figure 1 shows the obtained absorption spectra. The wavelength range of 1280-7000 em™1,

1 in which absorption was

in which no absorption was observed, and the range of 400-550 cm™
too strong to obtain accurate absorption coefficients, are not shown. We found that GaP are
highly transparent in the wavelength region shorter than 1200 cm~! (8.3 pum), and still useful
up to 1000 em ™! (10 pm) although there is a small absorption peak around 1070 em™* (9.3 um).

In conclusion, undoped, semi-insulating GaP is a promising material for highly-efficient

OPO/DFG devices which generate mid-IR as long as 10 pm.
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As LiNiQ,, which is known as a super ionic conductor, has attracted much attension as 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 and also the coherent SR of Kyoto University in
Kumatori [1-7]. We found the drastic increase of the reflection of LiNiO, above 300 K in the millimeter wave
region [l, 6], and we suggested that this increase of reflection is related to the motion of Li ion in the system.
However, the positive electrode in the real application at the moment is the LiCoQ,. Therefore, it is worth
trying the similar measurement on LiCoO, using UVSOR.

The reflection measurements of LiCoO, sintered sample with a diameter of 10 mm have been performed in
the spectra region from 5 to 60 cm' using the beam line BL6A1 of UVSOR. The low pass filter was used for the
measurement below 22 cm''. 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. However, the reflection of LiCo0O, was almost flat and in the
observed region and there was no temperature dependence. Therefore, we tried Li,_ CoO,, which corresponds to
the state during the recharge and discharge process of LiCoO, electrode. Figure 1 shows our results for
Li, CoO, sample. The result shows that the reflectivity starts to rise clearly from 300 K but the rise does not
increase very much in the temperature region from 300 to 380 K. The connection between the obtained results
and the battery performance should be considered
in the near future.
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Yb monochalcogenides (YbX, X=0, S, Se, Te), which crystallize in the NaCl structure, show semiconducting
properties at ambient pressure and undergo a pressure-induced semiconductor-to-metal transition without any
change in the crystal structure. Pressure-volume behavior on YbS suggests that Yb changes from a divalent state to
a trivalent state through an intermediate valence state with Yb*" and Yb* under high pressure , and exhibits finally
metallic properties above 10 GPa due to a partial f-electron delocalization. Hitherto, the optical properties of YbX
have not been investigated except the works by V. Narayanamurti et al.[1] and K. Syassen et al.[2] from a near
IR to visible region. The fundamental optical spectrum at ambient pressure is important as the starting data to
know the change in the electronic state under pressure. The optical spectra under pressure has been published
elsewhere [3]. In this study, we have measured optical reflectivity spectra of cleaved YbS single crystals in the wide
energy regions from 7 meV to 30 eV with use of synchrotron radiation light source as well as a conventional black
body source. The measurements were performed using a Fourier-transform interferometer. The optical conductivity
( o) spectra were obtained by a Kramers-Kronig analysis of the measured reflectivity data.

Fig. 1 (a) shows the optical reflectivity spectra of YbS at room temperature and (b) corresponding conductivity
spectra in a logarithmic scale. In the far-infrared region, a strong  reststrahlen phonon band due to a NaCl structure
was resolved. The threshold of the absorption due to the 4f'4-4f135d excitation across the energy gap was
observed around 1.2 eV. Main peaks A-D denoted in the inserted figure in addition to many peak structure due
to interband transition to the higher energy lying levels were observed. A weak peak of which intensity shows a
strong temperature-dependence was observed around 0.27 eV. At 295 K, the peak is very weak and with
decreasing temperature its intensity grew. The origin is still unknown. Fig.2 shows the schematic drawing of the
energy diagram for the assignmernt of the A-D peaks. The 4/ state in the conduction band suffers from the crystal
splitting (10Dq) into the e, and £, level, respectively. The each e, and %, level further split into ’Fsp and *Fy, levels
due to a spin orbit coupling, The peak A and B were assigned to the excitation from the 4f*ground state to the
excited *Fs, and *Fip spin-orbit pair of the #, state and the C and D to the excitation from the 4 oround state
to the excited *Fs;, and *Fy spin-orbit pair of the ¢, state .
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Fig.1 Optical reflection spectra
(a) of YbS single crystal
and corresponding optical
conductivity spectra.(b).

Fig.2 the Schematic drawing
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SrTiOs (STO) has been known to show a “quantum paraelectricity” at low temperatures: its
static dielectric constant & becomes extremely large, ~ 20000 at 4 K, without showing any
ferroelectricity unlike the famous case of BaTiOs. The absence of ferroelectricity in STO has
been interpreted to arise from strong quantum fluctuations (zero-point oscillations) of the
electric dipole moment, hence the term “quantum paraelectricity”. Very recently, it has
been found that an optical excitation with uv light (above band gap) further enhances the low
temperature € of STO by as much as two orders of magnitude. In addition, it is known that
STO shows a very high photoconductivity under uv (above-gap) excitation. These
phenomena are examples of light-induced electronic crossover, and attracting a lot of current
interest. We are starting infrared and far-infrared studies of STO under UV laser
excitations. To understand the very basic optical properties of STO, we have measured the
reflectivity spectrum of STO at room temperature (without uv excitations) at BL7B of
UVSOR. The obtained spectrum in the Figure shows many structures in uv and vuv regions.

We are currently extending the measurement to lower energy regions.
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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-oft 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]. Furthermore, the larger responsivity is obtained by using transparent Schottky
electrode [2].

In this report, the reduction of dark current by annealing Schottky electrode and responsivity spectra

applying reverse bias are described.

The UV detectors used in this study adopt the Schottky contacts with a transparent electrode. They
consist of a 3-pm-thick n-GaN layer (n=2.0 % 10'® em™) and a 1.5-pum-thick i-GaN layer (n=1.0 % 10'® 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 1 nm, respectively.

The diameter of detectors is 6.5 mm.

To examine the effect of annealing Schottky electrode on the Schottky characteristics, the [-V
characteristics were carried out. Figure 1 shows I-V characteristics of the samples. Reverse dark current
(Lgar) and photocurrent (I,,) were measured as shown in Fig 1. In the low reverse voltage region (<2V), the
dark current was about 10 nA (before annealing) and 100 pA (after annealing), respectively. Thus, the dark
current of samples after annealing Schottky electrode is reduced by hundredth part of that of samples before

annealing Schottky electrode. The ratio of I, to lgw was 1 (before annealing) and 100 (after annealing).
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respectively.  This means S/N ratio can be improved by annealing Schottky electrode.

The responsivity spectra applying reverse bias were characterized. Figure 2 shows responsivity
spectra of samples with annealing Schottky electrode. No responsivity was observed under 3.4 eV because the
band gap of GaN was 3.4 eV. Responsivity is increased by absorbing the near UV and VUV light in i-GaN
layer. The contrast of responsivity between the near UV region and the visible region is about 10* at 0.5 V.
The maximum responsivity was 0.1 A/W at 3.5 eV. The responsivity for the VUV light was about 0.01 A/W.
The small dark current and stable responsivity spectra were observed when the reverse voltage was less than 2V,
In the case of large reverse voltage (>2V), the dark current was increased and the responsivity spectra were not
stable. These results are related with Figs. 1. In the low reverse voltage region (<2V), good responsivity

spectra are obtained because of large ratio of L, to Ijuu.
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The group HI-nitride semiconductors (AIN, GaN and InN) are promising materials for applications in
opt-electronic devices. The ternary alloy system Al,Ga,., N (AlGaN) 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], and luminescence and time resolved measurements [2-3]. In this report,
we represent the decay profiles.

AlGaN samples were made by MOCVD method at RIKEN on SiC substrates. The photo luminescence (PL)
experiments were carried out as follows; a) excitation light source : BL7B (3.4 — 25 eV) b) detection of
luminescence : 30cm Czerny-Turner type VIS — UV monochromator (1.5 — 6.2 eV) with a CCD array ¢) vacuum
condition : in the range of 10" Torr d) temperature range : 22 K — 100 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. The period and the
observed FWHM of the excitation SR light under single bunch operation are 178 ns and about 450 ps,
respectively.

PL spectra of AlGaN consist of two luminescence bands. One is B-band whose peak energy is almost same
energy as the band gap. The other is Y-band and its peak energy is located about 2 ~ 2.5 eV. Figure 1 shows the
B-band PL decay profiles measured at the peak energy position of the emission spectra at 7= 22 K. The decay
profiles of higher Al content samples have sharp peaks at around 0 time which are similar to the time structure of
the excitation SR light. It means that there are short decay time components less than 1 ns. To ensure the time
component analysis of B-band PL of AlGaN materials, deconvolution method has been performed.
Deconvolution of decay profiles reveals that there are three decay time components (fast, middle and slow) in
each decay profiles. Figure 2 shows those decay time, as a function of the Al content at 22 K. Both the fast
component with its lifetime less than 1 ns, and the middle one with the order of 1 ns show little dependent on Al
content. The decay time of the slow component, on the other hand, which has the order of 10 ns, increase with

increasing Al content. The ratio among the integrated intensity of three components shows that the slow
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component becomes dominant with increasing Al content, while the fast component becomes clear with
increasing Al content in fig 1. Those results suggest that the time structure of B-band PL of AIN, which is yet to

be reported, mainly consist of slow component (> 100 ns).
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YbRh,Si> shows a non-Fermi liquid (NFL) behavior in the wide temperature range of 0.1 — 10 K at
ambient pressure and zero magnetic field. [1] Then the material is suitable for the investigation of the
fundamental properties of NFL. In this study, we measured reflectivity spectra in the temperature range of
2.7 — 300 K and in the photon energy range of 0.01 — 30 eV. We investigate the NFL properties in the
optical conductivity (o(w)) spectra as well as whether the o(w) spectrum differs from that of Landau Fermi
liquid (LFL) materials or not.

The material was grown by an indium flux method. The c-plane of the tetragonal structure of the
sample with a size of 0.8 x 0.8 x 0.1 mm® was measured. The optical spectra in 7w = 0.01 - 1.5 eV was
detected at eight temperatures of 2.7 — 300 K by using two conventional FTIR spectrometers in Dresden
and Okazaki. The spectrum in the photon energy range of %iw = 1.2 — 30 eV was obtained only at room
temperature using a synchrotron radiation in Okazaki. The o(w) spectra were obtained from the
Kramers-Kronig analysis of the reflectivity spectra in fiw = 0.01 — 30 eV.

The temperature dependence of o(w) spectrum is shown in Figure 1. Two characteristic structures
appear in the figure, one is a dip structure at around #fiw = 0.02 eV the other a broad peak at fiw = 0.2 eV.
In the former structure, the extrapolation to O~eV of the o(w) at 300 K seems to correspond to the opc
value. The o(w) curve seems to be roughly explained by a Drude model but a broad interband transition
component due to the ¢f hybridization as discussed later appears at around 7w = 0.2 eV. However, at low
temperature, the temperature dependence is the opposite to the opc.  This indicates that a steep rise o(w)
structure close to the ope should appear below #w = 0.01 eV. The structure clearly originates from the
creation of heavy quasiparticles due to the ¢f hybridization (so-called "coherent part"). On the other hand,
the structure corresponding to the latter
grows up with decreasing temperature.
The structure is commonly observed in . | .
dense-Kondo systems such as Ce- and ;
Yb-based compounds, i.e., the origin is the 10° b o (T=2.7K) Yth28|2
interband transition between the bonding T

and antibonding ¢f hybridization states i T=3;%%}P<(
("incoherent part").[2] o 0(T=20K) o

The temperature dependence of the peak _g
intensity of the incoherent part is shown in g
Figure 2 (a). S

The figure indicates that the incoherent 131
part rapidly increases with decreasing
temperature from 300 to 80 K, slightly
increases from 80 to 20 K and becomes
almost constant below 20 K. The increase ,
of the incoherent part indicates the growth B0 4 : : ; :
of the ¢f hybridization, ie, the cof 6:0 01 0:2 03
hybridization rapidly and slightly grows up hao (eV)
above 80 K and between 80 and 20 K,

respectively, and beqomes C(?nstant b;low 20 Fig. 1. Temperature dependence of optical conductivity
K. The 80 K is consistent with the (o(w)) spectrum of YbRh,Si,. The direct current
temperature at which the electric resistivity  conductivities (opc) at 300, 20 and 2.7 K are also

turns down with decreasing temperature [1] plotted. The opc at 160 and 80 K are similar to that at
and also the temperature dependence of the 300 K.

*8i Knight shift changes.[3] In addition,
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the constant ¢f hybridization intensity is

consistent with a characteristic
spin-fluctuation  temperature (~ 15 K)
determined by the NMR.

Next, the temperature dependence of the
tail of the coherent part at around 0.02 eV is
discussed. In general, the o(w) due to
carriers is explained by the Drude model as
the following, o(w) = wp’t / {4n (1 + w*T)}.
Here, wp is the plasma frequency and 7 the
relaxation time. At frequencies (w;) being
sufficiently higher than 1/r, w7 > 1. Then
o(w) = wp” / (41 wi’t) & 1/7.  Since p « 1/7
o T" (n = 2 for LFL, < 2 for NFL), o(w)) «
7. Inthe case of YbRh;Sir, n=1.

The temperature dependence of o(w) at
fuw = 0.02eV is shown in Figure 2 (b). We
recognize that the o(fiw = 0.02eV) o T is
realized below 20 K in the inset of the figure.
This is consistent with the appearance of NFL
character below 20 K in the electric resistivity
and the specific heat.[1]

In conclusion, the temperature
dependence of the optical conductivity
spectrum of YbRh,Si, was measured for the
investigation of the NFL property. There are
two temperature dependent structures, in
which NFL character appears, in the spectrum,
one 1is the coherent part of heavy
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Fig. 2. Temperature  dependence of optical

conductivity (o(w)) at two photon energies of 0.17 eV
(a) and 0.02 eV (b) of YbRh,Si;. The temperature
dependences of o(hw = 0.17 eV) and o(hiw = 0.02eV)
indicate that of the ¢f hybridization intensity and that of
the Drude tail of the heavy quasiparticles, respectively.
We recognize the 7-linear part, which is the evidence of
the NFL character, appears below 20 K in the inset of
(b).

quasiparticles due to the ¢f hybridization below fiw = 0.02 eV and the other the incoherent part at around

02eV.
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LasGasSi014 (LGS) attracts great attention as a promising material for surface acoustic
wave (SAW) filters in advanced digital communication systems [1,2]. The crystal of LGS belongs to
the trigonal system of Fs space group. This crystal is characterized hy the CasGa:GeaOis
structure [3], in which there are four kinds of cation sites named A, B, C and D; i.e., AsBC3D2014.
Owing to a variety of cation sites, the substitutions of isovalent elements for the four cation sites
are considered to be a reasonable way for the improvement of its funection. From this viewpoint,
the effect of substitutions on the piezoelectric properties has been studied [4-6]. However, the
growth method of LGS-based crystals seems not to be cleared at present. This is presumably
because the fundamental properties needed in understanding the change due to substitutions, e.g.,
electronic properties, have not yet been investigated.

In the present study, we have investigated the electronic structure of LGS by measuring
the reflectivity spectra and the X-ray photoelectron spectroscopy (XPS) spectra. The crystal plates
of LGS were supplied from Shinkosha Co., Ltd. They were grown from the melt by Czochralski
technique. The surface of samples used in the present experiment was prepared by mechanical
polishing. The measurements of reflectivity spectra were carried out at the BL7B using a 3-m
normal incidence monochromator. The band—pass of the monochromator was set to be less than 0.3
nm. The incident angle of the SR light for the sample surface was held at 15 degrees. The incident
and reflected light were detected using a calibrated silicon diode sensor (IRD AXUV-100). The
measurements of XPS spectra were performed using an ESCA instrument at Shinshu University.

Figure 1 shows a typical reflectivity spectrum of LGS at 10 K. The absolute values of
reflectivity were determined by referring to the reflactive index at 4.96 eV. The reflectivity
spectrum is composed of four large structures labeled by T (5-11 eV), II (11-18 eV), 111 (18-23 eV)
and IV (23-30 eV). The lowest energy peak at 6.02 eV in the structure I most likely originate from
the excitonic transition from the top of the valence band (VB) to the bottom of the conduction band
(CB). From the analysis of XPS spectra, it was turn out that the base width of the VB is about 11
eV, in agreement with those of the structures I and II. Therefore, we suppose that the structures I
and IT mainly reflect the density of states (DOS) in the VB. In analogy with metal oxides, it seems
likely that the VB of LGS is of O 2p character. In the structure III, three fine peaks are observed at
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19.59, 20.40 and 22.37 eV, as indicated by bars. In the XPS spectra, it was clarified that the 5p
level of La is located at around 16 eV below the top of the VB, In addition to this finding, as the
band gap energy of LGS 1s assumed to be 6.5 eV, the transitions from the 5p level to the bottom of
the CB are expected to take place around 22.5 eV. This photon energy is close to the energies of the
three peaks. On this basis, the three peaks are reasonably attributed to the electronic transitions
from the 5p core level to the 5d conduction level in La atoms, which would result in the creation of
core excitons. According to the atomic excitation picture of (5p)% —(5p)3(5d)! transitions in La
atoms, the transitions from the ground state of 1% to the /=1 excited states of 3/, 1/ and 3/ are
allowed through the electron-hole exchange and spin-orbit interactions. This fact explains well the
appearance of three peaks in the structure ITI. The structure IV appears at the energy equal to the
difference between the O 2slevel and the bottom of the CB, and it is thus assigned to the electronic

transitions from the O 2slevel to the CB with p-like symmetry.
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Fig.1 Reflectivity spectrum of LaszGasSi0O14 at 10 K.

References

[1] A.N. Gotalskaya, D.I. Drezin, V.V. Bezdelkin and V.N. Stassevich, Proc. 1993 IEEE Int. Freq.
Conf. Symp. p.339.

[2] K. Shimamura, H. Takeda, T. Kohno and T. Fukuda, J. Crystal Growth 163 (1996) 388.

(3] B.V. Mill, A.V. Butashin, G.G. Khodzhabagyan, E.L. Belokoneva and N.V. Belov, Dokl. Akad.
Nauk SSSR 264 (1982) 1385.

[4] H. Takeda, K. Shimamura, T. Kohno and T. Fukuda, J. Crystal Growth 169 (1996) 503.

[5] H. Kawanaka, H. Takeda, K. Shimamura and T. Fukuda, J. Crystal Growth 183 (1998) 274.

[6] J. Sato, H. Takeda, H. Morikoshi, K. Shimamura, P. Rudolph and T. Fukuda, J. Crystal
Growth 191 (1998) 746.

— 183 —



(BL7B)

Reflectivity and Optical Conductivity Spectra in (Nd;_,Sr,;)MnO; and (Sm,_,Ca,)MnOy;
H. Kuroe, A. Sakuta, Y. Hirobe, H. Kuwahara and T. Sekine

Department of Physics, Sophia University, 7-1 Kioi-cho,
Chiyoda-ku, Tokyo 102-8554, Japan

In (Ndg.5Srg.5)MnOg, (NSMO « = 0.5, where « is the Sr concentration) a phase transition from the
paramagnetic insulator phase to the ferromagnetic metal (FM) one and a successive phase transition to
the charge-ordered (CO) one respectively occur at T = 250 K and Teo = 158 K.[1] In the CO phase,
the CE-type antiferromagnetic order appears, the Mn?*t and Mn** sites become unequivalent and the
dsz2_r2 and dz,2_,» orbitals are ordered together with the formation of an a x 2b x ¢ superlattice.[2]
The FM phase survives even at low temperature when = = 0.48 and a metallic phase with the A-type
antiferromagnetic order appears when = = 0.52. We have already reported Raman-scattering study in
NSMO (z = 1/2).[3, 4] In the CO phase, we observed several new Raman peaks originating from the
change of lattice symmetry and the folding of Brillouin zone due to the CO phase transition. In this
work, we measure optical reflectivity in NSMO (z = 0.35, 0.48, 0.49, 0.50, 0.51, 0.52 and 0.55) to study
the phonons and electronic excitations in these systems. We also measured the reflectivity spectrum
between 2 and 30 eV in (Sm;_,Ca,)MnO3 (SCMO y = 0.5, where y is the Ca concentration) to study
the electronic structure.

The single crystals of NSMO and SCMO were prepared by the floating-zone method. The crystal axes
were checked by x-ray diffraction. It was difficult to distinguish the a, b and ¢ axes of crystals because
the lattice constants are very close to each other at room temperature and the microdomains exist. The
crystals were cut and polished carefully and the post annealing was performed in Oy with a cooling rate
of 10 K /hour from 1050 °C. To obtain an optical conductivity, the precise reflectivity spectrum between
far infrared and vacuum ultraviolet regions is necessary. Then we measured the reflectivity spectra below
2 eV with Bruker 113V spectrometer in Sophia Univ. and those above 2 eV with the 3 m McPherson
spectrometer at BLTB in UVSOR.

Figures 1 and 2 show the reflectivity spectra in NSMO (z = 0.35, 0.48, 0.49, 0.50, 0.51, 0.52 and 0.55)
at room temperature between 2 and 30 eV and the optical conductivity one in NSMO (2 = 0.50) below
1 eV, respectively. The calculated optical conductivity spectrum is consistent with that in the previous
report.[5] Figure 3 compares the reflectivity spectrum of NSMO (z = 0.5) to that of SCMO (y = 0.5).
The energies of the reflectivity peaks due to the electronic excitations in these systems are different from
each other because of the different oxygen alignments around Mn ion, i.e. the strength of a ligand field.
Moreover, the effects of energy-level mixing and/or charge transfer between the Mn 3d and O 2p orbitals

may play an important role.
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ZrB, is one of the promising materials for the substrate of GaN , because the lattice constants and
thermal expansion coefficient of ZrB, are similar to those of GaN. The electric property of ZrB, is metal,
so that it also becomes the electrode and has the advantage for substrate of GaN devices[1]. ZrB, belongs
to the AlB,-type hexagonal crystal structure, and MgB, that is one of the attractive superconducing
materials also belongs to the AlB,-type structure. The differences among the properties of metal diborides
are also interesting[2].  On the other hand, its basic optical properties, such as dielectric constants, have
not been clarified until now. Therefore, reflectivity spectra over wide photon energy region have been
performed, and the optical constants calculated by using the Kramers-Kronig analysis.

Single crystals of ZrB, were obtained from National Institute for Materials Science and Meijo
University. The reflectivity spectra of ZrB, on the (0001) plane have been measured from 1.4 eV to 25
eV at room temperature using

BL7B. The incidence angle

is about four degrees. 60 — T T T T T T T

Figure 1 shows typical
reflectivity spectum of ZrB, in
1.4 - 25 eV region. The high

B
o
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. Fig. 1 Reflectivity spectrum of ZrB: from 1.4 to 25 eV at
configuration.

room temperature.
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The dielectric constants
calculated from the
Kramers-Kronig analysis are
shown in Figure 2 as the
function of the photon
energy. Crossing point of
those two curves near 20 eV
suggests that the plasmon
energy is 20 eV which is
consistent with our

photoelectron result [3].
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Fig. 2 Dielectric constants spectra obtained by the

Kramers-Kronig analysis.
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The group II-V nitride semiconductors (AIN, GaN and InN) and their alloys (AlGaN, InGaN, AlInN and
InAlGaN) are promising materials for opt-electronics device application, since band gap varies from 0.8eV to 6.2eV.
The emission spectra, which are excited by the band-to-band transition energy, give us the information of
luminescence relaxation process. The core electron excited VIS (visible)-UV (ultraviolet) luminescence
measurements also give us the ion-site dependence of the luminescence relaxation process. In this report, we
represent nitrogen |s core electron excited VIS-UV luminescence.

The experiments were carried out at BL8BI in the range of 10” Torr from 15K to 300K. 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 light were introduced to the VIS-UV
monochromator with CCD array detector via both a UHV fiber optic feedthrough and a 0.3 m single optical fiber
(0.6 mm core diameter). Thin films were made by the MOCVD method on SiC substrate at RIKEN. Sample was
cleaned with organic solvents just before the installation in the vacuum chamber. No specific surface cleaning of the
samples was performed in the vacuum chamber.

Figure 1 shows the luminescence spectrum of Ingg4Aly35Gag N thin film. The excitation energy is 404.02eV. Two
emission bands were observed at 3.75eV (B-band) and 2.25¢V (Y-band). A peak around 1.87¢V is second order of
B-band. The excitation spectra of both Y-band and B-bands are shown in Figure 2(a) and 2(b) with total
photoelectron yield spectrum, respectively. Those three spectra are basically similar spectrum feature with cach
other, and suggest that p-states in the conduction band around N ion site are the initial states of both B and Y
emission bands.

Figure 3(b) shows the integrated intensity of B-band as the function of the temperature, which represents the
typical temperature quenching process. On the other hand, temperature dependence of the integrated intensity
of Y-band, which is shown in fig. 3(a), shows more complicated manner, since Y emission band spectrum
feature is affected by both the luminescence from SiC substrates and the second order peak of B-band.
Although more precise measurements and analysis with time resolved measurements will be expected, those
results will be examined by comparison with both Al 1s excited and band-to-band excited VIS-UV

luminescence spectra.
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Fig. 1
Luminescence spectrum of InygAlyssGage N at 15K,

Excitation energy is 404.02¢V.

Fig.2
Excitation spectra of both Y-Band (a) and B-band (b)
compared with total photoelectron yield spectrum,

respectively.

Fig.3
Temperature dependence of Y-Band (a) and B-band (b)
integrated intensity. Temperature range is from 13K to

300K
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Faraday rotation spectra of Co/Pt multilayers were obtained at room temperature in 50-80eV region. The
apparatus is the same as the previous one." In the last year, the measurements were performed on the Co/Pt
multilayers deposited on collodion films. In this case, it was uncertain whether the samples on the collodion
films were real multilayers or not. Therefore, in the present study, the multilayer samples were prepared onto
thin Si films made from Si wafers. An area of ¢ 8 mm of a 18x18x0.2 mm wafer was etched chemically and
milled by ion beam. The thickness was less than 1 um. Five samples, Co(4A)/Pt(tp, A) with fp= 8, 10, 16 and
Co(tco A)Pt(16 A) with fc, = 4, 10, 16 multilayers were prepared by ion beam sputtering. Among them, Co(4
A)/Pt(16 A) multilayer shows the perpendicular magnetic anisotropy, which confirmed by the use of a vibrating
sample magnetometer (VSM).

Figure 1 shows the typical Faraday rotation spectrum of the Co/Pt multilayers. One can sce Faraday
rotation around Co M- 5 and Pt Ny edges. Pt is magnetized even though it is paramagnetic in usual state. Figures
2 and 3 show the dependence of the Faraday rotation angle on the layer thickness. Here, we assume that the
peak-to-peak values of Faraday rotation angles around Co-AM, 3 and Pt-Nj ; edges are proportional to the average
magnetic moments of Co and Pt layers, respectively. In Fig.2, the peak-to-peak values of the rotation angles
around Co M, edges per a) period (normalized by the number of the periods) and b) unit thickness of Co layer
(normalized by the total thickness of the Co layers) are plotted against the Co and Pt one-layer thickness (#¢, and
tpy), Tespectively. The values of vertical axes in Fig.2 are proportional to a) the total magnetization of Co
one-layer and b) the average magnetization of Co atoms. For the multilayers with ¢, = 4 A, rotation angles per
unit period and thickness are almost constant independent of (= 8,10,16 A) as seen in left side of Figs.2 a) and
b). For the multilayers with #p, = 16 A, rotation angles per unit period linearly increase with increase in fc(=
4,10,16 A) as seen in right side of Fig.2a) and those per unit thickness are nearly constant independent of the
fm(= 8,10,16 A) as seen in right side of Fig.2b). This indicates that the magnetic moment of Co atoms was almost
constant in every multilayer. Similar plots for Pt around its Ny, edges are shown in Fig.3. For the multilayers
with fp, = 16 A, rotation angles per unit period and thickness are almost constant independent of /-,(= 4,10,16 A),
as seen in right side of Figs. 3a) and 3b). This suggests that the contribution of Co atoms to the Co 34 - Pt 54
hybridization are confined at neighborhood of interface. On the other hand, for the multilayers with 7c, = 4 A
rotation angles per unit period are nearly constant independent of 7c,(= 4,10,16 A) as seen in left side of Fig.3a),
which contrasted with the case for Co as seen in right side of Fig.2a). As seen in left side of Fig.3b), the rotation
angle per unit thickness is large when #p, is small, but decreases when fp, increases, which contrasted with the
case for Co as seen in right side of Fig.2b). This means that the induced magnetization of Pt is localized around
the interface as suggested previously.”
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Fig.l. Faraday rotation spectrum of Co(4 A)/Pt(16 A) multilayer in 50-80 eV region.
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Though hydrated Al ion has strong toxicity in soil, its toxicity decreases by the complex
formation with natural organic compounds which mainly possesses carboxyl group. Therefore, it is
important for environmental sciences to clarify the interaction between Al and natural organic
compounds under the molecular level [1]. It is essential to investigate the intcraction between Al ions
and simple model compounds. So, we employed EDTA ( cthylenediaminctetraacetate ) as a model
compound of natural organic compounds.

The X-ray absorption spectra were measured at BL-1A of the UVSOR in the Institute of
Molecular Science, Okazaki [2]. The Al K-edge XANES spectra for the AI-EDTA-Na complex and
AlI-EDTA-K complex with pH4.5 and 6 are shown in Figs. 1 and 2. A change in the spectral patterns
was observed depending on the Na ion and K ion. For each pH the difference of the peak intensity was
also observed between AI-EDTA-Na and AI-EDTA-K complex, respectively. We are going to try to
analyze these changes from a comparison of Al K-edge XANES and the calculated spectra by

molecular orbital calculations.
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Fig. 1. Al K-edge XANES spectra of
Al-EDTA complexes ( pH4.5).
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Electronic structure change in LiNigsMny 50, cathode materials for Lithium-ion

secondary batteries from transition metal L-edge and oxygen K-edge spectroscopy
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In view of small natural deposits of Co
and its toxicity, new cathode materials that
can serve as alternatives to LiCoO, in
lithium ion batteries have been extensively

pursued. Several problems including
thermal stability and capacity fading at
elevated temperatures limit  practical

utilization and few materials satisfy all
properties that support high performance.
Recently, LiNipsMngsO, has been proposed
as a new cathode material for rechargeable
lithium batteries.! Cell performance using
Li exhibited good cycleability, and a
reversible capacity of 150 mAh / g within
the voltage range of 3.0 to 4.3 V, which
corresponds to one-half of theoretical
capacity (280mAh/g). Synchrotron X-ray
diffraction and XAFS measurement have
been employed to investigate structural
change and the charging process of a

layered-LiNipsMnysO; cathode material
(Fig.1).  The structure of charged
Li 1 _)\-Ni{)_5MHO.502 (X:OS), which

corresponds to the composition for showing
rechargeable capacity, was determined. In
this study, the electronic structural change
due to charging process was investigated by
XANES spectra of Ni, Mn K- and L-edges,
and O K-edge.

Samples were prepared from LiOH-H,O
and dry precipitates of Ni(OH), and
Mn(OH),. They were mixed and then
calcinated at 873K for 12 h. The obtained
powders were pressed into a disk under a
pressure of 5 t/cm?®, and sintered at 1273K
for 12 h. Lithium was electrochemically

deintercalated at a rate of 170 A / cm?, by
use of a coin-type cell. The cathode
material was composed of the following
materials; sample: acetylene black:
poly vinylidene fluoride (PVdF)=86:4:10
in wt%, and 1M LiClO; in propylene
carbonate(PC):1,2-dimethoxycarbonate(DM
C)=1:1 by volume was used as the
electrolyte. Rietveld crystal structural
refinement was carried out by use of the
program RIETAN-2000. X-ray absorption
measurements at the Mn and Ni L-edges,
and O K-edge by total electron yield and
fluorescence yield were performed on BL1A
and BL8B1.
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Fig.1. X-ray diffraction patterns for Li, NiysMng s0O;.
Lithium was ¢lectrochemically deintercalated at a rate
of 170uA/em using coin-type cell. The msert shows
Charge and Discharge curves of the Li/Lil,,\.Nio_Sl\/gng_SOZ
cell measured with a current density of 0. ImA/cm

and cut-off voltages of 3.0 and 4.3 V.
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Fig.1 shows the XRD patterns for
lithium-deintercalated  samples. Each
sample corresponds to the composition in
the charge curve. The ion distribution
indicated that a small amount of Ni
(occupancy, g=0.093) occupies the Li
(3b)site. ™ The lattice parameters changed
in accordance with decreased ionic radius of
oxidized transition metals and electrostatic
repulsive force between oxygen ions in
association with the phase transition from
hexagonal (R3m) to monoclinic (C2/m)
resulting from the ordering of cations in the
layered structure, after lithium is extracted.
Fig.2 shows the XANES spectra of Ni
L-edge for charged Li;NipsMngsO,. The
sample of x=0.7 and x=0.8 were prepared by
different electrochemical condition from that
of Fig.1. The peaks corresponding to Ly,
Ly showed a chemical shift towards higher
energy within the voltage range of 3.0-4.1V.
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1x=03
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n | ' . 1 . , ]
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Energy /eV

Fig.2 Ni L-edge XANES of Li,NiysMng sOx.

{x=0.0 (host)

On the other hand, that of Mn L-edge
showed no chemical shifts. For the host
material (x=0.0), Ni and Mn were in divalent
and tetravalent valence state by comparing
spectra with NiO, LiNiO; and LiMnOs.
Thus, the charging process of this material
up to x=0.5 was proceeded by continuous
oxidation of Ni, not oxidation of Mn.
XAFS of Ni K-edge and Mn support these
results well.  Fig.3 shows the XANES
spectra of O K-edge which were obtained by
fluorescence yield (F.Y.) for charged
Li;NigsMng 50,. In FY. mode the
sampling depth is much deeper than in the
electron yield. These spectra reflect on the
internal chemical state of the sample. The
broad peak about 547-552eV  may
correspond to the transition to the band
composed with metal(Ni,Mn)3d and O2p.
The explanation of O K-edge spectra in
details using first principle calculation are
under progress.

Absorption /a.u.

544 546 548 550 552

Fig.3 O K-edge XANES of Li;NipsMnosO-.
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MoO;-modified H-ZSM-5 zeolite (Mo/H-ZSM5) catalysts are noted for high and selective activity of
dehydroaromatization; it is a novel and valuable catalysis because of producing petrochemical products from
natural gas directly. During the conversion of methane or ethane to benzene, supported molybdenum ions (Mo
are almost reduced to low-valence ions, Mo>' (in Mo,C, as a suggested species) or others. At the same time,
coke deposition on the catalyst surface proceeds. Reactivity of dehydroaromatization strongly relates to both
reduction of Mo ions and coke deposition, and the relation is important to solve the reaction mechanism of
dehydroaromatization catalysis. In addition, reaction pathways to form benzene are also important. But details of
them have been unclear. In particular, important insights about the local structure of active Mo species and its
formation on zeolite support in the reaction are still unknown. We have studied the catalytic activity of
dehydroaromatization of methane or ethane on Mo-modified H-ZSM5 zeolite catalysts. It is summarized that
MoO3/HZSM-5 and MoOs/H-BEA (Beta-zeolite) show selective activity for dehydroaromatization of methane.
In these cases, 7.5wt% of MoO;-loading amount shows the maximum yield of benzene. On the other hand,
Mo05/Si0,-Al,O5 (amorphous silica-alumina) shows quite high activity for dehydroaromatization of ethane,
although it shows low activity for dehydroaromatization of methane. As described above results, property of
silica-alumina support affects the molybdenum species as catalytically active sites. Thus we characterized the
active Mo spices on silica-alumina (amorphous silica-alumina and several types of zeolites) supports by means
of Mo Lyj-edge XANES. In this report, local structure of supported Mo ions and their redox changes after
dehydroaromatization of methane or ethane at 973 K for 3 h.

All the catalyst samples were prepared by impregnation of each silica-alumina support with AHM
(NH4)sM070,4°4H,0) solution, and followed by drying and calcination at 773 K for 3 h. Amount of
MoOs-loading is 7.5wt% in all the samples. Amorphous Si0,-ALO; (JRC-SAH-1, 28.6wt%-Al,03), H-ZSM5
(JRC-Z5-90H, Si/Al,=90), and H-BEA (JRC-H-BEA25, Si/Al,=25) were employed as catalyst supports. Mo
Ly-edge XANES spectra were measured in BLIA of UVSOR-IMS in total-electron yield (TEY) mode.

Figure | shows the Lj-edge XANES of authentic Mo compounds with several atomic valences. It is clear
that edge energy values of XANES in Mo,C (Mo”") and Mo metal are lower than those of Mo®" compounds

(AHM and MoQ;). However, difference between Mo,C and Mo metal (maybe oxidized in air) cannot be seen in
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Figire 2 Mo L,-edge XANES spectra of MoO4(7.5wt%)/H-BEA (left) and species on H-ZSMS5 support
MoQ,/Si0,-Al,O5 (right) beforefafter the reaction with methane or ethane.
by the reaction with lower
alkanes. Figure 2 shows the XANES spectra of MoOy/H-BEA and MoOs/Si0,-AL,O; (amorphous
silica-alumina) before/after the dehydroaromatization. In case of MoOy/H-BEA, the spectral feature of XANES
before/after the reaction is almost similar to those of MoQ3/H-ZSMS5, however, the edge energy after the reaction
(with methane and ethane) is slightly higher than those of MoOs/H-ZSM5. Thus it is concluded that H-ZSM5
support affects the acceleration of Mo reduction in contact with alkanes during the dehydroaromatization. It
suggests the difference of dehydroaromatization activity between H-ZSMS5 and H-BEA supports. For
Mo004/Si0,-ALOs, Mo®" tetrahedra are dominated before the reaction, which is different form those on zeolite
(H-ZSM5 and H-BEA) supports. After the reaction, XANES spectra also suggest the reduction of Mo ions.
However, the reduction degree is the least for supported catalysts, and formation of Mo,C-like species is
suggested. Thus amorphous Si0,-Al,O; gives low effect for reduction of mo ions during the reaction. In this
case, high activity for ethane dehydroaromatization is obtained. It is concluded that catalytic activity for

dehydroaromatization relates to the reduced state of Mo ions. It suggests that metallic Mo needs to activate

methane, and Mo,C-like species (with lower reduced ion) is available for ethane dehydroaromatization.
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Characterization of metal complexes using x-ray absorption spectroscopy has been made extensively
for metal atom. Recently, with becoming popular to use soft x-ray beam at synchrotron radiation facilities,
the absorption edges of atoms coordinated to the center metal have been also measured to obtain more
detail information on ligand-metal bonding interaction and electron state because the spectra show better
resolved features corresponding to the electron state of valence and conduction bands due to long core-hole
lifetime [1]. So far, we synthesized [CuBray(cyclam)] (cyclam = 1,4,8,11-tetraazacyclotetradecane) and
measured the x-ray absorption near-edge structure (XANES) spectra near the Cu K-edge of the complex in
crystal and in water [2]. As a result, we found that the XANES spectrum for the crystalline sample was
different from that for the solution sample, and that from single structure analysis, there were two Br atoms
on the axial position to Cu atom with 2.96 A away. We have thus concluded that the crystalline and solution
structures of [CuBr;(cyclam)] differ in the coordination at the axial sites to Cu atom. Furthermore, this
result suggests another aspect that ligands can serve as probe to investigate the chemical states of center
metal atom in a complex from XANES of the ligands [3]. In this study, we measured the XANES spectra
for CI and Br atoms as a ligand in several first transition series metal complexes to examine the relations
between a ligand and a center metal atom, and between a ligand and another one via a center metal atom.

The x-ray absorption spectra were measured at BL1A, which is equipped with a focusing premirror
and a double crystal monochromator [4], of the UVSOR in the Institute of Molecular Science, Okazaki,
Japan. The ring energy of the UVSOR storage ring was 750 MeV and the stored current was 110-230 mA.
The x-ray absorption spectra near the Cl K- and Br L, ;-edges were recorded in the regions of 2800-3000
¢V by use of two Ge(111) crystals and of 1500-1700 eV by use of two KTP(011) crystals, respectively. The
absorption was monitored by the total electron yield using a photomultiplier. The measured samples were
[CoCly(cyclam)|PFq, [MCly(cyclam)] (M = Ni, Cu, and Zn), [MBry(cyclam)] (M = Ni, and Cu),
[Cu(en),]Br; (en = ethylenediamine), and [CuBr»(en)(H,0),]. All powder samples were spread on carbon
adhesive sheets to be adhered to the first dynode of the photomultiplier.

The C1 K-edge XANES spectra for [CoCly(cyclam)]PFs and [MCly(cyclam)] (M = Ni, Cu, and Zn)
are shown in Fig. 1. The features of the spectra indicate to change by d" configuration of the transition
metal ion. Of course, the effects of spin state, metal-ligand bond length, and the split of d orbitals due to
geometry in connection with the changes must be considered when we discuss the features of the spectra
[5]. Second derivatives of the original data in Fig. 1 are shown in Fig. 2 with arrows on meaningful features
corresponding to the XANES spectra in Fig. 1. The main absorption in the region of 2825 - 2827 eV in Fig.
1 originates from a Cl Is — 4p transition. Since Co, Ni, and Cu ions are d-opened-shell ions, the pre-edge
peak and/or shoulder on the main edge rise on each spectrum in Fig. 1, which can be seen as peaks in Fig. 2,
result from the transition from a Cl 1s orbital to the molecular orbitals of the metal 3d and Cl 3p orbitals
[3,5]. However, we presume that the shoulders on the main edge rise may be caused by the transition to the
molecular orbitals of the metal 3d and Cl 4p orbitals because they neighbor the peak of the Cl Is — 4p
transition. On the other hand, in the case of the Zn complex with a d-closed-shell ion, only one peak due to
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Fig. 1 Normalized Cl K-edge XANES spectra of CI Fig. 2 Second derivatives of the spectra in Fig. 1.

ion as a ligand to the metal-cyclam complexes.
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Fig. 3 Normalized Br L;-edge XANES spectra of Br Fig. 4 Normalized Br L;-edge XANES spectra of Br
ion as a ligand to the Ni- and Cu-cyclam complexes. ion as a ligand to Cu-cyclam and -en complexes.

the CI Is — 4p transition can be seen on the spectrum.

The XANES spectra near the Br Ls-edge for [CuBry(cyclam)] and [NiBry(cyclam)], and for
[CuBry(cyclam)] [Cu(en),|Bry, and [CuBry(en)(H,O),] are shown in Figs. 3 and 4, respectively. We
presume that each peak between 1550 and 1570 ¢V may results from a Br 2p;;; — 4d transition. In this case,
the 4d manifold is probably split by bonding interaction between center metal and Br orbitals, however, the
energy levels of d orbitals in this case may be different from those of octahedral geometry. In Fig. 3, each
peak position of [CuBr(cyclam)] is slightly different from corresponding each peak position of
[NiBr;(cyclam)]. This is likely to be due to the difference between Cu—Br and Ni-Br bonding interactions.
When ethylendiamine replaced cyclam, the split of Br 4d manihold is expected to change by the change of
Cu-Br bonding interaction in connection with coordination geometry. This suggestion could be considered
to be reasonable by the result that the features of three spectra in Fig. 4 are remarkably different among
them. However, the assignments of the peaks on Br L;-edge XANES spectra is unsatisfactorily discussed
because there are a few reports on the Br Li;-edge XANES measurements, especially for Br ion such as
ligand to metal complex. Detailed interpretation using discrete variational Xo molecular-orbital
calculations is in progress.

This study is supported by the Advanced Materials Institute of Fukuoka University.
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Hydroxyapatite, Ca;o(POs)s(OH),, is one of most attractive bioceramics for implants and
replacements in orthopedics fields, because it is similar to the inorganic components of bone and teeth
and at the same time possesses the good biocompatibility and the excellent biologically active properties.
Actually, in the case of implanting the hydroxyapatite bodies in the human body, the fast precipitation of
bone-like hydroxyapatite crystal on the surface of the implant are needed. It is well known that natural
bone have more excellent biocompatibility and osteoconductive, since these bones contain generally
some cations in the hydroxyapatite, such as Fe, Mg and Zn etc. Nevertheless, it is thought that the local
structures around P and Ca in hydroxyapatite with cation are related to their biocompatibility and
osteoconduction. Therefore, the investigation about the effect of the cation on fine structure in

hydroxyapatite is important for high performance bioceramics.

Highly pure hydroxyapatite powders (HAP200) were used. This hydroxyapatite had rod-like
morphology with the average particle size of some hundreds nm. The powder was immersed in 0.05%
FeCl, or FeCl; solution and well mixed and immersed for 3 hours. Subsequently, these mixtures were
performed in atainles bombe by hydrothermal treatments for 15 hour at 423 K. The obtained products
were filtered with Buchner and then sufficiently washed with deionized water and dried at 323 K in an
oven. The samples prepared through this process werr characterized with X-ray diffraction technique.
The microstructures were observed by SEM.

XANES measurement at P K-edge was performed with soft X-ray beam line by a facility of
BL-1A station at UV-SOR XANES study was added to clarify the local structure of each atom in the

hydroxyapatite structure.
Samples of hydroxyapatite containing Fe’" and Fe’*, which were hydrothermally-treated at

423 K for 15 hours, were evaluated by X-ray diffraction technique. These results of X-ray diffraction

suggested that all samples of hydroxyapatite containing Fe’ and Fe** hydrothermally-treated at 423 K
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for 15 hours were identified as hydroxyapatite without other phases. Hydroxyapatite with solid solution
of Fe** and Fe’™ prepared by the hydrothermal treatment at 423 K was evaluated by XANES. The result
of XANES spectrum at P K-edge is shown in Figure 1. Hydroxyapatite containing Fe’*
hydrothermally-treated at 423 K shows the same spectrum as a pure hydroxyapatite, which suggest that
local structure of POy4 for hydroxyapatite with Fe’" was seemed to be similar with one of pure
hydroxyapatite. On the contrary, the spectrum of hydroxyapatite with Fe’™ hydrothermally-treated at 423
K indicates the broad spectrum and no shoulder, comprared to pure hydroxyapatite and hydroxyapatite
containing Fe?* hydrothermally-treated at 423 K, that means that local PO, structure was distorted with
solid solution of Fe*" and Fe’'. Therefore, the local structure of P ions is slightly different between
hydroxyapatites treated with the solid solution of Fe’" and Fe’", the intensity decreased with the
incorporation of Fe’ and Fe''. It could be thought to that this difference of local structure is related with

their biocompatibility.

—1 & F & I T x__t— % [
= HAD
B (Ca/P=1.67) |
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Figure 1 The result of XANES spectrum at P K-edge for each hydroxyapatite sample in BL-1A station
at UV-SOR. HAp: high pure hydroxyapatite, Fe’": hydroxyapatite with solid solution of Fe’", which
were hydrothermally-treated at 423 K, Fe’*: hydroxyapatite with solid solution of Fe’', which were

hydrothermally-treated at 423 K.
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AlGaN System is becoming to important semiconductor material with large band gap energy, where the band gap
energy is variable by simply altering the AlGaN composition [1,2]. Total yield spectra and emission spectra in the
energy region of visible and ultraviolet light were measured by the Al-K inner core excitation, to clarify the role of Al
clement on absorption phenomena and on the process to the luminescence. The results will be examined by
comparison with the core excitation spectra of another elements of the sample or the spectra of inter band transition.

At BL1A, the absolute photon number of synchrotron radiation light with K'TP monochromator crystal is the order of
10" /s which will be reduced to 10° /s at the input of measuring circuits instrument on the measurement of absorption
spectra. Therefore, it is difficult to get the enough signal intensity on measuring the secondary process such as
luminescence, by using photomultiplier on the normal mode to catch the signal current flow directly. We have
developed a spectroscope system catching light by CCD block cooled at liquid nitrogen temperature. The luminescence
light from the sample is gathered by a quartz optical fiber inserted into a vacuum sample chamber. The position of the
tip of the optical fiber is variable by an external manipulator system. The measurements were carried out at the
separation of about lcm between the center of the sample and the tip of the optical fiber. The separation is the limit
length unless the fiber becomes cutting the incident synchrotron light beam on the sample.

In doped AlGaN sample is known as the most luminosity sample where In takes place of the role of the sensitized
center of luminescence. The efficiency of luminescence increases usually in proportional as lowering temperature. The
sample was set on copper sample holder of liquid He flow type cryostat. The sample holder was glued onto a sapphire
plate glued also onto the cooling head of the cryostat to make measurements of the total yield spectra of photoelectron.
The photoluminescence spectra were measured at about 20 K by AI-K inner core excitation in InggsAly20Gag7sN
sample. The obtained luminescence spectra are shown in Figure 1 with the spectra of the case of inter band excitation
for the comparison each other in the energy region of visible and UV light. The luminescence spectra are composed of

a sharp blue emission band ( B-emission, 3.65 ¢V ) and a broad yellow band ( Y-emission, 2.25eV ).

The absorption spectra of the ALK inner core excitation were obtained by measuring the total yield spectra of
photoelectron. The yield spectra measured at room temperature are shown in Figure 2 , where the outline of the yield
spectra are inserted into the figure for the comparison with the excitation spectra of photoluminescence. The height of
the main peak of yield spectra amounts to several picoampere of signal current giving good quality of spectra. The
excitation spectra of photoluminescence are generally obtained from the recording of the intensity of luminescence as a

function of excitation light energy, by continuously driving the scanning mechanism of crystal monochromator at
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BLIA beam port. In our case, the luminescence spectra must be measured at a stop to scan the monochromator for
each energy position of excitation light. A problem would occur on the reproducibility of the precise energy position of
excitation light on the step by step measuring. Fig.2 (a) and (b) shows the obtained excitation spectra of Y- and
B-emission bands, respectively. The result shows that the reproducibility of energy position of monochromator is not
matter and that the excitation spectra can correspond to the yield spectra in Al-K edge region.

As the result of our measurements, the photoluminescence spectra are just about similar to each other between AI-K
inner core excitation and inter band excitation. It will lead to the next step of our study that the peak position of B

emission band excited on Al-K core region occupies on the higher energy position than that of B emission band excited

on inter band region.
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Solid solution ceramics are widely utilized in modern technology. However, their atomic and/or electronic
structures have not been fully clarified in most of the cases. SIAIONs in the SizN4-AIN-ALO;-Si0, ceramic
system are one of them. They are solid solutions of ¢~ and B-Si;N, in which Al and O atoms substitute the Si and
the N sites. Their chemical formula is usually represented as Sig,Al,O,Ng_,. Their mechanical properties such as
elastic constants are known to be modified according to the solution," which is utilized in a variety of
engineering applications. The mechanism behind the solution effects is strongly related to the distribution of the
solute atoms. However, only little is known about the distribution.

We have recently examined first principles energetics on the substitutions in B-phase.” We found that the
solutes prefer to be bound at the nearest neighbor sites when they are dissolved in Si;N,. The pairing of Al and O
atoms made energy gain of a few tenth of eV per an Al-O pair. The theoretical result is consistent to a previous
experimental study by Dupree et al.” using *’Al and *’Si MAS-NMR. They concluded that Al-O and Si-N bonds
are predominant. Our theoretical calculations also suggested that physical properties such as band-gap can only
be explained when such pairing is fully taken into account. This study aims at confirming the theoretical atomic
structures of SiAIONs by XANES spectra.

SiAION samples were prepared with systematic compositions of z=0.23, 0.50, 2 and 3. The samples at
z=(0.23 and 0.50 were prepared by N; gas-pressure sintering at 0.925 MPa and 1900 °C for 1h. Those at z=2 and
3 were prepared by hot isostatic pressure sintering at 160 MPa and 1500 °C for 3h. Powder X-ray diffraction
experiments confirmed no crystalline phases other than . AI-K XANES were collected in a total electron yield
mode at room temperature using a KTP two-crystal monochrometer at BL1A of the UVSOR.

Figure 1 shows the experimental Al-K XANES from B-SiAlONs and from their referential compounds
(a-AlLO; and wulzite-AIN (w-AIN).) Two points are noteworthy from Fig. 1. Firstly, the spectral shapes of
SiAlONs are almost the same for all the compositions. This suggests that local environments of Al are similar
from z=0.23 to z=3. Secondly, a clear chemical shift among w-AIN, a-Al,O; and SiAlONs is found. The 1st
peaks of SIAIONs are located at the middle of those of w-AIN and o-AlO;.

For interpretation of the chemical shift, the theoretical and the experimental spectra of SiAIONs are
compared in Fig. 2. The theoretical spectra were obtained using first principles OLCAO method® using
supercells composed of 42 atoms. Atomic structures were optimized in our previous work by a plane wave
pseudopotential method.” The OLCAOQ calculations were made for 45 kinds of Al sites in 17 kinds of models.
The 45 spectra are classified and averaged according to the local coordinations. Figure 2 shows five theoretical
spectra of Al coordintated by four N (AIN,), three N and one O (AIN;0), two N and two O (AIN,O,), one N and

three O (AINO;), and four O (AlO,4). We have also calculated spectra from the referential compounds, w-AIN
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and o-ALO, (They are not presented in this report.). These results showed quantitative reproduction of the
experimental chemical shift within an accuracy of < 0.1 eV. In Fig. 2, we calibrated the theoretical energy in
such a way that the 1st peak of a-Al,O5 of theoretical spectra is set at the experimental spectrum.

The experimental Ist peak of SiAION is located in between those of the theoretical spectra of AIO;N and
AlQ, independent of z-values. This indicates that Al solutes in SiAIONs are coordinated preferentially by O
solutes. This is consistent with Dupree’s NMR analysis and our previous theoretical results. The good agreement
between the theoretical and the experimental spectra confirms the validity of our theoretical atomic and

electronic structures of SIAIONS.
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Figl. Experimental Al-K XANES from Fig.2 Comparison between the experimental and
B-SiAlIONs and references. the theoretical Al-K XANES from SiAlONs.
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the last several the carrier

measurements through DNA (Fig.

During years, transport
1) between nm-spaced
electrodes have been discussed without the understanding of
their electronic structures near the Fermi level (Ep), giving rise
to the proposal of controversial properties —from a good
conductor to an insulator—. We believe so far, the concept of
carrier doping into DNA is the promising aspect for the control
of its electrical properties since VIS/UV absorption data tell us
that its HOMO-LUMO gap 18 < 5 eV (Apa ~260 nm). Actually,
the theoretical and experimental (mainly /~F characteristics)
reports have told us that these properties depend on not only the
base sequence but also the chemical species surrounding DNA
(e.g., H', counterion). Of special interest topics here are that
their properties can be controlled via artificial carrier-doping
such as ‘clectric-field-doping” [1] and also ‘chemical-doping’
with iodine [2], in which well-defined sequence of DNA
polynucleotides, Poly(dG)-poly(dC) (GC), clearly showed the
hole-conductive behavior.
structure of GC together with Poly(dA)-poly(dT) (AT),under the

iodine-doping (hole-doping) condition, using PES and NEXAFS,

Here we show the electronic

in order to evaluate the iodine-doping effect into them and to
We prepared GC- and
AT-based DNA film coated on SiO,/p-Si(111) substrate, the
thickness of which is estimated to be 100-200 nm. The

chemically-doped material used here was prepared from a

discuss their conduction mechanism.

two-zone reaction set-up using a quartz ampoule loaded with
DNA film and a previously degassed iodine, evacuated at room
temperature to 10 Torr order, sealed and held for 10 hours.
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PES and NEXAFS measurements were performed at BL4B, in which the endstation (UHV system) is equipped

with electron energy analyzer Scienta SES200 and a retarding-field electron detector for NEXAFS.
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Figure 2 shows the N 1s XP spectra for iodine-doped and non-doped GC and AT films. Two major peaks
were obtained, which were ascribed to imine (—N=) below binding energy (B.E.) of 400 eV and amine (-NH-)
below 401 eV, respectively. After doping with iodine into GC, the intensity of cationic radical peak (B. E. :
402-404 eV) was increased, while that for imine products was drastically decreased. The iodine-doping effect
in GC is therefore described as follows: the doped iodine is localized at the imine units and changes it into
cationic radicals.  This behavior is quite similar to the
polyaniline case [3], which behaves as an excellent conductor
after anion-doping process. In this situation, we have also
observed valence band region, using PES (hv = 170 eV), as
shown in Fig. 3. The spectra for GC and AT can be divided
into two intense peaks: one is located around 6 eV (m chracter),

lodine-dopin
(hole-doping

and the other is around 10 eV (m and & character). The whole lodine-doped AT \\:

(3-days later)

Intensity / arb. units

{odine-doped GC
Non-doped GC
. Non-doped AT

lodine-doped AT
T T T T T T T T T T T 1
765 43 210-1-2-3-435
) Binding energy / eV

shifted toward the FEr. Unoccupied electronic states of Fig.3 Valence band spectra

structure for both non-doped GC and AT are not so drastically
different from each other, however, the interesting behavior

here is that the iodine-doping effect into GC and AT showed lodine-dopin
(hole-doping

the quite opposite behavior: the edge of spectrum and/or

00~

valence band maximum (VBM) for GC case seems to be

nitrogen K-edge for these samples have also been observed as
shown in Fig. 4. The characteristic resonance peaks are due N K-edge lodine-doped GC
to the excitations from N 1s to w*.y. (photon energy of T N= T NH-
399401 eV), n* nyu (401404 eV), and c* (above 405 eV) l

)

states. The absence of shifts in the continuum c* resonance
Non-doped GC

suggests that the bond lengths and thus m conjugated ring lodine-doped AT

structure do not change during the doping process. The
density of unoccupied states near Er as derived from N K-edge

Intensity / arb. units

Non-doped AT

were also influenced by iodine-doping especially for GC, in
which the intensity of first ©* transition is reduced a little and

this seems to be accompanied with the appearance of new

LINELEL T S R (N B U N R T S B B A DL |

T I
396 398 400 402 404 406 408

) ) Photon energy / eV
electronic structures around Er especially for GC has a good Fig.4 N K-edge NEXAFS spectra.

empty states below its m* y- states. The behavior of

agreement with the fact that the electrical conductivity clearly

increases due to the hole-doping, and is the quite same as m-conjugated conductive polymer such as polypyrrole
and polythiophene, both in which the formation of polaron (radical cation) states between their midgap states has
been expected to be a dominant role for their carrier conduction. The theory of ‘polaron-hopping through
DNA’ has actually been given by Conwell et al., and it is often accepted based on the carrier fransfer and
transport measurements, in which ‘polaron-hopping’ fittings were applied to the /-} characteristic data. On the
other hand, our spectroscopic study supports these predictions more directly, because N 1s core level data have
clearly indicated the existence of cationic phase at the nitrogen site (N*) due to the hole-doping (Fig. 2) in
addition to the behavior around £y (Figs. 3 and 4).

References

[1] K. —H. Yoo et al., Phys. Rev. Lett. 87, 198102 (2001).
[2] M. Taniguchi et al., Jpn. J. Appl. Phys. 42, 1.215 (2003).
[3] X. -R. Zeng et al., J. Poly. Sci. 35, 1993 (1997).

Sl W



(BL5A)
Electronic Structure of Bulk Glassy ZrssAlyyCu3oNis Alloy

Y. Morishita, K. Shimba, H. Murayama, M. Kato, S. Yagi, T. Takeuchi,* U. Mizutani, T. Zhang,**

M. Hasegawa,** A. Inoue,** and K. Soda

Graduate School of Engineering, Nagova University, Furo-cho, Chikusa-ku, Nagoya 464-8603
*Research Center for Advanced Waste and Emission Management, Nagoya University,
Furo-cho, Chikusa-ku, Nagova 464-8603 .
**nstitute for Materials Research, Tohoku University, Katahira, Aoba-ku, Sendai 980-8577

Amorphous metals, particularly Zr-based bulk glassy alloys, have drawn much attention as new materials
which possess useful engineering properties such as high mechanical strength, good ductility, and high corrosion
resistance [1, 2].  Although the electronic structure of Zr-based glass alloys has been studied in relation to their
high ability of absorbing hydrogen [3], the origins of the large glass formation ability and unique properties of
the bulk glassy alloys have not been well understood from the microscopic point of view yet. Thus we have
studied the electronic structure of a glassy ZrssAl;oCusoNis alloy by photoelectron spectroscopy as the first step.

Photoelectron spectra were recorded under an ultrahigh vacuum of 1.5x10® Pa at room temperature with a
hemispherical energy analyzer (Omicron EA125) at BL5SA of UVSOR. Total energy resolution including the
thermal broadening was set to 0.15~0.2 eV at the photon energy & v of 30~130 eV, which was confirmed by
measuring the Fermi edge in the photoelectron spectra of an evaporated Au film. The origin of the binding
energy Ly, i.e. the Fermi energy, was also determined by the Fermi edge of the Au film.,

An ingot of a bulk glassy ZrssAl(CusNis alloy was prepared by a casting method [2].  Specimens were cut
from the ingot into a typical size of 3x3x2 mm® and attached on a cupper plate by conductive glue. Clean
surfaces for the photoelectron measurement were obtained by in situ scraping the specimen with a diamond file
or sputtering them with 0.5 keV Ar’ ion beam.

Figure 1 (a) and (c¢) show X-ray diffraction patterns of the inner bulk part and outer surface part of the ingot,
respectively, after cutting the ingot. Broad halo features in Fig.1 (a) reveal the glassy state of the bulk specimen
[1], while sharp peaks in Fig.1 (c) are indicative of the crystallization in the surface region of the ingot. As
seen in Fig.l (b), almost no change in the diffraction pattern was recognized after the photoelectron
measurement. This indicates that the clean surface preparation and the photoelectron measurement do not
affect the glassy state of the specimen.

Figure 2 shows typical valence-band photoelectron spectra of the bulk glassy ZrssAl;(CusoNis alloy. In the
figure, a spectrum recorded by the use of a He 1 (hv = 21.2 eV) light source and a photoelectron spectrometer
(Omicron AR6S) in our laboratory is also shown for comparison, and the intensity is normalized at £z ~3.7 eV
(the feature C below). In these spectra, there are four features recognized; A at £ ~0.6 eV, B at ~2.0 eV, C at
~3.7eV,and D at ~6.1 eV. Since the feature D was increased in prolonged measurement, it is attributed to the
O 2p-derived states, but unfortunately it could not be removed completely in the present measurement. The

feature A is ascribed to the Zr 4d states, because it shows a maximum at v ~ 40 eV and decreases as the
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excitation photon energy is increased, which indicates the Cooper minimum of the Zr 44 photoionization process
[4]. The features B and C are ascribed to the Ni 34 and Cu 3d states, respectively, because the constant initial
state spectra of these features show the 3p-3d resonance behavior around these 3p thresholds [5].

Remarkable feature of the observed photoelectron spectra is the highly symmetric spectral shape of the
transition metal d bands with high binding energy and narrow width in comparison with the ¢ bands of the
crystalline transition metals. The Cu and Ni 34 band widths decrease from ~2 eV for crystalline Cu and Ni
metals to ~1 eV for the glassy alloy, which is mainly due to the reduction in the neighboring atoms to hybridize
with those transition metals in the glassy alloy. The symmetric shape may also arise from the lack of the
crystalline periodicity. At present, however, it is not clear whether these aspects are intrinsic for the glassy
states of this alloy or not. Further study is intended on the crystalline counterpart and the glassy alloys with
different compositions. The surface effects may be also anticipated to affect the spectrum, since the peak of the
d bands is slightly shifted to the low binding energy side at hv=21.2 eV, where the photoelectron escape depth
will increase in comparison with Av~ 60 eV [6]. The oxygen contamination will be removed or suppressed on

the measurement at low temperatures.
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Metallic nanoparticles are attracting much interest because of their distinctive physical and chemical
properties found in neither bulk nor molecular/atomic systems, such as high catalytic activity and Coulomb
blockades. Recently, the surface-passivated nanoparticles have been chemically synthesized in the solution
including surfactants. These surface-passivated nanoparticles are monodisperse and very stable even at room
temperature, Furthermore, these surface-passivated nanoparticles exhibit closed-packed nanoparticle self-
assemblies on single-crystalline substrates, and therefore, it is considered that they could be important
constituents of future nanostructured devices. In order to elucidate their intriguing properties and to develop
future devices, it is indispensable to characterize the chemical states of these surface-passivated nanoparticles. [n
this work, we have carried out a photoemission study of dodecanethiolate (DT)-passivated Au nanoparticles in
order to investigate the chemical states of surface-passivated Au nanoparticles.

The DT-passivated Au nanoparticles were synthesized by a two-phase reduction method. The detailed
procedure has been described elsewhere [1, 2]. Photoemission measurements were carried out at BL-5A of
UVSOR Facility, Institute for Molecular Science. For the photoemission measurements, the synthesized DT-
passivated Au nanoparticles were supported on HOPG substrates by evaporating the solvent (toluene) from the
dispersion of DT-passivated Au nanoparticles on the HOPG cleaved surface in a nitrogen-filled glove bag
directly connected to the photoelectron spectrometer. Then the samples were transferred into the photoemission
analysis chamber without exposure to air. Photoemission measurements were performed using EA-125HR
(OMICRON Co.) photoelectron spectrometer with the incident photon energy of 180 eV. The photoemission
spectra were recorded at room temperature, and no degradation of the samples was observed.

Figure 1 shows the TEM micrographs and the corresponding size distributions in diameter obtained by
TEM observations for the DT-passivated Au nanoparticles used in this work. The obtained mean diameters d,,
are 2.6, 30, 49, and 52 nm. An important point to note is that each nanoparticle is well separated from its
neighboring nanoparticles, indicating that the present Au nanoparticles are well surface-passivated by the
dodecanethiol molecules. Figure 2 shows the Au 4f;, core-level photoemission spectra of the DT-passivated Au
nanoparticles with the various diameters on the HOPG substrates, compared with that of bulk Au polycrystalline
evaporated film. As shown in Fig. 2, the DT-passivated Au nanoparticles exhibit the significant higher-binding-
energy shifts of Au 4fcore-level spectra, compared with the bulk Au crystallite. Furthermore, the binding
energies of Au 4f core-level spectra shift to a higher-binding-energy side with decreasing the nanoparticle
diameter. These energy shifts are considered to originate from the final-state effect in the photoemission. This
discussion is described in detail elsewhere [1, 2]. In addition, Au 4f core-level spectra of the DT-passivated Au
nanoparticles exhibit a slightly asymmetric peak with a tail at the higher-binding-energy side, and this
asymmetry increases with decreasing the nanoparticle diameter. The results of line-shape analyses of Au 4f,
core-level spectra for bulk Au crystallite and DT-passivated Au nanoparticles with various mean diameters are
also shown in Fig. 2. As previously well established, we decomposed the Au 4f core-level spectrum of bulk Au
crystallite into two components, which originate from the Au atoms in the bulk and topmost surface Au layer.
The higher-binding-energy (dotted line) and lower-binding-energy (short broken line) peaks are bulk and surface
components, respectively. On the other hand, it is found that the Au 4f core-level photoemission spectra of the
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DT-passivated Au nanoparticles are also reproduced by two components and that the relative intensity of two-
components depends on the nanoparticle diameter. That is, the relative intensity of higher-binding-energy
component (long broken line in Figs. 2(b)-(e)) to lower-binding-energy component (dotted line in Figs. 2(b)-(e))
increases with decreasing the nanoparticle diameter. The nanoparticle has a higher number ratio of surface atoms
to atoms in bulk with decreasing the nanoparticle diameter. Furthermore, the binding energy and spectral feature
of the lower-binding-energy component in each sample are similar to those of bulk component in the Au 4f core-
level spectrum observed for bulk Au crystallite. Therefore, it is considered that the lower-binding-energy and
higher-binding-energy components originate from the inner Au atoms of Au nanoparticles and the surface Au
atoms of Au nanoparticles bonded to surface-passivants of DT molecules, respectively. An important point to
note is that these surface components accompany with chemical shifts to higher binding energies relative to the
bulk components. This indicates the different chemical states in the surface Au atoms bonded to DT molecules
with the inner Au atoms and existence of a chemical reaction (chemisorption) between the surface-passivants of
DT molecules and Au nanoparticles. The chemical shifts of DT-passivated Au nanoparticles with the mean
diameters of 5.2,4.9,3.0, 2.6 nm are 0.27, 0.27, 0.28, and 0.33 eV, respectively. The chemical shifts of surface
Au atoms bonded to DT molecules increase with decreasing the nanoparticle diameter. This indicates that the
bonding nature between the surface-passivants of DT molecules and Au nanoparticle surface, such as a
coordination number and configuration of surface-passivants, changes with the nanoparticle diameter. The above
dependence of bonding nature on the nanoparticle diameter might originate from the structural factor such as
size-dependent curvature of nanoparticle surface, effect due to the existence of habit in the smaller nanoparticles,
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When the light with photon energies larger than the width of the bulk band-gap is absorbed,
electron-hole pairs are generated. The photo-generated carriers are spatially separated toward surface and bulk
by the electric field in the surface space charge region (SCR). This charge separation generates electromotive
force, so-called surface photovoltage (SPV). It has been pointed out that the SPV effect is considerable matter to
develop the new generation of spin-polarized electron sources [1]. In this report, we present the temporal change
of the SPV effects in p-type GaAs caused by laser illumination. The variation of the SPV in the time domain of
microseconds, which was investigated by the photoelectron spectroscopy using synchrotron radiation and laser,
and the annihilation mechanism of the SPV are discussed.

Experiments were performed at BL5A. A Zn doped (1 x 10" cm™) p-type GaAs was used for the
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 RegA laser system was set to
provide 1.55 eV and 10 kHz pulses with about 20mW. 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 [2, 3]. The temporal overlap of the laser and SR pulses was evaluated by an
MCP-PM/TAC system. The spatial overlap was carefully checked by our eves.

The Ga-3d photoelectron spectra with and without the laser illumination are shown in Fig. 1. At 295 K,
no obvious difference is clearly appreciable on the photoelectron spectra between with and without the laser
illumination. At 90 K, the photoelectron spectrum with the laser illumination shifted about 0.3 eV to higher
kinetic energies. The temporal changes of the SPV at 295 K and 90 K are shown in Fig. 2. Dots represent the
SPV wvalues obtained from the change in the photoelectron intensity at a fixed kinetic energy, on the assumption
that the spectral shape of the core-level photoelectrons does not change drastically with time. As seen in Fig. 2,
the peaks of about 0.175 V and 0.45 V are observed at 295 K and 90 K, respectively, just after the laser
excitation. Apparently, the sample temperature affects the temporal profiles as well as the SPV values. At 295 K,
the SPV disappears within about 1 ps. At 90 K, the SPV decreases gradually with time but this decay profile
cannot be fitted with a single-exponential curve. The accumulated component is observed as a constant

background of about 0.25 V, which originates from the residual SPV produced by a train of laser pulses.

T present address : Research Center for Materials Science, Nagoya University, Nagoya 464-8602
i present address : Synchrotron Light Application Center, Saga University, 840-8502
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Figure 1. The Ga-3d core-level photoelectron spectra at
(a) 295 K and (b) 90 K in the clean surface of p-GaAs (100). Figure 2. (a) Temporal profile of SPV in the p-type GaAs at 295 K.
Solid and dotted lines represent the spectra with and (b) Temporal profile of SPV in the p-type GaAs at 90 K.

without laser excitation, respectively.

The lifetime of the SPV depends on the lifetime of the recombination of the surface electrons and bulk
holes in the case of a p-type semiconductor. In order to recombine with the surface electrons, the holes must pass
through the potential barrier in the surface SCR. Two ways to pass through the potential barrier shall be
considered. One is the thermionic way and the other is the tunneling one. The amount of the excess surface
charge Ap can be written as

Ap(t) = Apg - Quhermionic () = Qrunnet (1), (1)
where Apy is the amount of the initial excess charge just after the laser excitation, Quemionic and Quuuer is the
thermionic and the tunneling recombination charge, respectively. Obviously, both the value of Quermionic and
Qunnel depend on the temperature and the shape of an energy barrier (i.e., the shape of SCR). If the quantity of
Quunel Would be much larger than that of Qpemionic, the lifetime of the SPV should be similar at 295 K and 90 K.
As seen in Fig. 1, the SPV effect is dominant at 90 K, but not appreciable at 295 K. It is expected from this result
that the thermionic recombination process is dominant at 295 K, resulting in the suppression of the SPV. The
numerical calculation supported this expectation quantitatively at 295 K and qualitatively at 90K. It is concluded
that the thermionic recombination is the dominant process at 295 K, while the tunneling recombination becomes
appreciable at 90 K [4].

References

[1] T. Nakanishi, /4th. Int. Spin Phys. Symp. AIP conf. proc. 570, 274 (2001).
[2] S. Tanaka et al., Phys. Rev. B 64 (2001) 155308,

[3] S. Tanaka et al., UVSOR Activity Report, 2000, 152.

[4] S. Tanaka et al.,J. Phys. Soc. Jpn., 72, 659 (2003).

— 183 =



(BL5A)
Surface-photovoltage effect in GaAs-GaAsP superlattices

studied with combination of synchrotron radiation and laser

Senku TANAKA', Tomohiro NISHITANI *, Tsutomu NAKANISHI *
Kazutoshi TAKAHASHI ¥, and Masao KAMADA ©

The Graduate University for Advanced Studies, Okazaki 444-8585
4 Department of Physics, Nagoya University, Nagoya 464-8602
® UVSOR Facility, Institute for Molecular Science, Okazaki 444-8585
© Synchrotron Light Application Center, Saga University, Saga 840-8502

The negative electron affinity (NEA) surfaces of p-type GaAs and its superlattice (SL) have been
attracting much interest, since they are useful as polarized electron sources with high quantum yield and high
degree of spin-polarization. Gémez et al. [1] have proposed that the surface photovoltage (SPV) effect plays an
important role in causing the saturation problem on the extracting of spin-polarized electrons. Recently, Togawa
et al. [2] demonstrated that the SL photocathode is one of the most favorable spin-polarized electron sources
since it has high spin-polarization and the potential for producing a multi-bunch electron beam. It has been
supposed that the SL photocathode can suppress the saturation of the photo current because of the small SPV
effect. The purpose of this work is to confirm the SPV effect in the SL photocathode from a viewpoint of basic
surface science. We measured the SPV effects and its time dependence in GaAs-GaAsP SL by means of
core-level photoelectron spectroscopy with combination of SR and laser.

The experiment was performed at the BL 5A. Two kinds of GaAs-GaAsP SL (named as SL #1 and
SL #16) were studied in the present experiments. They have been fabricated at Daido Steel Co. Ltd. and Nagoya
Univ., respectively, using the MOCVD method. The parameters of the SL #1 and SL #16 are summarized in
Table I, where the quantum efficiency and spin-polarization of the extracted beam observed at Nagoya Univ. are
also given. The surfaces of the SL samples were prepared using an annealing procedure without the ion
sputtering in the experimental chamber, the base pressure of which was less than 2 x10® Pa. The bulk GaAs with
Zn-dopants of 10" ¢cm™ was also measure for comparison, the clean surface of which was prepared with Ne®
sputtering and annealing procedure. The NEA surface was prepared using a yo-yo technique, where cesium and
oxygen were deposited repeatedly. [3]

Figure 1 shows the Ga-3d photoelectron spectra for the SL #1 and the SL #16 without NEA surface
activation. The Ga-3d photoelectron spectra of the bulk GaAs are also shown for comparison. Solid and dotted
lines represent the Ga-3d photoelectron spectra with and without the laser illumination, respectively. Under the
illumination with power density of 0.17 nJ/mm®-pulse at 90 MHz, the Ga-3d spectra of the SL #1 and the SL #16
shifted to higher kinetic-energy side about 0.12 and 0.03 eV, respectively. The same energy shifts of the As-3d

’ present address : Research Center for Materials Science, Nagoya University, Nagoya 464-8602
* present address : Synchrotron Light Application Center, Saga University, Saga 840-8502
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photoelectron spectra were also observed (not shown here). These core-level shifts of the SL samples are

remarkably smaller than those of the bulk GaAs under similar conditions (about 0.39 V).

T T
“| Ga-3d
Table 1. Parameters of the GaAs-GaAsP superlattices.
SL#1 SL#16 —
2]
=1
Surface Layer GaAs: 5nm, 5 x 10" em™ GaAs : 5 nm, 6 % 10" em™ 5
£
GaAs-GaAs, P, 16 pairs 16 pairs 5
_ . 2 rsLm ]
Superlattice Layer GaAsgsPgs: 3 nm, 5x 107 em? GaAsggsPo s 4 nm, 5% 10 em™ E asl A =012V 1
B ] ’
GaAs:3nm, 5x 10" cm? GaAs : 4 nm, 5 10" ¢m™ C 06F =
0.4 -Bulk / 1
Optimum Wavelength (nm) 803 778 A=0.39 eV
0z / g
Polarization (%) 80 93 00 1 , ' L T
755 760 765 710 775 780 785 790
Quantum Efficiency (%) 0.3 0.6 Kinetic Energy (eV)

Fig. 1. The Ga-3d photoelectron spectra with (solid line) and without
(dotted line) laser illumination in the non-activated surfaces.
Bulk: T = 90 K. Laser; 90 MHz, 800 nm, 300 mW.

SL#1 and SL #16: T = 110 K. Laser; 90 MHz, 770 nm, 300 mW.

* The dopant is Zn in all layers.

Meanwhile, the Ga-3d photoelectron spectra on the NEA surface of the bulk, the SL #1, and the SL #16 were
shifted about 0.35, 0.12, and 0.03 eV, respectively, under the laser illumination. It should be noted that the shift
values observed under the laser illumination were not so different between with and without the NEA surface
activation.

The SPV in the SLs is suppressed compared to that of bulk under the laser illumination. It is supposed
that the suppression of the SPV in the SLs is dominantly due to the lifetime of photoexcited carriers shorter than
that of the bulk. In the SL #1, the doping density of the surface layer is not enough to compensate the surface
carrier density. Thereby the surface band-bending region probably reaches the SL structure, and thus in other
words, it disturbs the formation of the mini-band between the SL layers. In this case, the energy mismatch
between GaAs and GaAsP layers may work as quantum wells. Therefore, it is supposed that the transportation of
photoexcited carriers is suppressed in the SL #1 and a part of carriers is trapped in the quantum well layer. The
quantum well probably enhances the annihilation of photoexcited carriers, resulting in supression of the SPV.
While in the SL #16, the high doping density of the surface layer is probably a dominant factor for the
suppression of the SPV. The short band-bending region can promote the funneling recombination of the
photoexcited carriers. The NEA treatment would change the potential barrier and the density of the surface state.
Sizable number of excited electrons can go through the surface potential barrier without trapping in the
band-bending region because of the NEA property. It is therefore expected that the SPV values should be
decreased in the NEA surfaces. The SPV value of the NEA surface in the SL samples was, however, not so
different from that of non-activated surface. In the case of the present laser illumination with the low power
density and the high repetition rate, the escaping effect of photoexcited electrons for the SPV is still unclear.
Further studies are in progress to understand the dynamics of the photo-excited carriers in NEA surfaces.
References
[1] A. Herrera-Gémez et al., J. Appl. Phys., 79, 7318 (1996). [2] K. Togawa et al., Nucl. Instr. and Meth. A 414,
431 (1998). [3] S. D. Moré et al., Surf. Sci. 527, 41 (2003).
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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 silica (2,3) and we
have applied this technique to study effects of other ionizing radiations (such as y-ray, X-ray VUV
and UV lights) on silica. In this study, we have measured the luminescence from a silica glass
under the irradiation of soft X-ray near Si K-edge, and investigated the origin and the irradiation
time evolution 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 (1) from 300 to 800 nm was measured because the photon detecting
efficiency in the regions of A < 300 nm and X > 800 nm were reduced drastically.

Results and Discussion
X-ray excited optical luminescence (XEOL)

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 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 B, center (4) due to the electron excitation by soft X-ray. It is
noteworthy that the intensity of the 400 nm emission band changed with the excitation energy of
soft X-ray.

Time evolution of the intensity of XEOL

We have investigated the long term change of 400 nm XEOL intensity with the irradiation
time of soft X-ray. Fig. 2 shows the results under the excitation by X-ray with the energy of
1834.8 eV (below Si K-edge) and 1858.6 eV (above Si K-edge). The intensities were normalized
by the intensity at the beginning of the soft X-ray irradiation. Except the very early stage of the
irradiation, the relative intensity decreased slightly with the irradiation time. Ishii et al. and
Skuja (5,6) have reported that the B,; centers in silica are easily changed to E' centers by the
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electron excitation under the UV laser irradiation. In addition, the transformation of B, centers
to E' centers had been found out in our separate y-ray irradiation experiment for silica glasses (3).
Therefore, we have concluded that some of the B,y centers probably changed to another types of
oxygen deficiencies like E' centers by electron excitation effect, but the B,; centers were
fundamentally stable against the present irradiation condition. This result may be partially due
to the weak intensity of X-ray from the synchrotron in this energy region.

On the other hand, in the very early stage of the irradiation, the increase of the 400 nm band
intensity is appreciable (Fig. 2(a)). The increasing rate, R, was quite different with excitation
X-ray energies; R(1834.8 eV) > R(1858.6 eV). In the present stage, the origin of the initial
increase and the difference of the initial increasing rate are not clear. However, such a dynamic
phenomenon was observed for the first time, so far as we know, and the present results are clear
indication that the in-situ observation is a powerful technique to study the dynamic radiation
effects of soft X-ray on silica.
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Fig.1 Optical luminescence spectra of a fused silica glass excited by soft X-ray with the
energy of 1834.8 eV, 1848.9 eV and 1858.6 eV
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There has been much interest in solid polymer electrolytes formed by the dissolution of alkali metal salts in
polyethers such as poly(ethylene oxide), because of their possible application in various electrochemical devices
such as lithium ion secondary batteries, sensors and displays. However, the ionic conductivity of the solid
polymer electrolytes has not reached a sufficient level for practical applications. Because of the low dielectric
constant of the polymer matrices, low degree of dissociation is a significant factor of the low ion conducting
properties. Therefore, one approach to enhance ionic conductivity is to enhance dissociation constant of alkali
metal salts in the polymer electrolytes. Recently the enhancement of the dissociation constant is achieved by
adding Lewis acid which interacts with the anions. Interaction between Lewis acid and the anions is very
important since it is not only to enhance of the dissociation constant but also to improve the lithium ion transfer-
ence number. In this report, we have focused on group 13/I1I metal alkoxide having Lewis acidity as additives.
The ionic conductivity of the resulting solid polymer electrolyte containing gallium triethoxide (Ga(OC H,),) is

one order higher than that of the electrolyte not
containing alkoxides. These results indicate that
Ga compounds is effective to interact with
counter anions.

Al(OC,H;),(99.999%), Ga(OC,H,),(99.9%)
and LiCl(99.9%up) (Kojundo Chemical Labs.
Co. Ltd.) were used without further purifica- v
tion. B{(OC,H,) ,0CH,}, was prepared as I v
described previously.” B{(OC,H,) ,OCH,},
was used instead of B(OC,H,), because of high
volatility of B(OC, Hj),. The matrix polymer was
synthesized by radical polymerization using a
monomer of methoxy poly(ethylene glycol)
monomethacrylate with EO chain length n=9
(abbreviated to PME400) supplied from NOF. | o 0
Concentration of LiCl was fixed to 0.1 mol’kg -6.5
for PME400, and two kind of different
alkoxides, AI(OC,H;), and Ga(OC,Hj), were i ]
added in the ratio of 0.2 mol/kg for PME400. I T .
B{(OC,H,),,0CH, }, was added in the ratio of 26 28 30 32 34
0.2 mol/kg for PME400 and 1 3, -1
B{(OC,H,), ,OCH. }, in order to fix the concen- T 107K
tration of 13 group atom in solid polymer elec-

trolyte. The ionic conductivity of the polymer Fig. 1 Arrhenius plots of ionic conductivity for

- PME400-LiCI(0.1mol/kg)-Additive(0.2mol/kg).
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impedance analyzer. Cl K-edge XANES spectra were measured on the BL-7A beam line at UVSOR (Okazaki,
Japan) with a ring energy of 750 MeV in a mode of total electron yield at room temperature.

The temperature dependence of ionic conductivity of the polymer electrolyte samples is shown in Fig. 1. The
increase in the ionic conductivity was observed by addition of alkoxides. The degree of the increase in the ionic
conductivity by added Ga(OC,H,), is larger than that of any other alkoxides. The ionic conductivity of the
polymer electrolyte containing Ga(OC,H,), was about 10 times higher than that of none additive sample in the
whole temperature range. These phenomena are generally regarded as two different factors, which are the
increase in ionic mobility and the increase in carrier ion concentration. Since the glass transition temperature
measured by DSC hardly changed by the addition of alkoxides, we attribute these increases in the ionic conduc-
tivity to the increase of the carrier ion concentration in the polymer electrolytes.

Interaction with CI anion have been already studied using XANES experiment at the C] K-edge by H. S. Lee
et al.. They have reported that this technique was useful for the study of the anion complexation effects of boron-
based anion receptors on CI” in nonaqueous solutions. Cl K-edge XANES is quite useful information about the
local structure of the CI” anion. By comparing the detailed features of the XANES taken from different samples,
we have investigated the anion complexation in the solid polymer electrolyte.

Fig. 2 shows the Cl K-edge XANES spectra of the polymer electrolyte samples. The K-absorption peak above
the edge is due to dipole-allowed transitions
to final states of p symmetry. The spectra of I A I I SN S e B
the polymer electrolyte samples containing
B{(OC,H,) ,0CH,}, or AI(OC,H,), are
similar to that of none additive sample, which (a)
indicates the fact that the local chemical en-
vironment around Cl anions is almost un-
changed. The shoulder at around 2822 eV
on the lower energy side of the main absorp-
tion peak was observed by the addition of (b)
Ga(OC,H;),. This shoulder indicates that
local chemical environment around CI” an-
ions partially changes, which suggests the
strong interaction between CI anions as
Lewis base and Ga(OC,H,), as Lewis acid.
Since the formation of the complex between
CI" anions and Ga(OC,H,), forms new mo-
lecular orbital, the energy levels of unoccu-
pied orbital which are allowed on the basis
of dipole selection rules are lower than that
of none complexing. Fig.2 indicates that
Ga(OC,H,), interact with CI" anions by
XANES spectra, which results in promot-
ing dissociation of ion pairs and improving
the ionic conductivity to increase the carrier

Absorption /a.u.
<

1 1 1 1 I 1 1 1 1 I 1 1 1 1

L
ion concentration. The solid polymer elec-
trolytes containing group [3/III metal 2820 2825 2830 2835

alkoxide having Lewis acidity showed simi- Energy leV/

lar electrochemical window to none additive

sample. Therefore, the present polymer elec- Fig.2 ClK-edge XANES spectra of PME400-LiCI(0. Imol/
trolytes are promising for a wide range of kg)-Additive(0.2mol/kg).  Additive for polymer electro-
electrochemical application, such as all solid Iyte is (a): none, (b): B{(OC,H,),,0CH,}., (c): Al(OC,H,),
state lithium batteries. , (d): Ga(OC,Hy),.
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In a previous study, we have demonstrated that the Gas Cluster Jon Beam (GCIB) assisted
deposition was useful for forming DLC films with high hardness (~50 GPa), smooth surfaces, and low
contents of sp? orbitals, at room temperature [1, 2]. The DLC films were formed with irradiation of an
Ar cluster ion beam during evaporation of Ceo, as a carbon source.

In our new system, Ar cluster 1on beams have included various sizes of clusters in the range from
a few tens to a few thousands of atoms and they were additionally supplemented by Ar+ [2]. The
contaminating Ar* in the beam has a much higher energy than that of a cluster. As a monomer is
given the same total energy as a cluster at the same ionizer, the energy per atom of a monomer is
cluster size times higher than that of a cluster. The energy of constituent atoms of the cluster is
basically an acceleration energy divided by the cluster size. In the case of a diamond-based material,
such as diamond or a DLC film, radiation damages are induced by energetic particles. This would
change the film properties to graphitic ones.

In this study, the influences of contaminating Art in GCIB on properties of DLC films were
studied, in order to develop a deposition process by using a GCIB technique; and to obtain DLC films
with outstanding physical characteristics, such as ultra-hard hardness (> 50 GPa) and low sp?
contents. Characteristics of DLC films deposited with Ar cluster ions, Art, and their mixture (Ar
cluster and Art) assistance during the evaporation of Ceo were studied based on a carbon atom
coordination, by using.

A carbon atom coordination of the films was studied with Near Edge X-ray Absorption Fine
Structure (NEXAFS). NEXAFS measurement was useful to obtain information of sp*hybridized
orbital in DLC films [3]. The measurements were performed at UVSOR (Ultra-Violet Synchrotron
Orbital Radiation) facility of Institute for Molecular Science using the beam-line 8B1 in Japan. Soft
X-ray generated with synchrotron radiation was irradiated to the film at normal incidence, with
photon energy from 275 to 320 eV. Total electron yield mode that counted all electrons emitted from
the surface with X-ray radiation was applied. An energy resolution of a monochromator with a grating
was approximately better than 0.5 eV. A normalization of spectra was performed with the spectra of an
Au sheet, and it was measured before and after each measurement of carbon films. The sp? contents in
carbon films were analyzed by using near edge peak of n* resonance (285.5 V), which was referred
from spectrum of graphite. As it is very difficult to determine absolute values of sp? contents of the
DLC films, relative values of the contents were estimated. The DLC films deposited with RF plasma
method were used as a standard sample to determine those values. Additionally, the Ceo film was also
investigated with NEXAFS measurement as a standard carbon film.

Figure 1 shows NEXAFS spectra of carbon films formed by various ion beam assisted depositions.
The Ceo film and the RF plasma DLC film are also presented in figure 1. The NEXAF'S spectrum of
Ceo film showed three 7* peak of the carbon K edge (284.5eV, 285.5 eV, and 287.4 eV). This result
showed a good agreement with the previous theoretical study [4]. These sharp peaks became smaller
or disappeared in the spectra of the films irradiated with various Ar ion beams, except for a peak of
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985.3 eV. This means that Cs molecules were broken by irradiation of various Ar ion beams and the
films were changed to amorphous ones. The spectrum of the films formed with Ar* irradiation had a
small peak at 287eV, which was the same position as the third peak of Ceo. Additionally a ¢* broad
peak around 294 eV was also similar to that of Ceo. Thus structures of Ceo were still remained in the
film formed by Ar+ assisted deposition. On the other hand, the films irradiated with Ar cluster ions
and the mixture had no structure of Ceo. However, a slightly lager peak at 285.3 eV was obtained from
the film with the mixture irradiation. This peak at 285.3 eV was originated from sp and sp?
hybridized orbital of carbon bonding [3]. The peak is usually considered as sp? orbital because the sp
orbital is not stable. Integral of this peak in the spectra that is useful to discuss sp? contents in films
was shown in table 1. The integrals of the peaks were normalized with that of RF plasma DLC as a
reference. The smallest integral of the peak was obtained from the films by cluster ion beam assisted
deposition. With increasing Ar cluster ion in the beam, the integral of the peak decreased. Therefore,
it indicated that when fraction of Ar* was higher, sp?contents also became larger due to graphitization
of carbon.
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Figure I.  NEXAFS spectra of carbon films formed with various Ar ion beam assisted depositions. The Cyq film and DLC film
formed by RF plasma method were mesured to obtain standard spectra.

TABLEL  INTEGRALSOF 1* PEAK (285.3 EV) EXTRACTED FROM NEXAFS SPECTRA OF THE FILMS IRRADIATED WITH VARIOUS ION BEAM

IRRADIATIONS. THE PEAK INTEGRALS WERE NORMALIZED WITH THAT OF THE FILMS BY RF PLASMA METHOD AS A STANDARD.

Incident Ion species Ar cluster ion ax dl::ﬁr anl Ar'
Integral of m* peak 0.68 0.99 1.18
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1. Introduction

Doped CeO; (ceria) is one of the succesqml candidates for electrolyte materials of solid oxide fuel
cells (SOFCs) because of its high oxide ion (O*) conductwlty, and has been widely investigated so far [1].
Electrolyte materials in SOFCs are placed between air and fuel (i.e. under influence of large P(O,)
gradient at elevated temperatures. Since doped ceria has considerable n-type electronic conductivity as
well as oxide ion conductivity under reducing conditions, as is encountered in the fuel-side of SOFCs, it is
important to suppress its electronic conduction for development of high performance ceria-based SOFCs.
In addition, it was recently reported that the system has p-type electronic conductivity as well [2].

The appearance of n-type electronic conduction at the low P(O,) region is due to partial reduction
of Ce*" into Ce’* by the reducing power of the surroundmg gases. The authors have already developed
the novel method to determine concentration of Ce’" in oxides using Raman spectroscopy [3]. The aim
of this work is to evaluate localized position and concentration of p-type charge carriers in doped CeO5 to
know details in its electronic conducting behavior. In the previous report [4], the electronic structure of
p-type semiconductor, (La, Sr)(Co, Fe)Os, was studied using the same beam line by measuring XANES
spectra at Co Ly;-edge, Fe L3-edge and O K-edge. In the present study, O K-edge XANES spectra of
doped ceria were measured in a similar way, and information regarding doped hole states at oxygen sites
was obtained.

2. Experimental

Doped ceria with samaria, CeysSmg,0,.5 (SDC) and yttoria, CepgY(20,.5 (YDC) was prepared
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. Powders were pressed into pellets and were annealed under atmospheres of
pure oxygen, air or diluted hydrogen at 1273 K. The O K-edge X-ray Absorption Near Edge Structure
(XANES) spectra of the samples were measured on the BL-8B1 beam line at UVSOR (Okazaki, Japan) in
a mode of total clectron yield at room temperature. The total electrical conductivity was measured using
conventional d.c. 4-probe method and its electronic conductivity was evaluated by the ion blocking
method.

0

3. Results and discussion % _— , _ Ionic (1273 K)

Figure 1 shows the electrical & 4| fonic (1073K)
conductivity (o) of YDC at 1073 and w
1273 K in the range 10° < ;;, P 1273 K
[P(Oy)/atm] < 1. The ionic =
conductivity was shown as a dashed 5 W, R
line in this figure assuming that it can = 3 —
be regarded as P(O,) independent and = ‘ /
equal to the total conductivity under G =
air.  The electronic conductivity
determined by the ion blocking -5
method was plotted against P(0,) as 0 2
symbols.  Though the data show —Iog[P(O;SIatm]
some scatter, they are clearly in
proportion to P(Oz)ilm. The p-type Fig. 1. Electronic conductivity of CeygY 2045 as a function of P(O,).
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electronic conduction became predominant in the range P(O,) = 107 atm at 1273 K.

Figure 2 shows O K-edge XANES of Ceg3Y,0,5 after annealing and quenching in various
atmospheres. While the hydrogen-annealing sample had similar XANES spectrum to that of the sample
fired in air, the peak edge of the oxygen-annealing sample shifted to lower energy. This may be because
the hole state, containing O 2p character was doped by high P(O,) annealing. In the previous report on
the electronic structure of (La, Sr)(Co, Fe)Os, the prepeak was observed in its O K-edge XANES which is
attributed to the doped hole state, and it disappeared along with the oxygen vacancy formation with
decrease in P(0;). Hence it was concluded that 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 the case of doped ceria, exhibiting oxygen nonstoichiometry as well, it was
suggested that the hole state with O 2p character also pay an important role against oxygen introduction and
evolution. With P(0,) increases, doped ceria undergoes n to p transition as shown in Fig. 1, whereas it is
not observed for (La, Sr)(Co, Fe)Os system. In the n-type region [P(O;) < ca. 107 atm], oxygen reduction
and incorporation on the sample surface is accompanied by oxidation of Ce** to Ce™ ie. decrease in n-type
carriers. Since there were no
significant differences of XANES
spectra between hydrogen-annealed and 1.6

- @

air-fired samples, electron hole states at Q 14

the O 2p site are almost empty. %

Beyond the critical P(O,), ca. 10% atm 2 1.2 )
at 1273 K, reductant such as Ce’" has 2 4 3
been almost consumed and the system Neo! 0, *’% =
gets into the p-type region. In the < 08 "J : -
p-type region, it is hard to reduce 8 06 /ﬁ" \ ,f
oxygen (0,—0%) for lack of donor N Pyt &y
electrons from the reductant. Hence © 04 ’p’ s v
oxygen with doped hole is incorporated E 02 ﬁ Hy  Air \v

into the lattice. This is the origin of o %
p-type electronic conduction of doped < 0

ceria. 545 546 547 548 549

Figure 3 shows the O K-edge Photon Energy [ eV
XANES of SDC.  While similar
behavior was observed, the hole Fig. 2. Ols X-ray absorption spectra of Ce Y2045

concentration of  oxygen-annealing
sample looks larger than the YDC case.
The reason is not clear at present. In

the further work, a quantitative 1.6
observation  regarding  the  hole 14
concentration and study on dependency

1.2

of dopants should be done.
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Changes in electronic structure accompanying lithium insertion into the perovskite type oxides
using X-ray absorption spectroscopy measurement

Yoshiharu UCHIMOTO, Masanobu NAKAYAMA, Masataka WAKIHARA
Dept. of Appl. Chem., Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152-83552, Japan.

Transition-metal oxides having lithium insertion sites are particularly interesting as the electrode material of
lithium ion batteries with high-energy density. And these materials are attractive also for the good examples of the
basic study of solid-state electrochemical reaction, since the host crystal structure is almost same before and after
electrochemical reaction. A-site deficient perovskite type oxide, La;sNbOs, is considered to be a candidate for these
model compounds '. In addition, it is known that there are two types of lithium insertion reaction in this perovskite
type compound, one is electrochemical Li" insertion reaction (eq.1) and the other thermal Li+ insertion reaction (eq.2),

respectively. (The latter is expressed more accurately as the substitution of Li” for La’" in perovskite A-site.)

xLi+La;;sNbO; — LiLa;sNbO; (1)
/2 LiyO + (1-y) La;sNbOs + /2 Nb,Os — LiyLagi.,,sNbO; 2)

The reaction shown in eq.1 is classified as a redox reaction, and it is considered in conventional chemical sense that the
Nb*" ion is reduced to Nb*" ion. On the other hand, the reaction described in eq.2 does not accompany a redox reaction,
therefore the Nb”™ ion does not change its oxidation state. In this study *, we investigate the variation of oxidation
states of each ion through the lithium insertion reaction expressed as eq.l and eq.2 by x-ray absorption spectroscopy
(XAS) measurement.

Different compositions of the Li,La.,)3NbO3 solid solution were prepared by conventional solid state reaction.
The details were described in ref 1. Electrochemical lithium insertion was carried out by galvanostatic method (current
density; 40mA/cm®) using three-electrode type cell. The XAS measurements for the La Li-edge spectra were carried
out by transmission mode. And that of Nb Ly-edge and O K-edge spectra were carried out by total-electron-yield
method. For the samples after electrochemical treatment, all installation operations were performed under Ar or N,
atomosphere.

The results of the XAS measurements for the samples of electrochemical lithium insertion are shown in figure
1. La Liy-edge spectra (figure 1(a)) of the XAS measurements show no marked change, and formal charges of La ions
in perovskite samples are +3 because the spectra of perovskite samples were consistent with that of La,Os. This
indicates that the oxidation states of La ions at A-site are unchanged throughout the reaction. The Nb Ly-edge spectra
(figure 1(b)) show two absorption peaks at the composition x = 0. Concerning the crystal field theory for the NbOg
octahedra, observed two peaks were assigned as split Nb4d, t2g and eg orbital. The intensity of t,, peak decreased
with increasing the composition x, indicating accepting electrons into t,, orbital by reduction reaction. Therefore the
reduction from Nb*" to Nb** should occur along with electrochemical lithium insertion. Figure 1(c) shows the O K-
edge specra of the samples with composition x. Two peaks were observed at x = 0 in the range from 525eV to 535¢V.
However, the two peaks disappeared with electrochemical Li insertion, and an additional peak appeared at about 532eV.
Therefore the electronic structure of oxide ion changes with Li insertion reaction and maybe due to the changes in
electronic interaction with neighboring cations. There are three kinds of cations interacting with oxide ion, Nb, La and
Li, respectively. The interaction between La and O should not affect the changes in electronic structure of oxide ions
due to no marked change in XAS spectra (Fig.1a). Hence, the changes in electronic structure of oxide ions will be
explained by two hypotheses. (i) due to the changes in the interaction of Nb-O, and/or (ii) the increment of Li-O

interaction with increasing the amount x. In order to clarify the reason for the variation of O K-edge spectra, we
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investigated the XAS spectra of thermally Li" inserted samples. The results of Nb L;—edge did not alter with
composition y, indicating Nb ions keep their formal oxidation state as +5 through the lithium insertion as expected
equation.2 (Figure 2). On the other hand, the O K-edge spectra vary with thermal Li" insertion and are similar to the
spectra for the samples with electrochemical Li” insertion (Figure 2). Accordingly the origin of variation of electronic
structure of oxide ions is due to the interaction between lithium ion and oxide ion, or the variation of ionicity of oxide

ions.

Normarized absorbance /a.u.

I
5480 5300 5520 2370 2380 520 530 540
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Figure 1. The variation of XAS spectra with electrochemical lithium insertion for the samples, LiLa;sNbOs. (a):La
Lip-edge, (b):Nb Ly-edge, (¢):0 K-edge. (x=0, 0.1, 0.2, 0.4, 0.6, 0.8)
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Figure 2. The variation of XAS spectra with thermal lithium insertion for the samples, Li,La_,,sNbOs. (a):Nb Lij-
edge, (b):0 K-edge. (x=0, 0.1, 0.25)
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Charge Compensation in CoV3;0g Accompanied by Li Insertion
Analyzed from Co-L and V-L XANES
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Novel cobalt vanadium oxide CoV;0y crystallizes in orthorhombic system /bam and has tunnel-like space
along c-axis in the crystal structure. [1] It is considered that the tunnel-like space is advantageous for lithium ion
insertion and deinsertion. In the present study, we have synthesized CoV;0gand inserted Li into the CoV;04
electrochemically. The charge compensation in CoV3;0g accompanied by the Li insertion was analyzed from
Co-L and V-L XANES.

CoV;0g was synthesized by solid-state reaction. Electrochemical lithium insertion was carried out by using a
three-electrode cell. The working electrode consisted of 80 mass% of active material, 15 mass% of acetylene
black powder and 5 mass % of a binder (polytetrafluoro ethylene). The counter and reference electrode were
lithium metal. The electrolyte was 1 mol-dm™ LiClO, dissolved in propylene carbonate. Lithium was inserted
into CoV;0j at constant current density of 0.5 mA-cm™and Li,CoV304(x=0, 0.7, 1.3, 2.6) were obtained. 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 Co-L XANES for Li,CoV;05(x=0, 0.7, 1.3, 2.6). Co-L XANES for CoO (Co*") and LiCo0Q,
(Co“) were also given as references. It can be seen from Fig. 1 that the valence of Co in Li,CoV;04(x=0, 0.7,
1.3, 2.6) would be +2. This indicates that valence of Co was unchanged during Li" ion insertion into CoV;0s.

Figure 2 shows V-L XANES for Li,CoV304(x=0, 0.7, 1.3, 2.6). V-L XANES for V,0;(V>"), V,0,(V*), V,05

(V®') were also given as references. The

@
profile of V-L edge of CoV;0g resembles 0% .
LiCoO, o B 4%
those for V,0,4 and V,0s. This indicates that :1__‘.:;__;2@?\ D SR
the valence of V in CoV;0g would be +4 or § %
, ‘ . 5 |CoO &
+5. The value is compatible with average 5 m— R ezt E
§ %
. 5 & > [x=0 o r‘}\ b
44 = 2 =
valence of V in CoV;0g, +4.67, which is % jﬁ st it %
calculated by assuming that valence of Cois £ |x=07 & % . E
. W % %W%m
+2. Shifts of L;; peak at ~520 eV and Ly =13 8 %%,—
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. : 3 B o ped g
peak at ~528 eV to lower energy with m&ﬁ:@% Remeghag g
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increase of Li content x was observed and o sogafp B mm,xl . ‘
the profile of Li; sCoV;0gz became similar to 775 780 785 790 795 800 805 & 515 520 525 530
. o ) Energy / eV Energy / eV
that for V,05. This result indicates that Vin gz | oL XANES for Fig 2 VL XANES for
COV],OS was reduced b}’ thﬁ electrochemical Li,COV:{OﬂXFO, 0.7, 1.3, 2.6). Li,COV3Og(X.:0, 0.7, 1.3, 2.6). V-L
Co-L XANES for CoO (Co*) and XANES for V20:(V™), V,04(V*),
Li" ion insertion. LiCo04(Co®") were also given as Vo05(V®') were also given as
references. references.
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Resonant Photoemission Study of Li,Ni, 1O, using Synchrotron Radiation
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A layered structure LiNiO,, which can be thought of as an ordered rock-salt type with an ABCABC
stacking of oxvgen planes and Li and Ni ions ordered in alternate octahedral sites of (111) planes, is one of
the most studied cathode materials for the application in the lithium ion batteries. The lattice oxygen
species of LiNiy O, (x>>0.6) with a layered structure has also a selectively catalytic property for an
oxidative coupling of methane, while those of LixNiy,O» (x=0.6) with a non-layered structure completely
oxidize methane to the carbon dioxide. The top of the valence band region usually determines the chemical
properties of the materials; therefore, it should be carefully investigated. Then, the electronic structure of
LiyNiz, 0, (0<{x=1) was examined from the incident photon energy dependence of UPS (Ultraviolet
photoelectron spectra) in order to clarify the origin of selective catalysis and electronic structures.

The solid solution series LiyNi; O, (0<{x=1) were prepared from LiNO; and Ni(OH), by
solid-state reaction. The ultraviolet photoelectron spectra were measured using solid photoelectron
spectroscopy equipment (BL8B2). The surface treatment of samples was scraped by a diamond file in a
chamber kept around 10" Torr and was done to Ar" sputtering.

Fig. 1 compares the UPS of Lij;Ni; 4O,
LigsNi; 702, LigsNi; 50, LiggNij,02 and LiNiO,
at 40eV incident photon energy. These spectra
were measured with reference to Er as the zero of
the energy scale. The photoionization threshold of
LixNiy O, is evaluated from the UPS spectral
onset to be 0.4~1.2eV relative to Ef, respectively.
The top of the valence band of LiNi O, is
derived from Ni and O. These spectra are mainly
five features, and can be attributed to Ni3d (A, 1.6
~2.5¢V), unknown (B, 3.2~3.9¢V), O2p, (C, 5.0
~ 6.0eV), O2ps, (D, 6.8~ 7.5¢V) and Ni3d
satellite (E, 9.7~ 11.5¢V). The photoemission
intensity of LiNiO, is dependent on the incident Fig.1. The UPS of Li,Ni,.,0, (0<x=1.0).
photon energy as shown in Fig. 2. The Ni3p—

Intensity

8 6
Binding Energy / eV

Ni3d core absorption edge is located at around ’\\‘ LiNiO,
65¢V, and the intensity of peak A and D changes 7 \
resonantly at the absorption edge. Comparing the 2 g R E: 10.2¢V
clectronic structures of LiNi, O, (x=0.6) and g 1 7.0eV
LiyNiO, (x>>0.6), several differences are found. ~ : 5.0eV
In LipNi; 905, LigsNi; 70, and LigsNi; 50,, there o
exists a considerable possibility of orbital mixing .
between Ni and O, although there is no such

evidence in LiggNi; 20, and LiNiO,. It is evident 62 o4 66 8 70 72

that these differences affect the catalytic selective Incident Photon Energy / eV

oxidation for the OCM reaction. Fig. 2. The Axdependence of the UPS of LiNiO».
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Origins of the energy position and the width of HOMO bands are keys to understand interface properties,
such as the energy level alignment and molecule-molecule and/or molecule-substrate interaction in organic
devices. The angle-resolved UPS using synchrotron radiation is a powerful tool to study the geometrical
structure of the ultrathin films of organic molecules as well as the electronic structure. In the previous work we
analyzed the take-off (0) and azimuthal (¢) angle dependencies of ARUPS of thin films of large organic
molecules using independent-atomic-center and single-scattering approximations combined with molecular
orbital calculation (IAC/MO and SS/MO). We succeeded to determine quantitatively the molecular
arrangement and orientation of Cu-, ClAl-phthalocyanine/MoS; [1], BTQBT/MoS, [2], and PTCDA/MoS; [3]
etc. However, it is difficult to understand precise electronic state for these organic molecules on the MoS,
substrate due to the existence of multi-domains. An organic single-domain monolayer can be an excellent model
in studying what is happening just at organic-inorganic interface by using UPS.

Recently, in the monolayer, we found that

naphthalene-1.4,5,8-tetracarboxylic dianhydride a) hv

=0° h
=60eV d ’ ®) iBD(r}eV b
(NTCDA) molecules were oriented with their “&L;; 9] 2 %5;74[
molecular plane flat to the substrate, and showed the == ==
: ; D ¢ B AHOMO) B AGHOMO)
single-domain film could be formed on a GeS(001) o GeS(dp) ©= :
substrate surface by means of LEED. In the present \E w ¢9:=.
50°
work, we report results of quantitative analysis of the 5 - A
g g' 75
0 and ¢ dependencies of the photoelectron intensity g ? 34° _
from the valence bands by comparison between E ﬁ o R "
ARUP spectra and SS/MO calculations for the é i o ’““",%’4: Ll
5 220 N
NTCDA monolayer deposited on the GeS substrate. & = s "i&ﬁg\ 30°
= 18° i N
ARUPS measurements were carried out at the = a z \\, 150
A 107 \
BL8B2 of UVSOR. ARUP spectra were measured by \w - o
a newly installed system of a VG-ARUPS10 analyzer o
i -15¢
with a multi channel detector system. The 0 and ¢ 200
dependencies were measured at photon incidence R S S 4 3 =
. b Eg from E;™
angle & = 50° and at hv = 606V, A GeS (001) single Ep from E¢™ (eV) s BB RV
. . Fig.1 a) 6- and b) ¢- dependencies of ARUPS of NTCDA (2.5A)
crystal was cleaved in the UHV. A purified NTCDA on GeS(001) at room temperature
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was carefully evaporated onto the GeS surface. The
film thickness and the deposition rate (~ 1.2 A/min.)
were measured with a quartz microbalance.

The single-domain NTCDA film exhibited a
clear LEED pattern. From the analysis of the
diffraction pattern, the formation of single-domain
structure was confirmed. It has the rectangular unit
cell with the dimensions of 9.8 A (2.7a)), 17.2 A
(4ay).

Figure 1 shows the 0- and ¢-dependencies of
the ARUPS of NTCDA (2.5A) on GeS at room
temperature. Angle dependencies of photoelectron
intensities are clearly seen.

Figure 2 shows the 6 dependence of the
photoelectron intensity from the HOMO band
(single ©-MO) and the calculated results for the
molecular tilt angle of B = 0° and 10° using the
SS/MO(HF/STO-6G) method. Among these, the
calculated © pattern for § = 0° gave the best
agreement with the observed one. It indicates that
NTCDA molecules orient flat to the substrate
surface. Results of the ARUPS simulation using
SS/MO  calculation also showed a good
correspondence to the overall spectral features.

Figure 3 shows the comparison between the
observed and calculated ¢ dependencies of the
HOMO-band intensities for the flat-lie molecular
orientation. In this calculation, we averaged ¢
patterns corresponding to two different azimuthal

orientations due to glide-reflection symmetry of

NTCDA unit cell, which were determined by LEED.

From these results, the two-dimensional NTCDA
single-domain structure on GeS (001) single crystal

was determined as shown in Fig.4.
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Fig.2 The comparison between calculated (-) and observed
(O,4\) 0-dependencies of the photoelectron intensity of
the HOMO band.
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Fig.3 The comparison between calculated (-) and observed
(@original range, A180° shifted) ¢-dependencies of the
photoelectron intensity of the HOMO band.

Fig.4 Two dimensional structure of NTCDA single-domain
film on GeS(001) determined by ARUPS and LEED.
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Metal phthalocyanines have been extensively studied in relation to a wide range
of the applications utilizing their thermal and chemical stability. Recently their
fluorinated derivatives also attract attention, since the electron acceptor nature of
phthalocyanines can be enhanced and controlled by fluorine substitution. Such aspect
1s useful for constructing various organic electronic devices.  Thus it is interesting to
study the effect of fluorination on the electronic structure.

In this work, we studied the electronic structures of zinc phthalocyanine (ZnPc)
and its perfluorinated derivative with 16 fluorine atoms (Fis-ZnPc) by ultraviolet
photoelectron spectroscopy (UPS) using synchrotron radiation. The experiments were
performed at beamline 8B2 of UVSOR facility. The samples were prepared by
vacuum evaporation on a Au substrate.

In Fig. 1, we show the observed valence band spectrum of ZnPc at photon

energies of 40 eV. Also we show the

spectrum taken with a conventional
Hel discharge (hv = 21.2 ¢V) and the
density of states of ZnP¢ calculated by
GSCF3 method [1,2] as the shadow at
the bottom of the figure. The
correspondence is fairly good, and we

Intensity (arb. units)

can assign the spectral features
corresponding to the m and o(C-C)
states in the observed spectra as

indicated in the figure.

ey ey g o T e p oo P g ok e b sie g
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In Fig. 2, the corresponding spectra of Birding Enarey? e

FisZnPc at photon energies of 21.2 and
40 eV are.shown. The density of states Fig.1  UPS spectra of ZnPc
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by GSCF3 calculations is shown as the

|

F16—ZnPc PES

shadowed area. In this case, we also 0 (6-C.C-F)

i F (one pair) -

|

see a rather good correspondence
between the observed and calculated R
results, and the spectral features due to
the n, o(C-F), and o(C-C, C-F) states

3 \ | Hel (hz=21 zevj
are assigned as shown in the figure.

Intensity (arb. units)

We note that the levels derived from
| hu=40 el

the lone pair orbitals of the F atoms

are concentrated at binding energy -
ad

around 15 eV. T B TR T R —
When we compare the results Binding Energy /' eV

for ZnPc and Fis—ZnPc, we see that the

energy levels are stabilized by fluorination, Fig. 2 UPS spectra of Fj4-ZnPc

as expected from the electron-withdrawing

nature of the fluorine atoms. In particular, the o orbitals are more effectively
stabilized than the 7 orbitals. This can be ascribed to the perfluoro-effect, where the o
orbitals are selectively stabilized in planar conjugated systems [3]. Still the m orbitals
are also affected, with the HOMO being stabilized by about 1 eV.

It is known that ZnPc shows resonance enhancement of the spectral feature
derived from the Zn 3d orbital at binding energy of 15.5 eV with increasing photon
energy [4]. In addition, the valley in the He I spectrum becomes shallow in the
spectrum at 40 eV. Similar shallowing of the valley is also observed at about 11 eV for
Fis-ZnPc. These parts may be ascribed to the Zn3d derived Zn-N ¢ bonds.

Thus we could analyze the valence electronic structures of Fj¢-ZnPc 1n
comparison with that of ZnPc. We are also currently performing NEXAFS studies of
these compounds for examining the effect of fluorination to the unoccupied orbitals.

We thank Prof. N. Kosugi of Institute for Molecular Science for providing us the
program of GSCF3 calculations.
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Self-assembled monolayers (SAMs) on metal surfaces present many interesting aspects in resent years from
the viewpoints of both basic science and practical applications.  Although a variety of substrates and functional
groups are known to form SAMs, the thiol/disulfide monolayer on Au has received considerable attention due to
its simplicity and ease of preparation. In contrast to the many reports of monolayers derived from organosulfur
reagents containing functional groups in the @-position, there has been relatively little work done to build
organic monolayers on metals without using sulfur as the anchor group. The monolayers of heavily
chalcogenides such as selenium and tellurium instead of sulfur are promising systems for a variety of
applications such as electrical applications, photoresists, photocatalysts, preparation of semiconductor quantum
dots of various chalcogenides, etc. due to their importance in technological applications and also due to the
possibility of photon-induced electron transfer properties of various selenide and telluride compounds.
Moreover, there is little attention for the electronic states which originate from anchored part of adsorbed SAM
molecules adsorbed on metal surfaces. In this report, we have studied the molecular conformation and the
electronic structural study of alkyl chalcogenides adsorption on Au(111) originated from the difference of the
anchored part with ultraviolet photoelectron spectroscopy (UPS).

The Au(111) substrates were prepared by thermally evaporated on mica at a substrate temperature of 693 K.
The substrate was immersed into a try toluene diluted dioctyl dichalcogenide solution at a concentration of about
I mM for 24 h in dry nitrogen atmosphere. ~ After removal from the solution, the samples were rinsed with pure
solvent and stored in dried ethanol until measurements under dark condition. ARUPS measurements were
carried out at the beamline 8B2 of the UVSOR facility at Institute for Molecular Science. The mu-metal UHV
chamber operated at a base pressure in the 2 x 10™ Pa and consisted of an angle-resolved hemispherical electron
energy analyzer of 75 mm mean radius (VG ARUPS-10) mounted with two planes of rotation and a multi

channel detector.

Results and Discussion

Figure 1 shows the UPS spectra of C8 disulfide, diselenide, and ditelluride monolayers adsorbed on
Au(111) at the incident photon energy hv = 40 eV on a binding energy scale relative to the Fermi level.
Principally, these spectra resemble each other, indicating analogous electronic structures. Bands A and B are
ascribed to pseudo-m and C2s orbital distributed on the alkyl chain, respectively. In Fig, 2, we show the UPS
spectra of clean Au(111) and C8 chalcogenides near the Fermi level. In the case of the clean Au(111), the
Shockley surface state is clearly observed just below the Fermi level. The quenching of the surface state and
the emergence of additional bands attributed to the MOs of the dialkyl dichalcogenide-derived adsorbates. In
the case of the C8 disulfide sample, a low intensity feature is observed at approximately 1.5 eV below Fermi

level and prior to the Au 5d band onset. We measured with the different photon energies thus changing the
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Figure | UPS spectra of C8
dichalcogenides adsorbed on Au.

can thus be taken as evidence of Au-chalcogen bonding.

relative cross section between Au 6s and the binding orbital
(largely S 2p), and the band has a small contribution of Au 6s. In
previous studies of n-alkanethiol and dialkyl disulfide on Cu(410)
and benzene thiol adsorption of Cu(110), low intensity bands have
been observed between 2 and 5 eV [1,2]. Benzenethiol
adsorption on Au(l11) also shows the low intensity bands at
around 1.5 eV, which is considered to the band due to the
existence of the Au-S bonding [3]. Similar low intensity bands
are also observed at around 1.0 eV for the dialkyl diserenide on Au,
and at approximately 1.5 eV for the dialkyl ditelluride on Au.
These band observed at

around 1.5 eV for

hv = 30eV
a=50° 6=0°

dioctyl dicharcogenide

adsorbed on Au(l11)

In our previous report of the conductive-AFM measurements for
dioctyl ditelluride-derived monolayer, the dibutyl ditelluride derived
adsorbed layer is easily oxidized in air atmosphere than the disulfide
and diselenide adsorbed monolayers, and it shows higher resistivity
than that of the lighter chalcogenides due to the case of oxidation
reaction in the ambient pressure [4]. By exposing to air for dioctyl
ditelluride derived monolayer, this band is completely disappeared,
indicating that the Au-Te bonding cleavage proceeds by the oxidation
in the atmosphere.  The high resisitivity for ditelluride sample is thus
caused by the disappearance of the conductive metal-telluride
junction due to the cleavage of the Au-Te chemical bond and
following the disappearance of the Au-Te bonding state near the

Fermi level.
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Poly(tetrafluoroethylene) (PTFE) (CF,), is one of the most prototype polymers, which is the
perfluorinated analogue of polyethylene (CH,), with a simple repeating CF, unit. PTFE has been
widely used for chemical, medical, and high-performance electronic applications due to its excellent
chemical and physical properties. Such properties of PTFE are related to its valence electronic
structures, and its elucidation is important for the basic science and the practical applications.

The electronic structures of PTFE and its oligomers have been studied both experimentally and
theoretically.[1] As an interesting aspect of such one-dimensional polymers, we can expect the
formation of intramolecular energy-band along the chain.[2] Many theoretical studies for a PTFE
chain have indicated large widths of the bands of the order of 5 eV due to the strong interatomic
covalent bond within the chain. Until recently, however, there were no experimental results to be
compared with such calculated intramolecular energy-band dispersion relation besides the indirect
mformation of density of states (DOS).

Recently, we have reported the experimental results of the energy-band dispersion for PTFE
oligomer observed by ARUPS measurements. In our report, we used the sample, which the
long-chain axis is perpendicular to the substrate surface (end-on orientation) and measured the
normal-emission spectra with the incident /1~scanning mode.[3] In this mode, we have to make
some assumption about final state of the excited electron. A free-electron-like parabola with a
constant inner potential 7} is often assumed as the final state because the vertical component of wave
vector to the surface (along the chain direction) is not conserved.[2] Here, the inner potential is an
adjustable parameter of the origin of this parabola. We have evaluated the value of V; from the
experimental data, but there was some ambiguity for the deduced value.[4]

In the present work, we report on ARUPS studies for the oriented thin films of
perfluorotetracosane (#-CF3(CF,),,CF5; PFT), an oligomer of PTFE, on Cu(100) surface prepared by
in-situ vacuum evaporation. The use of oligomers is based on the theoretical and experimental
findings that oligomers more than ten repeating units have very similar electronic structures with
infinite polymers. ARUPS measurements with G-scanning mode with the sample, which the
long-chain axis is parallel to the surface enable us to determine the strict energy-band structure of PFT
without introducing the inner potential /,. The parallel component of k to the surface (along the
chain direction) is conserved, and we have not to make any assumption about the final state.[5]

ARUPS measurements were carried out at the beamline 8B2 of the UVSOR facility at Institute
for Molecular Science. The sample of PFT supplied from Aldrich was used without further
purification. Thin films of PFT were prepared by vacuum evaporation at room temperature onto
clean Cu(100) substrate. The thickness of PFT was about 0.5 nm as monitored by a quartz oscillator,
and the deposition rate was about 0.1 nm/min. In order to minimize the radiation damage, the
incident light intensity was reduced less than 60 pA, and the sampling position of specimen was
changed after several runs. The absence of the damage effect was confirmed by remeasuring spectra
under fixed experimental parameters.

The 6-dependence of the spectra of the PFT/Cu(100) with the incident photon energy of 40eV is
shown in Fig. 1. The take-off angle & was changed in the plane containing the [110] direction of the
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substrate. The value of #is varied from 0° to 70°. In this figure, we found that the topmost band
(10.5~13eV in B.E.; band A) and the band derived from C2p atomic orbitals (22~26eV in B.E.; band
B) show significant energy shifts due to the intramolecular energy band dispersion. For the detailed
peak assignments see Ref. 3.  Figures 2(a) and 2(b) are the narrow range scans of the bands A and B,
respectively. In Fig. 2(a), the topmost band features of PFT appears at #>45°, and shows significant
energy shift towards lower binding energy side with increasing the take-off angle 6. This band
shows the energy minimum at §=65°, and at shifts towards higher binding energy side at #=70°. In
Fig. 2(b), the band derived from C2s atomic orbitals appears at 20°< §<55°, and shifts towards lower
binding energy side with increasing €. In Fig. 2(b), we can find non-dispersive peaks at 21.5 and
26¢V in B.E. These peaks are attribute to the domain structure that the long-chain axis of PFT is
perpendicular to the [110] direction of Cu(100). This exhibits that we have succeeded in preparing
the highly oriented film of PFT.[5]

Figure 3 shows the experimentally obtained energy-band structure of PFT plotted in the extended
zone scheme. The abscissa is the parallel component of the wave vector &' along the [110] direction
of the Cu(100) substrate. In Fig. 3, the binding energy of the topmost band (band A) is the minimum
at the [' point. But the structure of band A is largely different from the one determined in our
previous study. This shows that the estimated value of V; in our previous study is not reliable one.

We also performed the theoretical simulation of ARUPS spectra based on the
independent-atomic-center (IAC) approximation,[5] and the results of the simulation are plotted in
Fig.3 with open circles. The observed and simulated data show excellent correspondence. The
detailed results of this simulation will be reported soon.
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Introduction

Increasing needs for the microstructures with height of over a few hundreds micron have been widely spread
in the many fields of micro systems such as high power microactuators, high sensitivity micro sensors and microprobe
spectroscopy for nano technology. Thus microstructures with high aspect ratio add new functions, high integration, and
increase the performance of the micro system devices. In order to fabricate high aspect ratio microstructures with high
throughput productivity, LIGA (Lithographie, Galvanoformung and Abformung) process using synchrotron radiation is
one of the most promising techniques [1]. LIGA process consists of three techniques: X-ray lithography, electroforming,
and molding. On the lithography technique, polymethylmethacrylate (PMMA) has been used as a standard X-ray resist,
however it restricts the process cost cut down due to the low photosensitivity. Generally, UV photoresists have been
advanced in the viewpoint of photosensitivity and succeeded in applying to semiconductor fabrication processes.
However, conventional UV resists, that has been developed mainly for thin film resists utilizing as etching masks, are
difficult to apply for LIGA process. Few resist to fabricate the thick patterns, e.g. over a few hundreds micron thickness
on LIGA process, are found in the present. We have improved the photosensitivity and optical property of the novel thick
resist “TG-P” for X-ray LIGA processes. So far, TG-P is mainly evaluated with white X-rays in NEW SUBARU (BL-11).
However, photoresist has an optimum wavelength region for exposure that attains a highest sensitivity with an excellent
resolution. Thus, we have tried to investigate a photon energy regime that might influence on the photosensitivity of TG-P
using the monochromatized X-rays of BL-1A of UVSOR.

Resist design
PMMA has been known as a conventional X-ray resist.

The photosensitivity of this “classic” positive resist is derived from
the chain scission due to X-ray irradiation. And the reduction in
polymer molecular weight lead to enhanced solubility of the
exposed regions. Thus, photosensitive mechanism for PMMA
leads to its high resolution, however, its sensitivity is fairly low.
On the other hand, the concepts of chemical amplify resists have
been investigated widely in order to improving sensitivity [2]. One
of these has been used to design a number of negative resists based
on acid catalyzed cationic polymerization of crosslinking of
polymers [3]. This concept has been utilized for the achievement
of the ultra thick negative resist with high sensitivity. We have
successfully designed and synthesized TG-P with mass production
processes. Fig. 1 shows the honeycomb pattern profiles of TG-P
achieved by deep X-ray lithography (New SUBARU).

Fig. 1. The honeycomb patterning
Experiments and Results profiles fabricated with TG-P. Line

On the chemical amplify resist system, a photosensitive
component has an important role that controls a photosensitivity
though its content in photoresist is very low. The photosensitive component of TG-P is a photo acid generator
that includes some sulfur atom in its molecule, and the photochemical decomposition with X-ray radiation can be
occurred at the sulfur and a carbon bond. So, we examined the photosensitivity of TG-P to compare to expose
two lights of different wavelengths, which one is a excitation light of sulfur (1s orbital) at 2472¢V and the other
is at 2400eV that is lower than the absorption edge of a sulfur atom.

width: 20pm, resist thickness: 160pm

— 207 —



ArSTX ArS + H'X +  others

H'X = Acid
Fig. 2. Reaction of photosensitive material by radiation exposure
The TG-P handling process for X-ray exposure is shown as following.
Substrate: 100mm silicon wafer, Coating: spin-coat, Soft Bake: 95°C/3 min.
Crystal: InSb (111), Post Exposure Bake (PEB): 95°C/10min.
Development: Dip (with organic solvent)

Table 1 shows absorptions of TG-P film and exposure doses at each energy.

Table 1. Absorptions of TG-P film and exposure doses

Normalized Photon Flux
bsorption"’
Sample  Photon Energy  Absorption Absomticn (Photons/s/100mA) Exposure Dose
A 2472eV 6.348% 100% 5~6x10° 73.5A/min.
B 2400eV 6.787% 106.92% 6x10° 74A/min.

": The value was numerically estimated.

After development, both samples were cured by the x-ray exposure and the followed bake (PEB).
Fig. 3 shows the surface images of the optical microscope for both samples after the PEB. As shown, clear
morphology difference was observed among their surfaces.

Fig.3. The pictures of TG-P films after development: Left (Sample-A), Right (Sample-B)

Many wrinkles were observed only on the surface of the sample-B film. These were supposed to be caused
by swelling with developer soakage and this suggests that the yields of the photochemical reaction increased by
the excitation of sulfur atom. This acceleration leads to the higher photosensitivity for the photoresists.
According to this result, it was suggested that the photosensitivity of photoresist for X-ray lithography depends
on the photon energy near the absorption edge of the elements in the photo acid generator. It is important to
choose the optimum elements in the photo acid generator of which absorption edges exist within the region of
the x-ray spectrum to use in order to design high sensitive photoresists.
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The orientation of adsorbed N,O and N, was examined at around 60 K on Pd(110) by near-edge X-ray absorption fine
structure (NEXAFS). Adsorbed N, stands on the surface; the m resonance peak at 401 eV of the photon energy decreased with
increasing X-ray incidence angle when its polarization was in a plane along either the [001] or [110] direction, and the &
resonance at around 420 eV was observable only at grazing angles. On the other hand, for N,O(a), two 7 resonance peaks
were observed at 401 and 405 eV. With increasing X-ray incident angle, their intensities increased significantly when the
polarization was in a plane the [001] direction, and the intensities decreased for the polarization in the [110] direction. The
orientation of N>O was discussed.

Introduction

Catalytic N,O decomposition on palladium surfaces has attracted much attention because N,O is a major by-product in
catalytic NO decomposition and yields a remarkable greenhouse effect. This species was recently identified as the
intermediate emitting N; in NO decomposition on Pd(110). Furthermore, it is mostly decomposed on Pd(110) below 150 K
and emits N, in an inclined way in the plane along the [001] direction [1,2]. Thus, N;O(a) oriented along the [001] direction
was proposed to be the precursor of the dissociation. Recent DFT calculations by Kokalj show that N,O(a) oriented along the
[001] direction is as stable as the standing form with a bonding through the terminal nitrogen to metal [3]. Infrared reflection
absorption spectroscopy work reports the standing form, but it is insensitive to the lying form. This reports the X-ray incident
angle dependence of the * resonance of N,O when the electric vector is in the plane either along the [001] or the [110]
directions.

Experimental

The angle of X-ray incidence (&) with respect to the surface normal was varied by rotating a Pd(110) crystal such that the
electric vector of the X-ray, E, was oriented in a plane parallel to or perpendicular to the [110] direction. The crystal was kept
at around 60 K by liquid helium cooling during the NEXAFS measurements. The NEXAFS spectra were recorded in a partial
Auger electron yield mode with the kinetic energy of the nitrogen KLL Auger electrons at 382 eV.

Results and Discussion
On the clean surface, no signal peaks were found in a raw NEXAFS spectrum in the photon energy range from 395 eV to 410
eV. Above this level, however, the signal due to Pd became significant. Thus, the signal at 410 eV was used to normalize the
observed spectra in the partial Auger electron yield mode. The N,O coverage, o, was determined by thermal desorption.
[Na(a)] NEXAFS of Ny(a) exhibits two resonance states at the present mono-chromator, i.e., 7 at 401 eV and o* at 413430
eV. The 7 resonance decreased with increasing incidence angle of X-ray and was mostly suppressed at around &=80°. On the
other hand, the o resonance became visible at grazing angles. Similar results were obtained when the X-ray polarization was in
a plane along either the [001] or [110] direction. No coverage dependence was found. Na(a) always stands on the surface.
IN2O(a)] Two resonance states were fund in NEXAFS at 401.3 and 404.7 eV when the surface was exposed to N,O at 60 K.
The former was assigned to the transition from the 1s state of the terminal nitrogen atom (N,) to 37*, and the latter due to the
excitation of a 1s electron of the center nitrogen (N.). This energy difference of 3.4 eV and similar intensity of both peaks agree
with those of gaseous N;O, confirming a molecular form of N,O(a). The signal ratio did not change with N>O exposure. On
the other hand, the & resonance at around 425 eV became very weak and visible only at grazing angles. Typical raw spectra at
¢= 10" are summarized at various coverage in Fig, 1.

The 7 resonance originating from the N, 1s decreased to about 80 % at the grazing angles when the polarization was
parallel to the [110] direction (Fig. 2a). The other 7 resonance from the N Is decreased to about 70 %. The former 7t
resonance originating from the N, s increased by about 70 % with increasing incident angle to the grazing angle when the
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polarization was oriented in a plane along the [001] direction (Fig. 2b). On the other hand, the other 7 resonance from the N, 1s
was fairly constant.

Two adsorption forms, a standing and a lying into the [001] direction, have been predicted by DFT results [3]. The ©
resonance should decrease in a form of cos*@ with increasing the incident angle when N,O stands, whereas the signal would
increase in a form of sin”@ when N;O is lying along the polarization direction. A typical deconvolution is shown by the dotted
curves in Fig. 2b, where only a lying form along the [001] direction and a standing form arc assumed. In Fig. 2a, the
contribution from the standing form (the dotted curve) is first subtracted and the remaining signal is drawn by the broken curve.
The remaining signal is significant at the normal incidence and increases with increasing incident angle, although it should be
constant when the transition probability from 1s to 3m* is the same for the surface parallel and perpendicular 7+ orbital. The
contribution from another lying form oriented along the [110] direction must be considered.
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Fig. 1. NEXAFS spectra of N,O ad-molecules at an Fig. 2. X-ray incident angle dependence of m resonance of
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plane along the [001] direction. [110] and (b) the [001] direction. The deconvolution into a

standing form and a lying along the [001] direction is given
in (b). The deconvolution in (a) is explained in the text.
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The orientation of adsorbed N,O was studied at 60 K on Rh(110) by near-edge X-ray absorption fine structure (NEXAFS). At
high exposures, N,O(a) showed two 7 resonance peaks at 401 and 405 eV. The former was fairly constant and the latter
decreased to about 50% over the incident angle of 0° to the grazing angle of 80° when the X-ray polarization was in a plane
along either the [001] or [110] direction. At small exposures, only one 7+ resonance at 401 ¢V was clearly observed and its
polarization dependence was very similar to that of N»(a) indicating dissociation of N,O. Adsorbed N, stands on the surface.

Introduction

Catalytic N;O decomposition on rhodium surfaces has attracted much attention because N,O is a major by-product in catalytic
NO decomposition on this best metal catalyst and yields a remarkable greenhouse effect. This species was recently identified
as the intermediate emitting N, in NO decomposition on Pd(110) [1,2]. Furthermore, it is mostly decomposed on Rh(110)
below 120 K and emits N, in an inclined way in the plane along the [001] direction. N,O(a) oriented along the [001] direction
was proposed to be the precursor of the dissociation. Recent DFT calculations by Kokalj show that N>O(a) oriented along the
[001] direction is as stable as the standing form with a bonding through the terminal nitrogen to metal [3]. This first reports the
X-ray polarization dependence of the 7 resonance of N,O on Rh(110).

Experimental

The angle of X-ray incidence (8) with respect to the surface normal was varied by rotating a Rh(110) crystal such that the
electric vector of the X-ray, E, was oriented in a plane parallel to or perpendicular to the [110] direction. The crystal was kept
below 60 K by liquid helium cooling during the NEXAFS measurements. The NEXAFS spectra were recorded in a partial
Auger electron yield mode with the kinetic energy of the nitrogen KLL Auger electrons at 382 ¢V. The sample crystal was
heated to 1200 K to remove remaining surface oxygen after standard cleaning procedures.

Results

On the clean surface, no signal peaks were found in a raw NEXAFS spectrum in the photon energy range from 395 eV to 410
eV. Thus, the signal at 410 eV was used to normalize the observed spectra in the partial Auger electron yield mode. The N,O
coverage, Ghpp, was determined by thermal desorption.

[Na(a)] NEXAFS of Ny(a) exhibits two resonance states at the present mono-chromator with an energy resolution of 0.5 eV,
ie, m* at 401 eV and o* at 42044 eV. The 7 resonance decreased with increasing incidence angle of X-ray and was mostly
suppressed at around #=80". On the other hand, the 6* resonance became visible at grazing angles. These phenomena were
very similar for the X-ray polarization in a plane either along the [001] or [110] directions. Na(a) stands on the surface.
IN:O(a)] Two n* resonance states were found in NEXAFS at 401.2 and 404.7 eV with a similar intensity when the surface
was exposed to N;O to saturation at 60 K (Fig. 1). The former is due to the transition from the 1s state of the terminal nitrogen
atom (N)) to 3n*, and the latter due to the excitation of a 1s electron of the center nitrogen (N) to 3n*, This energy difference
of 3.5 eV and their similar intensity agree with those of gaseous N;O, confirming a molecular adsorption form. At small
coverage, however, the spectrum changed largely (Fig. 2). The peak at 405 eV was small, and the other at 401 eV was still
intense and decreased with increasing incident angle in a way similar to that of Ny(a). This was assigned to adsorbed product
N, from dissociative adsorption of NoO. At Ehpo=0.75, the signal at 405 eV decreased slowly with increasing the incidence
angle (Fig. 3b,c) whereas the signal at 401 eV decreased to about 55-65 % because of the contribution from the signal due to
Na(a).
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Discussion

The r resonance intensity must change sharply with X-ray incidence angle when the N-N bond is oriented only in a definite
direction. The observed 7 resonance at 405 eV, however, was insensitive to the incidence angle. Recent DFT work predicts
two adsorption forms, i.e., a standing form and a lying one along the [001] direction [3]. In the model with only the lying form,
the signal would increase with incident angle along the [001] direction and remain constant along the [110] direction.

However, the observed signal was fairly constant in both directions, indicating the presence of the standing form and the lying

form oriented along the [110] direction.
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Fig. 1. NEXAFS spectra of N,O(a) at saturation. The
incidence angle (0) of 10° and 80°. The electric vector E
was in a plane in the [ 1 10] direction.
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Fig. 2. NEXAFS spectra of N,O(a) at Gpo = 0.25. The
incidence angle (0) of 10° and 80°. The electric vector E
was in a plane in the [1T0] direction.
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Fig. 3. The polarization dependence of the m resonance of
N,O at Ghoo = 0.75 for the polarization in a plane along (a)
the [110] and (b) the [001] direction. Typical
deconvolutions into the standing form is shown by dotted
curve. L1 and L2 shown by broken curves stand for a lying
N,O(a) oriented along the [001] and [110], respectively.
The solid indicates the sum of these curves.
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For H' desorption induced by 4a; < O:1s
resonant transitions of condensed water (H,O) we
have proposed a four-step H' desorption mechanism:
(1) the 4a, «— O:1s transition, (2) extension of HO-H
distance in the (O:1s)'(4a;)' state (ultra-fast O-H
extension), (3) a spectator Auger transition leading to
a two-hole state with an excited electron in the 4a,
orbital, and (4) H' desorption taking place in turn
(Fig. 1) [1]. To clarify the details of the H’
desorption  mechanism we  investigated the
phenomena by using electron -
polar-angle-resolved-ion coincidence spectroscopy
which offers information on desorption polar angle
and kinetic energy distributions of ions for selected
Auger-final-states [2].

| 4a—0:ls excitation | l O-H extension l l—SpeclatM Aug:r| ‘ H* desorption |

~0.1fs 0.1~6 fs ~6 s =10 fs
Spectator,
Auger

5
dlectron | @ Eo

Synchratron radiation .
N | ¥
2 920, 00, D) 0D, O -0,
4a, orbital | “®— Ij; '._‘[' '.—I—
Valence orbitals f ‘T“ ﬁ‘ro F

|-—||-—

O:1s core level

Fig. 1. Four-step H" desorption mechanism for 4a; «—
O:1s resonance of condensed H,O: (1) 4a; « O:ls
transition, (2) extension of the HO-H distance in the
(O:15)'(4a,)" state, (3) a spectator Auger transition leading
to a two-hole state with an excited electron in the 4a,
orbital, and (4) H™ desorption. The H' desorption is
driven mainly by the O-H repulsive potential surface of the
(0:15)'(4a,)’ state.

Fig. 2 shows total ion yield (TIY,
corresponding to the H' yield) and Auger electron
yield (AEY) spectra of condensed H,O. Since the
peak of kinetic energy distribution of H' at 4a,<0:1s
resonant excitation is located in 3-4 eV [3], the anode
1 mainly detects H" desorbed in the polar angle of

0-17° from the surface normal while the anode 2
detects H' in the polar angle of >20°. On the other
hand, ion was scarcely detected in the anode 3. This
result shows that desorption polar angle of H' is not
so large, which is consistent with the report by
Coulman et al. [3]. The peak observed in the TIY
spectra at hv = 532.6-533.6 eV was assigned to the
4a,<—0:1s resonant transition of surface H,O [1, 4].
The 4a,;<—0:1s resonant peak in TIY for the anode 2
was, however, smaller than that for the anode 1. On
other hand, the TIY spectra in the other photon
energy range were almost the same between the
anode 1 and anode 2. The difference suggests that
H' desorption mechanisms involved at the 4a;<—0:1s
resonance are somehow different between the surface
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Fig. 2 Total ion yield (TTY) with the anode 1 (solid
line) and the anode 2 (dashed line), Auger electron
yield (AEY, electron kinetic energy (Ey;,) = 490 eV),
and TIY/AEY spectrum with the anode | (solid line)
and the anode 2 (dashed line) of condensed H,O.
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normal and off-normal directions.

Fig. 3 shows Auger electron spectra and
Auger electron —  polar-angle-resolved ion
coincidence yield spectra at the 4a;<—0:1s resonance.
In the coincidence yield spectrum for the anode 1, the
H'" coincidence yield was enhanced at the Auger
electron kinetic energy (KE) of 505 eV, while intense
peak was not observed for KE < 500 eV. On the
other hand, the H' coincidence yield at KE = 505 eV
was relatively decreased while the peaks were
observed at KE = 485 eV and 460 eV in the spectrum
for the anode 2. The latter feature of the H'
coincidence yield spectrum for the anode 2 is similar
to that of the normal Auger electron — photoion
(AEPICO) yield spectrum at O:ls ionization of
condensed H,O [5]. The summation of the
coincidence yield of the anode 1 and anode 2
reproduced the H” AEPICO vyield spectrum measured
by the previous polar-angle-integrated EICO analyzer
with a single-anode TOF-MS [6]. These results
suggest that another ion desorption mechanism exists
for H' desorbed in the larger polar angles at the 4a; <
0O:1s resonance.
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Fig.3 Auger electron spectra (solid line) and Auger
electron - H' photoion coincidence yield spectra
(closed circles) at the 4a; < O:ls resonance of
condensed H,O

Fig. 4 shows H' coincidence yield spectra
normalized by dividing the yield by the ion count for
the individual anode. It shows that the coincidence
yield for the anode 2 is overall fewer than that for the
anode 1, and that peak intensity at KE = 505 eV of
the anode 1 is twice as large as that for the anode 2.

A probable candidate for another H'
desorption mechanism is H' desorption induced by
normal O:KVV Auger processes following ultrafast
4a, electron transfer into the substrate as shown in
Fig. 5. This mechanism is not negligible when the

lifetime of the 4a, electron is comparable with that of
the O:1s core hole. H' desorption induced by
normal O:KVV is know to show a larger polar angle
distribution than that at 4a; < O:1s resonance [3].
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Fig. 4 H' coincidence yield spectra normalized by
dividing the yield by the ion count for the individual
anode.
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Fig. 5. Another possible four-step H' desorption
mechanism for the 4a, «— O:1s resonance of adsorbed
H,O: (1) 4a; « O:ls transition, (2) transfer of the
4a, electron to the substrate leading to the (O:ls)’
state, (3) a normal Auger transition leading to a
two-hole state, and (4) H" desorption. The H'
desorption is driven by the electron missing from the
O-H bonding orbitals and effective Coulomb
repulsion.
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Catalytic synthesis of ammonia (NHj) has been
one of the most-studied chemical reaction. NHjy
is also an important molecule as a reactant for ni-
tric acid production under oxide-supported metal
catalysts. Thus, it is important to elucidate the
interaction manner of NHs with metal and metal-
oxide surfaces from the industrial point of view.

Ammonia adsorption on low-index surfaces of
single crystal ZnO has been the subject of both
theoretical and experimental studies. Our recent
photoelectron spectroscopy (PES) and near-edge
X-ray absorption fine structure (NEXAFS) spec-
troscopy studies have shown that ammonia ad-
sorbs molecularly on the non-polar ZnO(1010) sur-
face at room temperature with the Cg, molecu-
lar axis tilted by 33°-41° from the surface nor-
mal direction.! On the other hand, it has been
reported that partially decomposed ammonia is
formed along with molecular species on the Zn-
terminated ZnO(0001) surface even at 130 K.?
However, detailed information about the ratio of
the decomposed species to molecular ammonia,
the decomposition process, etc. has not been avail-
able so far. In the present study, we have carried
out the PES study in order to reveal details of the
adsorption process of NHy on the Zn-terminated
Zn0(0001) surface and have compared the results
with the recent study for the NHz/ZnO(1010) sys-
tem.

The PES measurements were performed at
beam line 2B1. Synchrotron radiation was
monochromatized by a grasshopper monochroma-
tor. The ultrahigh vacuum (UHV) chamber at the
end of the beam line was equipped with a double-
pass cylindrical mirror analyzer, low-energy elec-
tron diffraction (LEED) optics and a quadrupole
mass spectrometer. The base pressure of the UHV
system was less than 2 x 107!° Torr. For NHz ad-
sorption, research-grade gas was introduced into
the chamber through a variable leak valve. NHj
adsorption and the PES measurements were car-
ried out at room temperature.

Fig. 1 shows the change in the N 1s core-level
spectrum of the NHs-dosed ZnO(0001) surface as
a function of NH3 exposure. The inset shows the
integral intensity of the N ls peak which is ex-
tracted from the observed spectrum after a poly-
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Figure 1: Change in the N 1s core-level spec-
trum of the ZnO(0001) surface exposed to am-
monia at room temperature. Each spectrum was
decomposed utilizing Gaussian functions after a
polynominal-type background (dashed line) was
subtracted from the observed spectrum. The inset
shows the total N 1s peak intensity as a function
of the NHj3 exposure.

nominal background (shown by dashed lines) is
subtracted from each observed spectrum. The N
1s peak grows rapidly at low exposure (< 2 L), and
the increasing rate diminishes for higher exposure.
The growth of the peak intensity saturates at 20
30 L, suggesting the saturation of NHj3 adsorption
at this exposure range.

In the initial stages of adsorption (0.1 and 0.3
L), the N 1s peak is composed of a single compo-
nent with its peak maximum at 401.0 eV. At the
exposure range greater than 1.0 L. a second com-
ponent is observed at 399.3 eV. It is known that
the N 1s peak from molecularly adsorbed ammonia
on solid surfaces appears at 400-401 eV, whereas
partially decomposed NH, (r = 1,2) gives the
N 1s peak at 398-399.4 eV.? Thus, the peak at
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Figure 2: The plot of the fractional coverages of
molecularly adsorbed ammonia ©,, and partially
decomposed ammonia @4 against the total cover-
age ©.

401 eV is associated with the molecularly adsorbed
ammonia, while the decomposed NH, species are
responsible for the 399.3-eV peak. This result
is in sharp contrast to the result obtained for
the NH3/ZnO(1010) system, where decomposed
species are not formed at room temperature.

The coverage © of ammonia (including both
molecular and decomposed species) was estimated
from the ratio of the N 1s peak intensity to the
O 1Is and Zn 4s peak intensities. The saturation
coverage is found to be 0.5, which corresponds to
5.4 x 10 species/cm?, i.e. a half of the number
of the Zn atoms on the ideal (0001) surface. The
saturation density of ammonia on ZnO(0001) is
higher than that on Zn0O(1010) (3 x 10 cm™2).
This, together with the result that the NH, species
are formed, indicates that the ZnO(0001) surface
is more reactive for ammonia than the (1010) sur-
face.

Fig. 2 shows the plot of the fractional cover-
ages of NHjz (©,,) and NH, (@4) against the to-
tal coverage ©. It is clearly indicated that @4
starts to increase at © ~ 0.25. On the other hand,
Oy, increases linearly from the initial stages up to
© = 0.25 and turns to be in a decreasing trend
for higher ©@. Thus, the decomposed species are
formed on the surface at the density of adsorbates
higher than 2.7 x 10'* cm™2, where the average
distance between adsorbates becomes shorter than
6.6 A (note that no LEED patterns are observed at
any O, indicating an absence of ordered structures
by adsorbates).

A recent scanning tunneling microscopy (STM)
study for the atomic structure of the ZnO(0001)
surface* has indicated that the intrinsically un-
stable polar (0001) surface is stabilized by intro-

ducing the O terminated steps with the amount
so that the surface Zn/O atomic ratio becomes
0.75, i.e. the O coverages exposed to the surface
is 0.25. Generally, these step edges are chemi-
cally active because of a high density of dangling
bonds, and thus adsorption and decomposition of
molecules should take place leadingly at the step
edges. However, Fig. 2 suggests that the step
edges on ZnO(0001) are not such active for depro-
tonation of ammonia at least in the initial stages of
adsorption, since no decomposed species is formed.
This is partly rationalized by the fact that, if NH;
adsorbs on an atop site of a surface Zn atom at
the side of the step edge with its Cg, axis direct-
ing normal to the surface, the distance between
the H atoms of ammonia and the O atoms in a
step edge is as close as 2.5 A. This distance is far
longer than the typical O—H bond length of the
hydroxyl group (~ 1 A) but closer to the hydro-
gen bond length 2.9-3.2 A. Thus, it is speculated
that adsorbed NHjy at the side of the step edges
could be hydrogen-bonded with the step O atoms
and does not undergo decomposition if molecule
stands upright.

As © increases and the mean adsorbate-
adsorbate distance decreases, a steric repulsion
or a dipole-dipole repulsion between the adsor-
bates becomes large. These effects should be much
more significant at © > 0.25 than at © < 0.25,
since nearest-neighbor Zn sites must be occupied
© > 0.25 so that the adsorbate-adsorbate distance
becomes 3.3 A. Thus, in order to lessen the re-
pulsive lateral interaction, the adsorbates should
be inclined to some extent. At the step edges, if
molecularly adsorbed ammonia is tilted towards
the step edges at high ©, the deprotonation pro-
cess can be operative upon shortening the H-O
distance. Deprotonation of adsorbed ammonia on
the terrace site is hardly expected, since it re-
quires the involvement of the fully coordinated
O atoms in the second layer. Therefore, decom-
posed species should be formed leadingly at the
step edges rather than on the terrace. The obser-
vation that ©4 at the saturation coverage does not
exceed 0.25, which corresponds to the coverage of
the O atoms exposed to the surface, seems rea-
sonable for such a proposed decomposition mech-
anism. Absence of the decomposed species on the
non-polar ZnO(1010) surface’ should, thus, be due
to the small density of step edges on the surface.*

! K. Ozawa et al. J. Phys. Chem. B 106 (2002)
9380.

2 J. Lin et al. Inorg. Chem. 31 (1992) 686.

% E. Laksono, et al. Surf. Sci. 530 (2003) 37.

4 0. Dulub et al. Surf. Sci. 519 (2002) 201; Phys.
Rev. Lett. 90 (2003) 016102
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Desorption induced by the electronic transition (DIET), including electron-stimulated
desorption (ESD) and photo-induced desorption (PSD), has bee studied for many decades because
of its technological importance and interests in basic science. Electron-Ion Coincidence (EICO)
technique has been recently developed for investigating the ion desorption induced by the
core-level excitation. It was applied to many systems, and has shown that it is a very powerful tool
for the core-level excitation phenomena. However, this technique can applied to not only the
core-level excitation but also to the valence- and inner-valence excitation phenomena. In this
report, we present the application of this technique to the ion-desorption from the ice surface,
which is critically important from many aspects, and it is shown that the inner-valence excitation
is crucial for the ion desorption from ice.

All the experiments were carried out the UHV chamber at BL2B1. The photon energy,
provided by the grasshopper monochromator, was set to be 180eV. Amorphous ice was prepared by
deposition on the Si substrate cooled with liquid nitrogen.

Figure 1 shows the photoelectron spectrum taken with the double-pass CMA. The three
peaks at 160-180eV are ascribed to valence bands derived from the O2p and Hls electrons. They

originate from the H20

S : : molecular orbitals (MOs)
‘ of 1bz, 3ai, and 1b; (from
left to right). Other peaks
around 148eV are
ascribed to the
0O2s-derived inner-valence
bands, which originates
from the 2ai;. This is
splitted into two peaks.
The small and broad
structure around 130eV is

Photoelectron Intensity (Arb. Units)

[ | | \ ‘ ‘ ascribed to the shake-up
120 140 160 satellite of the 2a: peaks.
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Figure 2

The photoelectron-photoion coincidence (PEICO) measurements were carried out at the
same photon energy. Ions observed in the PEPICO spectra were only H*. Figure 1 shows the
photoelectron spectrum taken with the EICO appratus together with the H* intensity as a function
of the kinetic energy of the electrons used as triggers in the coincidence measurements. Although
the photoelectron spectrum in Fig.2 is broader than the one in Fig.1 taken with the double-pass
CMA, the three features, which are the O2p-derived valence band, O2s-derived inner-valence band,
and the small shake-up sattelite, are clearly observed as well. The increase observed at 90 eV is
due to the Si-LVV Auger electron emission from the substrate.

The photon energy was lower than the Ols binding energy, and thus the desorption of H*
should be due to the valence and inner-valence excitation. The intensity of H* in the coincidence
spectra corresponds to the desorption probability assording to the previous EICO studies. This is
almost zero at kinetic energies to be higher than 160eV. This indicates that the valence (O2p and
H1s) excitation does not yield the H* desprtion on the ice surface. The H* intensity makes a peak
at the kinetic energy corresponding to the inner-valence (02s) excitation. A broad fearute at the
kinetic energy corrsponding to the shake-up sattelite are also observed. These resutls suggest that
the H* desorption is induced by the inner-valence excitation, and its shake-up excitation.
Considering the relative intensity of the H* to the photoelectron peak, the desorption probability
due to the shake-up excitation should be larger than that due to the innter-valence excitation. The
desorption induced by the inner-valence excitation can be attributed to the two hole final state
which is provided by the Auger decay of the O2s hole at the inner-valence band. The final state of
the Auger decay of the shake-up excitation has three holes at the valence band, which may be a

main reason for larger desprotion probability after the shake-up excition.
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A new glass containing Ti that can be etched by irradiation of synchrotoron radiation was
found. It is expected that this special glass is used for the various useful application using
synchrotron radiation.

In this experiment, we used the UVSOR BL-4A1 for etching light source. This line is
available for double erystal monochromator, but this experiment was performed without
monochromator. The ring current and exposure dose was monitored for reproducibility. The
stainless steel through-hole mesh was used for a mask. This mesh has a hole of the 100t m size.
The glass sample was set on Si wafer chip for the 10x10 mm size, and clamped Tantalum film
with the mask. For temperature controll, a Ktype thermo-couple was used. In this experiment,
the room temperature SR exposure was performed without any temperature control. At higher
than 450K, the sample temperature was precisely controlled by using automatic temperature
heating system. The Ti-contained glass sample was get from NIPPON-SHEET-GLASS co ltd..
The glass (0.3 mm thick) was cut for the size 10x10mm. The depth of the etched area was
measured by using Dektak3 surface analysis system. Figure.1 shows the surface topography
after SR etching. This indicates that only SR exposure, without etchant gas, induces the etching.
The etching rate was about 0.54 m / hour (total dose of about 10000mA*min). Figure. 2 show
the dose dependence for the etched depth on the SR dose and the temperatures. The depth was
saturated above about 10000 mA*min, howev er, in the dose of below 10000mA* min, the relation
between the depth and the SR dose shows a complete linearity. In the case of the laser abrasion
of conventional glass, it is reported that the etching rate is nonlinear. So, the observed linear
relation for the SR etching of the Ti-containing glass is very interesting. The chemical analysis
of the etched surface is now under investigation using a X-ray photoelectoron spectroscopy (XPS).
In addition, when the sample temperature was increased, the etching rate was also increased.

In conclusions, It is found that the Ti-containing glass is etched by using the SR without any
etching gases. It is expected that this SR glass etching will be available for various applications,

especially, for nano-size glass etching.
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Fig.1 The depth profiles for the Ti-contained glass
by using Dektak3 surface analysis system.
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Fig.2 The dependence of the etched depth on the SR dose
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Synchrotron radiation (SR) etching of SiO, is a unique device process technique [1]. The
advantages of SR etching are unique materialselectivity, anisotropicity (vertical side wall) and low
contaminations [1, 2].  When SiO, surfaces are patterned by SR etching using a contact mask [2], spatial
resolution is limited by the available size of the photomask. The focused ion beam (FIB) is one of
promising techniques which can make nano-scale patterning on metal, insulator and semiconductor
materials [3]. Therefore, by applying FIB technique to patterning of etching mask, nano-processing
utilizing the advantages of SR etching will become practicable. In this report, we introduce first trial for a
new 3-dimensional fine process applying FIB and SR etching methods on spin-on glass (SOG), which is a
widely used material in semiconductor processes because planar film with low dielectric constant is easily
obtained.

SOG films with thickness of 450-500 nm were obtained after spin-coating on 14 mm square Si
wafers followed by curing under flowing N, (107 m'/min) at 698 K for 30 min. SR etching was
performed in UHV chamber in BL4A2, under mixture of 2.66x107 Pa of O, and 6.65x10” Pa of SFs.  Ton
beam irradiation was carried out using 31 keV Ga FIB with a beam spot size of ~0.1 pm.

Figure 1 shows schematic drawings of experimental procedure. First, a SOG film was covered
by Co layer with thickness of ~200 nm (Figure la). We have reported efficiency of deposited Co film as a
SR mask[4]. Then, Co photomask was patterned with FIB (Figure 1b) and the sample was exposed with
SR (Figure lc). At last, Co layer was removed by 0.01 M HNO; aq (Figure 1d). Figure 2 shows an
AFM image of Co layer patterned by FIB. Depth of larger square (5x5 p m’) was 95 nm, which meant
FIB was stopped in the middle of Co layer. Smaller square (1x1 ,umz) in the larger one was penetrated
the Co layer and arrived to SOG film. Figure 3a shows an AFM image of SOG surface after SR etching
(2.0x10* mA min) followed by removal of Co layer. 3-dimensional double-step well was successively
obtained in single irradiation process. AFM profile in Figure 3b clearly shows that SOG film was
removed in the smaller square by direct exposure to SR and Si substrate appeared. In the surrounding 5
nm square region, SOG shrank maybe due to dispersed penetrating light through thin Co layer.

In summary, we have successively demonstrated a new 3-dimensional process on SOG by means
of FIB and SR etching. Nanometer scale patterning by this combination method is aimed in the future.
Effect of diffusion rate of etching gas and interference of light would also be investigated because these

factors possibly become important in nano-scale processing.
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by FIB.

Figure3 (a) AnAFM image (10x10 ?mz) of SOG on
Si after SR etching followed by removal of Co layer.
(b) The line profile indicated in (a).
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1. Introduction

The Spin-on-Glass (SOG), an important material in the semiconductor integrated circuit fabrication, is
used to make SiO, thin films with flat surfaces on the uneven surfaces. Films are typically of a hundreds of
nanometers thick. It is usually cured with reducing the thickness by heating to high temperatures (for examples
at 400-500°C) in the last stage of the processesl‘z. In the present work, we have found that the thickness is also
reduced by the irradiation of the synchrotron radiation beam with covering the surface by the mask. We are
considering that this phenomenon can be applied to three dimensional microfabrications, since the degree of the
shrinking depends on the thickness of the mask.

2. Experiments

The SOG used in this investigation is a commercial siloxane type SOG (Honeywell, Accuglass312B). The
material is then spun on 14mm® silicon wafer at a spin speed of 3000rpm for 10sec. Immediately after spin
coating, the film are subjected to three stages of soft bake performed on hot plates at 80°C, 150°C and 250°C for
1 min at each temperature. The final curing is performed at 425°C with a nitrogen gas flow of approximately 1.0
liters/minute. After cure, Spin-on-Glass gives an approximate thickness of 550nm on Si wafer.
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Fig. 1. (a) Step profile of SOG after SR etching after Co mask remove

The synchrotron radiation etching of SOG was conducted using mixture gas of SF4 (0.05 Torr) and O,
(0.002 Torr) at room temperature by using the mask structure. The Co contact mask on SOG surface was
fabricated by the deposition of Co thin film (230nm) on a resist pattern made by the photolithography and a lift
off technique. A thick 330nm Co mask was deposited with sputtering machine. After 2000mA-hr doze of
synchrotron radiation etching, the surface was studied by Dektak step profilometer. Finally the Co mask was
removed with 0.01N HNO; for 3 minutes.

3. Result and Discussions

The surface at the open region SOG film was completely etched and the etching was completely stopped
on the Si surface®. At the region covered only by the thin Co musk (230nm) the thickness of SOG film reduced
about 152nm (Fig. 1). At the region covered by thick Co etching mask (560nm), no shrink was observed.
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Fig. 2. (a) SR dose dependence of the SOG film etch depth
(b) SOG shrink depth as a function of Co mask thickness

The SR etching rate of SOG was investigated (Fig. 2a) where etched depth of SOG gradually increased
with the SR dose. Figure 2(b) shows the SOG shrinkage depth as a function of Co mask thickness. In our
experiment we had found that 27% of SOG thickness was reduced with the synchrotron radiation etching with
thin Co mask and the SR shrinkage of SOG can be controlled with the Co mask thickness. SR etching can make
3D step pattern by one time of exposure.
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We have a plan to investigate excitation energy dependence of SR-etching on hydrogen and other chemical
compounds adsorbed Si(111) surface by using combination of undulator radiation and STM observations. In this
work, infrared reflection absorption spectroscopy using buried metal layer substrates (BML-IRRAS) and density
functional cluster calculations are used to analyze the water related oxidation on Si(100)-(2X 1) surfaces (2H +
H,0/Si(100)-(2x 1), 2D + H,0/Si(100)-(2X 1) and H,O + H/Si(100)-(2X 1) systems). In addition to the
oxygen inserted coupled monohydrides previously reported in 2H + H,0/Si(100)-(2X 1) system, three pairs of
new doublet bands have been clearly observed for the first time due to the high sensitivity of BML-IRRAS for

the perpendicular dynamic

dipole moment in the finger
print region. Figure 1 shows
the observed BML-IRRAS
spectra in the reaction system,
H + H,0O/Si(100)-(2X1) at the
H-exposure temperature (Tm)
= 373 K for the exposure (D)
of 1000 L and 50 L. The curve

resolutions assuming a

Absorbance

Lorenzian form (solid and

dotted lines) are also shown. In

these spectra, the negative
peaks 823 cm” and 2082 cm
are to the stretching vibration
modes of Si-H and Si-OH
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Wavenumber (cm™)

) o Fig. 1 Observed BML-IRRAS spectrum of the reaction system H +
formed = by dissociative  y (3/j(100)-(2X 1) at Tm = 373 K for D = 1000 L (upper) and D = 50 L
adsorption of H,O on the (lower).

Si(100) surface [1,2],

respectively, and the 901 cm™ and 916 em™ are to the isolated and adjacent scissoring modes of SiH, ( 6 SiHp

and 0 SiH,p), respectively. We have made the assignment of the observed unknown bands in the following.
Vibrational frequencies have been calculated using Si9 and Sil0 cluster models which including every

possible structures from zero to five oxygen insertions to the top silicon layer atoms using B3LYP gradient

corrected density functional method with polarized 6-31G** basic set to all atoms. All calculated vibrational

frequencies are scaled within each mode type by using the scaling factor which were determined by comparing

the assignment-established vibrational frequencies with corresponding calculated frequencies. The frequency
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scaling factor (SF) for each vibrational mode has been determined by comparing the reported frequencies, Vv
SiHey = 2100 em™, v SiHevon = 2118 cm™ and v Si0% cyom = 1043 cm™ [2], v SiHjp = 2090 cm™ and v
SiHap = 2107 em™ [3] and our observations 6 SiH;p = 901 em™, and 6 SiHxp = 916 ¢m’ (Fig. 1) with the
corresponding calculated one. For all vibrations classified to v SiHey type, SF= 0.9538. Similarly, SF=0.9599
for v SiHepimy, 0.9532 for v SiHjp, 0.9564 for v SiH,p, 0.9768 for v Si0, 0.9638 for 6 SiH, (the same value is
used for 6 SiHey for simplicity), and 0.98 for 6 SiHp.

The definition of symbols used in this report are as follows. vand 6 express the stretching and the
scissoring or bending mode, respectively. CM, ID, and AD mean the coupled monohydride , isolated dihydride
and adjacent dihydride, respectively. O, OO, and M in the bracket mean the singly and doubly inserted oxygen
atoms at the top Si back-bond, and the oxygen atom inserted to the Si-Si dimer bond, respectively. O or OO of
the left and the right side of the comma (,) in the bracket mean the left and the right side Si back bond of the
Si-Si coupled dimmer or adjacent Si structure, respectively. (0,0) and (0,0”) mean the oxygen atoms inserted to
the cis and frans conformations of the Si-Si coupled dimmer or adjacent Si structure back bonds, respectively.
The superseripts 1, 2, and 3 mean the different vibration mode expressed by the same symbols,

By comparing Fig. | with calculated frequencies, almost all observed unknown bands can be assigned.
First, characteristic three pairs of doublet bands, which have been observed by us for the first time [4], are
assigned to the scissoring modes of adjacent and isolated SiH, with zero, one and two inserted back bond oxygen
atoms, respectively. The peak at 1002 cm™ is assigned to the overlapping of v SiOcmoy (calc. = 997 em™) and
v SiO'CM(O,M, (calc. = 1004 cm"). The 2108 cm™ peak becomes dominant with intensity increase of the three
pairs of doublet bands. So it is assigned to the overlapping of v SiHip), v SiHspand v SiHap o) (symmetric
stretching modes of CM oxidized species may overlap). Since the peak intensity of 2114 cm™ shows a similar
trend to that of 1002 cm™ peak when increasing the atomic hydrogen dose, it is assigned to the overlapping of
the perpendicular components of v SiHewa) (cale. = 2118 em” )and v SiH'CM(o‘M) (calc. = 2120 cm™ ). The
bands observed in the range from 1070 cm™ to 1107 cm™ are assigned to the overlapping of the SiO stretching of
ID and AD with one to four back bond oxygen atoms and of higher oxidized CM species. The bands observed
at 2141 em™ and the higher are assigned to the overlapping of the higher oxidized species of v Silley, v Silp

and v SiHAD.
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Microfabrication technology, a powerful tool in the manufacturing of various types of
silicon-based biomedical microdevices, has made a considerable impact on recent biotechnological
research. We think that the SR stimulated etching is especially suitable for the mirofabrication of
templates for the area-selective deposition of biomaterials, due to its unique features of high spatial
resolution, extremely high material selectivity between Si and SiO,, anisotropic etching, low damage,
and clean etching atmosphere. In this work, we fabricated the pattern of SiO, thin films using SR
etching with a Co contact mask, and investigate the potential of Co as an etching mask material.

A single-crystal Si (100) wafer covered by native oxide was wet-chemically cleaned and a
200nm SiO, layer was formed on the cleaned Si surface by 900°C for 12 h in a dry oxygen
atmosphere. On the SiO, surface, a 200nm Co layer was deposited by a sputtering machine and
patterned by photolithograph technique. SR etching of the
samples was conducted at UVSOR BL4A2. The sample
was set normal to the incident SR beam and was irradiated
for 8,000mAmin in the reaction gas which is mixture of
SF, (0.05Torr) and O, (0.002 Torr). After the SR etching, |
we carried out the area-selective deposition of dodecene on

the etched pattern

Figure 1 shows the SR-etched pattern observed by a f HETT g ‘”'1'5'?{5

SEM and a cross-section profile measured by a

step profile meter. The SiO, was effectively etched by the 200
A . . oo e | AEf SR f SR etchi

SR radiation with SF, + O, as the reaction gas. The etching ~ 1of b) B, L g
took place only in the area irradiated with SR and or
proceeded in the direction of incident beam and stopped E -oof

= |
completely on the interface of SiO/Si. After SR-etching, a 3 2%¢
thin SiO, layer covering the etched surface was removed i
by a dilute HF solution. The dodecene monolayer was Aoop M
coated on this surface by the reaction of dodecene O FOT o0 IS0n 200 200 S0 SE

Holizontal Position (um)

molecules with the hydrogen-terminated Si surface at _ _

Fig. 1. SEM image of the

200°C. Figure 2 shows the infrared transmission spectrum
in the region of CH stretching vibrations measured for the

dodecene SAM layer. Combining ellipsometer and water
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contact angle measurements, we conclude that the
deposited SAMs were made of alkyl chains in
their all-trans conformation, nearly perpendicular
to the substrate, and densely packed molecular
architecture.

The SiO, thin film pattern structure was
fabricated on the silicon surface by the SR
stimulated etching using the SF+0, gas and the
Co thin film as the contact mask. The well-ordered
SAMs of dodecene were selectively deposited on

the etched surface.
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Fig. 2. An infrared spectrum of the dodecene SAM
deposited on the SR etched surface. The observaed
peaks at d' (2850+1cm’) and d (2918+lcm’) were
assigned to the symmetric and asymmetric stretching
vibrations of the methylene (-CH,) groups,
respectively, the peak r (2959+1cm™) was assigned to
the asymmetric stretching vibrations of the methyl

(-CH,) group.
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Study of asymmetric photochemistry needs high intensity circularly polarized UV and VUV light such as
Helical Undulator Radiation. Measurements on degree of circular polarization (Pc) of undulator radiation after
SGM-TRAIN were carried out prior to the first application of helical undulator at UVSOR for asymmetric
photochemistry.  Also preliminary measurements of asymmetric photochemistry and asymmetric photo-
decomposition of peptide (dI-Ala-dl-Ala) were carried out.

Pc was measured by using UV/VIS polarimeter[1].
Table 1. Results of measurements at 45.1 mm gap

Left-handed mode with S| and S2 of I mm.

Grating/order Wavelength
Gl{(grazing)/0th | 222 nm (B.P.F.) | 0.87 = 0.08
G3(normal)/Oth | 222 nm (B.P.F.) | 0.75 &= 0.10
G3(normal)/1st 216.5 nm 0.70 £ 0.10

Results are shown in Table 1. Fundamental peak of

this undulator radiation appeared at 216.5 nm with

]
()

45.1 mm gap. Although central wavelength of
band-pass-filter (B.P.F.) is deferent from the
fundamental peak, P, at 216.5 and 222 nm are nearly

the same. Since the beamline optics for G3 was
designed to preserve polarization of undulator radiation at UV and VUV region but those for G1 and G2 was
not[2], the Pc after G1 are expected to be smaller than that after G3. However, measured values for G1 and G3
showed opposite trend.  Although larger Pc for GI would occur when the undulator radiation is elliptically
polarized (Pc < 0.8) with elongated in vertical direction (prolate ellipse), it seems unlikely that the Pc of the
helical undulator is below 0.9 and prolate. Another possible reason of smaller Pc value for G3 is misalignment
of optics for G3 that undulator axis and monochromator axis for G3 dose not coincide. This possibility is also
supported by the fact that the observed intensity is 10” times weaker for G3. This large reduction in intensity
in the present photon energy cannot be explained by reflection loss at the normal incidence optics. Therefore
the reason of the small Pc for G3 is thought to be the misalignment of G3 optics.

In this measurement, it was found that the sense of polarization defined at UVSOR (See manual of BL5A)
had been opposite. The sense of rotation of circularly (elliptically) polarized radiation is reversed by normal
incident optics (mirror and grating). On the other hand, grazing incident optics do not reverse the sense of
polarization but only change (increase or decrease) the orientation angle defined between major axis of
polarization ellipse and horizontal axis. Although the monochromator at BLSA has two optical configurations,
normal incident (G3) and grazing incident (GI, G2), the sense of polarization after pre-focusing mirror(s) will be
conserved for both configurations. In the grazing incident configuration, the sense of rotation is not reversed
because of no normal incident optics, only the orientation angle of the polarization ellipse is changed. In the
normal incident configuration, two times reversals of the sense of polarization at the incident mirror and the
incident grating (G3) result in the same sense of polarization after the monochromator.

Asymmetric photodecomposition experiment of dl-Ala-dl-Ala peptide (CD value/UV value ~ 0.004) was
performed with 45 mm gap (fundamental peak at 222 nm) with using G1 grating. G1 was selected because
intensity and Pc of G1 were larger than those of G3.  First CD band of 1-Ala-1-Ala is appeared at about 225 nm.
After irradiation of 9 hours each for left- and right-handed circularly polarized radiation, both irradiation samples
were analyzed by using High Performance Liquid Chromatography (HPLC) in our laboratory. It was found that
too little peptide was decomposed to detect asymmetric decomposition of l-Ala-l-Ala and d-Ala-d-Ala
enantiomer. The reason of this result will be that either this peptide has small UV absorbance (~100 M™'e¢m™)
or is not easily decomposed in this photon energy used, or both.
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We have recently studied surface structures formed on Cu(001) by the coadsorption of Li and Mg atoms at
room temperature (RT) by low-energy electron diffraction (LEED) analysis [1]. In the individual adsorption of
Li, the missing-row type restructuring took place and a (2x1) structure was completed at Li coverage 0.4 [1],
while a ¢(2x2) substitutional structure was formed for Mg at coverage 0.5 [2]. In the coadsorption of Li and
Mg, a (2\/5 X\/E JR45° structure was formed at both coverages 0.25, and its structure was determined by
LEED analysis as shown in Fig. I(a) [3]. Furthermore, its formation process was also studied by LEED.

In this study we have measured core-level photoemission spectroscopy of Li 1s and Mg 2p both in the
individual adsorption and in the coadsorption to clarify electronic properties of these surface structures and to
confirm the formation process of the (2 f % \/E JR45° structure .

The experiments were performed at beamline SA. The pressure during measurements was about 1x10™°
Torr. Mg and Li atoms were evaporated onto the Cu(001) surface from a Knudsen cell and a SAES getter,
respectively. The coverages were calibrated by LEED patterns of the ¢(2x2)-Mg [2] and (2x1)-Li [1] structures
at RT. The contamination and the H,O adsorption were checked by AES spectroscopy after the measurements.
The binding energy was determined from the Fermi edge of the clean Cu(001) surface.

Mg 2p and Li s core-level spectra in the individual adsorption of Mg and Li at RT are shown in Fig. 1(b)
and 1(c), respectively. [For comparison, Li ls spectra at about 150 K are shown in Fig. 1(d).] Both spectra
show similar changes: at low coverages the peak position is constant, then shifts to lower binding energy at full
monolayer coverages, and shifts back to higher binding energy at higher coverages where bulk-like alloys start to
form. These results are consistent with the structure changes in the individual adsorptions.

The coadsorption of Mg and Li on Cu(001) at RT was carried out at two adsorption sequences, Li+Mg and
Mg+Li, as shown in Fig. 1(e) and (f). In the former sequence, Mg atoms are deposited on Li pre-adsorbed
surfaces, Mg deposition at coverages less 0.1 do not have obvious effect on the Li 1s binding energy, since Mg
atoms are located at regions free of Li. Upon further deposition of Mg, the Li s peak continuously shifts to
higher binding energy, due to the formation of the (2«/5 X\/E JR45°-Mg,Li structure. This shift may be
attributed to the electron transfer from Li to Mg. In fact, the Mg 2p peak shifts to lower binding energy. In
the opposite order of deposition, i.e. Mg first then Li, the Mg 2p peak also shifts to lower binding energy due to
the presence of Li atoms, and the Li ls peak at low coverages shows higher binding energy. This result is
consistent with that obtained in the opposite order of adsorption: the same direction of the charge donation.

In short, we have measured the core-level photoemission spectra of Li 1s and Mg 2p from the Cu(001)
surface coadsorbed by Mg and Li as well as from individual adsorption of Li or Mg . Good correlation was

found between electronic properties of adsorbates and surface structures.
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Figure (a) Top and side views of the Cu(()l)1)-(2\f2x\¢'2)R45°-Mg,Li structure. (b)-(f) Photo
emission spectra: (b) Mg 2p peak of Mg adsorption on Cu(001) at room temperature (RT); (c)
and (d) Li 1s peaks of adsorption Li on Cu(001) at room and low temperature respectively; (e)
and (f) Mg 2p and Li 1s photoelectron spectra of (e) the adsorption of Mg on Li pre-adsorption
surface (9 Li=0.25) and (f) of Li on Mg pre-adsorption surface (0Mg=0.25) on Cu(001) at RT.
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Binary adsorbate system on a semiconductor surface has a possibility of showing unique surface atomic
arrangement and electronic structure and hence related fascinating properties, which are different from those of
single adsorbate system [1]. Recently, we have found new surfaces on the coadsorption of Pb and Sn on the
Si(111) surface by using scanning tunneling microscopy (STM) [2,3]: Si(111) V7xV3-(Pb,Sn) surface at
coverage of 0.4 ML Pb and 0.4 ML Sn, and Si(111) 2V7x3-(Pb,Sn) surface at those of 0.25 ML Pb and 0.5 ML
Sn. Here, | ML is defined as 7.8x10'* atms/cm®. Their STM images are shown in Fig.1 for a filled state and
scan size of 5x5 nm®. However, detailed atomic arrangements for these surfaces have not been clarified yet.
Thus, we have measured the Pb 5d, Sn 4d and Si 2p photoelectron spectra of these surfaces in order to study
their bonding properties and adsorbing sites.

The Si(111) V7xV3-(Pb,Sn) surface was prepared on a substrate of
an n-type Si(111) wafer of 5 Qcm in a size of 5x10x0.5 mm® by
annealing at 620 K after deposition about 1 ML Pb onto the Si(111)
V3xV3 + faint 2V3x2V3-Sn surface with the coverage of 0.4 ML,
which was made by deposition of 1 ML Sn onto the clean Si(111)7x7
surface and subsequent annealing at 970 K. The Si(111) 2V7x3
-(Pb.Sn) surface was prepared on the Si substrate by annealing at 620
K after deposition about 1 ML Pb onto the Si(111) V3xV3 + faint
23x23-Sn surface with the coverage of 0.5 ML which was made by
the same method as the preparation of the Si V7xV3 -(Pb,Sn) surface.
Photoelectron measurement was performed at about 100 K. The origin
of the binding energy was determined from the Fermi edge of an
evaporated Au film which was electrically connected to the Si
substrate. Total energy resolution AE were set to about 160 meV for
the excitation photon energy Av =52 eV, and AE = 180 meV for hv=
110 eV and 130 eV.

The Sn 4d and Pb 5d photoelectron spectra are shown in Fig.2 in

comparison with the single adsorbate system of the Si(111) ¥3xV3-Sn

or Pb. Both the Sndd spectra for the Si(111) V7xV3-(Pb,Sn) and  Fig.l Fm‘?d state. STM images  of
(a) Si(111) V7xV3-(Pb,Sn) and
Si(111) 2v7x3-(Pb,Sn) surfaces consist of two components. (b)  Si(111)  2V7x3-(Pb,Sn)

Although only one Pb 54 component was observed at room surfaces.
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temperature for the Si(111) \7x¥3-(Pb,Sn)
surface in the previous study [4], the
present low temperature Pb 5d spectrum
shows two components. The Pb 5d
spectrum for the Si(111) 2V7x3-(Pb,Sn)
surface has single component.

The results of the Si 2p core-level
spectra of Si(111) 2V7x3-(Pb,Sn) and
Si(111) V7xV3-(Pb,Sn) surfaces are
summarized in Figs.3 and 4. These
spectra can be decomposed into a bulk
component B and three surface
components S;~S; for the Si(111) 2V7x3

-(Pb,Sn) surface, and into a bulk

component B and four surface components S;~8, for the Si(111) V7x\3-(Pb,Sn) surface.
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Fig.2 Sndd and Pd5d photoelectron spectra of Si(111) V3 X
V3-Sn surface with 1/6 ML Sn (a), Si(111) V3 X V3-Pb
surface with 1/6 ML Pb (d), Si(111) V7 X v3-(Pb,Sn)
surface (b)(e), and Si(111) 2707 X 3-(Pb,Sn) surface (c)(f).

Thus, the present study shows that there are at least two Sn and one Pb adsorbing sites on the Si(111)

247x3-(Pb,Sn) surface at low temperature and at least two Sn and two Pb adsorbing sites on the Si(111)

\7xV3-(Pb,Sn) surface.

T Present address: Synchrotron Light Application Research Center, Saga University, Honjou 1, Saga 840-9502.
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In the case of photochemical reaction, yield Y is well known to be essentially controlled by resonance
(Y=0(hv-E)), while in the case of radiation chemistry the reaction yield is nearly proportional to the incident photon
energy (Yoo hv) due to increase of secondary electrons. In the latter case, reaction occurs in nonhomogeneous way
inside of the high density excited area called as “spur”. We measured absolute values of quantum yield ® of
singlet exciton (S,;) formation as a function of incident photon energy hv in anthracene single crystals in an attempt
to explore the boundary between photochemistry effect and radiation chemistry effect. We also measured the
fluorescence time decay curves in order to study the minimum energy of spur formation.

Anthracene single crystals with thickness of about 0.2 mm were grown by sublimation method from
scintillation grade anthracene powder after purification by zone melting method. Experiments were performed at
BL-5B. Samples were placed in the vacuum chamber of which pressure was about 10™ torr and were cooled at
200 K to avoid evaporation. The quantum yield ® was defined to be @ (hv) = N¥'(hv) / N**(hv), where N%'(hv) is
the number of singlet excitons produced by SR of which photon energy is hv and N**(hv) is the incident photon
number of hv. Magnitude of N*(hv) was determined by the drain current from the Au film freshly evaporated in
vacuum on the basis of photoelectron yield data by Henke et al.. N®'(hv) was determined by comparing the S,
fluorescence intensity due to SR excitation with that due to mercury lamp (3.4 eV) excitation. For the latter case @
(3.4 eV) was reported to be be 0.81 [1]. The measurement of fluorescence time decay was carried out under the
single bunch mode operation. The time-correlated single-photon counting technique was used.

Fig. 1 shows the quantum yield @ spectra of anthracene for 3 < hv < 700 eV excitation, in which data by
Kishigami et al. [2] obtained at KEK-PF and Horiuchi et al. [3] obtained at UVSOR are included. As seen from the
figure, above 75 eV , except for the carbon K-edge region, values of @ were found to increase linearly as a function
of photon energy hv. On the basis of this linear relation of ® with hv, we concluded that the radiation chemistry
effect becomes dominant above 75 eV. As shown in Fig. 2, in the 20 ~ 40 eV region, the @ shows a wealth of

structures and is not linear to incident photon energy. These structures have no clear correspondence with the EELS
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spectrum of anthracene by H. Venghaus et al. [4]. The magnitude of @ is about 1.2, which is not so larger than the
value 0.81 induced by 3.4 eV. It may indicate that although some resonant electronic states are responsible to
production of S; excitons, there are strong contribution of non-radiative decay processes. On the basis of this
implication of resonance states, we concluded that ,below 40 eV, photochemistry effect seems to be dominant.

Fig. 3 shows the S; fluorescence decay curve obtained under excitation at 6.2 eV, 100 eV, 150 eV, 200 eV
and 250 eV. It is natural to consider that the 6.2 eV photons cannot produce spur. We carefully examined the
appearance of short-lived fluorescence decay (“spike”) due to strong quenching by electrons, holes and radical
species inside of spur. As seen from the Fig.3, we cannot observe any short-lived spikes. Through a calculation of
diffusion length L of electron and holes in | ns from excitation (L>57 nm), we concluded that the spur diffused
away already in the time scale of nanosecond. Formation and decay of spur may be observed via femto-second SR.

This is a very challenging project in future.

References: [1] J. Tatezaki et al., to be published. [2] Y. Kishigami, master thesis, Kobe University, (2000).
[3] H. Horiuchi et al., UVSOR Activity Report (1996) 218. [4] H. Venghaus, Z. Physik, 239, (1970) 289.
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There has been a growing interest in the properties of ice surface and ice particle for both fundamental and
practical points of view in the field of the surface, environmental and the planetary sciences. We have studied
electron stimulated desorption (ESD) and photon stimulated desorption (PSD) of ions from water adsorbed on a
rare gas solid (RGS). In a time-of-flight (TOF) mass spectrum, a series of ionized clusters are observed, which
were thought to be protonated water clusters[1]. In the present study, we have investigated the cluster size
distribution and the desorption yield for dependence on a water film thickness and for excitation energy.

The experiments have been carried out in two independent ultra-high vacuum systems; one for ESD at the
Gakushuin University and the other for PSD at the beam line 5B at UVSOR in Institute for Molecular Science,
Okazaki. A TOF technique was applied for the mass analysis of desorbed ions both ESD and PSD experiments,

The ESD chamber is equipped with a He gas flow cryostat, TOF detector, and a pulsed electron gun. Water
was adsorbed on the Kr or Xe film which was condensed on a Cu substrate attached to the He gas flow
cryostat. The substrate was held at 30K.

In UVSOR, a liquid He cryostat is installed in an UHV chamber. Ar was condensed on a Pt substrate at
temperature of 6K or lower. Monochromatized synchrotron radiation in the range 2.0-240nm was focused on the
sample. The incident angle of the photon beam was 30 deg from the normal direction of the sample surface. The
desorption yield was normalized by the light intensity, which was continuously monitored by the photoelectronic
current from a gold-plated mesh, inserted in the beam line.

The ESD-TOF experiments of H,O/Xe and H,O/Kr is shown in Fig. 1. The distribution of n shows the strong
dependence on the amount of water condensed. This results agree with ESD experiment on D>O/Ar [2]. At the
film of average thickness less than 1ML, the cluster ions with the size n up to 17 were observed. The cluster size
distribution differs with RGS substrates used.

The results of PSD experiment of H,O/Ar is shown in Fig. 2, in which the series of (H,0),H" {n=1-9} was
observed. The excitation energy dependence of the cluster yield is shown in Fig. 3. The threshold for the
desorption of the cluster ions was found at 240eV. The desorption yield dependence on the incident energy after
the threshold is clearly corresponds to the absorption spectrum of solid Ar near the onset of 2p transitions[3].
The dependence on the desorption yield of a incident photon energy indicated that the core excitation of rare gas
atoms leads the desorption of cluster ions.

We have observed ESD and PSD ions from water adsorbed on RGSs. In both cases, protonated water clusters
were observed. We can conclude from the thickness dependence that the cluster ions are originated from the
isolated water clusters, which already exist on a surface of RGS, but not from the surface of bulk solid ice.

The PSD result indicates that charge exchange, intermolecular Auger decay for example, between Ar and H,O
is likely to plays an important role in the desorption mechanism [4] .
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Concerning the synchrotron radiation (SR) stimulated photochemical processes, the importance of the
excitation energy dependence has been the common understanding among the research community, since the
first demonstration of SR etching in 1987[1]. The most difficult point of this observation has been in the fact that
the large photon density (~10*/cm?) is required to induce an observable amount of the reaction. The first in-situ
STM observation of the SR stimulated etching has been reported by T. Miyamae et al. using bending magnet
beam line, in which nonmonochromatised (white) beam was used to get large photon density[2]. We think that
combination of undulator radiation and STM observations enables the measurement of excitation energy
dependence of photochemical reactions, because undulator has a quasi-monochromatised beam in high intensity,
and because STM requires only a small area for observations, and has high sensitivity for the small changes on
surface morphology. Based on these concept, we have designed the undulator beam line specialized for the in-
situ observation of SR etching and are now constructing it.

The schematic drawings of the BL7U and the STM apparatus are shown in Fig. 1 and 2, respectively. The
undulator equipped with BL7U is in-vacuum type, of which period length is 36mm and number of periods is 26.
The first order radiation will be tuned from 70eV to 140eV. Due to achievement of high photon flux density, the
beam line has no monochromator and has two cylindrical mirrors for vertical and horizontal focusing. The first
mirror set at incident angle of 86° and can move by +15mm across the optical path for branching the beam line.
Incident angle of the second mirror is 87° and this mirror can move along three axes for adjusting spot position
on the sample surface. These two mirrors suppress the higher order radiation from the undulator into ~10% with
respect to the 1st order radiation. This optics provide a 0.20mm x1.3mm (FWHM) spot on sample surface with
photon density of 102 cm™ (at 100eV) for lhour exposure. The STM system is designed so that surface is
observed without sample transfer after irradiation.

We plan to investigate excitation energy dependece of SR-etching on surface oxide of Si (111) surfaces
and on hydrogen adsorbed Si (111) surfaces by using combination of undulator radiation and STM observations.

References
[1] T. Urisu et al., J. Vac. Sci. Technol. B 5 1436 (1987).
[2] T. Miyamae et al., J. Vac. Sci. Technol. A 17 1733 (1999).
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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, diamond-like
carbon and carbon nanotube are widely investigated and demonstrated to initiate emission at reasonably low
fields. Among them, carbon materials such as nanodiamond, diamond-like carbon and carbon nanotube 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 energies below 120 eV
were found to contribute to the ablation of PTFE [3]. In addition, SR ablation was applied to the pattern
formation of metal fluoride films [4]. and the deposition of carbon films [5].

It is reported that the carbon nanotube [6], nano-diamond film [7] and fullerene [8] were formed by
camphor (CgH,40). In this report, the material processing using the SR induced reaction was applied to the
deposition of carbon structure using camphor as a material. In this study, at the preliminary experiment of

carbon structure from the camphor, the deposition was demonstrated using SR irradiation.

EXPERIMENT

The experiments were performed at a beam line BL-8A of UVSOR. Figure 1 shows 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” Torr using a turbomolecular pump before irradiation by the
SR beam. The carbon structure was formed by camphor. Figure 2 shows the structure of camphor. The
pressure was kept at 100 mTorr in the reaction chamber. As the substrate, Si evaporated with Ni was used. The
substrate was set perpendicular to the SR beam. The sample was heated by using Tungsten filament. Tungsten
filament was set on the front of the substrate at the distance of 2cm.The sample temperature was monitored

with a thermocouple in contact with the surface of sample.
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RESULTS

The carbon structure was formed using SR irradiation at dose of 10000mA min and at a sample temperature
of 300 °C. Figure 3 show scanning electron microscopy (SEM) images of carbon structure (a) without SR
irradiation region (b) with the SR irradiation region.

As shown in Fig. 3(a), in no SR irradiation region, the carbon film was deposited and the particles were not

observed. On the other hand, the deposits with hemispherical shape of nano-meter size were observed on the

SR irradiation region as shown in Fig. 3(b).
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Thin film formation of polytetrafluoroethylen (PTFE) by synchrotron radiation (SR) beam irradiation was
studied. In viewpoint of engineering, PTFE has variety of applications due to their superior chemical stability, high
thermal stability, high hydrophobicity and low surface tension. It is a key issue for PTFE application to develop a
thin PTFE film formation process. Kato’s group demonstrated that vacuum ultraviolet light in SR beam has a
potential for decomposition of PTFE". They also showed PTFE deposition was achieved by SR beam induced
process. In this study, to further investigate decomposition and deposition mechanism of PTFE by SR beam
irradiation, atmospheric gas analysis during PTFE decomposition by quadrupole mass spectrometry (QMS) was
made for various SR photon fluxes. Photon flux dependence on the quality of deposited film was investigated by
Fourier transformation of infrared (FT-IR).

In this study, decomposition and deposition of PTFE were carried out using vacuum chamber connected to
BL8A of UVSOR. As shown in Fig.1, SR beam decomposition of PTFE was achieved by direct irradiation of SR
beam onto the PTFE target. Depaosition of PTFE was achieved by evaporation of decomposed PTFE onto Si (100)
substrate that is faced to the target. Atmospheric gas was monitored by QMS during decomposition of PTFE by
changing SR beam photon flux of 1.5x10" to 1.0x10™ /s/cm’,

Table 1: QMS spectrum during PTFE decompostion.

~.
S~ Spesies CFCR, CF, CF
SR beam Photon flux[/s/cm?| 31 50 69 81

1.7 X 1017(250°C) 1 100 8 2
5.8 X 1019(250°C) 16 5 100 0
Subistats 5.9% 1019(RT) 11 3 100 0
/\l 1 F, laser (R.T.)Y 100 25 16 6
exhaust KirF laser (R.T.)D 100 25 14 6
Test gas CFg? 31 6 100 0
C,Fp? 26 4 100 0

CF,» 100 23 2 24

Fig.1: Schematic of experimental setup for 1) T.Katoh and Y Zhang, Appl. Phys.Lett. 68,865(1956)

2)D.R.Weeler and S.V.Pepper, J.Vac.5c1. Technol A8, 4046

decomposition/deposition of PTFE by SR

beam.
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QMS spectra of atmospheric gas during SR

beam induced decomposition of PTFE are

summarized in Table 1. In this table, reported

QMS spectrum during F»- and KrF-laser
ablation of PTFE are shown. Adding to this,
QMS spectrum pattern of test gas of C;Fg,

T, 210[°C']

C4Fy and C,F, are also shown. Due to the
breaking up of fluorinated carbon in A\;f\k‘“,
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small fragments are seen in QMS pattern of

test gases. Similar QMS spectra were Fig.2: FT-IR spectrum of deposited PTFE.

obtained by SR beam irradiation of photon

flux of 5.8x10'" /s/em’ at RT and photon flux of 5.9x10" /s/cm”. These patterns are different from the QMS
pattern from laser ablation, but resemble to C;Fy and C,4F)g test gas pattern. This result suggests that SR beam
decomposition of PTFE bears saturated fluorinated carbons, C,F,,, by higher photon flux SR beam irradiation.
On the other hand, QMS pattern obtained by irradiation of SR beam photon flux of 1.7x10" /s/cm” at 250°C not
only different with QMS pattern from laser ablation, but also different with QMS pattern from SR beam
irradiation with higher photon flux. Thus, different mechanism is thought between low flux and high flux SR
beam irradiation.

Figure 2 compares two FT-IR spectra from deposited PTFE formed by SR beam induced evaporation.
Wavelength at around 1200 cm™, both FT-IR spectra showed similar peak related to CF, component in the
deposited films. At around 600 cm™ peaks are clearly found in deposited film with photon flux of 5.1x10" /s/em?,
however, peaks are quite small in deposited film with photon flux of 3.2x10" /s/cm’.

Observed difference in the QMS spectrum of atmospheric gas during decomposition and the FT-IR spectrum of
deposited film could be explained by re-polymerization of decomposed PTFE fraction. Base pressure of the
reaction chamber is below 1x107 Torr before SR beam irradiation, however, during SR beam induced
decomposition with photon flux of 3.2x10" /s/em”, chamber pressure went up to 10™* Torr which was monitored
by ionization gauge as shown in Fig.1. Much higher pressure should be found above the PTFE target. In such a
case, a mean free path in between the target and Si substrate becomes shorter and interaction between decomposed
fragments cannot be neglected. Namely, deposited films by higher SR photon flux irradiation are thought to
contain intermediates, which cause a difference in QMS spectrum and FT-IR spectrum of high and low

flux irradiation of SR beam.
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Lowering of the process temperature has recently become more important in fabricating future
semiconductor devices such as quantum-effect devices, since the conventional high temperature process brings
out the serious deterioration of the device performance due to the disturbance of atomic distribution through the
solid-state diffusion. Photo-excited process such as epitaxial growth, etching and surface cleaning is considered
as one of the leading candidates for the low temperature process, which also results in the low-damage process.
Synchrotron radiation (SR) is an ideal light source for the photo-excited process because its high intensity, small
divergence, and continuity of wavelength from the xray to the infrared lead to the photo-excitation of most gas
molecules and solids used in the semiconductor processes, and provide area-selective microfabrication with high
spatial resolution. From these viewpoints, many studies on the technological utilization of SR-stimulated
reactions, such as chemical vapor deposition[1,2], etching[3-6], and epitaxy [7-9] have been carried out so far
Concerning the SR-excited etching, the materials for integrated circuit such as Si, Si0,, SiC, and etc, have been
studied actively using SFg as a reaction gas[3-6]. In contrast, the etching of compound materials such as III-V
and I1-VI semiconductors have not been realized yet in spite of their importance in optoelectronic application. In
this study, we have demonstrated the SR-excited etching of ZnTe using SFg and Ar gas.

The experiments were performed in BL-8A line in UVSOR. The wavelength of the white light at BL-8A
port was ranged from xray to visible light. The electric current for this SR emission in the storage ring was
varied up to 220 mA. The incident beam was introduced perpendicular to the surface of ZnTe (100) substrate
through the Ni mesh mask with the hole of 200> 200 wm. After the reaction chamber was evacuated to less than
107 Torr, the reaction gas was fed into the chamber The pressure in the reaction chamber was ranged from 10™ to
10" Torr. In the case of Ar gas, the substrate was negatively biased against the reaction chamber. A large pressure
difference was sustained between the beam line and the reaction chamber using a differential vacuum pumping
system.

In the case of SFy gas, the surface of ZnTe was not etched, and in stead, a Zn-F compound with the
thickness of 20nm was deposited on the substrate, which was confirmed by Auger electron spectroscopy
measurement. This may be due to the fact that the vapor pressure of ZnF; is very low while that of TeFg is very
high, resulting in a formation of ZnF, on the surface of ZnTe. In the case of Ar gas, we found that the ZnTe was
etched by SR beam on the limited area of the surface through a patterned mask under the negative bias to the
sample, as shown in Fig.1 and Fig.2. The etching rate was around 4.5 X 10 A /mAmin, and it would be expected

to improve by optimizing the etching condition such as pressure and bias voltage.
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In summary, the SR-excited etching of ZnTe was achieved using Ar gas with negative bias to the sample in

this experiment for the first time.

Fig.1. SEM photograph of ZnTe etched in Ar

atmosphere under negative bias to the sample.

i
Fig.2. AFM image of ZnTe surface
etched in Ar atmosphere under negative
bias to the sample.
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(BL8A)
Synchrotron Radiation Beam Induced Etching
of Polymers for Microfabrication

A.Yoshida, E.Matsumoto, H.Yamada, H.Okada and A.Wakahara

Department of Electrical and Electronic Engineering, Toyohashi University of Techonology,
Tempaku-cho, Toyohashi, 441-8580, Japan

Polymers which include polytetrafluoroethylene (PTFE), polyimide etc., have been paid attentions due to
their exceptional properties. Their high chemical stability, low friction surface properties high insulation
ability are quite useful for microelectronics or MEMS. For such application, microfabrication technology of
those polymers having precise controllability is important. Synchrotron radiation (SR) induced processing
has a potential for such precise microfabrication, because SR beam is a high photon energy with collimated
light. In this study, etching of polymers, particulary PTFE and polyimide, by SR beam exposure have been
investigated aiming future microfabrication of polymers.

Figure 1 shows experimental setup for SR induced etching. Target PTFE/polyimide bulk is mounted on
the target holder that is placed in the vacuum chamber. The chamber was evacuated with turbo molecular
pump below 1x10° Torr. Etching of polymers was made by exposure of SR beam on the target. In this study
etching rate dependence on target temperature and SR photon flux (P.F.) were investigated.

SR beam etching of PTFE was clearly observed in this study. On the other hand, no clear etching but
surface modification of polyimide was seen. Figure 2 shows dependence of PTFE etching rate on the target
temperature. Etching rate was increased with increase of target temperature. This result suggests that heating

of target enhances decomposition of PTFE. Etching was also enhanced with higher photon flux exposure.
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Fig.2: Etching rate dependence on target holder

Fig. 1: Experimental setup. temperature.

— 245 —



For low photon flux exposure of SR beam (PE=3.1x10"" /s/cm’) at RT, however, no clear etching was but
surface modification was observed. This suggests that some critical temperature exists on PTFE etching by
low SR photon flux. On the other hand, with higher SR beam exposure (PF.=4.8x10" /s/cmz), PTFE
etching was achieved even at RT. This could be explained by heating up of PTFE target induced by SR
beam exposure.

Due to the collimation of SR beam, etched structure having large steepness are expected. To investigate
this point, Cu wire having a diameter of 0.1pm was used as a mask of PTFE etching. After the etching by
SR beam exposure, a wall structure of PTFE was obtained underneath the Cu wire. Here, effects of exposed
photon flux and target temperature on the etched structure were studied. Dimensions of wall structure which
includes top (#7) and bottom width (#73), and steepness of delineated wall defined by (Wg+W)/t, where ¢ is
the target thickness are summarized in Table 1. Dependence of the dimensions on the holder temperature
and photon flux were observed. Both of the top and bottom width decreased with higher photon flux and
higher target temperature. Observed decrease of bottom width () is thought as an advance of etching
which give rise on unmasked part. Rather small steepness in lower photon flux and lower target temperature
can be explained by incomplete etching on backside of PTFE. Top width (W7) also decreased with higher
photon flux and higher target temperature etching. In Table 1, smaller top width as compared with wire
width was observed after the etching with photon flux of 2.3x10" /s/em® at 250°C. Furthermore, with
photon flux of 6.0x10" /s/cm’ exposure, a break off of the wall was observed. These results can be
explained by increase of lateral etching of PTFE. One possibility is that higher photon flux exposure causes
partial rising of the target temperature. Such heat up affects the edges of masked PTFE portion. This point is

consistent with observed etching rate dependence on the target temperature shown in Fig.1.

¢SR beam ¢
+ e Table 1: Dimensions of PTFE wall formed by SR beam
u wire
exposure with Cu wire mask.
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UVSOR Workshop X
Beamline Upgrade Project at UVSOR (III)

Mar. 7 (Fri) 13:00 — 18:00 (coffee break included)

<First half>
13:00 — 13:05
13:05-13:25
13:25-13:45
13:45 — 14:05
14:05 - 14:25
14:25 — 14:40
14:40 — 14:55
14:55 - 15:25
15:25 - 15:40

<Second half>

15:40 - 16:05

16:05 — 16:30

16:30 —16:55

16:55 -17:20

17:20 - 17:45

17:45 - 18:10

Coordinator: E. Shigemasa (UVSOR)

Opening

Performance of the upgraded UVSOR storage ring

FEL upgrade project

Upgrade project of BL3U at UVSOR

Upgrade project of BL5U at UVSOR

Upgrade project of BL6B at UVSOR

Present status of BL7U for in-situ observation on chemical

reaction induced by SR irradiation using UHV-STM

Beamline upgrade project and collaboration system, after turning the National

Research Institutes for joint University Use into semi-autonomous agencies

Coffee brack

Coordinator: S. Kimura (UVSOR)

Progress in studies at BL6B (IR) following its upgrade

Prospect of surface-enhanced infrared absorption spectroscopy
utilizing SR

QOutline, issues, and application of excitation spectra measured by
UV and visible light detection

Examination of basic concept on radiation chemistry using SR

and present status and prospect of VUV-CD measurements with UR
Dissociation and orientation of absorbed nitrogen oxides on metal
surfaces

SR -laser combined experiments: inner-shell two-photon absorption

measurements of BaF, and their future prospect

Mar. 8 (Sat) 9:00 — 12:45 (coffee break included)

<First half>
9:00 —9:25

9:25-9:50

9:50-10:15

Coordinator: E. Shigemasa (UVSOR)

An approach towards elucidating double photoionization processes in
molecules using a threshold-electron—electron coincidence technique
Fruits from two years activity at BL4B; studies of dark states in valence
and core excitation regions using of high-resolution spectroscopy

Necessity of a high-performance EUV (10-100 eV) beamline
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March 7 and 8, 2003

N. Kosugi (UVSOR)
M. Katoh (UVSOR)

M. Hosaka (UVSOR)

E. Shigemasa (UVSOR)

S. Kimura (UVSOR)

S. Kimura (UVSOR)

Y. Nonogaki (IMS)

N. Kosugi (IMS)

T. Nanba (Kobe Univ.)

M. Osawa (Hokkaido Univ.)

S. Emura (Osaka Univ.)

K. Nakagawa (Kobe Univ.)

T. Matsushima (Hokkaido Univ.)

T. Tsujibayashi (Osaka Dental Univ.)

M. Hikoska (KEK)

N. Kosugi (UVSOR)
K. Tto (KEK)



10:15—-10:40 Research on surface chemistry at PF-BL-7A; dispersive NEXAFS

10:40 — 10:55

and XPD H. Kondo (Univ. of Tokyo)
Coffee brack

<Second half> Coordinator: S. Kimura (UVSOR)

10:55-11:20
11:20 — 11:45
11:45-12:10

12:10 - 12:35

12:35 -

Characterization of the responsivity of GaN based UV detector A. Motogaito (Mie Univ.)
LiCAF as a VUV optical material and Ce:LiCAF as a laser media S. Ono & N. Sarukura (IMS)
Study of high-Te superconductors by means of high-resolution

photoelectron spectroscopy H. Matsui & T. Takahashi (Tohoku Univ.)
Electronic structures in low dimensional organic conductors utilizing

high-resolution photoelectron spectroscopy T. Ito (RIKEN)
Summary N. Kosugi (UVSOR)

— 286 —



Appendix



Director
Nobuhiro Kosugi
Light Source Division
Masahiro Katoh
Masahito Hosaka
Akira Mochihashi
Jun-ichiro Yamazaki
Kenji Hayashi
Takayuki Murakami
Beamline Division
Eiji Shigemasa
Shin-ichi Kimura
Tatsuo Gejo
Kazutoshi Takahashi
Osamu Matsudo
Toshio Horigome
Masami Hasumoto
Eiken Nakamura
Naonori Kondo
Suekichi Matsuo
Bunichi Kamimoto
Guest Scientist
Yoichiro Hori
Junpei Azuma
Secretary
Hisayo Hagiwara
Naoko Onitake
Graduate Student
Senku Tanaka
Tatsuhiko Nishi

ORGANIZATION

Professor

Associate Professor
Research Associate
Research Associate
Unit Chief Engineer
Engineer

Supporting Engineer

Associate Professor
Associate Professor
Research Associate
Research Associate
Section Chief Engineer
Section Chief Engineer
Unit Chief Engineer
Unit Chief Engineer
Engineer

Supporting Engineer
Supporting Engineer

Associate Professor
JSPS Research Fellow

= B97 =

kosugi@ims.ac.jp

mkatoh(@ims.ac.jp
hosaka@ims.ac.jp
mochi@ims.ac.jp
yamazaki(@ims.ac jp
h-kenji@ims.ac.jp
tmurakami@ims.ac.jp (Sep. 2002 -)

sigemasa@ims.ac.jp
kimura@ims.ac.jp (Apr. 2002 -)
gejo@ims.ac.jp (- Mar. 2003)
ktakahashi@ims.ac.jp (- Mar. 2003)
mastudo@ims.ac.jp
horigome@ims.ac.jp (Oct. 2002 - )
hasumoto@ims.ac.jp
eiken@ims.ac.jp
nkondo@ims.ac.jp
mastuo@ims.ac.jp

kamimoto(@ims.ac.jp

yoichiro.hori@kek.jp (- Mar. 2003)
azuma@ims.ac.jp (- Jan. 2003)

hagiwara@ims.ac.jp

onitake@ims.ac.jp

senku@ims.ac.jp ( - Mar. 2003)
tnishi@ims.ac.jp (Apr. 2002 - )



STEERING COMMITTEE
(April 2002 - March 2003 )

Nobuhiro Kosugi
Shin-ichi Kimura
Masahiro Katoh
Eiji Shigemasa
Yoichiro Hori
Toshihiko Yokoyama
Tatsuya Tsukuda
Hayao Kobayashi
Koichiro Mitsuke
Toyohiko Kinoshita
Akira Yagishita
Nobuo Ueno
Masaharu Ojima
Kazuo Soda
Hidetoshi Nanba
Atsuya Hiraya

UVSOR IMS Chairperson
UVSOR IMS
UVSOR IMS
UVSOR IMS
UVSOR IMS, KEK
IMS

IMS

IMS

IMS

Univ. of Tokyo
KEK

Chiba Univ.

Univ. of Tokyo
Nagoya Univ.
Ritsumeikan Univ.

Hiroshima Univ.

JOINT STUDIES
( Financial Year 2002 )

Cooperative Research Projects 229

Use-of-UVSOR Projects : 160

Workshop

5 ]

Machine Time for Users : 33.5 weeks
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UVSOR staffs
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