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Preface

This Activity Report covers the research activities done at the UVSOR facility in
the Institute for Molecular Science (IMS) in FY2000. This is the seventh volume in
the red-covered Activity Report series for the second 10 years in UVSOR. For these
years the total beam time and the total number of beamlines are almost constant, ~40
weeks/year (~2,500 hours/year) and ~20 beamlines, and the users to be accepted are
restricted to almost the constant number, ~800 persons/year (with ~180
projects/year). We have to focus our scientific policy on quality rather than quantity.
The reader will find a lot of reports describing new scientific insights by using good
and stable equipments, progress in beamlines under development, and reconstructive
designs for very old equipments. I would like to acknowledge various kinds of
efforts and supports by the UVSOR users and staff, respectively.

In Japan we have three public and national facilities, Photon Factory, SPring-8, and
our UVSOR. Since January 6, 2001, all of them have belonged to the same ministry,
Ministry of Education, Culture, Sports, Science and Technology (MEXT). Photon
Factory and UVSOR are of nearly the same age, and UVSOR is in charge of the lower
energy region than soft X-rays as well as the advanced use for molecular science and
chemistry. We are trying to get an additional budget for the upgrade of the light
source of UVSOR to maintain and enhance our activities even for the third 10 years.
We hope that we can start the upgrade project and successfully increase the number
of undulator sections and reduce the emittance as soon as possible.

March, 2001

e

Nobuhiro Kosugi
Director of UVSOR
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Light Source in 2000

Masahiro KATOH

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

1. Machine Operation

In 2000, the UVSOR accelerator complex was operated for
about 43 weeks (including machine tunings) as scheduled.
Fortunately, there was no serious trouble during this year.
Monthly statistics of the operation time is shown in Figure 1.
Three weeks in this year were assigned for single bunch users
operation and other two weeks were dedicated for machine
studies. We had four shut down period, around the new years
day (two weeks), in spring (three weeks), in summer (three
weeks) and in autumn (one week).

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

During the operation periods, there were a few minor
troubles, on the magnet power supplies of the
booster-synchrotron and on the power source of the harmonic
cavity. Both of them are repaired quickly and did not affect the
USETS experiments.

Before the summer shut down, it was observed that the
injection efficiency tended to decrease, in spite of the careful
tunings. Later, this was found to be due to the troubles on the
linac and the extraction kicker, as described later. After the
shut down, the injection efficiency was recovered to normal
level. In addition, by adjusting the RF voltage of the
synchrotron, the electron capture efficiency was increased by a
factor of 2. As the result, the injection rate reached 3mA/sec.

In users operations, the closed orbit distortion is corrected
after every injection. The deviation from the golden orbit just
after the correction is smaller than 100um (r.m.s.) in
horizontal and 50pm (r.m.s.) in vertical. However, it was
observed in the beam position measurement that the orbit was
drifting slowly by a few hundreds of microns over one
injection interval (4 hours). After installing the new beam
position monitor system, which will be described in the
following section, this phenomenon can be investigated more
precisely.

During the shut down in spring, about one fourth of the
storage ring was vented for the reconstruction works on the
SR beam-lines and the optical cavity for FEL. After the baking
of the beam pipes, vacuum conditioning with stored beam

) [{ ——

250 fro e i N
E \ X
E 200 N\ S Yxs
A MW
% 100 \§\\ \\\\ §\\§§\
2 NN RN
AN

‘ \ SRNAR

ui\\§l\ \\\&\ &\S‘\k\\

1 2 3 4 5 6 7 8 9 1011 12
Month

Fig. 1 Monthly statistics of the operation time in 2000.

UVSOR Multi-bunch Operation ('00.06.08)

Beam Current [mA |
B

T T = T T
i Beem L.wn--l
e e :

0 i i i
400 4K} 12:00:00

i
15:00:00 1%:00:00

Time [hh:mm:ss|
UVSOR Single Bunch Operation ('00.12.07)
T T s T . 600

“ Beam Lifctime

Beam Current [mA|
z

%

Fig. 2. Typical

o bn i - s o
GO0 TE00AHN  JR00:00  15:00:00  17:00:00  19:00:00  21:00:00

Time |hh:mm:ss|

beam current

histories

[upm] ampag| weag

|upwr] amypagyf weag

in

multi-bunch mode (upper) and single-bunch

mode (lower).



started and continued for one week. When the users operation
started, the beam lifetime reached to about 80% of that before
the shut down. After a few weeks of users operation, the
lifetime recovered almost completely.

The summer and autumn shut down were assigned for
annual maintenance works. A few problems were found on the
RF power source of the linac and on the power supply of the
extraction kicker of the booster-synchrotron. Although the
latter was successfully repaired during the shut down, the
former was not solved completely. By temporally adjusting the
operating conditions, it does not affect daily operation so
seriously. It will be repaired as soon as possible after the

necessary parts arrive. During the summer shut down, the o i
circulator of the main RF cavity was replaced, that had been
malfunctnoncg:l for long time. _ _ EEAM POBITIIN MNITER
It was decided that the super-conducting wiggler at BL7A,
which has serious trouble on the refrigerator, would be \/ D 6 (VSR
removed from the ring. An in-vacuum undulator will be RINUTL, A1 oo SrsTeu
: 2 b PERSONAL
installed as described later. AL COMPUTER
2. Improvements Fig. 3 Schematic drawing of new BPM system.

2-1. New beam position monitor system

The beam position monitor (BPM) system, which has been
used for 16 years, is being replaced. Since the old system uses
mechanical switches to accumulate the signals from the
pick-up electrodes (totally 64), it takes about one minutes to T N J""‘QT ot
measure an orbit. In addition, since the attenuator control of “ﬁ\ _/ i
the BPM signals is not automated, the operator must adjust the T\M\\

200 —— {

f

|

!

UVSOR 308 mA Operation Test (90,12.18)

attenuation level before the measurement depending on the o
beam current

The new system comprises 16 signal-processing modules,
which are commercial products by Bergoz Co. [I]. These e s T T
modules give the beam positions in horizontal and vertical as
DC voltages. They are AD-converted and accumulated in a PC.
A schematic drawing of the system is shown in Figure 3. It is
expected to measure an orbit within 1 second, with an
accuracy of a few microns. The new system will shorten the
time for injection procedure. It will also shorten the time to get
orbit correction data for undulators. An orbit feedback system
can be constructed based on this system. Construction of the
entire system will be completed until March 2001.
Performance test will be started in April.
2-2. High Current Operation

The filling beam current in multi-bunch mode has been set
at 250 mA for these years. In December, multi-bunch mode
operation with 300 mA was tested. The beam stability, the
temperature rises of the vacuum chambers and the radiation
level of the experimental floor were observed and no problem
was found. The beam current history and the temperature rise
of the vacuum ducts are shown in Figure 4. The users
operation with 300 mA will be realized in near future.

Beam Current [mA|
[ #ap] aamrsaduia g

o

28

Howm Temperainre

Fig. 4 Beam Current History and temperature
rise of the vacuum duct at 300 mA test
operation
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3. Research and Developments
3-1. New Lattice

A new lattice for UVSOR storage ring was designed [2, 3],
which has four new short straight sections and much smaller
emittance (27nm-rad). The optical functions are shown in
Figure 5. All the quadrupoles and sextupoles will be replaced
with combined function magnets, which have capabilities of
producing both quadrupole and sextupole fields by utilizing

B,y 10¥n, [n]

Fig.5 Present (lower) and new (upper) lattice



auxiliary windings. A prototype is under construction and will
be completed in March 2001. Field measurements will be
started soon after.
3-2. Development of In-vacuum undulator

In the new lattice described in the previous section, each
straight section has small vertical betatron function, which
enables us to install in-vacuum and small gap devices. A
prototype of such a device is now under construction [4]. In
this fiscal year, the magnetic arrays are being constructed (Fig.
6). The remaining parts will be constructed in next fiscal year.
This undulator will be installed at the straight section between
B06 and B07, after removing the super-conducting wiggler.
The effects of this device on the circulating beam will be
investigated as well as the property of the radiation. Main
parameters of the undulator are listed in Table 1.
3-3. Free Electron Laser

Efforts to realize stable oscillation are being continued, such
as improving the mechanical stability of the optical cavity and
introducing a new feedback system [5]. A two-color
experiment using FEL and synchrotron radiation was proposed
and is being prepared. Transportation of the FEL beam to a SR
beam line (BL7A) was successfully demonstrated and the
synchronization between FEL and SR was confirmed [5].

References

[1] http://www.bergoz.com/

[2] M. Katoh et al. in this report

[3] M. Katoh et al., Nuclear Instruments and Methods in
Physics Section A (accepted)

[4] M. Katoh et al., in this report

[5] S. Koda et al., in this report
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Fig. 6. Magnetic poles of in-vacuum undulator

(under construction
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Table 1. Parameters of In-vacuum Undulator

Magnet type
Remanent Field
Period Length
Number of Period
Magnetic Length
Overall Length
Minimum Gap

Max. K-parameter

Polarization

Pure Permanent (Nd-Fe-B)
1.17 Tesla

36 mm

26

936 mm

1.4m

10 mm for low-f} optics
20 mm for present optics
2.77 for low-P optics
1.15 for present optics
linear (horizontal)

Control Room of UVSOR
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UVSOR Accelerator Complex

Parameters of UVSOR Storage Ring

Parameters of UVSOR Injector

Circumference
Lattice

Straight Sections
Beam Energy
Bending Radius

RF Frequency
Harmonic Number
RF Voltage

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

53.2m

DBA X4
3m X4

750 MeV
22m

90.115 MHz
16

46 kV

0.026

(3.16, 1.44)
42X10*

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

(single bunch)

Injection Linac

Energy

Length
Frequency
Acceleration
Klystron Power
Energy Spread
Repetition Rate

15 MeV

25m

2856 MHz
2n/3Traveling Wave
1.8 MW

~1.6MeV

2.6 Hz

Booster Synchrotron

Lattice
Circumference
Beam Current
Bending Radius
Betatron Tune
Mom. Comp. Fac.

#1) About three times longer with harmonic cavity on

Harmonic Number
RF Frequency
Repetition Rate

FODO X8

26.6 m

32 mA (8-bunch filled)
1.8 m

(2.25, 1.25)

0.138

8

90.115 MHz

2.6 Hz




Injection Linac
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Synchrotron Radiation Spectra at UVSOR

SR Brilliance
[photons/sec/mm2/mrad2/0.1% b.w.]

Light Source Parameters

10

Photon Energy

Bending Magnets

Bending Radius 22m
Critical Photon Energy 425 eV
Linear Undulator (BL3A)

Number of periods 24

Period Length 84 mm
Total Length 2016 mm
Remanent Field 09T
Magnetic gap 30 - 90 mm
Deflection parameter (K) 0.6-3.6

100

[eV]

Helical Undulator/Optical Klystron (BL5A)

Number of periods

Period length

Length of dispersive part

Total Length
Remanent field
Magnetic gap

Deflection parameter (K)

18

110 mm
302.5 mm
2351.2 mm
13T

30 - 150 mm
0.07-4.6
(helical mode)
0.15-8.5
(linear mode)




Basic Parameters of UVSOR-FEL

Free Electron Laser
Wave Length

Spectral Band Width
Polarization

Pulse Rate

Typical Average Power

Storage Ring

Beam Energy

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

Optical Cavity
Type

Cavity Length
Mirror

Optical Klystron
Polarization
Length

Period Length
Number of Periods

240~570 nm

~10*

Circular

11.26 MHz

~ 100 mW (at 520nm)

600 MeV
106 nm-rad
34x10™

3.4 cm

2

50 mA/bunch
90.1 MHz

Fabry Perot
13.3m
HfO,, Ta,05 multi-layer

Circular
235m

11 cm
9+9

BL5A Helical Undulator
(Optical Kiystron for FEL)



Beam Lines in 2000

Masao KAMADA
UVSOR Facility, Institute for Molecular Science

There are 20 beam lines operational in UVSOR facility, 11 beam lines of which are opened
beam lines for many users coming from outside of IMS, while the rest 9 beam lines are in-house
beam lines dedicated to the research groups in IMS. The followings are the status of the beam lines
in 2000.

<Open beam lines>
OBLIB

This beam line is one of the busiest beam line in UVSOR. The beam line has been used for
general purposes in VUV region and has welcome many users all the time since the beam line has
the following advantages. 1) It has large acceptance angles to provide high flux VUV light. 2)
Standard measurements such as absorption, reflection, and luminescence can be conducted at low
temperatures down to 10 K. 3) This beam line covers the wavelength ranges from 650 to 30 nm,
which overlaps with those of the usual light sources in users’ institute or university. 4) Since
windows are available in the wavelength more than 110 nm, beginners can start their experiments
by themselves without feeling any restriction. 5) The window makes it possible for us to try many
materials such as liquid, high-pressure, gaseous phase, high-vapor-pressure, bio-specimens, and so
on. 6) Only usual vacuum techniques are required to conduct their experiments. 7) There is no
similar beam line in other facilities in Japan.

In 2000, a second-monochromator system has been upgraded but there was a bug in the
software of its CCD system, resulting in the delay of the use. The computer control system of a
1-m Seya-Namioka monochromator as well as the moter drivers, which were renewed last year,
work well without any serious problems. The instruments including the multi-channnel analyzer
and MCP-PM have been improved for time-resolved experiments. Several interesting
experiments such as two-photon excitation, photo-reflectance, photo-ionization of liquids, and so
on are in progress.

OBL2BI

This beam line consists of a grasshopper monochromator, a double-pass CMA, and a
coincidence analyzer. This beam line has been used mainly for surface science because useful
equipments for surface science such as LEED, Auger, Ar-ion gun, and gas doser are installed at
BL2B1. This beam line covers soft x-ray regions up to 800 eV and therefore it is useful for
core-level spectroscopy for C, N, and O elements. Photoelectron spectroscopy and
electron-ion-coincidence spectroscopy can be carried out on adsorbed surface and bulk materials.
Besides these spectroscopies, NEXAFS/XAFS are also powerful techniques for molecular science.

In 2000, the electron-ion-coincidence instrument had small trouble in electronics during the
installation, resulting in the loss of the beam times. The active scientists in the coincidence group
worked well to fix it. There were no serious problems on the Grasshopper monochromator and
photoelectron spectrometer. However, the resolving power of the monochromator is not good in
comparison with similar beam lines in other facilities. This will push us to consider the future of
this beam line. We expect users' collaboration and proposal for future.

We would like to express our thanks to Prof S. Nagaoka and EICO group for their
collaboration to maintain the activity of this beam line. ¢

(OBL3AI1/BL3A2

These beam lines can share intense synchrotron radiation from a planar-type undulator. At
BL3Al the intense undulator radiation has been used without monochromator for SR-CVD,
light-amplification, desorption, and luminescence experiments. At BL3A2, a constant-length
SGM has been used with the undulator radiation for SR-laser combined experiments in gaseous
phase.

On the last user’s day in 20" century, the accident happened on the gaseous line, causing
the leakage of BF3. Fortunately, the amout of the gas was so small that nobody had any effect
from this accident. However, the facility decided to confirm the safety system to avoid future



undesirable accidents.

OBLS5A

This beam line consists of a high-resolution photoelectron spectrometer and a spin and angle
resolved photoelectron spectrometer. Besides SR from a dipole magnet, circularly polarized
radiation from a helical undulator can be used at BL5SA.

In 2000, the lens system of the spin analyzer was repaired and the vacuum system of the
main sample chamber was improved. The first signal after the reinstallation was obtained in
January 2001. Both of right and left circulary polarized light from the helical undulator became
available in user times. The instruments for time-resolved photoelectron spectroscopy were
installed. The combined experiments with SR and the powerful laser system consisting of a TiS
laser, RegA, and OPA are in progress too.

OBL5B

This beam line was constructed for calibration of many optical elements and detectors in
VUV and soft x-ray regions. Since there are no similar beam lines in other facilities, BL5B has
been contributing to the various fields such as astro-science, nano-science, besides synchrotron
science and technology.

In 2000, there were small problems on the mechanics of the goniometer, and we decided to
improve it in a coming year.

OBL6Al

The BL6AI has been used as a unique IR and FIR beam line. It consists of FT-IR and
FT-FIR interferometers and covers wide wavelength range from sub-milli to near IR. Lots of
research studies such as high-pressure with DAC, magnetic circular Dichroism, and
time-dependence have been carried out.

In 2000, the optical arrangement of this beam line was upgraded to conduct the experiments
more precisely. Also the super-conducting magnet was installed for MCD experiments by Prof.
S. Kimura of Kobe University. This arrangement may avoid the loss of the beam time and the
inefficient labor works for installation.

OBL7A

This beam line was constructed at the first construction stage of the UVSOR facility in mid
of 1980 for soft x-ray spectroscopy. This beam line has been providing soft x-rays in the energy
range from 0.6 to 3 keV without the 4T-wiggler and up to 6 keV with the wiggler. However, the
mechanical problem happened on the cryogenics for the wiggler in 1998. In 1999, the 4T-wiggler
was shutdown completely. We have decided to provide better SR from a dipole magnet with good
crystals such as beryl, YB66, InSb, and KTP, to cover the soft x-ray region less than 3 keV.

OBL7B

The 3-m NIM at BL7B was constructed to provide good SR with a high resolving power in a
wide wavelength range from near IR to VUV. Although the installation took long times, users
have started taking good data at He temperature and showed the good performance of BL7B in
2000. The CCD system was also installed to have fluorescence spectra in 2000. The wall for the
radiation protection was constructed in October.

We would like to express our thanks to many members in the 7B-working group, especially
Profs. K. Fukui, for their efforts to construct this beam line.

OBL8A

This beam line has no monochromator and any special equipment. This means that users can
mstall their own instruments which are brought from their institute or university. The UVSOR
facility will support the users of course. For examples, a differential pump system can be provided
for SR-CVD experiments. In 2000, the vacuum condition of the pre-mirror chamber and the
differential pump system were improved.

(OBL8BI1
This beam line can provide soft x-rays with a high resolving power and cover the energy



range of K-shell excitation in light elements. The TOF-mass instrument makes it possible to take
ionization spectra of various molecules. Yield experiments on solid-state phase are also available.
In 2000, the alignment of the CL-SGM monochromator was improved to provide good linear
polarization, which was monitored by a multi-layer polarizer with a help from Prof. M. Watanabe
of Tohoku University.

<In-house beam lines>
OBLIA

This beam line was constructed for solid-state experiments in soft x-ray region. High
performance photoelectron analyzer produces good data in recent years.

OBL2A

This beam line was constructed for experiments in gaseous phase and have produced a lots of
scientific results. This beam line was rearranged for bio-science with bio-scientists in Okazaki
institutes. We are expecting many active bio-scientists come to use UVSOR soon.

(OBL2B2

The construction of a dragon-type new monochromator has commissioned in 1999. The
scientific instruments for gaseous experiments have been installed or tested to conduct future
experiments in 2000.

OBL3B

This beam line consists of a 3-m NIM and a two-dimensional photoelectron analyzer. This
has been used for experiments in gaseous phase, providing interest results. However, the optical
elements become worse in recent years, and the gratings will be replaced in coming Spring to
achieve higher performance.

(OBL4A/4B and BL6B

The re-arrangement of the beam lines at BL4A | 4B, and 6B has started in 2000. The
SR-CVD instruments installed at 4B were moved to BL4A, and the SR-STM system at BL4B was
installed to BL6B. The old IR station at BL6B was completely removed. A new soft x-ray beam
line with a VLS monochromator was constructed at BL4AB. The first high-resolution spectra were
obtained in January 2001. A party will be arranged in February.

(OBL6A2 .

The post-mirror system was completely changed to get a small spot for the micro-ESCA
system. The achievement of the performance was successfully tested. The femto-second laser
system was also installed to conduct the combination experiments of SR and lasers.

OBLS8B2

The high-performance multi-channel photoelectron spectrometer was installed to measure
the precise angle distributions of photoelectrons from well-organized molecules. The
performance are under investigation.

Therefore, the UVSOR facility has twenty stations operational, two soft-x-ray stations
equipped with a double-crystal monochromator, ten extreme-ultraviolet stations with a glancing
incidence or a plane-grating monochromator, four vacuum-ultraviolet stations with a
Seya-Namioka-type or a normal incidence-type monochromator, one (far) infrared station equipped
with a FT mterferometer, a multi-layer monochromator, and two white-light stations without any
monochromator. In 2000, many interesting results were obtained at these UVSOR beam lines and
they are presented in this activity report.

The UVSOR facility strongly asks all users to conduct their experimental procedures
according to the beam line manuals and the guidebook. The persons who want to use the open and
the in-house beam lines are recommended to contact with the following station master or supervisor
and the representative, respectively. The persons who want to know updated information of the
UVSOR facility are recommended to open http://www.uvsor.ims.ac.jp/.



Table I.

Station masters and supervisors of open beam lines in 2000

Beam Station Master Sub Master Supervisor
Line

1B M. Hasumoto M. Kamada M. Kamada
2B1 S. Nagaoka E. Nakamura, K. Takahashi | M. Kamada
3Al M. Kamada E. Nakamura M. Kamada
3A2 N. Kondo T. Gejo E. Shigemasa
5A K. Takahashi M. Hasumoto M. Kamada
5B M. Hasumoto E. Nakamura E. Shigemasa
6Al E. Nakamura 0. Matsudo M. Kamada
TA E. Shigemasa N. Kondo, O. Matsudo E. Shigemasa
7B K. Fukui M. Hasumoto M. Kamada
8A T. Gejo E. Nakamura E. Shigemasa
8B1 T. Gejo N. Kondo E. Shigemasa

Table 11. Representatives of in-house beam lines in 2000.

Beam Representative Department/Facility
Line

1A N. Kosugi VUV Photo Science
2A N. Kosugi VUV Photo Science
2B2 K. Mitsuke VUV Photo Science
3B K. Mitsuke VUV Photo Science
4A T. Urisu VUV Photo Science
4B E. Shigemasa UVSOR

6A2 M. Kamada UVSOR

6B T. Urisu VUV Photo Science
8B2 T. Urisu VUV Photo Science




Beamlines of UVSOR

Beam  Monochromator, Wavelength Acceptance Experiment
line Spectrometer Region Angle (mrad)
Horiz. Vert.
BL1A  Double Crystal 2.1-03 nm 4 1 Solid (photoemission)
BLI1B Im Seya-Namioka 650 - 30 nm 60 6  Solid (absorption)
BL2A  1m Seya-Namioka 400 - 30 nm 40 6  Bio-science (irradiation)
BL2B1 2m Grasshopper 60 - 1.5 nm 10 1.7 Solid & Surface
(photoemission, absorption)
BL2B2 18m Spherical Grating 60 - 6 nm 15 6  Gas (photoionization,
photodissociation)
BL3A1 None (Filter, Mirror) () 0.3 0.3 Solid & Irradiation
(photodissociation)
BL3A2 2.2m Constant Deviation 100 - 10 nm 10 4 Gas & Solid
Grazing Incidence () 0.3 0.3 (photoionization &
' photodissociation)
BL3B  3m Normal Incidence 400 - 30 nm 20 6  Gas (photoemission)
BL4A1 Multi-Layered-Mirror 23 - 13 nm 16.6 12.8 Irradiation
Monochromator Mo/Si MLMs
BL4A2 None SR-CVD
BL4B  3m Varied-line Plane Grating 2 - 10 nm 8.3 6  Gas (absorption)
Monochromator
BL5A None (OK) Free Electron Laser
SGM-TRAIN 250 -5nm 10 3 Solid (photoemission)
BL5B  Plane Grating 200 - 2nm 10 2.2 Calibration, Gas & Solid
(photodissiociation &
absorption)
BL6A1 Martin-Puplett FT-IR 3000 - 30 mm 80 60 Solid (absorption)
Michelson FT-IR 100 - 1 mm 80 60
BL6A2 Plane Grating 650 - 8 nm 10 6  Solid (photoemission)
BL6B  None 8.3 6  Irradiation
BL7A  Doble-crystal 1.5-0.8 nm 2 0.3 Solid (absorption)
BL7B  3m Normal Incidence 1000 - 50 nm 65 10 Solid (absorption)
BL8A  None (Filter) 25 8 Irradiation &
User's Instruments
BL8B1 15m Constant Deviation 40 -2 nm 10 1.5 Gas & Solid
Grazing Incidence (absorpton)
BL8B2 Plane Grating 650 - 8 nm 10 6  Solid (photoemission)

SGM-TRAIN : Spherical Grating Monochromator with Translating and Rotating Assembly
Including Normal-incidence-mount
U : with an undulator, OK : with an optical klystron



BLIA

Soft X-Ray Beamline for Photoelectron-Photoabsorption Spectroscopy

BLI1A is a soft x-ray beamline for photoelectron-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 ¢V by using several
kind of crystals such as B-ALOs, 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 IbSb.

For photoelectron-photoabsorption spectroscopy, an ultra-high-vacuum (UHV) apparatus
is connected. The top view of the apparatus is shown in Fig 2. It is equipped with a high-
performance electron energy analyzer (SES-200, SCIENTA Co.). The pass energy can be varied
between 1 and 500 eV. Using the apparatus, resonant photoelectron spectra for solid samples
can be obtained with the total energy resolution of 0.7eV around hv=1000 eV.

Reference
[1] A. Hiraya et al., Rev. Sci. Instrum., 63 (1992) 1264.
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Figure 1. Throughput spectra of the double Figure 2. Top view of the UHV apparatus for
crystal monochromoator at BLIA. photoelectron-photoabsorption spectroscopy.
Specification
Monochromator :double crystal monochromator

Monochromator crystals :B-Al,04 (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 : photoelectron-photoabsorption spectroscopy for solid



BLIB
Seya-Namioka Monochromator for General Purpose in VUV Region

The beam line 1B has been used for many experiments such as absorption, reflectivity,
photo-ionization, and luminescence in condensed phase. The system consists of a pre-mirror,
a 1-m Seya-Namioka type monochromator, and a post-mirror. Three gratings with 600, 1200,
and 2400 gr/mm can cover the wavelength range from 40 nm to 650 nm, and two post mitror
make it possible to change the focus point. A long-focus mirror is usually used with a LiF

window to separate a main chamber for spectroscopy in liquids and biospecimens, while a
The output flux from this

short-focus mirror is suited to solid-state spectroscopy.
The spectral

monochromator is about 10" phs/s around 200 nm with 0.1 mm slits.
distributions obtained with three gratings are shown in the figure, although they are not the
best data because of the contamination of the mirrors and gratings due to the recent careless
accident,

A second monochromator (Spex 270M) and a LN-cooled CCD detector (Princeton Inc.) are
available for luminescence experiments, together with a liquid helium-flow type cryostat. A
time-resolved system to observe luminescence and excitation spectra with three time-gates is

also possible. The decay measurement is one of the highlights of this station, A couple of

weeks are supplied for the decay measurements under single bunch operation. A TAC system
is therefore one of the standard instruments at this beam line.
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BI2A

Gas Phase Photoabsorption and Fluorescence Spectroscopy

Photoabsorption cross section and fluorescence excitation spectra of gaseous
sample are simultaneously measured in a vacuum cell or effusive jet condition.
The primary photons in the 30-400 nm region are dispersed by a 1-m Seya
monochromator. Higher order light in the 80-120 nm 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 fig. 1. No filter is used between
30 and 80 nm since the photon flux at A<40 nm is very weak (see fig. 1). The
gas filter and cell are placed in a main chamber which is evacuated by a 5000 I/s
diffusion pump (Varian, Model VHS10). A LiF window is used for the
measurement at the 105<A<210 nm range as usual. Thus, the total photo-
absorption 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 life time can be measured.

:11??: | aloI 6|0 I 4]0 3? nm  Specification

Monochromator:  1-m Seya

Wavelength range : 30-400 nm

Resolution: AE/E=10" at 100 nm

Grating : 1200 //mm blazed at 96 nm
Experiments :

eVacuum cell or effusive jet

eTotal photoabsorption cross section

eFluorescence cross section

eDispersed fluorescence

eRadiative lifetime

eEmission polarity

RELATIVE LIGHT INTENSITY

PHOTON ENERGY (eV)

Fig. 1. Transmitted I, intensity with and without an
Ar gas filter,




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. The monochromator serves soft X-rays in the energy range from 95
to 1000 eV using a 1800 V/mm grating. The resolving power is better than 600 at C K-edge (about 290
eV). Figure 1 shows the total photoelectron yield from a Au mesh of 90%-transmission located
between the refocusing mirror and the sample. The dips around 290 and 550 eV originate from the
carbon and oxygen contamination of optical elements, respectively.

The analyzing chamber is located at the focusing point of the monochromized light. A
double-pass cylindrical mirror analyzer (CMA), a LEED optics 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 in order to introduce various kinds of gases. 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 14 AR DL R i

Nov. 2000
Au Mesh .
Slit 7.25, 0.05

photoemission measurements, electron-ion-

coincidence (EICO) spectroscopy can be Ly

carried out on adsorbed surfaces and bulk 10 |
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

Au Mesh Yield (pA) / 100mA
[e e}
|

with the EICO users group. The sample 5
preparation chamber equipped with a
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load-lock chamber is connected to the 0
analyzing chamber. Sample treatments such
as cleaving, filing, and deposition can be

made under the ultra-high vacuum condition. Fig. 1.
Specification

Monochromator : 2 m grasshopper type

Energy range : 95-1000 eV (1800 /mm)

Resolution of photon 1< 0.4 eVat300eV

Resolution of photoelectron : < 0.3 eV for hv = 150 eV

Experiment : Photoelectron spectroscopy, X-ray absorption spectroscopy,

Electron-ion-coincidence spectroscopy



BL2B2

Beamline for Gas Phase Photoionization and

Photodissociation Dymanics

This beamline has been developed for the purpose of studying ionization and decay dynamics
involving excitation of 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 throuput (1 x 10*°
photons s!) and high resolution (E/AE = 2000 - 8000) are achieved simultaneously (Fig. 1).

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 20 — 200 eV with the three gratings: G1 (2400 lines mm™, R
=18 m) at 80 — 200 eV: G2 (1200 lines mm™', R = 18 m) at 40 — 100 eV, G3 (2400 lines mm™, R =9.25
m) at 20 - 50 eV. The including angles are 160° for G1 and G2 and 140" for G3. The detailed parameters
of the optical elements [1] and performance [2] are described elsewhere.

References
[1] H. Yoshida and K. Mitsuke, J. Synchrotron Radiat. 5, 774 (1998).
[2] M. Ono et al. Nucl. Instrum. Meth. Phys. Res. A, in press.
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Fig. 2. lon yield spectrum of He in the doubly
Fig. 1. The photon flux at a 100 mA ring excitation region obtained with the slit widths
current (a) and resolving power (b) when the of 100 pm. The resolving power is estimated
entrance and exit slit widths are set to 100 to be 6500 from the peak width (FWHM) of
uwm. The solid lines in (b) show the expected He(2s12pt2pl2s).
values[1].
Specification
Monochromator : Dragon-type (18 m spherical grating)
y
Energy Range 20 - 200 eV
Resolution : E/IAE = 6500 (@65 eV. 100 pm slit width)



BL3AI

Irradiation Port with Undulator Radiation

The beam line 3A1 has been used for various kinds of experiments need intense
undulator radiation. In recent years, photo-desorption photo-chemical reaction,
SR-CVD, photo-etching, irradiation damage effects in condensed phase, light
amplification induced by core-revel excitation, and so on have been carried out at this
beam line. The luminescence yield of which is not high enough at beam lines for
bending radiation, has been observed, A time-response measurement of SR-induced
desorption. A planar-type undulator installed in a long straight section of the UVSOR
storage ring provides an intense quasi-monochromatic radiation to beam lines 3Alor
3A2. The undulator consists of 24 sets of magnets, a period length of which is
80mm,the photon energy range from 8 to 52eV can be covered by the fundamentals
with a K-values form 0.62 to3.6, although higher harmonics are mixed into the spectral
distribution in case of high K-value. The beam line 3A1 has no monochromator between
the undulator and a sample chamber. The radiation is introduced by a toroidal focusing
mirror into sample chamber through a pinhole of Imm in diameter and metallic filter
(Al, Sn, and In), A gold mesh is always installed in the sample chamber to monitor the
incident photons. Atypical spectrum distribution measured by the monochromator at
BL3A2 is shown in the figure, where the undulator gap is 60mm and the photon flux is
estimated to be abut 10'-10"phs/s on the samples. A differential pumping system can
be provided for the users who want to use gaseous materials. A second monochromator
(Jobin-YvonHR-302),another vuv monochromator (home-made one of normal-incident
type),and a helium storage-type cryostat are available for luminescence experiments. A
TAC system is also one of the standard instruments of this beam line. For liquid or
gaseous-phase experiments, MgF, windows can be installed to separate the sample
chamber from the beam line.

Specifications H

Type planar-type undulator - f _
Source emittance 164nmrad g E

Period 80mm % l |
Number of periods 24 é '

Magnetic field Kmax 3.6 E it B ]
Photon Fulux 10"*phs/s at 34eV ) J ; / \

Energy range 8-52eV - ] e

0 €0 1] & 100



BL3A2

Gas-Phase Dissociative Photoionization Apparatus

This machine has been constructed to study the formation of multiply charged ions and
their dissociation processes. The monochromator is constant-deviation grazing incidence
type with 2.2-m focal length and covers wide wavelength region (10-100 nm) where many
kinds of molecules and multiply charged ions are effectively measured. High intensity
photon beam is available by introducing the radiation emitted from the undulator to the
monochromator. The apparatus contains an angle-resolved time-of-flight mass spectrometer
(TOFM) equipped with automatic data acquisition system for photoion-photoion coincidence
measurements.  For full understanding of dissociative multiple photoionization, the
coincidence signals of two fragment ions produced from a parent ion are detected, the kinetic
energy release in “Coulomb explosion” is evaluated, and the angular distributions for the
fragment ions are measured. The sensitivity with respect to energetic fragment ions (several
tens of electron volts) is much improved in comparison with commercial TOFMs.
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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 nor-
mal 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 sepa-
rate vibrational levels of excited states for various molecules. A main component in an ex-
perimental chamber is a spherical sector electrostatic energy analyzer which has been de-
signed and setup for photoelectron spectroscopy. One can perform two-dimensional photo-
electron 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 (e.g. Fig. 1), contains rich
information on photoionization dynamics and properties of superexcited states. A great va-

riety of interesting high-lying states involved in autoionization have been studied as follows:

(1) a bound valence state of nitric oxide whose autoionization gives rise to a number of ir-
regularly spaced peaks in its photoionization efficiency curve,” (2) the (3 ag)'l(j’ o) valence
state of acetylene which dominates photoionization cross section and leads to strong vibra-
tional excitation,” (3) Rydberg states of NO or SO, which undergo dissociation into N** +
O('D?, °P*) P or S** + 20(°P?), ¥ respectively, followed by autoionizing transitions of the
superexcited N or S atoms, respectively, and (4) multiple-electron-excited Rydberg states of
carbonyl sulfide which are primarily s 209+ 0
produced by conversion from the
Rydberg states converging to
OCS*(B’z") and subsequently dissociate
into S** + CO(X'T") giving rise to
autoionizing transitions of the superex-

cited sulfur atoms.”

1) K. Mitsuke et al., J. Electron Spectrosc. Rel.
Phenom. 79, 395 (1996).

2) H. Hattori and K. Mitsuke, ibid. 80, 1 (1996);
H. Hattori et al., J Chem. Phys. 106, 4902
(1997).

3) Y. Hikosaka et al., ibid. 105, 6367 (1996).

4) Y. Hikosaka et al., ibid 107, 2950 (1997);

110, 335 (1999).
5) K. Mitsuke er al., J. Electron Spectrosc. Rel.
Phenom. 112, 137 (2000).
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Monochromator : 3 m normal incidence Figure 1. Two-dimensional photoelectron spectrum of
Wavelength range : 30 - 200 nm OCS taken at the photon energy range from 14.2 to
- 0.007 nm at 100 nm 16.8eV. The electron yield is presented by the plots with

Resolution p . . 4
eight tones from light to dark on a linear scale.



BL4AI

Multilayered-mirror monochromator beam line

for the study of synchrotron radiation stimulated process

A multilayered-mirror (MLM) monochromator beam line designed specially for synchrotron
radiation (SR) stimulated process experiments has been constructed for the first time. The most important
point in constructing a 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 energy region caused by the total reflection. Optimization
conceming 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 MLMSs have a (normal incident) reflectivity of
over 60% can be made for the energy region around 100 eV, which contains the core electron binding
energies of Al and Si (important materials in semiconductor processes). The beam line was designed by
the criteria ; a beam spot size on the sample surface = 3X3 mm’, a density of total irradiated photons =

10" photons/cm® (for an imadiation 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 UVSOR 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

SR-CVD experimental station, which had been installed at the end of the
beam line 4B until 1999, was moved to the end of the new beam line 4A2 at April
2000. The reaction chamber system has been modified as shown in Fig.1. Adjustments
of the reaction chamber, in situ observation system of IRRAS and gas supply and extinction
systems have already been finished. The pre-mirror chamber is already at high vacuum
but the downstream beam line is still under construction. The legally controlled high
pressure gases such as SiH4, Si2H6 and GeH4 gas can be used at this beam line and
SR stimulated reactions such as SR etching and SR stimulated gas source MBE. The
ultra high vacuum STM chamber is also under construction as a blanch experimental
station of BL4A2.

Chemical Physics Letters 326 2000 163-168
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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
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 SiO,
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.
Figure 1 shows the absolute photon flux for each grating, with the entrance- and exit-slit
openings set at 25 and 10 pm, respectively. Under this condition, the corresponding
resolving power is expected to be more than 3000.
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Figure 1. Throughput from the VPGM 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.

Specifications
I.MOHOChromatOl' 700 TTTTTTTT T T I T TTI T T[T T[T TooT
Type : - - | Helical Undulator
Jues HABL-TRAIN < o Slit 0.05-0.05
(two glancing-incidence and one normal-incidence) e
Energy range : 5-250 eV E 500 7
Resolution : 0.5-80 meV (with slits of 0.01 mm) S 400 ] -
: o v Gap 80 mm !
Flux : 3x10'" phs/sec for bending magnet radiation g $00.mm
1x10" phs/sec for undulaor radiation in MPW mode 2 B 1= j 7
(at 120 eV with slits of 0.1 mm) 7 200 |- .
= /
2. Main Instruments < 100 |- /
Two-levels UHV chamber (1x10™ Torr) 0 LllIII!llljllllllllll]llllllll
Hemispherical electron energy analyzer 0 10 20 30 40 50 60
(OMICRON, EA125-HR) Photon Energy (eV)
Spin- and Angle-resolved spectrometer -
(]()w_cnergy dlfﬁ_]sed sca[terlng type) LI ] LI I TTrTT I LI I rrrtr
LEED of reverse type (OMICRON) T 60 |- Bending Magnet —
Jon-gun (ULVAC-Phi) ZQ Slit 0.05-0.05
Low-temperature cryostat (above 30 K) E 0 7
S G2M22
- 40 |- ~
3. Helical Undulator (Optical Klystron) %
Number of periods 18 2 NF .
Period length 110 mm G 20 _
[}
Length of dispersive part 302.5 mm = O IME
=3 Ry
Total length 2351.2 mm < 10 - LA R
Deflection parameter, K, , 0.07-4.6 (helical mode) 6 Lk ia i a5 Bovi g
Deflection parameter, K 0.15-8.5 (planar mode) 0 50 100 150 200 250
Fundamentals 2-45 eV (Circularly polarized) Photon Energy (eV)



BL5B

Calibration Apparatus of Optical Elements

BLSB has been constructed to calibrate optical elements. The beam line consists of a

plane grating monochromator (PGM) and three chambers (Fig. 1). The chamber A is used

for calibration of optical elements, the camber B for optical measurements of solids and the

chamber C for photo-stimulated desorption (PSD) experiments. The chamber C is

sometimes changed to a chamber for photoemission microscopy.
The calibration chamber is equipped with a goniometer.
installed for the characterization of optical components, has six degrees for freedom; X-Y
translation of a sample, and interchange of samples and filters. They are driven by vacuum
Since the polarization of SR is essential for such measurement, axis of the

The goniometer, which was

pulse motors.
rotation can be made in either horizontal or vertical direction (s- or p-polarization).

|
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Figure 1.

Specification

Monochromator: Plane grating

Wavelength range: 2 - 200 nm (Fig. 2)

Resolution: A / AA =300 ~ 500

Experiments: Calibration of optical
elements, absorption of solids, photo-
stimulated desorption from rare gase
solids, photoelectron microscopy.

Figure 2.  Throughput spectra of BLS5B
detected by a gold mesh (84% transmission).

Schematic figure of BL5B spectrometer system.
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BL6A1

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 . m to 3 2 m regions is measureable by changing of three kinds of
detectors, MCT, Si-bolometer and InSb hot electron detector, according to each
available region. Owing to the high brightness of the SR in the long wavelength region,
the present spectroscopic system is specially favorable to the transmission and reflection

measurements on so tiny specimens..

Spectral distribution of UVSOR BL6A1 (001013)
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Speccification
Energy resolution : 500-20000
Energy range : 0.0005-1.5eV
Interferometers : 5-300cm’™ by Martin-puplett interferometer

50-30000cm™ by Michelson type interferometer
Detectors : Si bolomcter(ZO—lOOOcm'l)

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

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

InSb bolometer(5-50cm™)

MCT(400-10000cm ") Photovoltaic type

MCT(400-10000cm ™’ time response 10nsec)



BL6A2

Photoelectron Spectrometer 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
Monochormator (PGM) and a photoelectron micro-spectrometer.

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 was
re-arranged to have a small spot for the photoelectron micro-spectrometer. Also the
femto-second laser system was installed to conduct the combination experiments with

synchrotron radiation and laser.

Au Yield

; « 1E11
Specifications

Monochromator;

Type:Plane-Grating Monochromator

et
n
=)

Energy range;2-150 eV
Resolution:0.1 eV at 70 eV
Flux:1x10" phs/s at 100 eV

Photons/sec/1
@

Intensity (|

Photoelectron micro-spectrometer,

Type:FISONS, ESCALAB 220i-XL B8 20 40 60 80 100 120 140 160 180
Spatial Resolution:20 pm for spectroscopy Photon Energy (V)

2 pm for imaging
others:XPS, LEED, Ion-gun

Laser;
Type:Spectra Physics, Hurricane SR=>
Fundamentals:750-850 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 STM experimental systems, ultra-high-
vacuum chamber and STM, have been installed at the upstream of the BL4B SR-CVD
chamber until the end of March 2000 and moved here at the last summer shut down.

When it was working at BL4B, the atomic image of clean Si(111) surface was clearly
observed even under the SR storage ring operation and STM in situ observation of SR
stimulated decomposition of thin SiO, film was successfully demonstrated. The BL6B beam
line construction has almost finished. The STM experimental systems are now under
remodeling. The design of the STM system is changed so that the SR beam can illuminate the
sample surface just under the STM chip. By this change, 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.
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BL7A

Soft X-ray Spectrometer for Solids

The beamline BL7A equipped with a double crystal monochromator was constructed
for spectroscopic investigation on solids in the soft X-ray range ( 0.6 to 5 keV). In order to
make the EXAFS experiments at the Mg (~1300 eV) and Al (~1550 eV) K-edges possible, a
pair of KTiOPO, [KTP] (011) crystals was introduced and its performance test was done in
1999. In the past, it has been necessary to use beryl and quartz crystals to approach these
two edges. The combination of an artificial crystal, YB,(400), with the wiggler has been
another possibility to access the Al and Mg K-edges. However, YB,, is unsuitable for the
radiation from the bending magnet, due to its low reflectivity, and there is a disadvantageous
characteristic caused by a anomalous (600) reflection at the Y L-edge for carrying out the
EXAFS experiments with the YB, crystals.

Figure 1 shows the photon flux of the KTP monochromator crystals over the photon
energy range 1200-3000 eV. It is found that the photon intensity from the KTP crystals
without the wiggler is almost the same as that from the YB, crystals combined with the
wiggler. The ability to cover the Mg, Al, and Si K-edges with a single pair of the KTP
crystals seems to be attractive for many users.
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Figure 1. Throughput from KTP monochromator crystals on BL7A.

Specification

Monochromator: Double-Crystal

Energy range: 0.6~4.0 keV

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



BL7B

3m Normal Incidence Monochromator for UV, VIS and IR
Spectroscopy of Solids

The beamline BL7B is a dedicated beamline for solid-state spectroscopy, and has been
reconstructed to provide sufficiently high resolution for solid-state spectroscopy, enough intensity for
luminescence measurements, a wide wavelength coverage for Kramers-Kronig analysis, and the
minimum deformation to the polarization characteristic of the incident synchrotron radiation for
polarization measurements. It is also expected in the future that combined experimental systems are
realized at this beamline, for example, with synchronization to the synchrotron radiation pulse or with
the external magnetic field. The reconstructed BL7B mainly consists of a 3m normal incidence
monochromator which covers the vacuum ultraviolet, ultraviolet, visible and infrared, ie the
wavelength range 40 — 1000 nm, with three gratings and has been opening for users from April 1999.

Figure 1 shows the optical configuration
4507 g i .

o . of the beamline which consists of four parts;
M2 | pre-mirror system (MO, M1), 3 m normal
5 2 s2 49 ae incidence monochromator (modified version of

S5 se1e = McPherson model 2253)(S1, G, $2), post-mirror
rﬁ\ﬁ S 15° & system (M2) and experimental area (Q1, Q2). All
2200 B pre 2501 2974 of the optical elements are on a vertical plane.

The beam spot size of the zeroth light at Q1 is

Fig. 1 about 3 mm (H) x 2 mm (V). Figure 2 shows

the output spectra. A silicon photodiode (AXUV-100, IRD Inc.) was used for measurement, and the
photon number was calculated from the quantum efficiency table for AXUV-100 photodiodes. The slit
widths of both entrance and exit slits are 0.5 mm. The labels a to f represent output spectrum of G1 (a),
G2 (b), G2 with a LiF filter (c), G3 with a quartz filter (d), G3 with a pyrex glass filter () and G3 with a
colored glass cut filter (Toshiba Ltd. 0-53) (f). All of these filters are located just before Q1 in Fig. 1.
Under normal operation of UVSOR, the average beam current is more than 100 mA, so that the typical
output photon number per second is in the range of 10"~ 10%and 10" ~ 10" for 0.05-0.05 mm and 1-1
mm slit widths, respectively. In general, the
reduction of the higher order light becomes
important if a monochromator covers a wide
wavelength region. As shown in Fig. 2, the required
good spectral purity of the monochromated light is
almost fulfilled over the whole spectral range by
mean of the lower wavelength cut-off filters and the
reflection thresholds of the gratings themselves. It is
difficult to estimate the intensity of scattered light,
but the transmission spectra at the absorption region

T

3

Photon Number (x10'/s/100mA)

” Wavelength (nm) of the filters indicate that the intensity of the visible
scattered light can be expected to be less than 0.5%
Fig. 2 of the average output.
Specification
Monochromator : 3m Normal Incidence Monochromator
Wavelength range : 50 nm - 1000 nm
Typical resolution : E/AE = 4000 - 8000 for 0.01 mm slits
Experiments : absorption, reflection, fluorescence spectroscopy, mainly for solids



BL8A
Free Port

This beamline was constructed as a free port to which user can connect their own
instruments. The beamline consists of a front end, a focusing premirror chamber and a
separation chamber. Both focused and unfocussed beam can be used. A general purpose
reaction chamber and a two (or three) stage differential pumping system are available
for the experiments that use gas samples without window. With using three stage
differential pumping system, gas pressure at the reaction chamber upto 0.5 torr can be
used while keeping ultra high vacuum at the premirror chamber.
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Specification .
Spectral range : whole range of synchrotron radiation from UVSOR
Acceptance angle
Unfocused beam : 25 mrad (horizontal) X 8 mrad (vertical)
0.6 mrad (horizontal) X 0.6 mrad (vertical)

(with ¢ 3 mm aperture before sample)

Focused beam : 7.7 mrad (horizontal) X 8 mrad (vertical)
Beam spot size at focu 3 mm (horizontal) X 2 mm (vertical)
Source - mirror distance : 2500 mm
Mirror - focus distance 2807 mm



BL8BI

Photoabsorption and Photoionization Spectrometer

Last year a new beam line BL8B1 was constructed for observation of high resolution

photoabsorption and photoionization experiments in the photon energy range from 30 to

800 eV, which includes the 1s core excitation energy of C, N and O atoms. For high

resolution measurement among these energy, a constant-deviation constant-length
spherical grating monochromator (CDCL-SGM) with three gratings (G1: R = 15 m;
1080 I/mm, G2: R = 15 m 540 /mm, G3: R = 7.5 m; 360 I/mm) has been employed, in

which entrance and exit slit positions and directions of incident and exit photon beams

do not change during its scan. Consequently, it provides us with resolutions (E/AE) of
4000 at 400 eV and of 3000 at 245 eV. A drain current of gold foil reveals the absolute
photon flux normalized by an ring current when two slit widths are 10pm. (Fig. 1)

Being Equipped at the
downstream of the
monochrometer, an chamber
with a time-of-flight ion
detector and a photoelectron
detector allows us to measure
photoelectron -  photoion
coincidence (PEPICO) and
photoion - photoion

coincidence (PIPICO) spectra.

Measurements of absorption,
electron yield and emission
spectra of solid samples are
also available.
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Figure 1. Absolute photon fluxes measured by
a drain current of gold foil

Specification

Monochrometer : 2.2 m constant-deviation grazing incidence
Wavelength range :30to 800 eV

Resolution : E/AE = 4000 at 400 eV and 3000 at 245 eV

Available Experiments  : Measurement of photoabsorption and photoionization

spectra for gas and solid sample



BL8B?2

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 1><10'10T0rr), a cleaning chamber (base pressure IXIO_IOTOIT), and a sample
p

evaporation chamber (base pressure 3><10']0Torr). 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
IxImm®. The energy resolution at a slit width
of 100um was found to be 0.004-0.3¢V in the
A

hemi-spherical electron energy analyzer of

wavelength range from 2 to 130eV.

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

Spectral range  : 2-150eV

Resolution
Experiment

for various organic solids
Polarization : 85~91% at 500nm
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Figure Throughput spectra of plane-grating

monochromator at BL8B2 with 100 um exit slit.

: 100meV at 40eV as determined by the Fermi edge of gold

: angle-resolved ultraviolet photoelectron spectroscopy (ARUPS)
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In-house Beam Lines (Apr. 2000 - Mar. 2001)
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Development of In-vacuum Undulator for UVSOR

Masahiro KATOH, Masahito HOSAKA, Shigeru KODA,
Jun-Ichiro YAMAZAKI, Toshio KINOSHITA, Kenji HAYASHI, Yoshifumi TAKASHIMA*,
Hideo KITAMURAZ®, Toru HARAP, Takashi TANAKA®

UVSOR Facility, Institute for Molecular Science, Okazaki 444-8585 Japan
Y Department of VUV Photo-science, Institute for Molecular Science, Okazaki 444-8585 Japan
BSPring-8, Institute of Physical and Chemical Research (RIKEN), Mikazuki-cho 679-5148 Japan

An upgrade plan is proposed for UVSOR [I]. In
this plan, new four straight sections of 1.5 m long
will be created. These sections have small vertical
betatron function of less than Im. They are suitable
for installing in-vacuum short period undulators [2].
The gap between the magnetic poles can be reduced
down to 10 mm without reducing the beam lifetime.
To investigate the effects of this type of devices on
electron beams and to evaluate the undulator
radiation, we have started developing an in-vacuum
undulator.

The main parameters of the undulator are shown in
Table 1. The minimum gap of the magnetic poles is
10 mm for upgraded lattice. The period length is
decided to be 36 mm, which will result in very wide
tunability in VUV and soft X-ray region, as shown in
Figure 1.

Before the upgrade of the ring, this undulator will
be installed in the ring for performance test, at a free
space that will be created by removing the
super-conducting wiggler. In this case, the minimum
gap is limited to be 20 mm because of relatively large
betatron function of the present beam optics. As a
result, the tunability is limited as shown in Figure 1.
However, the fundamental and the third harmonic of
the undulator radiation will come to the photon
energy range around 100 eV and 300 eV, which are
close to L-edge of Si and K-edge of C respectively.
After the performance test, some users are planning
to use the undulator as a high flux and moderately
monochromatic light source.

This fiscal year, only the magnetic pole is being
constructed. The remaining parts will be constructed
in next fiscal year. The construction of the undulator
will be completed in next fiscal year. In March 2002,
it will be installed in the ring.
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Table 1. Parameters of In-vacuum Undulator

Magnet type Pure Permanent (Nd-Fe-B)
Remanent Field 1.17 Tesla

Period Length 36 mm

Number of Period 26

Magnetic Length 936 mm

Overall Length 1.4m

10 mm for low-P optics
20 mm for present optics
2.77 for low-J optics
1.15 for present optics
linear (horizontal)

Minimum Gap
Max. K-parameter

Polarization

UVSOR Short Period Undulator (L.=1m. ku=3.6cm)

BRILLIANCE

10 el St cad Min Gas 2w M bl 1305

i ey i 2] SR B
10 100 1000

ENERGY(eV)
Fig. 1 Brilliance of the in-vacuum undulator for
present and upgraded optics, calculated by
SPECTRA [3]

.

Fig. 2. Magnetic poles of in-vacuum undulator (under
construction by Sumitomo Special Metals Co. Ltd.)



An Upgrade Plan for UVSOR
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1. Introduction

In these years, some of the second-generation
synchrotron light sources has been or will be
upgraded to compete with the third generation light
sources [1, 2]. As stimulated by these works, we have
started a design study on upgrading UVSOR. The
goal is to realize (1) smaller emittance, (2) more
straight sections for insertion devices with much
smaller budget than that to construct a new ring.

2. Magnetic Lattice

The basic structure of the UVSOR magnetic lattice
is double-bend achromat, which has totally eight
straight sections between the bending magnets.
However, four short straight sections are occupied by
quadrupoles and sextupoles, as shown in Fig. 1. We
have designed a new lattice, in which, the original
DBA cells are modified as shown in Fig. 1. New four
free space of 1.5 m are created at the short straight
sections. There is no change on the bending magnets.
All the quadrupole and sextupole magnets are
replaced with combined function type magnets which
are capable of producing both quadrupole and
sextupole fields. The parameters of the new magnets
are shown in Table 2.

Optical functions of the present and new lattice are
shown in Fig. 2. The beam parameters are
summarized in Table 1. A small emittance of 27
nm-rad can be achieved by making horizontal
focussing stronger and by distributing the momentum
dispersion in all the straight sections. The vertical
betatron function is 1.5 m and 0.5 m at the center of
the long and short straight sections respectively,
which is optimized for installing narrow gap
undulators.

Four families of sextupoles are used to compensate
the linear chromaticity and to optimize the dynamic
aperture. A tracking simulation has proved that the
dynamic aperture is sufficiently large for injection
and storage, as shown in Fig. 3.

50 0D

GF SF 0D S0

Fig. 1. Lattice modification. The lower is the present
configuration and the upper is the upgraded one. One
quadrant of the ring is shown. The sextupoles are
integrated in the quadrupole magnets in the new
lattice.

Table 1. Main Parameters of UVSOR

Present Upgraded
Circumference 53.2m
Lattice Type DBA extended DB(A)
Number of Cells 4 4
Straight Sections 3mx 4 4mx 4, 1.5mx 4
Beam Energy 750 MeV
Emittance 165 nm-rad  27.4 nm-rad
Energy Spread 42x10*
Betatron Tunes (3.16, 1.44)  (3.75,3.20)
Nat. Chromaticity (-3.4,-2.5) (-8.1,-7.3)
XY Coupling ~10%
Mom. Comp. Factor 0.026 0.028
RF Frequency 90.115 MHz
Harmonic Number 16
RF Voltage 46 kV >80 kV
RF Bucket Height 0.74 % >1.1 %
Max. Beam Current 250 mA > 250 mA
Beam Lifetime (200mA) ~6 hr > 6hr

Table 2. Parameters of focusing magnets

Core Length 0.2m
Bore Diameter 94 mm
Maximum Quadrupole Field 15T/m
Maximum Sextupole Field 35 T/m’
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Fig.2. Optical functions of present (lower) and
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Fig. 3. Dynamic aperture calculated at the center of
the long straight section of the new lattice. The

results for momentum deviation within 2% are shown.

A computer code SAD [3] is used for the simulation.

The reduced emittance will cause strong Touschek
effect, which will dominantly limit the beam lifetime.
This problem can be solved by increasing the RF
accelerating voltage and by utilize the existing third
harmonic RF cavity [4] in bunch lengthening mode.

3. Synchrotron Radiation Spectra

On the new lattice, totally six straight sections will
be available for insertion devices. The existing
undulators will cover the energy range from 10 to
100 eV with higher brilliance by one order of
magnitude, as shown in Fig. 4. The small betatron
function enables installation of in-vacuum and short
period undulators. Their magnetic gap can be as
small as 10 mm without reducing the lifetime. They
can cover the energy range up to 500 eV and more, as
shown in Fig. 4.

T T T—T T
Short Pericd U.

T
E Linear U. :
(L=1m,; =32mm K =1.7} !

-IO'H' L (LEEM.AU=84M.K"’=3.61

15 :;t:.._-‘ ~ i
10" (13- % .‘

10" [ Helical u.
(L=2. 4m, A, =110mm, K =4. 6)

Brilliance
[photons/sec/mm%/mrad?/0. 1%b. w. ]

H il HE G
10 100
Photon Energy [eV]

Fig4. Synchrotron Radiation Spectra from the
existing linear (black diamonds), helical (black
circles) undulators, the bending magnet (black
triangles) and an example of future short period
undulator (white squares). The dashed lines are for
the present lattice. The increase of the brilliance, as
the result of lower emittance, is indicated with arrows.
A computer code, SPECTRA [5] is used for the
calculation. The beam current is 200 mA and the XY
coupling is 10%. The undulator parameters are shown
in the figure.

4. Summary

We have designed a new lattice for UVSOR,
which has smaller emittance and more straight
sections. The emittance will be 27 nm-rad, which is
close to those of the third generation light sources.
Totally six insertion devices can be installed. The
small vertical betatron function at the straight
sections enables us to install small gap and short
period devices, which will cover much shorter
wavelength than the existing undulators.

By introducing the new lattice as well as by
replacing old accelerator components, the UVSOR
will be converted to a high brilliance synchrotron
light source in VUV and soft X rays, which can
compete with the third generation light sources in
next decade.
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A New Method for Monitoring Bunch Length
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We have developed a new method to measure bunch length by the detection of the synchronous phase
shift on the UVSOR storage ring. Conventionally bunch length is measured by using optical methods in which
a longitudinal profile of bunch is evaluated from synchrotron radiation. For example, a dual-sweep streak
camera can provide a lot of information about electron distribution in a bunch over a wide dynamic range, but it
takes at least several minutes to evaluate one numerical result and an instantaneous resolution is limited. In our
new method, a longitudinal profile of the bunch is picked up using an electrode and bunch length is obtained
through synchronous phase information. Although information available is limited, a continuous observation is
possible using the method.

The principle of the methods is based on the bunch length dependence of the loss factor of beam
bunch. The loss factor is a parameter used to characterize an energy loss of the electron beam due to the
interaction with the vacuum chamber impedance and is defined by

AE

fhﬁ,
where AE, e and N, are the energy loss per tune for an electron bunch, the electron charge and the total

number of electron in the bunch, respectively. Assuming that the bunch distribution is Gaussian with RMS
bunch length o, , the loss factor can be expressed as

2
7:[()
2 v

e N,

where [, and Zm.(w)is the total bunch current and the resistive part of the longitudinal coupling impedance at

k= (1)

[Zu(@)e do, @)
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the frequency of @. With Eq. (2), one can get for example
0-—1
k o< ;
O-T
Thus the loss factor depends strongly on the bunch length.
In order to obtain a scaling law between the loss factor and the bunch length in the UVSOR storage
ring, simultaneous measurements between the loss factor and the bunch length have been performed. In the
UVSOR storage ring, the most efficient way to lengthen the electron bunch is by using FEL-induced bunch
heating [1]. A visible wavelength of 520 nm for the FEL oscillation was chosen because the FEL gain at the
wavelength is rather high, and then the phase shift would be measured over a wide range of the bunch length.
Since the energy loss of the electron bunch is compensated by the rf cavity field, the loss factor can be deduced
from the synchronous phase shift A¢ as

for Z _ is constant
3)

forZ, o< @

. v, kin(,, +49) - sing,|

N, S

where ¢, corresponds to the synchronous phase for a zero beam current and V,, the peak accelerating voltage
in the rf cavity. The setup for the synchronous phase detection is shown in Fig. 1. In order to obtain the beam

270.3 MHz, Output
Bandpass Vector | 800 Hz

Filter Volt “J| Digital Volt Meter

Beam _| Meter
Pickup Attenuator

Y

L 16 bit ADC

Personal Computer

Frequency
Tripler

RF Caviy (90.1 MHz)

Fig. 1 Setup for the synchronous phase detection.



phase with high resolution, a frequency of

270 MHz which correspond to the 3rd

harmonics of the rf frequency has been

chosen for the measurement. In the

system, the phase information of the bunch 1
can be recorded at a rate of 800 Hz. At ’
the same time, longitudinal bunch profiles
have been taken by using a dual-sweep
streak camera. The bunch length has
been varied up to 400 ps (RMS) with a
higher beam current from the natural
bunch length of 115 ps.

The loss factors are deduced
from the measured phase shift using Eq.
(4) and are plotted as a function of the
bunch length in Fig. 2. As seen in the
figure, the relation between the loss factor
and the bunch length does not completely
obey the simple scaling law as in the
SPEAR storage ring [2]. It is probably -
due to the resistive-wall impedance, which . 5 ' 5
plays an important role at the low L =4 800 400 500
frequency region. Accordingly we Bunch Length (ps)
introduce offsets for both the bunch length
and the loss factor and perform a fitting
with these parameters. The result of
fitting is shown as a solid line in Fig. 2 and
the fit is apparently good. The relation
between the loss factor and the bunch
length is written using the fitting
parameters as

Loss factor (V/pC)
o

Fig.2 Dependence of the loss factor on the bunch length.
The solid line is the result of the fitting given in Eq. (5).

(k—0.0234) =3180(c, —289)™"" ()
where  the loss factor k and the bunchlength o, are measured in units of [V/pC] and [ps], respectively. Inthe
UVSOR storage ring the resistive part of the longitudinal coupling impedance is seemed to depends linearly on
the frequency (see Eq. (3)). With the scaling low given in Eq. (5), we can deduce the bunch length from the
information of the synchronous phase shift. In our present system shown in Fig. 2, we can detect the phase
shift at the rate of 800 Hz that is the sampling rate of the vector volt meter used in the system. This allows
measuring the variation of bunch length continuously within the rate. The new method for monitoring bunch
length has already been used for experiments on the bunch lengthening associated with the FEL power variation

[3].
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Study for pump and prove experiment using the UVSOR-FEL
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Storage ring free electron lasers (SRFELs) have potentially advantages for pump and
prove (two-color) experiments because of spectral tunability and natural synchronism between
synchrotron radiation (SR). However, in a practical operation of the SRFEL extreme stable
lasing and higher out-coupled power are crucial for the pump prove experiment. Performance of
the UVSOR-FEL has been steadily improved by installation of sturdy cavity-mirror chambers
employing simple structure and heavy bases against mechanical vibrations [1], and development
of a longitudinal feedback system for stable FEL oscillation [2]. At present, we are planning a
pump and prove experiment to investigate dynamics of highly excited state of atomic Xe. A
shown in Fig. 1, the target Xe is excited to the 5p5(2P1/2)4f[5/2]: autoionization resonance via the
5p3(2P3/2)5d[5/2]1 intermediate state by using a sequential two-color photoreaction with SR (119
nm) and the FEL (570 nm). Photoelectron energy spectra emitted from the resonance state will
be measured. According to an estimation of the photoelectron rate, an FEL average-power of 50
mW would be at least required.

The first test experiment to provide the FEL and SR into a Xe target chamber was
carried out at an SR beam line of BL7B in November 2000. In order to increase the out-coupled
power, a multilayer of Tas02/Si0O2 with large transmission 1100 ppm were used as the optical
cavity mirrors. In addition, an FEL transport system to the BL7B was newly developed. A
schematic figure is shown in Fig. 2. The transport path-length of the FEL is longer than the SR
path-length by just a half circumference of the storage ring to synchronize the FEL with SR.

| UVSOR-FEL 0PTICAL CAVITY|

Xe Gas Jot Target Electron Bunch ;
L to Feedback& Moni tor
H’K)todectron _____ e I [ i, — systems

— o o L
j-L 5p5(P, )4F[5/2], pds P Optla?lngarwty

FEL 570. 1m(2.17ev)

——fl— S0P, 5l5/2),

SR 119.2m(10.4ev)

i
Xe 5s'5p('S)

Fig. 1 Energy diagram of the Fig.2 The FEL and SR transport system
Pump & prove experiment.

Synchronism between the FEL and SR at the Xe target position was roughly measured by a photo
diode. A result after a preliminary adjustment of the FEL path-length is shown in Fig. 3.
Arrival time of the FEL pulse at the target position was successfully adjusted within an accuracy
of 1 ns (in the actual experiment, the path length will be precisely adjusted by detecting of the
photoelectron event rate).



The longitudinal feedback system of the UVSOR-FEL detects temporal deviation
between an electron bunch and an FEL micropulse by measuring higher harmonics of those
signals in the frequency domain, and regulates the accelerating rf frequency of the storage ring to
reduce the temporal deviation [2]. The synchronism between the electron bunch and the FEL
micropulse is able to be held with high accuracy, and as a result CW lasing is maintained with
small power fluctuation for long time. However we have experienced that the FEL power
sometimes drops because of a transverse mode change due to probably thermal deformation of the
optical cavity. Consequently we has to change manually the transverse axes of the cavity
mirrors several times in an hour. In addition, the FEL wavelength drifts slowly (a rate of
approximately 0.1 nm/hour), we changes the optical-klystron gap by about 10 p m.

0.03
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Fig. 3 Measurement of synchronism between SR and the FEL signals by a photodiode whose
response time of about 1 ns. The photodiode detected SR and the FEL at a downstream position
located 1.2 m from the Xe target position along the SR beam axis. Therefore arrival time of SR
and the FEL at the photodiode has to be shifted by 8 ns.

The performance of the UVSOR-FEL is briefed in Table 1. The FEL property attained
roughly the required power and the stability. At the moment, the photoelectron from the
resonance state was not clearly observed in the experiment because of high background event
rate due to SR scattering in the target chamber. The chamber and the detector system are being
improved to suppress the background efficiently. On the other hand further developments of the
UVSOR-FEL is discussed to reduce the power degradation and the drift of the wavelength.

Table 1 Attained performance of the UVSOR-FEL

Wavelength 570.1 nm
Line width (&) 0.1 nm
Optical pulse width( o) ~10 ps
Tunable range 10~20 nm

FEL out-coupled power (100mA/2bunch) 150 mW(=13nd/pulse)
at BL7B (including transport loss) 100 mW

FEL power fluctuation ~5%
Time jitter between SR and FEL () ~ 30 ps (with the feedback)
Repetition rate 11.26 MHz (2 bunch operation)
Electron beam lifetime 100~ 150 min

Reference
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Electron Lasers and Korea-Russia Joint Seminar on High-Power FELs, Korea (1999), 36-41,
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Fourth electron-ion coincidence spectroscope adapting a Siegbahn-type coaxially
symmetric electron energy analyzer
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Department of Physics Science, Faculty of Science, Hiroshima University, 1-3-1Kagamiyama,
Higashi-Hiroshima 739-8527
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Energy-selected electron ion coincidence (EICO) spectroscopy is an ideal tool for investigations of the
ion desorption mechanism induced by electronic transitions, because it provides mass spectra for the ion
desorption channels related to the selected electron transitions [1]. One of the authors has developed three EICO
analyzers at BL-2B1 for the study of surface dynamics so far [2]. To achieve a fair signal-to-background ratio,
the solid angles of the electron energy analyzer and the time-of-flight mass spectrometer (TOF-MS) have been
improved. In the present article, we report the design of the fourth EICO analyzer. The EICO analyzer is
constructed on a 203-mm-diameter conflat flange as a bolt-on instrument, which consists of a Siegbahn-type
coaxially symmetric mirror electron energy analyzer [3] for detection of energy-resolved electrons, a TOF-MS
for ion detection and an xyz stage for position adjustment. Figure 1 shows a photograph of the fourth EICO
apparatus. The solid angle of the electron energy analyzer (1.2 sr) is designed to achieve a fair signal-to-
background ratio within a reasonable data collection time. The TOF-MS is located coaxially to the electron
energy analyzer. The surface normal of sample is set coaxially to the electron energy analyzer and the TOF-MS.
The performance of the electron energy analyzer was examined at BL-2B 1. The sample was a gold film without
surface cleaning. The electron states of the surface were excited by p-polarized radiation with an incident angle
of 60 with respect to the surface normal. The base pressure was 1.8 X 10"° Torr. Figure 2 shows the
photoelectron spectrum at hv = 350 eV in Au 4f region. Based on Gaussian curve fitting the energy resolution
was estimated to be E/AE = 130 at the 4f;,, peak, full width at half maximum (FWHM) of which was 2.0 eV.
References
[1] K. Mase et al., J. Electron Spectros. Relat. Phenom. 101-103, 13 (1999).

2] K. Mase et al., UVSOR ACTIVITY REPORT 1999, 35 (2000).
3] K. Siegbahn et al., Nucl. Instr. and Meth. in Phys. Res. A384, 563-574 (1997).
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Figurel. Photograph of the fourth EICO analyzer. Figure 2. Au 4f photoelectron spectrum taken

at a photon energy of 350 eV with the
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Single-celled microorganisms such as cyanobacteria, halophilic archaea (formerly called archaebacteria) and
unicellular flagellate algae show behavioral responses to visible and UV light so that they can accumulate in
suitable or avoid harmful light conditions (e. g.[1-4]). Because they originated in Precambrian era, much before
the establishment of the stratospheric ozone layer, they must have had, thus may well even now have, sensitive
behavioral responses to avoid shorter-wavelength UV (e. g. 220-300 nm), than the present-day terrestrial UV (of
wavelengths longer than ca. 300 nm because of the ozone layer). Indeed, we have demonstrated that the
unicellular flagellate alga Euglena ("Midorimushi" in Japanese) cells do show clear photoavaidance as well as
photoaccumulation responses even at 280 nm [3]. It is therefore interesting and meaningful to extend such
wavelength-dependency studies into shorter wavelength regions of UV, artificially obtainable from the
synchrotron radiation, in order to understand bio-molecular mechanisms as well as ecological and evolutionary
significance of the short-wavelength-UV-sensing in such microorganisms.

Preliminary measurement with calibrated Si photodiodes indicated that the maximun monochromatic UV
light fluence rate at BL2A of UVSOR at 200 nm at the ring current of 180 mA is ca. 2x10'° photons/mm?/s (ca.
0.03 pmole/m?/s) , which is 1 order of magnitude lower than that needed to induce the behavioral responses of
Euglena cells [5]. Therefore a quartz lens was mounted on the otpical axis to condense the monochromatic UV
light on to the sample suspension in a qurarts chamber on the stage of a microscope connected to a CCD camera
(Fig.1a, b). Slantly projocted observation light beam from a microscopic projector was usually filtered through
an infrared- or a red-transmitting filter before reaching the sample. The images of the Euglena cells were recorded
at the viedo-rate of 30 frames/s using a video-recorder and were thereafter analysed on a Macintosh computer
using the public domain NIH Image program (developed at the U.S. National Institutes of Health and available
on the Internet at http://rsb.info.nih.gov/nih-image/) .

By using the above-described system, we have succeeded in detecting the behavioral responses of the
Fuglena cells to avoid the monochromatic UV light of 220 nm in wavelength: Fig. 2 shows that the cells
avoid the central round area which is irradiated with the 220 nm UV light condensed by the quarts lens. After
some more refinement of the system especially in terms of microscopic-scale positional reproducibility and
numerical quantification of the behavioral responses, extensive experiments on wavelength- and fluence-rate-
depencency of the behavioral responses in various microorganisms will become possible.
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Fig. 1 a, b. Schematic layout (a) and photograph (b) of the video-microscopic system for observation of
behavioral responses of microorganisms to monochromatic UV light from BL2A of UVSOR. The UV light
beam is projected vertical-upwardly.
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Fig. 2. Swimming tracks, in 8 s, of Euglena ("Midorimushi" in Japanese) cells. The cells are avoiding the
central round area irradiated with monochromatic UV light of 220 nm in wavelength.
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A new angle-resolved electron energy analyzer incorporating a position sensitive detector (PSD) has been
constructed to measure the angular distribution of photoelectron from polarized rare gas atoms in BL3B.

This analyzer has the advantages of high angular resolution and wide angular acceptance simultaneously. These
characteristics are required to measure complicated angular distributions of photoelectrons caused by the atomic
alignment with relatively short accumulation time of signals.

We have newly designed a conical analyzer consisting of a set of an inner and outer conical deflector electrode,
cylindrical lenses, a gas cell and a PSD unit as shown in Figure 1. Photoelectrons emitted in the gas cell are
accelerated between the cell and an extractor electrode, then focused on an entrance slit by the cylindrical lenses.
The electron trajectories between the inner and the outer conical clectrodes are similar to those expected for a
conventional parallel-plate analyzer. However, the conical analyzer has considerably larger energy dispersion
and larger angular aberration than the parallel-plate analyzer. Energy selected electrons exiting out of the conical
deflector electrodes are detected with the PSD mounted behind the analyzer consists of a resistive anode encoder
of an effective diameter 40mm and micro-channel plates. On the other hand, the conical analyzer is incapable of
{ocussing in the azimuth direction. The azimuth angular resolution is thus determined from the diameter of the
sample volume (¢1mm) and the position sensitivity of PSD, and we expect the angular resolution of 1.5 degree.
With fixing the PSD at certain position, the angular distribution can be measured in the range of 25 degrees at
once. By rotating PSD about the synchrotron radiation propagation axis, we can obtain the photoelectron angular
distribution from -5 to 95 degrees with respect to the electric vector of SR.

Our analyzer system has been tested by carrying out gas phase ultraviolet photoelectron spectroscopy with a
helium discharge lamp in view of energy resolution, angular resolution and the signal to noise ratio. The Hel
(58.4nm) light is incident on the gas cell from the discharge tube that is set above the analyzer. The light
produced in the discharge lamp is unpolarized and the photoelectron distribution is expected to be isotropic.
Therefore, we made a calibration cone electrode on which the entrance slit is a series of circular holes as test
objects. These holes are of 0.5-2.0mm diameters and bored at intervals of 4.5-8.5 degrees. The calibration cone
electrode was installed in the analyzer to check the focussing characteristics by observing photoelectrons passing

through the circular holes.



In the first stage of the performance test, extremely high background due to low energy electrons was a serious
problem. We have measured the dependence of the rate of the background on the transmission energy,
deceleration energy of cylindrical lens and the Ar gas pressure to examine the origin ol background electrons.
The result showed that the background signals are caused by the photoelectrons emitted from the metal surfaces
near the gas cell.

We have therefore tried to prevent the photoelectrons from entering the detector by setling a photoelectron
shield applied at a potential of 20V. Consequently, the background signals have been suppressed to about 1/100

comparing to those before the improvement. The following performance test is being carried out.

PSD
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Figure 1. Schematic diagram of the conical analyzer. Synchrotron radiation is introduced in the gas cell through

a plate holding all the electrodes and Hel light is so as to counterpropagate the SR.
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Re-arrangement of the beam line at BLAA has already started this year. Now it is still
under construction. The IRRAS(Infrared Reflection Absorption Spectroscopy) system has
been moved from BL4B to BL4A2. The reaction gas lines have been reconstructed
connecting with new interlock system. The reaction chamber for IRRAS measurement was
also reconstructed. The new system only use one chamber instead of formal two for the
sample transfer to the measurement chamber to make the transfer more easy and efficient.
The interlock system connecting these chambers and turbo molecular pumps also has been

changed to the more simple and practical one.

Control System

1

O
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IRRAS System ’l‘ ~
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Figure 1 BL4A2 and IRRAS system after reconstruction
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Construction of BL6B for UHV-STM Observation of
Si Surfaces Irradiated by Synchrotron Radiation
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Synchrotron radiation (SR) processing including selective cleaving of chemical bonds through the tunability
of the photon energy by exciting certain dissociative energy levels, has advantages of lower damage in comparison
to plasma processes, high spatial resolution and aspect ratio because of the shorter wavelengths, and the applicabil-
ity to thick insulating materials were nanofablication techniques based on charged particles such as electron beam
lithography cannot be used.

STM observations are important for investigation of the SR illumination effect on Si surface for surface
photochemistry and semiconductor technology for nanostructure fabrication. Our group has reported the SR stimu-
lated cleaning of Si (111) by using BL4B in UVSOR[1-3]. In a pure thermal cleaning, the Si wafer had to be heated
to > 850°C and, additional long hours of annealing at 700 °C was required to obtain the thermal equilibrium
surface. In a SR stimulated cleaning, on the other hand, the desorption of Si0, occurred at much lower tempera-
tures (650-700°C) and atomically flat surfaces free of voids, which inevitably appeared in a pure thermal desorption
at these low temperatures, were observed.

We also found an interesting nanostructure formed on Si (111) surface by SR stimulated cleaning. At upper
right corner in Fig. 1 a strip terrace of which width quantized to the unites of 7x7 unit cell were observed. It shows
that the steps align along the boundaries of the 7x7 unit cell. We think combination of the SR stimulated cleaning
and a vicinal surface realize an ordered structure on the surface with the straight steps separated by the width
quantized terraces. Now we are preparing to investigate surface misorientation effects on step alignment.

In last year, we moved all the BL4B beam line components into BL6B and reconstructed them. The base
pressures achieved now at the pre-mirror and beam line are ~1x10° Torr and ~3 x 10 Torr, respectively. However,
the vacuums, introducing SR light into beam line, become worse due to the degas from mirror and beam line itself.

We are now drying beam line components.

Figure 1: 100 nm x 100 nm STM topograph and line profile across the stripe at the upper-right-hand
side coner. The sample is a Si (111) substrate after 5 h of SR irradiation at 650°C.

[1] T. Miyamae, H. Uchida, I.H. Munro and T. Urisu, J. Vac. Sci. Technol. A18, 1 (1999).

[2] Y. Gao, H. Mekaru, T. Miyamae and T. Urisu, Appl. Phys. Lett. 76, 1392 (2000).
[3]1Y. Gao, H. Mekaru, T. Miyamae and T. Urisu, J. Vac. Sci. Technol. A 18, 1053 (2000).
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The first performance tests for a new monochromator on BL4B

Eiji Shigemasa, Tatsuo Gejo, Naonori Kondo, Hiroshi Oji, Mitsuru Nagasono, Takaki Hatsui,
and Nobuhiro Kosugi
Institute for Molecular Science, Okazaki 444-8585, JAPAN

In order to realize various studies on vibrational spectroscopy in the soft x-ray range
(100 ~ 1000 eV), which contains the K-shell thresholds of chemically important elements like
C, N, and O, the construction of a new grazing incidence monochromator on BL4B at the
UVSOR has begun. The Varied-line-spacing Plane Grating Monochromator (VPGM) has
been chosen for this work [1] and its installation has been successfully finished in October
2000. The vacuum condition was ready for obtaining the first SR light until the end of
December 2000, and the first performance tests for the monochromator have just been started.
The absolute photon flux for two gratings available so far (267 and 800 I/mm) has been
measured using a Si photodiode supplied by IRD Inc. With the entrance and exit slit
openings set at 25 and 10 pum, corresponding to the resolving power of 10000 at 400 eV with
the 800 I/mm grating, the photocurrent from the photodiode was measured after the sample
position, and converted into the absolute photon flux, taking account of the quantum
efficiency of the photodiode. In this case, the resolving power in the regular spectral region
for each grating is more than 3000. The throughput photon flux measured ranges from 10°
to 10° photons/sec for the ring current of 100 mA, which is a little smaller than that estimated.
The inner-shell photoabsorption spectra of Ar and N, were measured, to demonstrate the
instrumental resolution. The K-shell photoabsorption spectrum of N, at the N 1s — n
resonance is presented in Fig. 1. The entrance and exit slits were set for achieving the
resolving power of 10000. From the comparison with all available spectra of the N 1s — n
resonance of N,, it seems to be reasonable that the resolving power obtained here is more than
5000. The photoabsorption spectrum in the vicinity of the 2p ionization thresholds of Ar
(~250 eV) was also recorded using the 800 I/mm grating, with slit openings of 50 and 10 pm,
for the entrance and exit slits, respectively. The Ar 2p — nd Rydberg series up to n=7 are
observed. This implies that the resolving power is more than 8000 at this photon energy
region, and is in good accord with the theoretically predicted value.
To improve the total throughput of the monochromator, further fine tunings for all
optical elements through the performance tests is obviously necessary. Experiments for
angle-resolved photoion spectroscopy and photoelectron spectroscopy in a gas phase are

expected to be started in the near future.

Reference
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Figure 1. K-shell photoabsorption spectrum of N, at the N 1s — " resonance.
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The Resolving Power of the New Monochromator at BL4B
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and Nobuhiro Kosugi
Institute for Molecular Science, Okazaki 444-8585, JAPAN

Resolution is an important index for the performance of monochromators. In order
to demonstrate the instrumental resolution, the inner-shell photoabsorption spectra of N, and
0, were measured with the grating having the groove density of 800 /mm.

The resolving power dependences of the K-shell photoabsorption spectra of N, at the
N 1s — 7' resonance are presented in Fig. 1. The combinations of the entrance and exit slit
openings utilized were 50-20, 25-10, and 12.5-5 pm. The corresponding resolving powers
are expected to be 5000, 10000, and 20000, respectively. It is difficult to determine the
transmission function of the monochromator with the N 1s — m* excitation of N,, because the
natural linewidth is not well-established. This is due to the existence of several nearly
overlapping vibrational bands as clearly seen in Fig. 1. However, in comparison with the
recent data for the N 1s—7* resonance of N, measured at Spring-8, the best energy resolution
obtained might be less than 40 meV at 400 eV, which corresponds to a resolving power of

more than 10000.
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Fig. 1. High-resolution K-shell photoabsorption spectra in the * resonance region of N,.
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The entrance and exit slit openings were set at 15 and 7.5 um, which corresponds to
the resolving power of 10000 at the oxygen K-edge region. Many fine structures due to the
Rydberg excitations and their vibrational side bands are detected on the broad enhancements
owing to the 6* resonances. Due to these complicated absorption features, the estimation of
the monochromator resolution from the measured spectrum is difficult in the case of 8
From the comparison with all available spectra of the Rydberg resonances around 530 eV, it
seems possible to safely say that the resolving power obtained here is more than 5000. The
estimated resolving powers for all the spectra obtained are a little worse than those expected
from the numerical calculations, which may be attributable to the imperfection of the

alignments of the optical elements.
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Fig. 2. K-shell photoabsorption spectrum of O,.
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Photoelectron spectroscopy is one of the most powerful experimental methods to investigate the
electronic structures in the wide energy range. However, many experiments have been carried out by means
of static way. where synchrotron radiation (SR) itself is assumed as a continuum light source like a helium
lamp and an x-ray in the laboratory. These experiments use the high brilliance. continuum wavelength.
polarization. cleanness of SR, and so on. On the other hand, SR has also the advantage n the temporal
structure and few groups in the worldwide synchrotron radiation facilities have been trving 10 apply the pulse
nature of the synchrotron radiation for time-dependent experiments of photoelectron spectroscopy. Moreover,
the combinational use of SR and laser lights has been developing the time-dependent photoelectron
spectroscopy.  In this report. we present a part of our recent experimental system for temporal resolution of
SR photoelectron spectroscopy.

Roughly speaking. there are two ways for the time-dependent photoelectron spectroscopy. One is the
pump-probe method, where the first pulse such as laser light, electric field. pressure. and gaseous jet
stimulates the material to cause remarkable changes in the electronic structures. and then the second pulse
(namely. SR pulse) probes the response from the material using photoelectron spectroscopy.  This
pump-probe method requires the pulse nature of the SR and also the stimulation (for example. laser light). and
the temporal coincidence between them. Since the UVSOR has a duration time of about 1.5 ns and a
repetition of 90 MHz. this system is restricted in the temporal range of 1.5 to 11 ns under usual multi-bunch
operation and can be extended to the range of 0.5 to 178 ns for a single-bunch operation. The present
shortest duration of SR in the world is about few tens of pico-seconds and also the duration of few
pico-seconds will be achieved in the next generation sources. Therefore time-dependent photoelectron
spectroscopy using SR may attract much interest from basic researches and applications.

Another way is based on the direct measurement of the photoelectron signals decaving after the
stimulation. where the fast stimulation pulse causes the change in the electronic structures of the materials and
then the decayving signals following the stimulation are detected using a fast storage oscilloscope or a
time-to-amplitude converter. The SR is assumed as a continuum light source and the performance of the
system is restricted by the response time of the experimental system and the repetition of the stimulation.
This second way is described in more details in the followings. ‘

Experimental systems have been constructed at BL3A. UVSOR facility. Figure.l shows the schematic
block diagram of the time-dependent photoclectron spectroscopy system. We used the laser (COHERENT
Mira 900-F (90 MHz. 800 nm) & RegA (10 KHz. 800 nm)) as the excited Light source to cause the
stimulation. The laser light was transported to the view-port of the main sample chamber using an optical
fiber and focused on the sample surface using a quartz lens. SR is monochromatized by an SGM-TRAIN
tvpe monochromator and then SR photons of about 100 eV are introduced on the sample surface (o obsere
the photoelectron spectra. The spatial overlap between laser and SR spots were carefully adjusted by the

optical system of the laser.  The photoelectrons are observed by an OMICRON  hemi-spherical



clectron-energy” analyzer (EA-125HR). The electron analyzer was used in a single energy-analvzer mode.
Photoelectron signals from the electron analyzer were changed to LED signals in the pre-amplifier circuil and
sent to the optical receiver using an optical fiber in order to decrease the noises. Photoclectron signals
acquired m the receiver were fed to the gate circuit. The gate circuit and the shutter were controlled by the
timing circuit. Photoelectron signals were transferred into time-to-amplitude converters (TACs) as the start
signals. Laser pulses. which were detected by a PIN photodiode. were used as the stop signals. A couple of
TACs has been used to take both of laser-on/off signals. simultaneously. By changing the fixed kinctic energy.
1L 1s also possible to observe the time dependence of photoelectron spectra as well as the time-dependence of
the photoelectron signals.  The time-range of the present system is restricted by (he response time of the

system (0.1ps) and the laser repetition time (100 ps).  Further improvement is under progress.
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Figure 1. Schematic block diagram of the experimental system.

In summary. we have been studving the dynamical behaviors of electronic structures. We
constructed the experimental system to investigate the time-dependence of the photoelectron spectra. which is
based on the combinational use of the SR and laser light. The system has been applied to investigate the

photo-induced phenomena on the semiconductors.
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1. Introduction

Among existing soft x-ray sources the plasma x-raylaser is known as the most bright souse; Bose degeneracy
is anorderof 10°. This means the plasma x-ray is the most suitable sourceto be utilized in the non-liner x-ray optical
experiments. However, the plasma x-ray is a single shot souse whose repetition rate, #r example, at the Laser
Institute of Osaka University is 1 shot per two hours. Prior to the plasma x-ray laser experiment, we oblige to
characterize the spacemen and the optical units, and to preparean off beam aliment of these materials. We report
here the results of the experiments characterized a two axis goniomator and a [SnO/SiO;]y multilayer spacemen

which we fabricated for Ni-like Ag plasma x-ray laser experiment; stimulated x-ray parametric scattering (SXPS).

2. Experimental

A new-designed goniomator, which consists of an entranceslit, a sample and an exit slit closely attachedby
a silicon photodiode, as shown in Figure 1, was installed in the scattering chamber at BL-5B. The design
parameters of this sample are a multilayer period at 10 nm with a thickness oftop layer SnO; at 2 nm, a number of
periods at 20, and a substrate of SiOx. The widths of the two slits were set to 1 mm. The change of the photon

energy is given by the monochromator of the beam line.

<. Silicon
& Photodiode

Fig. 1 Experimental set-up

3. Results and Discussion

Bragg reflections were measured fr various wave lengths. Figure 2 shows a typical Bragg reflection of the



sample, with a peak reflectance estimated at 10% and a FWHM at around 5° due to the finite number of layers.
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Fig. 2 Bragg reflection for the [SnQ,/SiO;];0 multilayer. The incident x-ray
wave length is 14.437 nm, the peak appears at 47.63 degree.

The broad tail of Fig. 2 will inevitably contribute a background noise to the SXPS with this sample. This
influence was measured as shown in Fig. 3 by 2-thetascanning, with the thetaset at55.36° , whichis the designed
value of SXPS. At the signal direction, a background was measured to be with magnitude of 0.38% of the peak
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Fig. 3 Background from the tail of specular reflection. The peak arises from
the broad tail of Bragg reflection as shown in Fig. 2. The SXPS signal is
expected to appear-3.74° offthis peak.

A clearN;, Ny absorptionedge of Sn** was also observed by measuring the reflectedintensities for different

incident photon energies. This is a good verification of the transition between 4p and the lower edge of 5d-

conduction band of Sn4+, which has been presumed to exist in the process of SXPS.
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As one of the calibrations for the reflectivity characteristics of the multi-layer coated mirror
(UPI (Upper-atmosphere and Plasma Imager)-TEX (Telescope of EXtreme ultra-violet) FM (Flight
Model) mirror) for the Lunar orbiter SELENE (SELenological and ENgineering Explorer), the
purpose of this experiment is to measure the reflectivity of multi-layered mirror at different areas
and different incident angles.

The UPI-TEX on board SELENE will measure the abundance and distribution of Helium gas
and ions in the Terrestrial Plasmasphere, Neutral Helium gas scatter the 58.4nm (He I emission)
and those ions scatter 30.4nm (He II emission) Extreme Ultra-Violet (EUV) light from the sun
which are the target of this telescope. Mo/Si multi-layered mirror reflects preferentially 30.4nm
EUV light.” Maximum reflectivity that peaks at 30.4nm is about 24% and the full width at half of
maximum is about 4nm. The reflectivity above 50nm again increases. This type of mirror was used
in the Helium Emission Monitor (HEM) boarded on the sounding rocket S-520-19”, eXtreme
Ultra-Violet (XUV) Scanner boarded on the Mars orbiter NOZOMI** (Fig.1) and will be SELENE.

Below is why we measure the reflectivity of multi-layered mirror at different areas and
different incident angles. As shown in Fig.1, the black line and the gray line, which come from
different directions, are reflected by different incident angles at same mirror area, and are
detected at different areas of MicroChannel Plates (MCPs). As it is well known that the reflectivity
depends on incident angles, the light reflected at same area by different incident angles, which
originally have same intensity, are measured at different intensity by MCPs. And by the curvature
of mirror the light, which from same direction and reflected at different mirror areas are reflected
to same MCPs area, result in different intensity. In brief, the 2D-intensity-distributions detected
by MCPs may differ from TRUE 2D-intensity-distributions of light from the objects.

To measure the reflectivity of multi-layered mirror at different areas and different incident
angles we did below. We got the pure EUV light free from the contamination of multi-order light.”
We fixed the mirror that the frame plane of mirror was perpendicular to beam line and the center
of mirror corresponded to beam line. We decided measurement points: (r, i) = (30, 6.5), (40, 5.0), (40,
6.5), (50, 8.2), (50, 5.0), (50, 6.5), where r is the distances [mm] at the measurement point from the

mirror center, i is the incident angles [degree] (6.5 degrees are corresponding to a 6.5-degree half



field of view). We injected XUV light to measurement points of mirror, and measured the
reflectivity of the multi-layered mirror.

The result is shown in Fig.2. The large (small) markers have less error than 10% (20%) of
reflectivity. It is ascertained that this multi-layered mirror reflects preferentially 30.4nm XUV
light. The reflectivity above 50nm again increases. The reflectivity varies with incident angles: at
30.4nm in Fig.2 (a), (b) the reflectivity of 5.0 degrees differs from that of 6.5 degrees significantly.
This result implies that the reflectivity of 0.0 degrees might have remarkable difference from that
of 5.0 degrees. Because this mirror designed at 0.0-degree incident angle, this thought must be
ascertained. We will measure the reflectivity characteristics of 0.0~6.5 degrees and different areas

in detail.
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A cloud of electrons generated by an incident X-ray
in a CCD are dispersed, while they travel to electrodes
on the CCD surface. If these electrons spread out of a
CCD pixel, the image taken with the CCD is blurred.

We investigated the charge spreading in a
commercial-based back-illuminated CCD device de-
veloped by Marconi Applied Technologies (MAT):
CCD42-40, by utilizing beam lines located at UVSOR
Facility in Okazaki National Research Institute and
Photon Factory in High Energy Accelerator Rescarch
Organization. The same type of the CCD will be used
for the X-ray Telescope (XRT) abroad the Solar-B
satellite, which will be launched in summer of 2005.

In order to obtain the CCD spatial response with
sub-pixel resolution, we used the mesh technique which
was developed by Tsunemi et al. (1997). We prepared
a copper mesh whose pinhole is 4pm in diameter, and
whose pitch length is twice larger than the CCD pixel
size (13.5pum). Just in front of a test CCD, we put
the mesh, and rotated it by a few degree around the
normal of the CCD surface. The moire pattern clearly
appears in raw images (Fig.1). Because of its geometri-
cal regularity, it is easy to derive the relative position
of each pixels from pinholes of the mesh. Figure 2
shows the intensity distribution based on the mesh co-
ordinates. The electrons generated by X-ray photons
passing through a pinhole located at (1.5, 1.5) spread
out of a pixel (bashed box). The modulation pattern is
blurred not only by the charge spreading in a CCD but
also by the diffraction of a pinhole. We, therefore, sub-
tracted the effect of the diffraction. We approximated
the distribution of the charge spreading in CCD 42-40
by a Gaussian function, and then plotted its standard
deviation as a function of the absorption depth in sil-
icon at the measured wavelengths (Fig. 3). Because
X-ray photons with the shorter wavelength penetrate
closer to the electrodes at the front surface, we ex-
pected that the shorter wavelength made the smaller
spreading size. However, we also expected that the de-
pendence of the spreading size on the absorption depth
might be small, because most of X-ray photons are ab-
sorbed near the back surface even in the case of the
shorter wavelength. In fact, Figure 3 shows the size is
almost constant around 0.5 pixel (6.25um), except for
the data at 100A. The constant spreading size may be
a general character of back-illuminated CCDs.

As a practical point of view, this experiment shows
that the charge spreading in MAT CCD42-40 is one of

the primary factors for the image blurring. In fact, we
have to pay attention to the charge spreading as well
as the optical aberrations and the spacecraft jitter, to
evaluate the spatial resolution of XRT.

We would like to thank Prof. Tsunemi and his col-
leagues of Osaka University for supporting this exper-
iment based on their mesh technique.
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Fig. 1.. A part of a raw image, which shows the clear moire
pattern produced by pinholes of the mesh and CCD pirels.

Raw Image

Fig. 2.. The normalized intensity distribuiion shown on the
mesh coordinated. Pinholes are located at (1.5, 1.5), (1.5,
8.5), (3.5, 1.5) and (3.5, 8.5).
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Fig. 3.. The standard deviation of the charge spreading in
CCD42-40 along the serial (stars) and parallel (diamonds)
resistors, as a function of the absorption depth in silicon.
The data points correspond to the measured wavelengths;
100, 80, 60, 40, 20 and 10 Afrom the left.
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A carbon contamination of the optical devices is a serious problem for the operation of
synchrotron radiation beam lines(SR-BL) and for the measurements by the optical monitors
of the accelerator. From the experience of the SR-BL, we had to replace the gratings or the
mirrors after several operation periods. From the experience of the SR interferometer of
Accelerator Test Facility in KEK(ATF-KEK), the carbon contamination for the visible light of
the first mirror has limited the resolution of the beam size measurement. The purpose of this
study is to find out the dependence of the growth rate of the carbon contamination and to
investigate the key parameter for keeping the clean mirror surface.

In order to investigate the growth rate of the carbon contamination, the experiments were
carried out at BL8A. The growth rate of the carbon contamination was measured with a
reflected light power of 670nm laser light at different conditions. The measurement set up is
shown in fig. 1. The optical mirror(BK7, Aluminum+MgF2 coated) was used as a test sample.
The reflected laser power was measured by PIN Photo Diodes(Hamamatsu S3590). Two photo
diodes were used to compare the reflection of the SR irradiated part and the normal part. Fig.
2 shows the reflectivity as a function of dose(time x current) in two cases of mirror
temperature of 25 degrees and 100 degrees, respectively. The clearly temperature dependence
of the carbon contamination was measured. For the more, the series of the study is scheduled
at various conditions.
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Photoelectron spectroscopy is one of the most powerful techniques to investigate the
electronic structures of various materials. BL6A2 has been used for the photoemission study for
solids and surfaces using the home-made angle-integrated and angle-resolved photoelectron
spectrometers for more than 10 years. However, it has been suggested that these spectrometers
should be replaced by newer one due to their poor resolution and low efficiency on collecting data.
Recently, various photo-induced phenomena such as the electronic non-equilibrium on the
photo-excited semiconductor surface, photo-induced phase transition on transition metal complexes
has been attracting much interest. The combinational use of the synchrotron radiation and laser is
attractive and promising, since it is powerful to investigate the various photo-induced phenomena.
Moreover, newly developed photoelectron micro-specroscopic method has many applied usages
compared with ordinary one, because it can measure the specific small area of the sample. In this
report, we present the new experimental system for photoelectron micro-spectroscopy with the
combination of synchrotron radiation and laser.

Figure 1 shows the schematic view of the upgraded BL6A2. In order to connect the
photoelectron micro-spectroscope (FISIONS Instruments, ESCALAB 220i-XL) to the plane
grating monochromator, a post-mirror M3 was replace by plane mirror and a new post-mirror M4
was installed. M4 is a toroidal mirror with the radius of R, = 4266.3 mm and R, = 446.9 mm.
These parameters have been determined to minimize the beam size at the sample by raytrace
simulation. Figure 2(a) shows the beam spot at the sample obtained from the raytrace simulation.
The photoelectron micro-spectroscope has been installed at the focusing point of the
monochromized light. The laser light from the cw Ar" ion laser, Nd:YAG laser with the pulse width
of 300 ps, and Ti:Sapphire laser with the pulse width of 100 fs can be introduced through the
quartz view-port of the main sample chamber. The base pressure of the analyzing chamber is about
2x10® Pa. The samples can be cooled with a flow-type He cryostat. The sample preparation
chamber equipped with a load-lock chamber is connected to the main sample chamber.

The photon flux at the sample determined by the total electron yield of Au sample is about
6x10" photons/sec/100mA at hv = 60-100 eV and the slit width of 100 pm. Figure 2(b) shows the



beam spot measured by the photoelectron imaging for valence band of Cu sample at hv = 100 eV.
As shown in Fig 2(a), the beam size at the sample is about 0.5 mm in diameter, which is almost
same as that of raytrace simulation. Total instrumental energy resolution is 0.1-0.2 eV, dependent
on the photon energy. The spatial resolution was determined by the photoelectron imaging for the C
1s core-level from knife-edge sample excited by Mg Ko line. The spatial resolution were about 8
and 6 pm for the measuring area of 1.0x1.0 and 0.5x0.5 mm”’, respectively.

In summary, the new experimental system for photoelectron micro-spectroscopy with the
combination of synchrotron radiation and laser has been constructed at beamline BL6A2. Using this
system, photoelectron spectro-microscopic studies of various photo-induced phenomena can be

conducted.
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Fig. 2 The beam spot at the sample determined by (a) raytrace simulation and (b)

photoelectron imaging for gold sample at hv = 100 eV.
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Coincidence method is one of the most powerful tools for investigating ionization process,
dissociation dynamics and auger decay process. We have developed a coaxially symmetric mirror electron
energy analyzer proposed by Kai Siegbahn et al.[l] for photoemission spectroscopy and electron-ion coincidence
spectroscopy in gas phase. Figure | shows a schematic diagram of the analyzer. It consists of inner and outer
electrodes, five sets of electrodes for maintaining a coaxial electric field, a 0.8-mm-diameter exit slit and tandem
micro channel plates (MCP), a magnetic shield, a 203-mm-diameter conflat flange with feedthroughs, and an xyz
stage for position adjustment. The solid angle of the analyzer is designed to be |.2sr. The performance of the
analyzer was examined by measuring resonant Auger spectrum of N, at BL-8B1. Synchrotron radiation was
cut by a pin hole with a diameter of 1 mm to reduce the ionization area of sample. The N, pressure at the
experimental chamber was kept at 5 x 10 Torr. Figure 2 shows a resonant Auger electron spectrum of N, at n*
« ls . The energy resolution was estimated as E/AE = 110 at the 30, peak, which is twice better than that of a
cylindrical mirror analyzer (CMA) which was used before at BL-8B1. The brilliance of the analyzer, however,
was one order of magnitude poorer than that of CMA, because the ionization area of the N, is much larger than
the exit slit area of the analyzer. Energy resolution and brilliance will be improved with a suitable slit in future.
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The dynamics of atoms in highly excited states can be investigated by preparing to a
given state at a well-defined energy and analyzing energy spectra and anisotropy of photoelectrons
emitted. When a count rate is extreme low, two dimensional imaging technique is one of the most
powerful tools for obtaining reasonable signals, because it allow us to detect all low energy
electrons emitted around. At BL7B we have launched this two-dimensional imaging technique
with using a position sensitive detector (PSD). We have successfully measured the image of Xe*
signal at the valence region (12.1-14 eV).

Experimental setup is as follows: After the acceleration by ion lens, electrons hit the PSD
(Roendek). The determination of position on the detector is based on the time delay between two
signals from each end of a wire behind the MCP. The position is obtained by the subtracting of
time when each two signals arrive. Since the direction of polarization of SR is parallel to the axis of
the tube, and the position of the electrons on the detector provide its velocity and direction. Figure
1 shows the 2D imaging of photoelectons from Xe excited at 13.5 eV. The inner circle shows the
electrons generated via ?Pj, state and the outer one shows via ?P,, state.

This two-dimensional technique is particularly suitable for pump and probe technique
with laser and SR, since its count rate is expected to be less than 10 cps. Although we have tried to
measure the ion signal via 5p°5d state of Xe* combined with the free electron laser (FEL) at
UVSOR as the first stage, we have not obtain signals due to low flux photon density of BL7B and
relatively high background signals. We are going to apply this technique with the FEL and a

undulator in order to investigate of the dynamics of Xe excited state.

Fig. 1: 2D imaging of photoelecton from Xe excited at 13.5 eV.
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Sulfurhexafluoride (SF;) is one of the most well-known molecules that dissociate to multiple
species of fragment 1ons after photoionization. Therefore, formation of SF_ * (0 <n <5) has been
studied by many authers [ e.g. 1,2]. Recently it was reported that the angular distribution of SF.*is
anisotropic with respect to the electric vector of the light in the region of the valence electron excitation
(18 — 23 eV) [3]. In the present report the asymmetry parameter § of the fragment ion has been
measured in the energy region from the outer-valence to sulfur 2p electron excitation (23 - 200 eV).

The apparatus for the measurements of the anisotropy of fragment ions has been constructed
at the endstation of BL2B2. At this beam line a Dragon-type monochromator is placed. which provides
23 — 200 eV photons with high-resolution and high-photon flux [4. 5]. The apparatus consists with
two sets of an ion detector and three grids, as shown in Fig. 1. The two ion detectors were mounted
in the parallel and perpendiclar direction against the electric vector of synchrotron radiation.
Retarding voltages were applied to the two grids near the detector to reject the parent ion. The last
grid nearest the photoionization region was put on the electrical ground level. All fragment ion
species have been observed. The base and sample pressure were 5 x 10-% and 2 x 10-° Torr, respectively.
The photon flux was estimated by measuring the photocurrent of the gold mesh at the downstream
of the photoionization region.

Figure 2 shows the fragment ion yield from SF;

and . The p parameter is calculated by M

8- 2y = IJ_) '
Iﬂ +21 :
where I, and I, are the ion yields in the parallel and |
[ ey o
perpendiclar direction against the SR electric vector, ﬂ;zﬂﬂj
respectively. The spectral range includes various O .E "
regions from the outer-valence electron to sulfur 2p — :
—
electron excitation. The three peaks at > 170 eV are 1cem
assigned to the resonance excitations from 2t (sulfur Fig. 1. The schematical layout of the

apparatus for measurement of the

2p) to unoccupied valence orbitals (6a,,. 2t,, and 4e,). anisotropy of fragment ions.
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Fig. 2. Ton yield spectra and asymmetry parameter of the
fragment ions from SF. A retarding voltage is set to 0.4 V.

The B value involving the contribution only of the 2p electron excitation 1s constant at these resonance
positions. Then the g parameter has been set deliberately to 0, because it is likely that the
fragmentation occurs isotopically. and because no correction has been made on the difference in the
detection efficiency between the two detctors.

Several features around 20 — GO eV are found to resemble those in the absorption spectrum.
The structures around 110 eV are artifact and arise from an imperfect photon flux normalization
process. The f parameter increases with decreasing photon energy. This trend can be explained
qualitatively by the assumption that SF.* ions has much more anisotropic distribution than other

fragments from SF.
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Single and particularly double photoionization and subsequent dissociation processes of CF, have not
quite been examined so far. Therefore, we have studied these processes with time-of-flight mass spectrometry
and the photoion-photoion-coincidence (PIPICO) method by use of synchrotron radiation in the photon energy
range of 23-120 eV. The TOF mass spectra and the PIPICO spectra were measured at an angle of ~55° with
respect to the polarization vector where the second-order Legendre polynomial is close to zero. Under these
conditions, the effects of anisotropic angular distributions of fragment ions are minimized [1]. Appropriate
optical filters (Sn and Al) were used to eliminate higher order radiation. To obtain accurate ion branching ratios,
the radio frequency (rf) signal of the storage ring was used as the start signal of a time-to-amplitude converter
(TAC) under the single bunch mode operation of the storage ring [2].

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

Shown in Fig. 1 is a typical time-of-flight mass spectrum measured at a photon energy of 100 eV. The
spectrum is complicated because two or three bunches pass the front end of the beam line in the time range of
the mass spectrum. Metastable CF,* ions are not observed. The ion branching ratios and the absolute partial
cross sections for the production of singly charged CF;", CF,’, CF', F', and C” ions, as well as doubly charged
CF;* and CF,* ions have previously reported [3]. The ratio of double to single photoionization is shown in Fig.
2, increasing monotonically with photon energy. The threshold of double ionization 37.5+0.5 eV is in good
agreement with the value 37.6+0.6 eV reported by Codling et al. [4]. Above 100 eV, the ratio exceeds 0.3.
Since the total photoabsorption cross section of CF, in this photon energy range has been reported by Au,
Burton, and Brion [5], the o*"/c* ratio can be converted to the absolute cross sections for single and double
photoionization.

Ton branching ratios for the individual ions respectively produced from the parent CF," and CF,*" ions
are determined separately, thus enabling more detailed study of the dissociation processes of the CF," and CF,**
ions. These results are shown in Figs. 3 and 4. Looking at the ion branching ratios of CF," (Fig. 3), we notice
that the major ions produced are CF," and their ratio still increases at higher photon energies. The ratio for C*
also increases with photon energy up to about 85 eV. In Fig. 4, we see interesting behavior of the fragmentation
of CF,”* as a function of photon energy. Two body dissociation F'+CF," takes place first. Depending on the
number of neutral fluorine atoms in the dissociation, the different channels (F'+CF,"+F, F'+CF'+2F, and
F™+C’+3F) appear one after another. This matter will be discussed in a separate report.
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The doubly charged CF,** ion has received much attention recently by the advent of synchrotron
radiation. Recently Hall et al. [1] reported the threshold for double ionization to be 37.5+£0.5 eV using threshold
photoelectron(s) coincidence (TPEsCO) spectroscopy and presented direct information on the two-hole states of
CF,. Experimental information on the CF,* dication has also been obtained via Auger spectroscopy, double-
charge-transfer (DCT) spectroscopy, PIPICO, and PEPIPICO experiments. Among these experiments, Codling
et al. [2] determined the thresholds for the ion-pair formation of CF,** into F*+CF," (37.6 eV), F'+CF," (42.4
eV), F+CF" (47.5 eV), and C'+F' (62.0 eV) and tentatively correlated these thresholds with specific two-hole
states of CF, calculated by Lurkins and Tulea [3].

In the present study, we have studied dissociative double photoionization processes with the photoion-
photoion-coincidence (PIPICO) method by use of synchrotron radiation. The PIPICO spectra were measured at
an angle of ~55° with respect to the polarization vector to minimize any effects of anisotropic angular
distributions of fragment ions [4]. Al optical filter was used to eliminate higher order radiation.

Shown in Fig. 1 are the PIPICO branching ratios of CF,”. The thresholds for the respective
fragmentation channels reported by Codling et al. are indicated with vertical lines. The two-body fragmentation
F*+CF," may occur in the narrow energy range of 37.6-42.4 ¢V. The three-body fragmentation F*+CF," +F starts
at 42.4 eV. The four-body (F'+CF'+2F) and the five-body (F'+C'+3F) fragmentation channels appear
according to priority with increasing photon energy. The PIPICO branching ratios for these many-body
fragmentation channels increase at different photon energies, indicating the existence of fragmentation
pathways at these different photon energies. In order to correlate these fragmentation pathways more clearly to
the electronic states of CF,Z, the PIPICO branching ratios for these fragmentation channels were differentiated
with respect to the photon energy.

The results are shown in Fig. 2 with electronic states of the dication calculated by Larkins and Tulea [3]
by vertical lines. They have calculated the energy of the 107 two-hole states associated the seven outermost
orbitals. The electron configuration of the ground electronic state of CF, is (1a,’15,°)X2a,)(3a,’21,%)(4a,*3t,°1¢*
41,°11,%: 'A,. The important bonding orbitals are 41,, 4a,, 21,, and 3a, [2]. In the attempt to correlate initial states
of the CF,* ion with the above thresholds for fragmentation, Codling et al. [2] used various simplifying
assumptions: the first one is that no fragmentation occurs where both orbitals are non-bonding or antibonding
(1, 1e, 3t,), and they shifted the calculation of Larkins and Tulea by 4.8 eV. The 80 electronic states shown in
Fig. 2 are those concerned with fragmentation following the above description with the shift by 4.8 eV. First,
we notice that the three-body fragmentation occurs in a relatively narrow energy range from the threshold to
about 49 ¢V, where 14 two-hole states, 1t,, 45,(2), 3t,, 45(7), le, 4t, (2), 4a,, 1¢, (2), and 4a,, 41, (1) lies. The
value in the parentheses represents the number of the states in this range. That is, only the outer-valence
electrons are involved. The four-body fragmentation takes place in a rather wide energy range from the
threshold to about 80 eV, where both inner-valence and outer-valence electrons are involved.
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Molecular and dissociative single and double photoionization processes of carbon disulfide have been
studied with time-of-flight (TOF) mass spectrometry in the 20-120 eV range by the use of synchrotron radiation.
Sn and Al optical filters were used to eliminate higher order radiation. The TOF mass spectra were measured at
an angle of about 55° with respect to the polarization vector of synchrotron radiation to minimize any effects of
anisotropic angular distributions of fragment ions. To obtain accurate ion branching ratios, the radio frequency
(rf) signal (90.115 MHz) of the storage ring was used as the start input of a time-to-amplitude converter (TAC)
under the single bunch mode operation of the storage ring.

The observed ions are CS,", S,*, CS’, §', C', and CS,*. The ion branching ratios for these fragment ions
increase at various photon energies, indicating the presence of dissociation pathways at these photon energies.
In order to correlate these dissociation pathways more clearly to the electronic states of CS," and CS,*, the ion
branching ratios for these ions were differentiated with respect to the photon energy. These differential spectra
are similar by nature to those measured by threshold photoelectron-photoion coincidence spectroscopy
(TPEPICO) except for a low spectral resolution of the present spectra.

Typical examples of the resultant photoion spectra (ABR/dE) are shown in Figs. 1 and 2 for CS” and
CS,*, respectively. The first peak in the photoion spectrum for CS™ (Fig. 1) indicates that the C state of CS,"
dissociates into CS* (and also into S in agreement with the observation of Brehm et al. [1] and dipole
breakdown scheme of Camovale et al. [2]. The satellite bands due to configuration interaction have been
observed in the 19.1-35 eV range by Carnovale et al. [3]. The first peak in Fig. 1 covers the lower part of the
satellite bands, meaning that the lower part of the satellite bands dissociates into CS'. The threshold for
formation of the metastable CS,* ions lies at 27.05+0.02 eV (the best previously reported value) measured by
TPEsCO spectroscopy [4]. Roy et al. suggested that the bands with binding energies above 27 or 28 eV
originate from direct double ionization continua [5]. Theoretical calculation of the energies of the low-lying
electronic states of the dication is available [6]. These states are shown in the figure by vertical lines. The
second peak in Fig. 1 locates in the double ionization region, probably indicating that the CS" ions are formed
by the charge separation CS*+S" of the dication. It is interesting to note that the CS" ions are formed only in a
restricted energy range from about 31 to about 42 eV.

Fig. 2 shows an interesting behavior for the formation of the CS,*ions, i.e., the dication is formed only
in a narrow energy range from 27.05 to about 35 eV with a peak at about 29 eV. Hochlaf et al. have reported the
potential energy curves along the SC-S coordinate for 14 electronic states of CS,” using complete active space
self-consistent field (CASSCF) approach and have shown that all low-lying electronic states of CS,”" are
separated by large barriers from their dissociation asymptotes [6]. They have further mentioned that all
electronic states up to about 32-33 eV have bound parts on their potential curves and are stable with respect to
the dissociation. The present observation is essentially in agreement with their calculation.
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Laser Induced Fluorescence Spectroscopy of CN(X 2‘:’) Radicals Produced by
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Synchrotron radiation-pump and laser-probe spectroscopy is employed to observe CN radicals in the
vibronically ground state produced from CH3;CN. The photon energy of synchrotron radiation is changed
from 13.6 to 18.6 eV. The laser induced fluorescence signal is measured as a function of the photon energy
with the laser wavelength fixed at the CN(B 2E+, vg=0X Z}T, vy = 0) transition. The onset of 15.4 eV of
the fluorescence signal indicates that the detected CN(X 2E*') radicals result from dissociative ionization of
CH;CN. The partial cross section for the formation of CN(Y 2E+) is estimated to be 0.1 — 0.5 Mb and is
compared with that for the CH;" formation.

A wide wavelength range of synchrotron radiation was searched for the LIF signal of CN(CY 5"y with
the laser and monitored wavelength fixed at 388 and 420.8 nm, respectively. Fig. 1 shows a plot of the LIF
intensity, the difference between the fluorescence signal counts with and without the laser, as a function of
the photon energy Esg of synchrotron radiation in the range of 13.6 — 18.6 eV. This plot represents the yield
curve for the formation of CN(X *Z*, vx = 0). Though the data points show some scatter around the
background level, the LIF intensity has an onset at Esg = 15.4 eV and makes a peak around 15.6 eV.
Similar Esg dependences of the LIF intensity have been obtained at other laser wavelengths between 387
and 388.5 nm. The onset energy of 15.4 eV is in a reasonable agreement with the appearance potential of
the CH;" ion reported in the photoionization mass spectrometric study of CH;CN [2]. This indicates that

the CN radical detected by LIF spectroscopy originates from CH;CN" which subsequently dissociates:
CH;CN' — CN’"+CH; (X 'A)). (1)

The photoionization efficiency of CH;" has an onset of 15.34 eV, increases gradually with the photon
energy up to 17.5 eV and almost levels off thereafter [2]. On the contrary, the LIF signal intensity in Fig. 1
rapidly decreases beyond the peak at 15.6 eV and settle down to the background level at > 16 eV. The

absence of the LIF signal above 16 eV is ascribed to a large kinetic energy release on the way of the



dissociation of CH;CN". The quicker the CN(X ) fragment escapes from the probe region, the lower its

time-averaged number density becomes.
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Fig. 1. LIF signal intensity (m) of the CN(X *Z%, vx = 0) fragment produced from CH;CN plotted against the
photon energy of synchrotron radiation. The solid curve represents the fluorescence excitation spectrum of
CH;CN for the CN(B-X) emission. In both cases, the (X 2Z", vx = 1) « (B ’Z", vz = 0) transition was monitored.
The thermochemical thresholds (T) for the dissociative ionization of CH;CN and the appearance potential (AP)

of CH;" are indicated.
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Photofragmentation of OCS in the excitation photon energy range of 15 — 30 eV has been studied by
dispersed fluorescence spectroscopy using monochromatized undulator radiation supplied from the
UVSOR facility. The following emission band systems have been identified: OCS[4T15(0,0,0) —
XT1n(0,0,v3")], CO'(4TTq — X°T7), CS*(B’T" — A™), and CO@A— &’TI). All the transitions except
OCS'[4’1q— X’TIg] are newly obtained from photodissociation of OCS in the vacuum UV region. The
fluorescence excitation spectra for the OCS+[A21'ID (0,0,0) — X [15(0,0,v5")] and CSJ'(BZZ+ — AZHQ)
transitions were measured in the photon energy range of 15.1 — 15.75 and 21.8 — 26 eV, respectively. The
emission spectra obtained at 20.85 and 22.9 eV exhibit atomic transitions of S[naf3 D° — 4p3P° (n=6-9)]
which result from neutral dissociation of superexcited Rydberg states of OCS into S(nd’D°) + CO. Possible
excited states of the counterpart CO were discussed on the basis of the difference in the » distribution

between the two spectra.
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Fig. 1. Dispersed fluorescence spectra of OCS encompassing the wavelength region of 360 — 530 nm at five
photon energies between 19.85 and 29.8 eV. All spectra were measured by using the imaging spectrograph
equipped with a 600 grooves/mm grating which has a nominal blaze wavelength of 500 nm. A 1200 grooves/mm
grating with a nominal blaze wavelength of 300 nm was employed to obtain the dashed curve in the panel of Ej,
=22.9 eV. The entrance slit width of the imaging spectrograph was set to 500 pm at £y, = 19.85 eV and 250 pm
at the other four photon energies. The thin vertical lines indicate a vibrational progression in the antisymmetric
stretch v; mode of the OCS [4’T1n(0,0,0) — X°T1n(0,0,v5")] transition with v;” = 2 — 5. The number of the
excited quanta are given in the panel of E, = 19.85 eV. Each vibrational band is split into two spin-orbit
components specified with Q = 3/2 and 1/2. The thick vertical lines indicate the band origins of the CO" (4,
v’ — X’T*, v") emission band system. The (v',v") mark denotes the vibrational band due to the upper vibrational

state v’ and the lower state v".
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Photoionization and photodissociation processes of SO, and CS; in the vacuum UV are studied
by using two-dimensional photoelectron spectroscopy with a monochromatized synchrotron radiation
source. The principal focus is on the mechanisms of autoionization and neutral dissociation of superexcited
states. Photoelectron spectra of SO, exhibit characteristic peaks at the electron kinetic energy below 1.8 eV
which are assigned as resulting from autoionizing transitions of excited atomic sulfur, S*, into the ground
S+(4S") state. These S* atoms are in the singlet Rydberg states converging to S+(2D"). The precursor
molecular states, SO,*, are considered to be multiple-electron excited Rydberg states lying at the photon
energy above ~22 eV. The onset of the photoelectron yield due to the atomic autoionization accords with
that expected from the thermochemical threshold for the formation of S* through three-body dissociation
SO,* — S* + O + O. The two-dimensional photoelectron spectrum of CS, provides tangible evidence for
the formation of a dipole-forbidden Rydberg state (6csg)'l(3a’cs,=,)l ]Z‘,; at the photon energy of 14.88 eV
which autoionizes into the v; = 1 vibrational state of the antisymmetric stretch v; mode of CS," (X 2l'Ig,Q,
Q=1/2 and 3/2). This Rydberg state is expected to borrow substantial oscillator strength from the

(tSo‘E)'[(Spcru)l 's." state through vibronic coupling involving the v vibration.
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Fig. 1. (a): Two-dimensional photoelectron spectra of CS; in the photon energy range of 14,57 — 15.36 V. The
photoelectron yield, measured as a function of both photon energy Ej, and electron kinetic energy E,, is
presented by the contour plots filled with 8 different colors according the photoelectron intensity on the plot. The
photon wavelength resolution is 0.8 A, which corresponds to 15 meV at E,, =15.0 eV. The energy resolution of
the analyzer is set to 40 meV. The spectrum is taken at wavelength intervals of 0.3 A. The diagonal stripes at /¢
= Ey, - Ex = 10.08 and 10.13 eV are identified as direct ionization and/or autoionization into the spin-orbit
components (2=3/2 and 1/2, respectively) of the vibrational ground state of CS,” (X 2I'IS'Q).

(b): Surface plot mapped with 16 differently-colored bands according the electron intensity on the surface. This

plot is gained by converting the contour plot in panel (a).
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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 K-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 fragments 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 angle-resolved photoion measurements were performed on the newly constructed
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° relative to the electric vector of the incident light. The AA=0 component
spectrum (I,) and AA=1 component spectrum (I,,) were obtained by counting the signals from
the 0° and 90° positioned detectors, as a function of the photon energy, respectively.

The symmetry-resolved nitrogen K-edge photoabsorption spectra of N, measured with a
monochromator bandpass of 0.4 eV are shown in Fig. 1. It is clear that the obtained I, and I,
spectra nicely demonstrate the symmetry decomposition of the conventional photoabsorption
spectrum. Fig. 2 shows the high-resolution symmetry-resolved photoabsorption spectra, with a
monochromator bandpass of 0.08 eV, in the so-called double excitation region. The Iy,
spectrum exhibits three broad bands centered around 411, 415, and 419 eV, which have not been
of interest so far. The strongest band displays fine structures, which have been attributed to the
double excitations tentatively. The structure just above the threshold has recently been found
[2] and assigned to the double excitations. No special attention has been paid to the band
detected at the shape resonance position in the I, spectrum. In the I, spectrum, a very weak
shoulder on the left-hand side of the shape resonance enhancement can be seen, which may be
due to the double excitations having ¥ symmetries. The detailed theoretical analyses on such

double excitations are now in progress.
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Auger electron-photoion(-photoion) coincidence (AEPI(PI)CO) measurement is a
powerful tool to investigate dissociation dynamics of core-excited molecules.
However, few AEPI(PI)CO results for complex organic molecules have been
reported. We have measured AEPI(PI)CO spectra of acetonitrile-ds (CD3CN) for
the N1s — n* excitation (Av ~400 eV) at the soft X-ray beamline BL8B1 of UVSOR
by using a cylindrical mirror analyzer (CMA) and a high-resolution time-of-flight
mass spectrometer. Electrons and ions are extracted by a weak electrostatic field
(40 V/ecm). Energy resolution (E/AE) of the CMA is about 40.

The resonant Auger spectrum of CD3CN obtained under the present
experimental conditions has two broad maximum at around 378 and 360 eV and a
shoulder at around 345 eV. A remarkable dependence on Auger-electron energy is
observed for the formation of CD2CN2* which is only one doubly charged ion
among observed ion species. The AEPICO yield spectrum of CD:CN2* as a
function of the Auger-electron energy has a maximum well coincide with the
second maximum (-~360 eV) of the resonant Auger spectrum. This unique
doubly-charged CD2CN2* ion may be produced efficiently by autoionization and
subsequent D atom elimination from the singly-charged parent ions in Auger-final
states with ~40 eV binding energy, because this energy is slightly higher than the
threshold of doubly-charge parent ion (CDsCN2+) which is estimated to be ~ 33 eV
from the normal AEPICO spectrum.

A part of the AEPIPICO 2D-coincidence maps of CD3CN at Nls—n* excitation
for different Auger-electron energies (Eag= 360 eV and 345 eV) are shown in Fig.1.
As shown in Fig. 1(a), the resonant-Auger-final states with low binding energy
(~40 eV) mainly lead to dissociation into (®C2D3*+N*) and (@CDs*+CN+*) by single
bond-cleavage. Two-body dissociation to (®CD2*+DCN*) with rearrangement is
also observed. On the other hand, for the higher binding energy (~55 eV, Fig.
1(b)) multiple bond-cleavage is enhanced, and ion-pairs like (@CD3*+C*) and



(C2*+N*) are formed. The slope of the contour of coincidence peaks for the
two-body dissociations (®~®) is —1, while that of (®CD3s*+C*) peak is about -2.
This value is in good agreement with the calculated value of —2.17 for the assumed

sequential dissociation process as following.
CD3CN2t — CD3*+CN+* —» CD3+*+C++N

AEPIPICO spectra
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When an inner-shell electron of a molecule is photoexcited, a multiply ionized molecule is formed
through Auger decays. The Coulomb explosion in this multiply charged molecular ion follows the loss of
bonding electrons. One of the goals in the studies of inner-shell photoexcitation dynamics is to develop a
more detailed understanding of the electronic relaxation and fragmentation processes and, applicably, to
take advantage of the localized nature of the core hole to induce a specific bond rupture in a molecule.
Inner-shell electrons of an atom in a specific chemical environment can be selectively excited with a
monochromatized soft x-ray synchrotron radiation, because the energy levels of the inner-shell electrons
differ from one atom to another. The dynamics can be probed by the measurement of mass, angular, and
kinetic energy distributions of the fragment ions [1].

Trifluoroacetonitrile (CFsCN) is one of the intriguing molecules in two respects. Firstly, we can
selectively excite a specific atom (F, N or either C). Fluorine is the most electronegative atom and induces
the largest chemical shift around it in a molecule. Secondly, we can investigate the fragmentation dynamics
of the inner-shell excited molecule noticing the linearity of the C—C=N skeleton. Whether anisotropic
fragmentation can be observed in the polyatomic molecule is our concern here. Thus, in the present study
we investigate the angle-resolved time-of-flight (TOF) mass spectra of the N and C K-shell excited CF;CN
molecule.

The experiments were performed on the beamline BL8B1 at UVSOR facility. Photoabsorption spectra
were observed at room temperature in the N and C K-shell regions with the typical energy resolution E/AE
of 2000—4000. An ion chamber with two 10-cm long clectrodes was used. The photon beam entered
through an Al thin filter. The ion current was fed to a picoammeter and stored in a personal computer,
together with the pressure of the sample CF;CN gas monitored with a capacitance manometer. The photon
energy was calibrated using the published soft x-ray peaks, i.e., the ®* resonance transitions of N, and CO
at 401.0 and 287.3 eV, respectively [2].

The TOF mass spectra were also measured at the several prominent resonance peaks observed. An
energy resolution of about 1 eV was employed for the measurement. The sample gas was introduced into
the main experimental chamber as an effusive molecular beam through a gas nozzle which is mounted
orthogonal to both the photon beam axis and the TOF mass spectrometer tube. An Al thin filter was inserted
upstream in order to suppress the scattered stray light. The pressures in the chamber during the
measurements were kept 1x10° Torr. The spectrometer was operated under a Wiley—McLaren
space-focusing condition [3] with an extraction field of —250 V/cm. This extraction field results from a
proper compromise between the sensitivity to the angular distributions and the moderate coincidence count

rate of the photofragment ions. Detection of an electron defines the time zero of the TAC for the TOF mass



spectrum. The TOF mass spectra were acquired at 0° and 90° angles with respect to the linearly polarized
electric vector of the incident photon. The sample gas for the present study was purchased from SynQuest
Laboratories, Inc. and was used without further purification.

The earlier studies of inner-shell photoexcitation dynamics of diatomic molecules have clearly shown
that an anisotropic photofragmentation is characteristically observed at the photon energy corresponding to
the excitation of a 1s electron into the 7t* unoccupied molecular orbital. Figure 1 shows the enlarged TOF
mass spectra recorded at the t* < Cy(1s) resonance excitation of CF;CN. In these spectra the contribution
of background originating from the ionization of valence electrons was subtracted by the measurement of
the spectra at around 283 eV. It is noteworthy that the peaks of CN* and CF;" observed at the 90° angle
distinctly split into triplets: The central peak is formed by the ions with almost zero or small kinetic
energies, while the wings in the lower- and the higher-mass regions arise from the fragment ions with
kinetic energies initially toward and away from the TOF tube, respectively. Similar spectra were obtained at
the t* < N(1s) excitation.

The profiles of CN*, CF", and CF;" peaks were reproduced by the fitting method developed by Saito
and Suzuki [4]. The results are also shown in Fig. 1. The CN* and CF;" ions are produced by typical IT-2
transition, which means that the symmetry basically holds also for the relatively large CFzCN molecule.
The anisotropy parameters for CN* were found to be +0.10, —0.57, and —0.85 for kinetic energies 0.01-0.41,
0.67-3.61, and 4.33-6.86 €V, respectively. More distinct results were obtained for the N(1s) excitation.
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Fig. 1: Experimental and simulated angle-resolved TOF mass spectra recorded at the m* « Cy(1s)
resonance excitation of CF3CN. The dots indicate the experimental data. The solid curves are the simulated
profiles for the kinetic energy components of 0.01-6.86, 0.01-6.86, and 0.01-3.17 eV for CN*, CF", and

CF;' ions, respectively.
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To elucidate the detail of the core-excited dissociation processes of organic
molecules, especially those from the dicationic states produced after Auger decay,
Auger electron—photoion—photoion coincidence (AEPIPICO) method has been
applied to acetone. Correlations between different ions produced by an Auger
process are recorded in a fast multiscaler, by using the signal of an
energy-selected resonant Auger electron as a start signal and the ion signals as
multi-stop siénals. AEPIPICO signals at the O 1s to m* resonance, from where
only singly charged ionic states is

formed by Auger decays, were

observed at the lower Auger é 5 - | @I I_
electron energy side. When the 2 | |
energy of resonant Auger final %—’1- i
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of dication formation, e L T e e e o e e
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PR ok L A7CH-COf
dissociation to form ion-pairs ;‘4”_ 1 ’ [ GH,(}G‘ -
become possible. By selecting the gf2 : 4 _;H?_*:;fc”z"” I
energy of Auger electron, it is Em—_ ] | 17 @l i
found that only a unique ion-pair .5': 8- ‘ 7 CH,’ -
CHs* and CH3CO* is produced from E 6 -} HAget""e
the ground state of acetone e 4 HJG:C=0 L
dication whereas various ion-pairs 3 7R < 01s—n’ 531.3eVG !
such as “H3sCa* — O*” and “CHs* — o- H, — TE(.AU,HT a,_) .48?'56\’, ——
CH3C+” are produced from the L
excited states (see Fig.1). Fig.1 AEPI(PI)CO spectra of (CH;3),CO at Ols z*
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A number of researches on the dissociation processes of core-excited molecules have been carried out
extensively. In those studies, PEPIPICO (Photoelectron-Photoion-Photoion Coincidence) technique was used as
the powerful tool to investigate the ionic dissociation from doubly or highly charged molecular jons. However,
there are only a few reports applying this technique to complex organic molecules [2]. To investigate ionic
dissociation processes of core-excited organic molecules, especially the molecular elimination process to form
H,", high mass-resolution PEPIPICO measurements were performed for methanol CH;OH and CD;OH.

Measurements were carried out at BL8B1 of UVSOR using the reflectron time-of-flight (RTOF) mass
spectrometer [1], which is featured by a high-mass resolution for fragment ions with kinetic energies of several
eV while preserving kinetic energy information of the fragment ions.

Figure 1 shows the PEPICO and PEPIPICO spectra of methanol-d; (CD;0H) measured at 544 eV, 4.9 eV
above the O 1s ionization threshold (539.1 eV) [5], with using a moderate extraction field (200 V/cm) and the
linear TOF mode. In the PEPICO spectrum, D;" is clearly observed with partial yietd of 0.6 %, while D,H is not
discernible. From the present result for CD,0H, it can be concluded that the dominant reaction pathway to form
H;" from core excited CH(D);OH is the H(D); elimination from the methyl group.

PEPIPICO spectra of methanol plotted as the correlation of second-ions to each first-ions are shown in Fig. 2.
The spectra reveal that H;" ion is formed exclusively with COH', and CH;' with OH'. Another strong
correlation is observed for CH,"’OH," ion pairs (x=0-3, y=0,1), in which x and y has negative correlation. This
results suggests that the two type of ion-pairs, CH;" and OH" ion-pair formed by single C-O bond scission
without further C-H bond scissions and completely cracked (C* and O") ion-pair formed with further C-H bond
scission(s), originate from different dissociation channels, possibly different Auger final states.
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Ce3+:LiCaAIF4 (Ce:LiCAF) [1] is already known as practical tunable ultraviolet laser crystal pumped
with the fourth harmonic of an Nd:YAG laser. 60 mJ output from this laser medium was already demonstrated
with large-sized CZ-grown crystal [2]. If other pumping schemes were available, it would expand the
applicability of this laser medium. In this paper, we report on the observation of new excitation channel of Ce®*”
through LiCAF host crystal.

The transmission, luminescence and excitation characteristics of Ce:LiCAF crystal were measured
using Ultraviolet Synchrotron Orbital Radiation Facility (UVSOR) using 1-m focal length Seya-Namioka
monochrometer with a photomultiplier. It was already known that the luminescence spectrum of Ce:LiCAF is
around 290 nm. Therefore we measured the excitation characteristics of Ce:LiCAF with observation wavelength
290 nm through band-pass filters as shown in Fig.1. The two peaks in the excitation spectrum corresponded to
the absorption of Ce ions. Moreover new excitation channel at around 112 nm was found. The transmission edge
of the crystal is known to be about 112 nm. That is completely coincided with the peak of excitation spectrum.
Therefore, this excitation can be considered as electron transfer from host crystal to the active Ce ions.

In conclusion, new excitation channel of Ce* through LiCAF host crystal was discovered. It is
interesting that this excitation channel indicate the bandgap of the crystal. This excitation channel will be used as
potential pumping channel.

The authors are grateful to Mr. M. Hasumoto, Dr. T. Gejo, and Prof. K. Kamada for their
experimental support and stimulated discussion.
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Fig.1 The excitation spectrum and transmission curve for the Ce:LiCAF crystal.
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Combination of synchrotron radiation (SR) and laser is an attractive and promising technique for solid-state
research such as two-photon spectroscopy or pump-probe experiments focused on inner-shell electronic states. We
have so farinvestigated exciton structures in wide-gap materials BaF, and CaF,, in which the luminescence induced
by two-photon excitation with SR and laser is detected [1-6]. In order to ascend a new step in the combined
experiments, we have developed in the present work an experimental system of reflection-type, that is, reflectivity
changes induced by laser irradiation are detected in the VUV region with probe light from SR.  This system will
be usefil and powerfiil especially in the cases where measurements of luminescence or absorption are difficult.
Measurements for ZnSe and n-GaAs crystals have been made in order to check the suitability of our system,

In Fig. 1is shown a schematic diagram ofthe experimental setup for ZnSe. A second harmonics of CW
mode-locked Ti:sapphire laser (Coherent, Mira 900-F/P) was generated with a harmonic generator (Coherent, 5-
140 UltraFast Harmonic Generator), and was used as an excitation light source. The synchronization of SR and
laser pulses was achieved by a phase-locked loop circuit (Coherent, Mira Synchro-lock 9300), which locked the laser
timing to the 90 MHz signal from the RF master oscillator. In order to enlarge the temporal overlap between the-
SR pulse (1.5 ns) and the laser pulse (160 fs), the laser beam was injected into a multi-mode optical fiber with length
of 50 m, which stretches the pulse width to about 300 ps [6]. A ZnSe crystal with thickness of 6000 A grown onto
GaAs substrate by molecular beam epitaxy was studied. The band gap energy of ZnSe is 2.82 eV, so that interband
excitation was made with the laser light (3.12 eV,13 mW).

A glass envelope of the photomultiplier tube (PMT) with Ti:S lager || SHGTHG| n
CslI photocathode (Hamamatsu Photonics, R2032) was Ll o
cut down, and it was installed into a sample chamber.

Reflected light from the sample was detected with the b
PMT, and reflectivity change synchronized with the —
chopped laser light was measured with a lock-in amplifier.

In luminescence-detected SR -laser combined experiments,

one has to eliminate strong laser scattering light fr

observing weak luminescence signal. In the present

system, on the other hand, the PMT of solar-blind type

has no sensitivity for the laser light, so that the problem of

laser scattering is cleared away. At present, the system

has sensitivity of reflectivity change AR/R = 10°, SR
Figure 2 shows reflectance modulation spectrum of

ZnSe at 15 K. The spectrum was not measured below

6.2 eV, where the PMT does not have enough sensitivity.

Significant reflectivity changes are seen in the region from

6.2 t07.5eV. As anorigin of the reflectivity change, we

first checked an effect of temperature increase of the sample

due to the laser irradiation, i.e., temperature modulation of

the reflectance. The temperature change induces an SIG  REF

energy shift of the reflection spectum. In a rough IIJ‘ - I1

approximation, therefore, thermoreflectance is to be the 1g1ta

same as the wavelength modulation reflectance [7]. AI;CEI';: W

However, the derivative of the observed reflection L

spectrum with respect to energy was found not to agree Fig. 1. Schematic diagram of experimental

with the modulation spectrum observed, indicating system for reflectance modulation,

vacuum
chamber




negligible contribution of the temperature modulation in
the present system.

We consider that the reflectivity change arises from
an electric field modulation. The ZnSe crystal has
usually an n-type conductivity, and the band bending is
inherently induced in a depletion region near the surface.
The electrons and holes photoexcited by laser light find
themselves in that electric field, and separate spatially in
a manner so as to reduce the built-in field.
Consequently the reflectance is modulated by the periodic
cancellation of the built-in surface field due to the free
carriers created by chopped laser light, that is, the present
modulation reflectance is originated from the
clectroreflectance. In general, electroreflectance shows
the well-known Franz-Keldysh oscillation under a
medium or strong electric ficld, which allows us
identification of critical points. Under a weak electric
field, on the other hand, it is shown that the AR(w)
spectrum is identical with the third derivative of original
spectrum R(w) [7]. In fact, it was und that d’R/dE°
spectrum agrees with the observed AR(w) spectrum
except an energy range from 6.8 to 7.3 €V the d’R/dE°
spectrum shows no structure there. It has been reported
that ZnSe shows reflectivity structures at 6.50 eV and
6.63 eV at room temperature and they are assigned to
transitions at As'- As° and plateau near (0.8, 0.2, 0.2) in
the Brillouin zone, rtespectively, from the band
calculation [8]. The structures peaking at6.45 and 6.62
eV in Fig. 2 are related with these transitions. It is
plausible that the observed structures around 7.0 eV
appear due to other transitions, which are hidden in the
reflection spectrum.

In Fig. 3 is shown modulation reflectance spectrum
of n-GaAs (band gap energy 1.520 eV, donor
concentration ~10'* /em®) at 15 K. In this case,
findamental light of Ti:sapphire laser (1.56 eV, 110
mW) was used to create flee camiers. An intense
reflectivity change is seen at 6.6 eV. Spectral position
and shape agree well with those ofthe electroreflectance
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[9], if the sign of AR is reversed. This fact definitely shows that the observed reflectivity change is caused by the
electric field modulation mentioned above. The reverse sign indicates the quenching of the built-in surface electric

field due to photocarriers.

In conclusion, we have developed the SR-laser combined experimental system of reflection-type. The system
provides non-contact electric field modulation spectroscopy in VUV region without any electrodes, and will be
effective for the study on dynamics of photoexcited carriers in semiconductors.

The present work was partly supported by a Grant-in-Aid for Scientific Research from the Ministry of Education,

Culture, Sports, Science and Technology.
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Lead tungstate (PbWO,; PWQ) is a well-known scintillating substance. Although the luminescence
properties have been extensively studied in the application field, basic investigations on the optical constants
such as reflectivity spectra have been still scarce [1-4]. The PWO has two structural modifications, scheelite
(tetragonal) and raspite (monoclinic) structures. Recently we measured optical spectra of both phases [3,4].
Belsky et al. [1] have reported that the intensity of the exciton band of scheclite crystals is strongly affected by
the stoichiometry of samples. However, if one wants to discuss the change in spectra, the polarization
dependence of optical constants should be examined in detail, because the scheelite crystal has an anisotropic
structure. In the present study we have measured polarized reflectivity spectra of pure and impurity-doped
PWO crystals in order to reveal the optical anisotropy and the effect of impurity doping in the exciton band
region.

Single crystals of undoped and impurity-doped PWO were grown by the Czochralski method. The
dopants investigated here were Cd*', La™, Gd™, Y**, Th*, Nb’™* and Mo® ions. Reflectivity spectra were
measured at 6 K on the cleaved surfaces of (011) plane [5], with the electric vector parallel (E // a) and
perpendicular (E L&) to the a-axis.

Figure 1 shows reflectivity spectra of undoped PWO single crystal in the 3-7 eV region. A strong exciton
band is observed for the polarization E // @. 'The band consists of two components at 4.25 eV and 4.38 eV as
reported in Refs. [3,4]. On the other hand, weak structures are observed at 4.22 eV and 4.45 ¢V for ELa. A
broad peak is found at 5.27 eV for E La, while it is not observed for E //a. The peaks at 3.3 ¢V and 4.0 eV are
spurious structures due to the reflection from the rear surface of the sample, because no structures are observed
in the absorption spectrum shown in Fig. 1. The absorption band at 3.5 eV is likely ascribed to some lattice
imperfection.

In Fig. 2 are shown reflectivity spectra of samples doped with Mo® (1350 ppm) for E // @ and with La®*
(1350 ppm) for E La. The spectral features above 4.1 eV are essentially the same as those for the
corresponding polarization in Fig. 1. Similar polarized reflectivity spectra were obtained for PWO crystals
doped with the other impurity ions. When the polarization of light was arbitrary chosen with respect to the
crystal orientation, the spectrum exhibits a mixed character of the E // a and E La spectra, as exemplified by the
spectrum of the sample doped with Cd** (1%) in Fig. 2. The humps and peaks below 4.0 eV in Fig. 2 are again

due to the reflection from the rear surface of samples.



No appreciable change of the reflectivity spectrum, as well as its polarization dependence, is seen between
Fig. 1 and Fig. 2, except for a small broadening of the exciton band of doped samples. This fact indicates that
the electronic structures of PWO are hardly affected by the doping of various types of impurity ions.

The present result strongly suggests that the intensity variation of the exciton band pointed out by Belsky et
al. is ascribed to the anisotropy of the transition intensity, rather than the difference in the stoichiometry of
samples [1]. According to the energy band calculation of PWO [6], the valence band is formed by the 2p state
of O” ions, and the conduction band is built up of the 54 state of W jons. Furthermore, the Pb>* 6s state
hybridizes throughout the valence band, and the Pb** 6p state contributes to the conduction band. The
dichroism of the exciton band observed in the present experiment would be ascribed to the crystal-field splitting
of the Pb** 6p states in the axial crystal field along the c-axis.

The authors would like to thank Prof. M. Kobayashi (KEK) for useful comments on PWO crystals.
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Fig. 1 Reflectivity and absorption spectra of undoped Fig. 2 Reflectivity and absorption spectra of PbWQO,
PbWO, crystal. crystals doped with impurities.
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Molybdenum trioxide (MoOs) has been widely used as a catalyst in the chemical industry. Recently, this
material is attracting attention as an optical substance from the viewpoint of technical engineering, because it has
a special character such as photochromism or electrochromism. An early study of this material was performed
by Deb and Chopoorian in 1966 [1].  Although there are many investigations on amorphous and thin MoO;
films, few studies have been done for the single crystals.

Single crystals investigated in this work were grown by the sublimation method. The crucible filled with
reagent-grade MoO, powder was heated to 780—900°C for 5—10 hours. The temperature gradient along the
crucible allowed us to grow single crystals at the relatively cooler upper edge and crucible lid. The MoO,
crystals obtained were transparent in the visible region.

Figure 1 shows reflectivity spectra of MoO, measured at 6 K in the energy range between 3 and 25 eV for
the polarization parallel to the @ axis (E // a) and to the ¢ axis (E // ¢). The absolute values of the reflectivity
were not measured in the present experiment. Fortunately, the refractive indices of MoO; at 2.1 ¢V have been
measured to be 2.29 for E // a and 2.54 for E // ¢ [2]. Using these values, we obtained the reflectivity spectra of
Fig. 1.

The reflectivity spectra exhibit remarkable polarization dependence. The spectrum for E // ¢ rises at
lower energy than that for E // a, as shown clearly in Fig. 2. Both spectra are structure-rich in the energy region
below 12.5 eV, and have a broad structure at around 20 —25 eV.

The imaginary part of the dielectric function and the absorption coefficient have been derived through the
Kramers-Kronig analysis of the reflectivity spectra in Fig. 1. The obtained results are shown in Fig. 3. For E
// ¢, three sharp bands are observed at 4.7, 6.1 and 8.6 eV. A weak peak is also seen at 10.5 eV.  For E//a, one
can see three sharp bands at 4.9, 8.4 and 10.0 eV. Furthermore, doublet structure peaking at 5.5 and 5.9 eV is
observable.

No information on the electronic structures of MoQO, has been available in the literature. Therefore, we
calculated the electronic states of a model cluster of MoO, by using the DV-X @ method. The crystal structure
of MoO, belongs to the orthorhombic type, in which molybdenum ions are connected with oxygen ions to form
the chain parallel to the ¢ axis. The oxygen ion in the direction of @ axis is connected with this chain, and that
in the b axis combines weakly with one molybdenum ion. Accordingly, the MoO; forms a layered structure.
Because of the low symmetry of MoQ;, we used an embedded cluster model for a more accurate calculation.

The oxygen ions surrounding a molybdenum ion are divided into two groups. One is the O*[ 1] ion aligned



along the ¢ axis, and the other is the O*[ I ] ion along the @ axis.

The present calculation indicates that the valence band is dominated by the 2p state of oxygen ions, and the
lowest conduction band is mainly built up of the 4d state of molybdenum ions. The calculated band-gap is 3.9
eV, which is in satisfactorily agreement with the experimental result. The top of the valence band originating
from O*[ 1] is located at 1.8 eV below that from O*[ I ]. This result may explain the difference between the
solid and dotted curves in Fig. 2. The absorption spectra of Fig. 3 show a clear dip at around 7 eV higher than
the absorption edges. Since the valence-band width is calculated to be about 7.0 eV, the structures observed

below the dip are attributed to the transitions from the valence band to the bottom of the conduction band.
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Fig. 3. Absorption spectra of MoO, derived through the Kramers-Kronig analysis of
the reflectivity spectra in Fig. 1.
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Introduction

We have been studied for a several years about amorphous silica powder catalyst having high surface area
(above 500 m® g) and large amount of surface SiOH groups (~5 OH/nm?). In our previous study, we
discovered that pure silica materials evacuated at high temperature exhibit the photometathesis activity [1].
Metathesis reaction is known to occur only on transition metal catalyst including Mo, Re and W, and therefore,
metathesis activity over silica is very unique. We expected that the active sites for photometathesis would be the
strained siloxane bridges (=Si—0---- Si=) generated by dehydroxylation of surface isolated SiOH at high
temperature such as above 673 K [1, 2]. However the strained siloxane bridges were observed only by infrared
spectra and those detailed structure has not been revealed.

Vacuum UV (VUV) and UV spectroscopy is a useful tool for the observation of the defect center on the
silica surface and in the bulk silica. The aim of this study is to observe the specific sites on silica materials
evacuated at high temperature. In order to measure the spectra of such treated samples without exposure to air,
the quartz in-situ cell shown in Fig. 1 was used.

Experimental
evacuationT

' '
I 1
I I
I I

The silica powder samples we used
seal and cut

were amorphous silica and mesoporous after pretreatment \@
silica materials (FSM-16 and MCM-41). \ eook e cptbion
Amorphous silica was prepared by sol-gel S E———
method. FSM-16 and MCM-41 were H I‘Um’“ ji x

prepared by referring the reports [2].

i transf'cr
Fig. 1 shows the pretreatment cell. 3. pattE the sample
The sample in the pretreatment part (A)
was performed at 1073 K in O, for 1h, pretreatment
followed by the evacuation at 1073 K for part {A){ Q
lh by a diffusion pump (the pressure

reached to 10* ~ 10° Tormr). After sample sample folder (C)
pretreatment, the sample was transferred Figure 1 The pretreatment cell (left) and the attachment of sample (right).
to the measurement part (B) made of
quartz and the glass tube was sealed and cut without exposure to air. Then, measurement part was attached to the
sample folder (C) by using the carbon adhesive sheet.

VUV spectra and photoluminescence spectra were measured at room temperature using synchrotron
radiation at the beam line 1B station (BL-1B) attached with an 1 m Seya-Namioka monochrometer at UVSOR,
Institute for Molecular Science, Okazaki, Japan, operated at electron energy of 750 MeV. Photoluminescence

spectra were measured by using monochrometer (Spex 270M) and photomultiplier (Hamamatsu R4220).

Results and Discussion

Fig. 2 shows the VUV spectra of FSM-16, MCM-41 and amorphous silica, evacuated at various
temperatures. FSM-16 and MCM-41 showed the complex spectra (Fig. 2Aa, 2Ab), which were probably
consisted of four absorption bands and the threshold at band gap of silica (8.1 eV, 153 nm) (Fig. 2B). The four
bands could be assigned to the defect centers in the bulk silica and on the silica surface [3], respectively: =8i-Si



= at 7.6 eV (163 nm), =Si...Si= at 6.9 eV (180 nm), =Si-(E’ center) at 6.1 eV (203 nm) and =Si : center
(B,B) and/or =Si-O-center (non-bridging oxygen hole center, NBOHC) at 4.75 eV (261 nm). On the other hand,
only small absorption band was observed on amorphous silica (Fig. 2Ac), although absorption intensities could
not be discussed because these were varied easily by the sample density in the in-situ cell. Since effective
wavelength for photometathesis over silica is in UV region below ca. 370 nm (> 3.4 eV) [2], either of two defect
centers at 261 nm are candidate for the photocatalytic active sites.

Fig. 3 shows the photoluminescence spectra of silica materials evacuated at 1073 K. Only on FSM-16,
emission peak was observed at 390 nm (Fig. 3B), which emission was excited by the light at 250 nm (Fig. 3A).
This emission band would be assigned to =Si : (B, center) [3]. On the other hand, B,p center was not observed
on MCM-41 and amorphous silica, although these were also active for photometathesis. These suggest that the
B,B center should not be the photometathesis active sites. Probably, the another defect sites also showing the
absorption band at 261 nm, i. e, =Si-O- (NBOHC), should be photometathesis active site rather than B,p
center, and =Si-O+ may relate to the strained siloxane bridges.

(A) (a) FSM-16 (B) ,", ‘| spectrum of FSM-16
(b) MCM-41 i - = —fitted curve
(c) amorphous silica 72 U quartz cell
(d) quartz cell ~<_ \! --—-— gaussian curves
o 3 \
=] = \
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Figure 2 VUV-UV-visible spectra of silica materials evacuated at 1073 K, and of the quartz
cell (A), and the spectrum of FSM-16 fitted by a curve of the quartz cell and four Gaussian
curves at 7.6 eV, 6.9 eV, 6.1 eV and 4.75 eV (B). Fitting curve did not fit above 7.6 eV, because
very large band of the band gap of silica existed and transmittance was extremely low.
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Figure 3 Photoexcitation spectra (A) and photoemission spectra (B) of silica materials
evacuated at 1073 K. Peaks around at 175 nm in (A) would be emission from the lens attached

to the monochrometer.
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Understanding of the spectroscopy and dynamics of photoexcitation and photoionization of molecules at the
liquid surface is of essential importance in fundamental and applied sciences. Since little is known
such interesting behavior of molecules,! RhodamineB (RhB) is chosen in this study as an example of soluble
molecules at the liquid water surface for photoionization experiments because of our previous studies of this molecule
in laser two-photon ionization e){pfsriments.2

The experimental setup for photoionization is shown in Fig. 1. Synchrotron radiation obtained at BL-1B of
the UVSOR was used as an excitation source. Its intensity was calibrated using a photodiode (Hamamatsu Photonics,
$2281-01) for each measurement. The solution of RhB with liquid water was kept on a stainless-steel vessel and high
voltage (2000 V/cm) was applied between water surface and an electron-trapping electrode settled in the vessel purged
with He gas. The photoionization current was measured using a current meter (Keithley, 617).

Figure 2 shows the photon energy dependence of the photoionization current on RhB solution surface with its

threshold at 5.4 eV, which is identified with the lowest photoionization threshold of RhB at the water surface. This
result is consistent with the previous one.2 In the photon energy range above 5.4 eV, the increase in the magnitude of
the observed photocurrent [ is observed and explained by the following empirical power law represented by

I=C (hv - En)* @
with 0=2.5, where C is a constant and Et}, is the ionization threshold.> The change in the slope value with increasing

the photon energy starting from the threshold, which is observed also in pure liquid hydrocarbons,4 is explained by the

multiple photoionization thresholds corresponding to different molecular orbitals. It is interesting to apply this
explanation to the present experiment of the photoionization behavior of RhB molecules on the water surface since
RhB is composed of different moieties such as xanthene structure, carboxyphenyl group, and substituted amines. At
the water surface, it is also possible to account for the above result by the condition of RhB with different hydration
state, depth profile from the surface, and aggregation at the surface. Further experiments are greatly needed to

understand the spectroscopy and dynamics of photoexcitation and photoionization of molecules at the liquid surface as

opposed to those of isolated molecules in the gas phase.5
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Magnesium silicate (Mg:SiO4) activated with Tb* ion has been studied for application in a
thermoluminescence dosimeter under irradiation with VUV- light, X- ray and electrons. The
thermo-Juminescence is certainly induced by electron— hole recombination at the Tb** ion sites;
however, the process has not yet been understood. In the present study, we have investigated
luminescence properties of Tb** ions in Mg;Si04 under excitation with UV~ and VUV-light.

The crystals of Mg,SiO4:Tb were grown in air from the sintered rods by the floating zone
method using an infrared imaging furnace. The concentration of Tb®" ions in the crystals was weighed
to 0.1 mol%. The sample was cut off from a crystal ingot, and was mounted on the copper holder of a
temperature variable cryostat. The present experiments were carried out at BL1B of UVSOR, where
monochromatic light from a 1-m Seya- Namioka type monochromator is available for excitation.
Luminescence from the sample was detected by a combination of quartz lenses, a monochromator
(Jobin-Yvon HR 320) and a photomultiplier tube (Hamamatsu R955). Excitation spectra reported here
were corrected for the spectral distribution of excitation light by using sodium-salycilate phosphor.

Figure 1 shows the absorption spectrum of Mg,;SiO4:Tb measured at 9 K. Three bands are
observed at 4.57, 5.11 and 5.58 eV. These bands were not observed in pure Mg,SiO,. This result
indicates that the incorporation of Tb* ions is responsible for the three bands. In addition, their peak
energies are in agreement with those of 4f — 5d bands of Tb™" ions in Y,SiOs[1]. Therefore, the three
bands in Fig. 1 are assigned to the 4f — 5d
bands of Tb** ions in Mg,SiO4. In the high- B8

energy side, the absorption spectrum rises Mg,Si0 b (0.1mol%)

drastically. Such a rise corresponds to the -
fundamental absorption edge of host Mg,SiO,.

Figures 2 (a) and (b) show emission spectra of
Mg;SiO4:Tb at 10 K. The excitation photon

energy in (a) corresponds to the fundamental

0.2+

OPTICAL DENSITY

absorption region, and that in (b) to a 4f — 54 /\

1 1 1

absorption peak. In Figs. 2 (a) and (b), sharp 3 s 5 & 7 8
PHOTON ENERGY (eV)

emission bands are seen in the range of 1.7-

3.5 eV. From comparison with emission Fig. 1: Absorption spectrun of Mg;SiO.;:Th

spectra of Tb** jons in Y,;SiOs[1] and YAIO; (0.1mol %) at 10 K.
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fundamental region and in (b) the 4f — 54 10 K.

absorption region.

[2], it is most likely that the emission bands in Figs. 2 (a) and (b) result from the SDj — 7Fj transitions
in the Tb* jon.

Excitation spectra for the emission bands at (a) 2.81, (b) 2.58 and (c) 2.27 ¢V emission bands
are shown in Fig. 3. The 2.81 and 2.58 eV bands originating from the °Dj level are excited not only in
the 4f — 5d absorption bands, but also in the fundamental absorption region. In Fig. 2 (a), we cannot
see any other emission band under excitation in the fundamental absorption region. These results
suggest that energy transfer from excited states of host Mg;SiO, to the °D; level of the Tb** jons takes
place efficiently. On the other hand, the 2.27 eV band originating from the *D; level is also excited in
the 4f — 5d absorption region, though in this region, the excitation spectrum for the 2.27 ¢V band is
different from those for the 2.81 and 2.58 eV bands. Furthermore, it is scarcely excited in the
fundamental absorption region. That is, the 2.27 eV band is not produced by energy transfer from host
Mg,Si04. The reasons for the differences in the excitation features of the 2.27 eV band from the 2.81

and 2.58 eV bands are not clear.
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There has been a growing interest recently in the luminescent spectroscopy of lanthanide ions in the vacuum
ultraviolet (VUV) region. This has become important because of the need for new phosphors with high quantum
efficiencies under VUV excitation and high stability in the plasma environment for VUV applications such as
mercury free lamps and plasma display panels (PDPs). Three aspects are important in the development of VUV
phosphors : a higher efficiency, a higher stability, and an optimum VUV absorption. For VUV applications, Xe
discharge such as 147 nm resonance line and 173 nm excimer band are used as excitation radiation sources. How-
ever the power efficiency is quite low because of large stokes shift resulting from the conversion of one VUV
photon (> 8 ¢V) to only one visible photon (1.6~3.2 €V), and the energy transfer probability is relatively small due
to the enormously large absorption coefficient in the fundamental absorption of oxide host. To overcome this
problem, a concept based on a combination of two or more lanthanide ions which is termed as quantum cutting
through down conversion in large band gap material has been reported.[1-3] Other possibility for obtaining higher
efficiency VUV phosphors is employing a sensitizer together with the emitting ions or activators in the fluoride
host which is transparent in VUV region. The sentitizer efficiently absorbs the VUV radiation and transfers this
energy efficiently to the activators. As a possible sentitizer for VUV region we investigated Pr** ion in fluoride host
such as YF,. The lowest 4f5d band of Pr** ion in YF, is predicted to lie above 45000 cm™[4]. If another lanthanide
ion whose 4f energy levels happen to coincide with this 4/5d band of Pr** is incorporated in fluoride host, it might
be possible for Pr’* ion after absorbing VUV excitation photon to transfer this energy to the 4flevels of the incorpo-
rated ion instead of relaxing to its 'S, energy level which lies just below the 4f5d band. In this paper, we report our
preliminary studies of YF,:Pr, Gd phosphors under VUV excitation. The enhancement of Gd** 311 nm emission
line with addition of Pr** ions and the quantum cutting phenomena in Gd** were observed.

Gd and Pr co-doped YF, phosphors were prepared by conventional solid state reaction. Powder samples were
first fired at 200 °C for 1 hour and subsequently fired at 1000 °C for 3 hours in Ar atmosphere. Photoluminescence
(PL) and PL excitation spectra of the phosphors were measured by BL-1B line of UVSOR. The PL spectrafor Y,
,Gd, ;Pr F, under 170 nm excitation are represented in Fig. 1. In the range from 300 to 600 nm (16670 ~ 33330 cr
), the strong emission line of Gd* at 311 nm (32100 cm™) and a very weak emission at 407 nm (24570 cm™) of Pr**
are observed. Above 300 nm (> 33330 cm™), the weak emission lines due to the °D, - *S_  and °I, - °S,  were
observed. In addition the weak emission line was observed at about 611 nm (16370 cm?), which shhould corre-
spond to G, - °P, transitions. We consider that the observation of these emission lines is one of the confirmation of
quantum cutting phenonena in Gd* ion. The peak intensity of Gd** 311 nm emission increases with increasing Pr
content reaching a maximum at y=0.1. It can be seen that the Gd** 311 nm emission increased by about 5 times in
comparison to y=0 sample. To clarify this enhancement, PL excitation spectra of the Gd* 311 nm emission for both
Yo.'.'Gdo.sF; and Y, Gd .Pr F, were measured. As shown in Fig. 2, with the addition of Pr, a large increase in the
excitation band which is mainly for corresponding state above G, levels of Gd* is found. The increased excitation
band is based on the 4f5d absorption band of Pr**. A possible enhancement mechanism can be represented as
follows. The VUV excitation energy is absorbed by 4f5d band of Pr** and the excited electron relaxes to the bottom
of 4f5d band which is estimated to lie at about 48000 cm™. In Y, Ce, . F., we have observed 4f-5d emission band



with the Stoke’s shift of about 5000 cm™. InY, PrF,, we have observed only 4/>-4f emissions, and this phenom-
enon can be explained by configuration coordinate model using the speculation that the Stoke’s shift of the lowest
4f5d -4f emission of Pr** is about 6000 cm™. The lattice constant of Y, Gd ,Pr  F, is larger than YF,. In
Y,,Gd, Pt F,, we therefore speculate the energy of 4f5d-4f emission of Pr** to be about 49000 cm™ (Stoke’s shift
; ~3000 cm™). In'Y Gd ,Pr F,, instead of 4f5d-4f* emission of Pr*, this energy is immediately transferred to the
EGJ and above levels of Gd** by resonant energy transfer. This excited state relaxes to the lower ¢D S and BP.
through the nonradiative processes (°G — °D — I — °P) and the radiative process (°G — °P), resulting in the
enhanced Gd** 311 nm emission corresponding to °P,-*S.  transition.

In conclusion the enhancement of Gd** 311 nm emission (°P,-*S, ) in YF, host with the addition of Pr was ob-
served. The energy transfer from this level to other 4flevels in suitable activators such as Eu and Tb may produce
efficient VUV phosphors.

This work is supported by “Research for the Future Program” through grant JSPS-RFTF 96 R12501 from Japan
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Fig. 1 PL spectra of Y (Gd ,Pr, F, for 170 nm excitation. ~ Fig. 2 PL excitation spectra of Y, Gd ,Pr F, (solid

013 X
The inset shows the magnification of emission spectrum  line) and Y .Gd F, (broken line) monitored at 311 nm

around 16500 cm™. The intensity is normlized by the peak  emission line of Gd* ion. D, and °I, levels of Gd** and
height of Gd** 311 nm (32100 cm™) emission. 'S, level of Pr’* can be observed.
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and Ethyl-Ammonium Halides
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So far, we have investigated optical reflection spectra of (C,HsNH;).CdCl, layered crystals to
clarify the energy band structure."” In this materal, two types of exciton absorption bands are observed
at 6.2 and 8.2 ¢V at 7 K. We proviously assigned that the 6.2 eV band comes from the electronic
transition from the CI~ 3p VB to the Cd”*" 55 CB, and the 8.2 eV band that from the C1~ 3p VB to the
NH;" s-like CB. As for the assignment of the 8.2 eV band, however, there still remains ambiguity. In the
present study, the reflection spectrum of C;HsNH;Cl layered crystal has been investigated to obtain the
information about the origin of the 8.2 ¢V exciton band in (C;HsNH;),CdCL. The reflection spectra for
(C;HsNH;),CdBr, and C,HsNH;Br layered crystals have been also mvestigated.

(C,HsNH;),CdBr; crystals were grown by slow evaporation method from the aqueous solution of
stoichiometric amount C,HsNH;Br and CdBr; at room temperature in dark. C;HsNH;Cl and C,HsNH;Br
crystals were also obtained by the similar method. Experiments were perforemed at the BL-1B of
UVSOR equipped with a Im Seya-Namioka VUV monochromator. Reflection spectra from samples for
the polarization perpendicular to the c-axis (Elc) were measured with a combination of a
photomultiplier (Hamamatsu R105) and sodium salycilate phosphor.

Figures 1(a) and (b) show the reflection spectra of the cleaved surface of (C;HsNH;),CdCl, and
C,HsNH:Cl at 7 K in the range of 3-30 ¢V for ELc. The reflection spectrum of (C;HsNH;),CdCl, is the
same as that reported in previous paper.” In C;HsNH;CI, the lowest exciton absorption band is observed
at 7.8 eV, which is located at the energy position similar to the 8.2 eV band in (C;HsNH;),CdCl;. The
band-peak energy is in good agreement with that of the lowest exciton band in NH,C1.” This agrecment
indicates that the VB and the CB of C,HsNH;Cl are constructed from the Cl~ 3p and the NH;" s-like
states, respectively. Thus, it is most likely that the 8.2 ¢V band of (C,HsNH;),CdCl, comes from the
clectronic transition from the CI~ 3p VB to the NH;" s-like CB, being in line with our previous
assignment.

Figure 2(a) shows the reflection spectrum of (C;HsNH;),CdBr, at 10 K for ELc in 3-20 ¢V. Two
exciton bands with splitting energy of 0.5 ¢V are observed at 4.9 and 5.4 eV. Since the splitting energy is
comparable with the spin-orbit splitting energy of a Br atom, they are related to the transition from the
VB constructed from Br™ 4p states (so-called halogen doublet). In addition, the band-peak energies agree
well with those of the lowest exciton bands in CdBr,.” Therefore, the 4.9 and 5.4 ¢V bands in
(C,HsNH;),CdBr, are attributed to the transitions from the Br™ 4p VB to the Cd* 55 CB. Two exciton
bands with the splitting of 0.5 eV are also observed at 6.9 and 7.4 ¢V. By the analogy with the case of



(C,HsNH;),CdCly, they are suggested to be due to the transition from the Br™ 4p VB to the NH;' s-like
CB.

In Fig. 2(b) is shown the reflection spectrum of C,HsNH;Br at 10 Kfor ELc in 3-20 ¢V. At 6.5 and
7.0 eV the peaks due to halogen doublet are observed. The peak energies of the 6.5 and 7.0 eV bands are
in good agreement with those of the lowest exciton bands in NH,Br, ¥ and thus the exciton bands are
attributed to the electronic transitions from the Br™ 4p VB to the NH;" s-like CB. From this, the 6.9 and
7.4 ¢V bands of (C;HsNH;),CdBr,, which are peaked at the almost same energy positions as the 6.5 and
7.0 €V bands in C,HsNH;Br, must come from the transition from the Br™ 4p VB to the NH;' s-like CB.
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Fig.1 Reflection spectra of (a) (C,H,NH,),CdCl, Fig.2 Reflection spectra of (a) (C,H;NH;),CdBr,
and (b) C,H,NH,Cl layered crystals and (b) C,H NH,Br layered crystals
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Fluorescence Spectra of Uniaxially Oriented Polyethylene 2,6-Naphthalate Films

Isuke OUCHI, Ikuo NAKAI" and Masao KAMADA"

Faculty of Engineering, Tokushima Bunri University, Shido, Kagawa 769-2193
“Faculty of Engineering, Tottori University, Koyama, Tottori 680-8552
"UVSOR, Institute for Molecular Science, Myodaiji, Okazaki 444-8585

Polyethylene 2,6-naphthalate (PEN) is a polyester having naphthalene rings in the main chain, one each
in a repeat unit.  The fluorescent nature of PEN has been known since long ago. The first description about
it appeared in 1969;" high-energy electron excited luminescence of PEN films was compared with that from
dimethyl 2,6-naphthtalate solutions and crystals, indicating that the former was broader and shifted its peaks
toward longer wavelengths. The red shift therein was interpreted to be due to emission from excimer states.
Since then, several researchers including one of the present authors treated the luminescence of PEN for
various purposes.z'" According to them, the excitation peaks nearly corresponded to those of absorption; and
the fluorescence spectrum looked roughly like a mirror image of the absorption.  Its fluorescence occurred
from the lowest energy level of the singlet excited states, which was conformed to the Kasha law.

In the present study, it was intended to look into the emission behaviour of PEN in the vacuum ultraviolet
region and also to reveal more details of the spectrum in the ultraviolet and visible regions in respect to the
molecular orientaion.

Relatively thick samples of undrawn, uniaxially or biaxially drawn films of 60-100 /& m thickness, were
supplied from the Film Research Laboratory of Teijin Limited. Cut samples of 10 - 15 mm square were held
by screws between a copper frame and a holder, keeping the original machine direction. Eight circular holes
of 10 mm diameter were opened in the copper holder plate; eight samples were measured during a series of
experiments.

The Seya-Namioka type monochromator installed at the BL-1B was utilized for reflection and emission
measurements in the range between S00A and 6500A. In most cases, the G3 grating of 600 lines/mm was
utilized. Incidence angle was set as 12.5° for reflection measurements. The exit slit width was set as 100
1 m for reflection and overall excitation measurements; here, the overall excitation spectra mean the spectra
taken without filter nor monochromator for emitted light. Namely, only excitation light is monochromatized
by a grating; and the observed light intensity is the sum of all the light of various wavelenghts emitted from
the sample and passed through the detector window. Therefore, one concerns only which wavelength of
incident light is effective to excite the luminescence. Contribution of stray light to the luminescence was
corrected by substracting the fluorescence taken with a pyrex glass before the sample; this correction was less
than 1 %. In the measurements of fluorescence or ordinary excitation spectra, the slit width was set as 500
Lt m; fluorescence was lead to the MIC monochromator placed outside of the vacuum chamber. Although
the incident light is fairly polarized as a nature of synchrotron radiation, the emitted light was detected
without polarizers.

Separate measurements were further made by use of Shimazu Fluorescence Spectrometer Model RF
5300PC with a xenon lamp as light source. A pair of polarizers were placed before and after the sample,
when necessary. A Jusco spectrometer, consisting of a monochromator for excitation and a double
monochromator for luminescence, having a halogen lamp as a source was also used in parallel.

An example of the overall excitation spectra is shown in Fig. 1, for a biaxialy drawn PEN film, where
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absorption spectra of a uniaxially drawn PEN film” are
superposed on the overall excitation spectra. If looked at
closer, the excitation peaks therein correspond to the tails of
the absorption rather than the peaks. This may be related
to the fact that the intensity of fluorescence increases with
the depth reached by the incident light, depending on the
absorption coefficient at the wavelength of emitted light.
Although effects of stray light were corrected, there may
be some effects of reflected light by scattering. Nevertheless,
it scems that there must be a considerable amount of emis-
sion in vacuum ultraviolet region on top of the detected
fluorescene in ultraviolet region.; because, the excitation at
1200A gave rise to only about tenth of the fluorescence if
observed at 4300A, comparing with those excited at 2500A
and observed at 4300A. This problem is yet to be examined.
Fig. 2 shows the fluorescence spectra of undrawn PEN
films taken with a pair of polarizers before and after the
specimen; this measurement was made separately by use of
Shimazu Fluorescence Spectromer RF5300PC.  Since un-
drawn films are isotropic in the film plane, these curves
indicate that the monochromator for emission is horizontally
polarized in this wavelength region. (Monochromator for
incidence light has the same character.) Furthermore, Fig.
2 indicates that the fluorescence of PEN is composed of two
peaks about 200A apart; also, the longer wavelength peak at
about 4550A is parallel-polarized, as clearly manifested by
measurements by use of uniaxially drawn films, which are not

shown here.

luorescence spectra of PEN film (x3)(parallel)
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Fig. 1. Overall excitation speclra of a biaxially drawn
PEN film (Upper curve). Lower curves are the ab-
sorption spectra, either parallel or perpendicular, of a

uniaxially drawn PEN film in an arbitrary unit.

Fig. 2. Fluorescence of undrawn PEN films excited at
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Category 4. Solid- and liquid- phase spectroscopy 1 (IR, VUY, etc)
I. EXPERIMENTAL PROCEDURES

The samples tested are PP sheets of 50 um thick. The sample is just general PP sheets, in which some kinds
of additives and antioxidants are added. This material only contains saturated C-C and C-H bonds which are not
chromophores. Therefore, in PP, luminescence contribution of chromophores is rather low leading to an easier
observation of luminescence due to degradation. We have measured photoluminescence (PL) spectra and
photoluminescence excitation (PLE) spectra induced in PP by irradiation of photons from an ArF excimer laser
(photon energy: 6.4 eV, power intensity: ca 50 mJ/pulse, repetition frequency: 1 Hz) and synchrotron radiation
(SR) at BL1B line in UVSOR at 300 K.

II. RESULTS AND DISCUSSION

The PL spectrum excited by synchrotron radiation photons with an energy of 6.4 eV at 300 K is shown in Fig.
1. The change of the PL spectrum as a function of the irradiation time is shown in Fig. 2 for the case that the
excitation by the ArF excimer laser was continued in air at room temperature. Because the repetition frequency
of the laser was 1 Hz, it is thought that the temperature increase and its effect on the chemical change are
negligible. The luminescence around 4 eV decreases rapidly with continuous laser irradiation, and a new
luminescence band with a peak around 3 eV is induced. The luminescence due to the oxidation that relates
essentially to the degradation of PP is examined by comparing luminescence spectrum induced by the irradiation
in a vacuum and the one induced in an O, atmosphere. So, the PL spectra are compared in Fig. 3 between two
cases where the sample was put in vacuum (110 "' Pa) and in oxygen at 1 atm at room temperature. The PL
intensity is found to be enhanced significantly around 3 eV by the irradiation in vacuum, although it diminishes
almost completely if irradiated in oxygen.

As an alternative possibility, it is considered that the excitation band has been moved to an energy different
trom the one of the ArF excimer laser (= 6.4 ¢V). Therefore, the PLE spectrum was measured using synchrotron
radiation at 300 K in a vacuum at 1.3 X 10 7 Pa for the samples that had been irradiated by the ArF excimer laser
for 1000 s either in air, in oxygen, or in vacuum at room temperature. The PLE spectra obtained at different
detecting energies (4.1, 3.5, and 2.9 eV) are shown in Fig. 4. The PL intensity becomes smaller with an increase
in the oxygen content of the atmosphere. In Fig. 4(a), it is also found that the PLE spectrum measured after the
irradiation in vacuum has its peak at a lower energy than the peak position before irradiation.

As for the PLE spectra detected at 3.5 eV, the intensity becomes larger and a new PLE band appears around
5.7 eV if the sample was irradiated in vacuum, while the PL intensity becomes smaller for the samples irradiated
in air or in oxygen. When the PLE was detected at 2.9 eV, the PL was observable only in the sample that had
been irradiated in vacuum as shown in Fig. 4(c). These results suggest that different chemical groups were
formed through different processes depending on the point that oxygen was present or not when the sample was
irradiated for 1000 s by the ArF excimer laser. Namely, the luminescence center disappears by the continuous
photon irradiation in the presence of oxygen, while a new luminescence center is induced by similar irradiation if
oxygen is not present.

When the photons from an ArF excimer laser are irradiated to PP, the luminescence component around 4 eV
decreases with an increase in irradiation time irrespective of the irradiation atmosphere. This is probably due to
the decomposition of unsaturated ketone which is present in PP as an impurity. The luminescence component
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around 3 ¢V increases with an increase in irradiation time only in the case that the laser irradiation was done in
vacuum. This is probably caused by the double bonds induced by the irradiation. These results suggest that

different chemical groups are induced depending on the irradiation atmosphere.
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We have been developing a spectroscopic system in which both synchrotron radiation (SR) and laser are used
[1, 2]. The system is designed for investigation of dynamical behaviors of excitations in inner-shell electronic
states of solids through non-linear spectroscopy such as two-photon and pump-probe spectroscopy. The wide
spectral range of SR, from X-ray to infrared, and the high power of lasers are combined in the system.

BaF, is known as a scintillator with 6-eV luminescence in high-energy physics. The luminescence is observed
under excitation with photons above 17.8 eV. This energy corresponds to that between the outermost core state to
the conduction band [3]. 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. In this paper, we report laser-induced increase of AFL intensity of BaF, under excitation through SR. The
block diagram of the measuring system is depicted in Fig. 1. The basic design is the same as that in Ref. 2. The
temperature of the sample was 295 K. An optical fiber was used for two purposes: introducing the laser light to
the sample and stretching the laser pulse to 0.5 ns. The duration of the original laser pulse was 160 fs. The
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Fig. 1 The block diagram of the experimental setup.
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shapes of excitation pulses of the laser and SR are
shown in panels (a) and (b), respectively, of Fig. 2.

Panels (c) and (d) of Fig. 2 show the time
responses of the AFL under the simultaneous
excitation by SR and laser and the excitation by SR
alone, respectively. The photon energy of SR was
18.4 eV. The signal was accumulated for about an
hour for each curve. The humps at —12.5 ns are not
caused by AFL or other luminescence [4]. The
absence of signal at 11 ns indicates that the filter and
monochromator prevent the false light-signal due to
the scattered laser-light completely.

The intensity of AFL under SR-laser excitation is
larger by several percent than that under excitation by
SR alone as shown in Fig. 2. However, the ratio of the
increase was varied significantly in separate
measurements at the same beam line.

Searching for the cause of this uncertain value of
the ratio, we noticed the existence of defects in the
sample at low temperatures. Defects-related
enhancement of Iluminescence under SR-laser
excitation was reported previously [5]. In this report,
a crystal of BaF; was kept 15 K and luminescence of
self-trapped excitons was detected. We observed that
the AFL intensity decreased after irradiation of SR
light for a few tens hours at 295 K. It is implied that
defects are created and remain to decrease the AFL
intensity even at a room temperature.

If breaking defects by the laser light causes the

“ “ (a) laser “ ]
B 0_ 15
-]
2 b) S
z ( ) R
5
c 0
= ‘l 5
200
(C)AFL
SR(18.4 eV)
100 +laser(3.1 eV) |
0 pomatssnnt
w -15 5 10 15
£ 200 M
S (d) AFL
SR (18.4 ¢V)
100
] . S it
-15 -10 -5 0 5 10 15
Time (ns)

Fig. 2 Temporal behaviors of (a) laser pulses, (b) SR
pulses, (c) AFL under SR-laser excitation, and (d) AFL
under SR alone excitation.

increase of the AFL intensity, the ratio depends on the number of defects. Assuming that this number varies with
the time-length of irradiation of SR prior to the measurement, there is a possibility that the increase rate varies

sample to sample in separate measurements.
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Optical properties of lead halides have been studied extensively so far by several groups. Especially,
luminescence studies of these materials have been carried out since they give complimentary information
on the photolysis phenomena. Orthorhombic tin halides, SnBr, and SnCl,, have the same crystal structure
(space group Pmnb) and the similar electronic configurations as orthorhombic lead halides. It is interesting
to know the electronic structures and exciton states in Sn halides. The investigation of the optical properties
of SnBr; and SnCl, would deepen our understanding the energy relaxation processes in this system.
However, only a few studies on optical properties of Sn halides have been reported so far. =

Reflection measurement of SnBr, has revealed a pronounced polarization dependence of the first
exciton band at 3.4 eV.*’ The polarization dependence has been well interpreted as a cationic interband
transition in Sn>" (5s—35p) under the crystal field with Cs symmetry.” Moreover, the observed first exciton
structures in SnBr, are considerably sharp as compared with those in orthorhombic Pb halides.*” The
exciton binding energy has also been estimated as 32 meV. The logarithmic plot of the absorption spectra at
the absorption edge has been found to give a straight line, ? that is, the absorption tail of SnBr; is described
as the Urbach rule. The obtained small value of the steepness parameter op = 0.7 suggests that the
electron-phonon interaction is in a strong case, and the free carriers are expected to be self-trapped in
SnBr,.

Luminescence measurements of SnBr; single crystals were carried out at BL1B in the UVSOR facility.
The samples were mounted on a copper block attached to a temperature-variable cryostat of liquid
helium-flow type. The light beam passed through a 1-m Seya-Namioka type monochromator was incident
on the sample surface. Luminescence emitted from the illuminated surface was collected by lenses, and
analyzed through a Jovin-Yvon HR320 monochromator equipped with an R955 photomultiplier.

Figure 1 shows the luminescence spectra of SnBr, measured at 12 K. The polarization of excitation
light was along the b-axis of the crystal. The spectrum shown by solid curve was obtained under the
excitation with 3.39-eV light whose energy falls in the first exciton region. Two luminescence bands are
observed at 2.17 eV and 1.85 eV. The 2.17-eV band has a Gaussian lineshape and a large Stokes shift of
1.24 eV from the lowest exciton energy for E//b polarization. When the excitation was made with
higher-energy light than the bandgap energy, on the other hand, the luminescence spectrum changed
drastically as shown by hatched curve in the figure, where the excitation energy was 6.20 eV. The spectrum
consists of a broad band peaking at 2.52 eV, and the weak structures around 2.3 and 2.9 eV. The intensities
of these luminescence bands become weak when the sample is warmed above 50 K, and almost disappear
at 100 K.

Figure 2 show the excitation spectra for the 2.17-eV band (solid) and 2.52-eV band (hatched)
measured at 12 K. Arrows indicate the first exciton energies for E//b polarization. As clearly seen, the
2.17-eV band is efficiently produced under the photo-excitation in the first exciton region. On the other
hand, the 2.52-eV luminescence is hardly excited under the exciton region, but stimulated by photons with
energies higher than the bandgap. It is thus confirmed that under excitation in the lowest exciton band the
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2.52-eV luminescence is not observed while the 2.17 eV luminescence appears strongly. Although not
shown in the figure, the excitation spectrum for the 1.85-eV band exhibits a strong peak at 3.11 eV,
suggesting this band is ascribed to some impurity.

There have been found two types of luminescence in PbBr; at low temperatures.g’g One is the B
luminescence (2.75 eV) produced under the excitation in the first exciton region, attributed to the radiative
decay of self-trapped excitons at Pb”" ion sites in PbBr,. The other is the BG luminescence (2.62 eV)
stimulated by photons with energies above the band gap, which originates from tunneling recombination of
holes released from some trapping centers with electrons trapped at the Pb,”* STEL centers.'® The 2.17-eV
band in SnBr; is probably ascribed to self-trapped excitons similar to the B band in PbBr; since the 2.17-eV
band appears under the excitation of the first exciton region, that is, this band is originated from the
radiative decay of self-trapped excitons at Sn*" ion sites. On the other hand, it is probable that the origin of
the 2.52-eV band is due to the similar relaxed excited states to the BG luminescence in PbBr;, namely the
tunneling recombination of holes with electrons trapped at the Sn,”* STEL centers.
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Fig. 1. Luminescence spectra of SnBr; excited Fig. 2. Excitation spectra for 2.17-eV (solid) and
with 3.39-eV light (solid) and 6.20-eV light 2.52-eV band (hatched) of SnBr, measured
(hatched) with E//b polarization at 12 K. at 12 K.
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Recently, the phosphors to convert vacuum ultraviolet (VUV) photons into visible photons, which are
used in mercury-free fluorescent lamps and plasma display panels, have been researched extensively. The
materials with a higher quantum efficiency and higher stability for VUV light emitted from Xe dimers (172
nm) and/or monomers (147 nm) are naturally quite needed.

In some of rare-earth activated fluorides, the conversion of one VUV photon into two visible photons is
reported to be possible. Such a phenomenon is called “quantum cutting” or “quantum splitting”. This
indicates that these VUV phosphors have quantum efficiency more than 100%. Especially, LiGdF4:Eu
phosphor has been reported to convert one VUV photon into two visible (red) photons with a quantum
efficiency close to 200% [1]. This conversion is caused by the energy transfer from the Gd* site, which
absorbs one VUV photon, to two Eu®" ions which emit two red-light photons. However, the £f transition in
the Gd** site is dipole-forbidden in origin, so that the absorption of the VUV photons is quite weak. On the
other hand, it has been reported in NaGdF,:Ce,Eu that the absorbed UV-photon energy in Ce*" ions due to the
allowed f-d transition transfers to Eu’" ions through Gd®* sublattices [2]. In the same manner, Pr’* jons are
expected to act as a suitable sensitizer to the VUV photons emitted from a high-pressure Xe discharge at
around 172 nm, since the allowed f-d absorption in Pr’* ions in fluoride phosphors are observed at around 180
nm. In the present study, we have examined whether the energy transfer occurs or not from Pr’* ions to Eu®*
ions in NaGdF,:Pr,Eu phosphor.

On the right-hand side of Figure 1 are shown the luminescence spectra of NaGdF,:Pr,Eu, NaGdF,:Eu,
NaGdF,:Pr and NaYF,:Pr at room temperature. The excitation was made by an ArF excimer laser (193 nm).
Measurements of the excitation spectra for these luminescence lines are carried out with use of SOR at BL1B
in the UVSOR facility. The results are shown on the left-hand side of the figure.

In NaGdF,:Pr, only a luminescence line is observed at 310 nm. This luminescence line is attributed to
the f-f transition from GPJ state to sSm ground state in Gd*" sublattice. It is found that the luminescence is
efficiently excited at around 180 nm, which is due to the f-d transition in Pr'* ions, since no structure is
observable in the excitation spectra for phosphors without Pr’* ions. This fact indicates that the energy
transfer occurs from Pr'’ ions to Gd** sublattices in NaGdF,:Pr. In NaYF4:Pr, on the other hand, the f-d
excited states in Pr’* ions at around 180 nm relax immediately to iSo state, and then emit 407-nm photons
ascribed to the f-f transition in Pr’* ions [3].

The similar energy transfer is found also to occur in NaGdF4:Pr,Eu. In both NaGdF;:Euand NaGdF,:
Pr,Eu, all prominent luminescence lines arise from the f-f transition of Eu’” ions. The luminescence line at
615 nm is attributed to the transition from ’Dj to 7F0 state in Eu’" ion. In the excitation spectrum of
NaGdF4:Pr,Eu, one can see the excitation peak at around 180 nm, assigned to the f~d transition in Pr' ions.
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These results show clearly that the VUV light absorption in Pr’* ions gives the red luminescence of Eu*" ions.
It is concluded that the energy transfer from Pr’* ions to Eu’* ions through Gd** sublattice efficiently occurs
in NaGdF4:Pr,Eu. Further study is needed to confirm whether the “quantum cutting” occurs or not in this
system.

References

[1]R.T. Wegh, H. Donker, K.D. Oskam and A. Meijerink, Science 283 (1999) 663.
[2] H.S. Kiliaan, J.F.A.K. Kotte and G. Blasse, Chem. Phys. Lett. 133 (1987) 425.
[3] J.L. Sommerdijk, A. Bril and A.W. de Jager, J. Lumin. 8 (1974) 341.

excitation spectra | emission spectra
(excited by SOR) | (excited by ArF excimer laser (193nm))
S s e
| I 1 | | I I | | 1 1
:‘;; RT
e L NaGdF,:Pr, E
g T - *
L
£ NaGdF :Eu
7] 4
c - A )
o
£
5 NaGdF :Pr
‘® t
2
=
& NaYF,:Pr
] Al T\ LA A gt

100 200 300 400 500 600 700
Wavelength (nm)

Figure 1. Luminescence spectra excited by 193-nm ArF excimer laser (right) and
the excitation spectra for the luminescence lines indicated by arrows (left) at room temperature.

= J17 =



(BL1B)
Study on the defects in silica irradiated by a nuclear reactor

Tomoko Yoshidal, Tetsuo Tanabel, Tatsuya Ii2, Shunsuke Mutol and Yoshitaka Inaki3

ICenter for Integrated Research in Science and Engineering, Nagoya University, Nagoya 464-
8603, Japan

ZDepartment of Nuclear Engineering, Graduate School of Engineering, Nagoya University,
Nagoya 464-8603, Japan

3Department of Applied Chemistry, Graduate School of Engineering, Nagoya University, Nagoya
464-8603, Japan

Introduction

Neutron irradiation and radiation effects on silica glasses are one of the main concerns for
their application as optical windows, insulators and optical fibers in fusion reactors as well as
fission reactors.[1,2] Recently, dynamic effects of the irradiation in silica glasses have been
observed as degradations of their good transparency, high electrical resistivity, low optical
absorption and luminescence during in-reactor irradiation.[1-5] In order to investigate dynamic
effects of in-reactor irradiation on silica, we have tried to make in situ luminescence
measurement of silica glasses induced by in-reactor irradiation. In-reactor luminescence (IRL)
was expected to originate mainly from the defects in silica. To confirm this, in the present study,
IRL was compared with the photoluminescence which would be closely correlated to the defects
in silica.

Experimental

The samples used in this work were fused silica glasses (T-1030 and T-2030) and
synthesized silica glasses (T-4040) of 13 mm diameter and 2 mm thickness produced by Toshiba
Ceramics, Japan with different OH content.

In-reactor irradiation have been carried out using the nuclear reactor YAYOI at the University
of Tokyo. YAYOI was operated with a power of 0.5 or 1.5 kW (the neutron flux were about 2 x

1015 n/m?2 s and 6 x 1019 n/m? s, respectively) with an average neutron energy of 1.3 MeV and y
ray level was about 3.0 kGy/h.[6]

The photoluminescence (PL) spectra were measured at room temperature using synchrotron
radiation at the beam line 1B station (BL-1B) attached with an 1m Seya-Namioka
monochromator at UVSOR, Institute for Molecular Science, Okazaki, Japan, operated at electron
energy of 750 MeV. The spectra were measured using monochromator (SPEX 270M) equipped
with a photomultiplier (Hamamatsu R4220).

Results and Discussion

Fig. 1 shows observed luminescence spectra from various types of silica glasses irradiated in
the reactor core. One can see that the IRL spectra of the low-OH fused silica glass (T-2030)
consist of two broad bands peaked at 4.2 and 3.1 eV. The intensity of the 4.2 eV IRL band
stayed constant during irradiation, while that of the 3.1 eV IRL band decreased linearly with the
irradiation time. The high-OH fused silica glass (T-1030) showed similar double peaked spectra
but the emission intensity was much less than that for the low-OH fused silica glass (T-2030).
The 4.2 eV IRL band also showed no change with the irradiation time, whereas the other IRL
band was centered at 2.8 eV not at 3.1 eV, and grew with the irradiation. For the high-OH
synthesized silica glass (T-4040), the IRL band at the lower energy side can not be seen in Fig.
1. However, a new IRL band appeared at 2.8 eV and its intensity increased by the prolonged
irradiation
Fig. 2 shows the photoluminescence (PL) spectra obtained under excitation at various energy
(5.1 eV - 7.7 eV) for both the low-OH fused silica glass (T-2030) and the high-OH synthesized
silica glass (T-4040) before and after the irradiation. In the spectrum of the unirradiated low-
OH fused silica (Fig. 2a), two PL bands at 3.1 eV and 4.2 eV were observed, and these two PL
bands were reduced remarkably by the in-reactor irradiation (Fig. 2b), which is parallel to the
3.1 eV IRL band. On the other hand, the PL spectra of the unirradiated high-OH synthesized
silica glass (T-4040) were different from those of the low-OH one (T-2030); no significant PL
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Fig. 2 The photoluminescence emission spectra excited at various energies in (a) an unirradiated
low-OH fused silica_glass (T-2030), (b) the reactor irradiated low-OH fused silica glass (neutron
fluence is 2.8 x 1019 n/m ). (c) an unirradiated high-OH synthesized silica glass (T-4040), and (d)
the reactor irradiated high-OH synthesized silica glass (neutron fluence is 2.7 x 104V n/m#). The
excitation energies are shown in the figure. The excitation energies in (¢) are the same as those
in (d).
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One of the most important characteristics for the comrelated 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. Optical reflectivity measurements over a wide energy range and the

optical conductivity spectra derived from the reflectivity spectra provide us with useful information

about the strongly correlated electron systems.

In this beam time, we measured the reflectivity spectra of several transition-metal oxides, including

Mu-, Ni-, Co-, Mo- and V-oxides, for an energy range of 4 eV < E < 35 ¢V at room temperature using

the beam line BLL1B. The measured reflectivity data, together with the lower-energy data below 6 eV,

were used lo derive the optical conductivity spectra or diclectric function via the Kramers-Kronig

analysis. As an example, the imaginary part of the dielectric function of perovskite-type Mn-oxide, a

detwinned single crystal of LaMnO, is shown below. This compound shows the orbital ordering below

Too ~ T80 K.

At the orbital-ordered state, the
spectra show the strong anisotropy
between the polarizations parallel and
perpendicular to the c-axis in the
Pbum orthorhombic structure. These
polarization-dependent optical spectra
are interpreted in terms of anisotropic
electronic structure reflecting orbital
ordering. Since the anisotropy is
especially pronounced for a peak at 8
eV, this peak is assigned to the
transition between O 2p and Mn e,

levels.
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As LiNiO, is a promising material for the positive electrode of the Li ion secondary batteries, it attracted
much interest. We found the drastic increase of the reflection of LiNiO, above 300 K in the millimeter wave
region previously [1, 2], and we suggested that this increase of reflection is related to the motion of Li ion in the
system. Moreover, we extended our study to the low energy region down to 5 cm™ and also extended our study
to the study of Li;, Ni O, in order to discuss the effect of the non-stoichiometry, which degrades the charge
and discharge characteristics [3-5]. However, the study of Li| NiO, is important because it is the intermediate
state in the charging and discharging proccesses. Thereofre, we performed the reflection measurement of
Li, NiO, in the millimeter wave region.

The reflection measurements of Li, NiO, sample have been performed in the spectra region from 10 to 60
cm’' using the beam line BL6A1 of UVSOR. The temperature was changed from 79 to 380 K. The gold plate
was used as a reference and InSb detector was used as a detector. Figure 1 shows our results for Li; NiO,
sample. The reflection spectra above 25 cm™ are similar with those for stoichiometric LiNiO, for all temperatures.
However, the reflection spectra of Li, NiO, below 25 cm™ decrease as the temperature is increased above 300
K. This suggests the change of the motion of Li ions at high temperature in Li, NiO,. These behaviors are
completely different with those of non-stoichiometry samples. For more detailed discussion, the measurements
of Li, NiO, in the lower wavenumber region below 10 cm™ are required.
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Today, the natural environment is protected , and to ensure the safe and clean energy
resource is the very important problem which must urgently reach solution. The solar cell can
solve this problem, and it will be necessary energy supply source in the next generation. At present,
there are crystal, polyerystal and amorphous semiconductor as a material of the solar cell. The
amorphous semiconductor is the most advantageous material compared to other materials in
respect of conversion efficiency and manufacture cost and area expansion, ete. Though the
amorphous solar cell had been used as batteries such as electronic calculator and clock practically,
the degradation by the light is large problem, when the high power was produced. However, the
mechanism of the photodegradation phenomenon[1] is unresolved still. It is known that the
amorphous semiconductor shows the photoinduced phenomena which is also very various except
for the photodegradation phenomenon|2,3]. The application of the amorphous material to optical
function devices is greatly expected by this fact. Although a large number of studies have been
made on the photoinduced phenomena, there is seldom a photoinduced phenomenon in which the
mechanism is clarified as well as the photodegradation phenomenon. Then, we advance the
research on the photoinduced phenomena of the amorphous semiconductor using the synchrotron
orbital radiation as a trial of the new research recently. Until now, these phenomena have been
studied by exciting and producing the most outer shell electron using the light with the energy
which corresponds to optical band gap as a light source. Using the synchrotron orbital radiation,
we advance the research from the viewpoint of two. One is a viewpoint of the research of the
photoinduced phenomena by the core electronic excitation, and it is a viewpoint of studying the
energy structure change over the wide energy region in another. From such viewpoint, the
experiment was advanced in the UVSOR facility of the Institute for Molecular Science in Okazaki,
and the reversible change of optical band gap was found as a core electronic excitation effect, and it
was found that the efficiency of the phenomenon depended on the energy of the exciting light[4,5].
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[6-8]. In the
previous work, we measured the total photoyield spectra and the VUV reflection spectra in
amorphous arsenic sulfide (a-As,S,) films in order to study the photoinduced effects of those optical
spectra by the irradiation of the bandgap light and the VUV light[9]. In the present work, we
measured the total photoyield spectra and the VUV reflection spectra in amorphous arsenic
selenide (a-As,Se.) films.

Samples used for those measurements were amorphous chalcogenide (a-As,Se; & a-
As,S,) films. Thin films of amorphous chalcogenide were prepared onto quartz substrates by
conventional evaporation technique. For the measurement of the total photoyield spectra, the
amorphous chalcogenide film was deposited, after an Al electrode was fabricated on the substrate.
A typical thickness of an amorphous film was around 0.5 xm. The samples were annealed at near
the glass transition temperature for two hours in a vacuum. The experiments were performed at
room temperature at the BL5B beam line of the UVSOR facility of the Institute for Molecular
Science. For the measurement of the total photoyield spectra, we obtained the spectrum by
measuring the sample drain current. We also monitored the spectrum of light source by measuring
the photoyield of the gold mesh. 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.
The reflection spectrum was obtained by normalizing the spectrum by the spectrometer system
response. In the measurement of these spectra, the spectra in the equal position of the sample
would be able to be measured at the same time.

Figure 1 shows the total photoyield spectra of a-As,S, and a-As,Se; at room temperature
in the wavelength region between 15nm and 35nm. In the figure, the photoyield spectrum of the
gold mesh is also shown. Two main peaks were observed at this wavelength 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. Though these peak were also observed at the reflection spectra,
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there is slight difference in the peak position. As you see in the figure, the components of the
photoyield of the aluminum electrode were included for the photoyield spectra of the amorphous
chalcogenide films. It is a problem to remove the components of the electrode from the photoyield
spectra. In addition, there was the case in which the peak which corresponds to the core level
appeared as a dip at some spectra of a-As,S, films. In the measurement of the present photoyield
spectra, it seems to have to consider the influence by the absorption in the thick film with not good
conductivity. This point is carrying out the examination at present. Further analysis of these
spectra is now in progress. We pay attention to the photoinduced effects near this wavelength
region. We now are investigating photoinduced change on these spectra. 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 Total photoyield spectra of a-As,Sey/Al, a-As,S./Al and Au mesh at room temperature.
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A magnetic Kerr rotation apparatus in the 50-70 eV region has been developed. The schematic illustration
is shown in Figure 1. It consists of an Al/YB; transmission multilyer polarizer, a magnetic circuit, a sample
holder and a rotating analyzer unit. It was accommodated in a vacuum chamber equipped with a goniometer, at
BL5B of the UVSOR Facility. The magnetic circuit was composed of four Sm-Co permanent magnets which
generate a magnetic field of 0.82 T at a sample position. Angles of incidence of 60°-85° and 10°-30° can be
chosen for longitudinal and polar Kerr configurations, respectively. A rotating analyzer unit consists of an
Al/YBg reflection multilayer analyzer, a micro-channel plate and a pulse motor. It can be rotated around an
optical axis with a fixed angle of incidence called quasi-Brewster angle. The Al/YB¢ multilayer polarizer and
analyzer are similar to those employed in previous Faraday rotation measurements. "
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l/ g Transmission
3 ultilayer Polarizer
\\ Magnetic Circuit
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[Polar Analyzer Unit
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Intensity
Monitor Sample
(Longitudinal Kerr Configurati

Reflection

Fig. 1.  Magnetic Kerr rotation apparatus.

Employing the apparatus, preliminary measurements of magnetic Kerr rotation were performed on a Co
100 nm thick single layer sputtered on a Si wafer, around Co M, 5 absorption edges. The measurements were
carried out at room temperature in longitudinal Kerr configuration in which magnetization was parallel to both
the sample plane and the plane of incidence, using s-polarized incident light. Angles of incidence were fixed at
0 = 65° and 80°. The experimental results for 8= 65° and 80° were plotted by closed circles in Figures 2(a) and
2(b), respectively. The maximum rotation angles about 2.5° for @ = 65° and 1.6° for & = 80° were observed at
neighborhood of Co M;; absorption edges as seen in Figures 2(a) and 2(b). For the purpose to confirm the
validity of the obtained Kerr rotation spectra, we have compared with those calculated from a Faraday rotation
spectrum using equations derived by Zak ef al. for determining magneto-optic coefficients.” The Faraday
rotation spectrum had been measured on a 39.8 nm thick Co film magnetized perpendicular to the sample plane,
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in a magnetic field of 0.82 T generated by the same magnetic circuit, at BL8B1 of the UVSOR. In this
calculation, we have adopted isotropic optical constants of the nonmagnetized Co film and the nonmagnetic Si
wafer, given in a literature.”’ In Figures 2(a) and 2(b), calculated Kerr rotation spectra are shown by solid lines.
Calculated results show that the maximum rotation angle is larger for 8 = 65° than for 8 = 80° which is
consistent with experimental results. However, absolute values of experimental Kerr rotation angles are smaller
than those of calculated ones. The main reason for the difference may be due to the difference of magnetization
between Kerr and Faraday measurements. In applied magnetic field of (.82 T, the magnetization of the Co film
is saturated in longitudinal Kerr configuration but unsaturated in the Faraday configuration. To confirm the
above-mentioned reason we are carrying out the similar measurement on Ni film, of which perpendicular
saturation magnetic field is 0.61 T and smaller than the applied magnetic field of 0.82 T.

E;D O o e e B N B S s m s m s e
S E ]
T a5k (a) (E=065°8p01 - i Fig. 2. Experimental (closed
=) C L ]
5 [ ® Exp.(100am 082D 1 circles) and calculated (solid lines)
2.0 - [] Cal.

g : longitudinal Kerr rotation spectra
E 15 . of Co for s-polarized light at
o C
P 10f angles of incidence of (a) 6 =65°
- .
o s = 80°
2 osf and (b) 8= 80°.
|§ -
= 0.0
g
By -05F
= L
o L
o | Qo ey

53 54 55 56 57 58 59 60 61 62 63 64

Photon Energy(eV)

e,
%{) 2.0 T T T T T T T T ] 1 T T ' T L{ T ok o 1 4
A G
5 L o
sl (b) i (8= 8, s-pol., RT) 5
= =k i @ Exp. (100 nm, 0.82T)| |
< r E (] Cal. 1
5 of t
: 1.0 i
B | 4
=} r E J
& oosL ]
B i i
2 ot :
E 0.0 [ ? -L T - o 1
R T
2 sk { .
& ]
Q 3
O [ o J 0 N LA - N PO SN, (NSRS, SRS IEUS, PN SPUNS, SRS, DR

53 54 55 56 57 58 59 60 61 62 63 64 65 66

Photon Energy(eV)
References

1) W. Hu, T. Hatano, M. Yamamoto and M. Watanabe, J. Synch. Rad. 5 (1998) 732.
2) 1. Zak, E. R. Moog, C. Liu and S. D. Bader, Phys. Rev. B 43 (1991) 6423.
3) E.D. Palik: Handbook of Optical Constants of Solids (Academic Press, 1985).

— 125 —



(BL5B)
Reflection spectra of Gai-xIngN ternary alloy semiconductors

A. Wakahara, T.Misaki, T.Nakajima, and Q. Guo *

Toyohashi University of Technology, Tempaku-cho, Toyohashi, 441-8580, Japan
*Saga University, Saga, Japan

Group-I1I nitride semiconductors, such as AIN, GaN, InN, and its alloy, have been paid much attention
for application to optoelectronics, those are able to cover from 6.2 to 1.9¢V. Recent progress on crystal growth
achieved high quality GaN layer on sapphire substrate, and very bright blue/green light-emitting diodes (LEDs)
have been commercialized, and also, continuous wave operation of current-injection violet laser has been
achieved by means of GaInN/GaN multi-quantum well (MQW) laser structure [1-3]. In order to design the
device structure, it is important to know fundamental properties of the materials. However, the fundamental
properties of GalnN, such as effective masses, optical constants, and elastic constants, are not well investigated.
Moreover, it is difficult to grow GalnN with uniform In composition, because the covalent bond length of In-N is
much linger than that of Ga-N and it leads to the phase separation phenomenon, and thus it is interested in the
effect of compositional in homogeneity on te band structure of GalnN. In this study, reflection spectra are
measured in infra-red to vacuum ultraviolet region and optical constants are calculated via Kramers-Kronig
analysis.

GaInN ternary alloy were grown on sapphire (0001) substrate by remote-plasma enhanced
organometallic vapor phase epitaxy, in which RF (13.56Mhe) discharging of N, generated reactive nitrogen
source. The group-IIl precursors were trimethylgallium (TMGa) and trymethylindium (TMlIn). The detailed
growth conditions were described in the previous publications [4]. The substrate used in the experiments was
(0001)-oriented sapphire wafer. GaInN layers were grown at 680°C. In composition ‘X’ of GalnN layers was
determined from lattice constant measured by X-ray diffraction assuming Vegard’s low, and was in the range of
0.07-1.0. The layer thickness of the GalnN layer was about 0.2um. Reflection spectra were measured by
double-beam spectrometer for the photon energy less than 6eV and by BL5A for higher than 6eV. Incident angle
defined as the angle between incident light and the normal direction of the sample surface was 10 degree.

Figure 1 shows reflectance spectra of GaInN with different In composition. It can be seen in the figure,
that sharp peaks are observed in the range of 2-11eV. For the reflectance of InN, peaks can be seen at 2.1, 4.8,
5.3,7.9, ~9.10.7, and 11.2eV, and these are well agree with previously reported value [5]. The peak position of
these peaks systematically shifts as decreasing the In

contents. Higher energy transition was investigated via N S R S e e R
dielectric function. The dielectric function was
calculated via Kramers-Kronig analysis using
reflectance spectra shown in Fig.1. Figure 2 shows the
imaginary part of the dielectric function ‘g;’. In the
case of GaN, critical point structures are reported at
3.4 (By, I'6—11), 6.9 (E,, critical points in close to M),
7.75 (A-L and L-M), and 9.2eV (/=M and A-H) [6]. For
InN, critical point structures can be seen at 2.3, 4.7, I X=0.07
5.3, ~8, —~9,and —~10eV. Critical points at 2.3, 4.7, = -

5.3, and —~ 10eV would be corresponding to the

Reflectivity [a.u.]

| e Y e A (R Ly Rt

transitions of Eo, Uy—U,(critical point in L-M), M,— 0 5 10 15
M;, and critical point in /M, respectively [5,7]. In PHOTON ENERGY [eV]
order to see the shift of critical points as a function of

Fig.1. Reflectance spectra of GalnN with different In
composition.
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In composition, we focused on the peaks corresponding to the similar transitions observed in both GaN and
InN. Figure 3 shows relationship between the transition energy of critical point and In composition. As can be
seen in the figure, both Ey and E; decrease with increasing In composition. The transition energies of EO and El
are well fitted to a relation of E(x)=Egn(1-X)+En(X)-bX(1-X), where X is In composition and b is called
bowing parameter. Obtained bowing parameters for Eq and E, transitions estimated from the figure are 1.8eV and
0.6eV, respectively. The obtained bowing parameter for Eg transition is larger than the reported value of 1eV
[8,9]. E; and other higher band transitions indicate small bowing.
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To obtain optical constants of solids, some methods are adopted. In the case of insulators, the
ellipsometry that can directly measure the phase shift is a powerful tool for the investigation of the
optical constants as well as the electronic structure. However, the method cannot be adapted to
metallic materials because these cannot be transparent. In such case, the Kramers-Kronig analysis
(KKA) is useful. The KKA needs an accurate reflectivity spectrum in the energy range from 0 to
infinity. However, since we cannot measure a spectrum in such energy range, we have to extrapolate
below and above the obtained spectrum. Here we report the effect of the limited energy range to the
optical constants.

The reflectivity spectrum of CeSb at 300 K is measured in the energy range from far-infrared to
soft x-ray (0.01 - 250 eV) by using BL6A1 (0.01 — 1.5 eV), BL7B (1.4 — 30 eV) and BL5B (15 — 250
eV) shown in Fig. 1. CeSb is one of typical strongly correlated electron systems with 4f electrons
and low carrier density [1]. It is easy to cleave along a (100)-plane because of the NaCl-type crystal
structure. In the BL7B and BL5B region, the clean surface of the sample was obtained by cleavage
in situ. Because the cleavage surface is flat microscopically, no diffused scattering on the surface
occurs. Then absorption peaks in the high-energy range, for instance the Ce 4d-4f absorption at 120
eV, were clearly observed.

The optical conductivity spectra of CeSb obtained by the KKA of the reflectivity spectrum are
shown in Fig. 2. Three lines indicate the optical conductivity spectra using the different limited
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Fig. 1. Reflectivity spectrum of CeSb in the energy range of 0.01 — 250 eV at 300 K (solid
line). The dotted line indicates the slope of R(w) o w™.
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energy range of the reflectivity spectrum. The solid line is the energy range of 0.01 — 250 eV, the
dashed line 0.01 — 30 eV (up to the BL7B and BL1B region) and the dotted line 0.01 — 6 eV (up to the
conventional UV spectrometer region). The extrapolations below and above the energy range were
commonly adapted to be the Hagen-Rubens function (R(®) = 1 - A-0"?) and R(w) = B-w*, respectively
[2]. Here, A and B were determined to be smoothly connected to the reflectivity spectrum.

The solid line in Fig. 2 indicates six main structures, the absorption due to carriers below 0.3 eV,
Sb 5p — Ce 5d (from the valence band to the conduction band) at 0.5 — 15 eV, Ce 5p — 5d at 25 eV,
Sb 4d — 6p at 39 eV, Sb 4p — 5d at 80 eV and Ce 4d — 4f at 120 eV. The solid line is a reasonable
spectrum of the electronic structure of CeSb. The dashed line is very similar to the solid line below
30 eV. However the dotted line is much different from the solid line. Particularly, the shape of the
Sb 5p — Ce 5d absorption is much different because of the limitation of the energy range. In
addition, the shape of the carrier absorption is different from the solid line. This causes a mistake to
evaluate the character of carriers.

Since the extrapolation function of R(w) = B-w™ seems to obey in the energy range above 20 eV
roughly as shown in Fig. 1. The 20 eV is the upper limit of the transition from the valence band to
the conduction band. The energy is almost equal among all materials. Therefore, if we use the
extrapolation function of R(w) = B-w™, the reflectivity spectrum should be measured in the energy
range above 20 eV.

[1] T Suzﬁki, JIAP Series 8 (1993) 267.
[2] F. Wooten, Optical Properties of Solids, Academic Press, (1972).
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Fig. 2. The difference of the optical conductivity spectra of CeSb due to the spectral
range effect. The solid line is used the reflectivity spectrum of 0.01 — 250 eV,
the dashed line of 0.01 — 30 eV and the dotted line of 0.01 — 6 eV. The
extrapolation functions below and above the spectral range for the
Kramers-Kronig analysis were commonly adopted to be the Hagen-Rubens
function and R(w) = B-w™, respectively.

— 129 —



(BL6A1)
Optical conductivity spectra of Pr Ru,P;; due to metal-insulator transition

Lin Chen® , Masaya Nakayama® , Takao Nanba®, Itimin Shirotani®, and Chihiro Sekine®

a Graduate school of Science and Technology, Kobe University, Nada-ku,
Kobe 657-8501, Kobe,Japan
b Muroran Institute of Technology, 27-1, Mizumoto Muroran 050-0071, Japan

PrRu P, are ternary metal phosphides with the skutterudite structure (CoAs;-type) , which is represented as RT.P),
(R=rare earth element and T=transition metal). PrRuP), was found to show a metal-insulator (M-I) transition at
Te=60K [1]. After the success of the synthesis of these compounds , many kinds of experiments has started because its
very attractive physical properties. In general, infrared spectroscopy is a useful tool to know the information about the
precise change in the electronic structure very close to the Fermi level. The optical measurements ,however, has not yet
been done for these materials, We measured the temperature dependence of the optical reflection spectra of RRuP,;
(R=La,Ce,Pr and Sm) in the energy region of 0.005 4 ¢V. The optical conductivity spectrum (0 (@)) was obtained
from a Kramers-Kronig transformation of the reflectivity spectrum by using each extrapolation function at the both side of
the measured spectrum[2).

Figs.1show the temperature dependence of the low energy part of the obtained optical conductivity spectra
of PrRuP;. We can see that the formation of the shoulder-like structure takes place around 0.04 e V at the low
temperature regions instead of the disappearance of the Drude part due to the collective motion of the fice carriers in  the
conduction bands at the higher temperatures. This means that the energy gap was formed with the magnitude of 0.04 eV
at 10 K. The position of the shoulder shifts slightly towards the lower energy-side as well as  the suppression of the gap by
the Drude component according to the increase in the temperatures.

Fig. 2 shows the obtained 0 (@) -spectra of PrRiP), at 78 and 300 K in which PrRwP,, are a metallic
state, and the decomposition of the low energy part to the two simple Drude components (broken curves a and ). The
existences of the two Drude components in the 0 (@) -spectra means that there are at least two branches which come
across the Fermi level. The component, a, corresponds to the band which has a larger Fermi surface between the two
bands because the carrier concentration is higher than the component 5. The possibility of the existence of the two bands
which come across the Fermi level in the energy band scheme of PrRuyP), are pointed out by the recent energy band [3].
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Wide-tunable near-infrared (IR) to mid-TR light sources are needed for a variety of applications,
including spectroscopy, chemical monitoring, biomedical applications, and atmospheric and environmental
sensing. Frequency down conversion of 1 ym pump sources such as Nd:YAG lasers using optical parametric
oscillation or difference-frequency generation is a promising approach to obtain coherent light in the IR
region. Since it is necessary to satisty the phase-matching condition between the pump, signal, and
idler light in order to realize high conversion efficiency, the conventional phase-matching method using
birefringence in nonlinear-optical crystals limited the wavelength range and materials applicable. On the
other hand, quasi-phase matching (QPM) technique which periodically modulates the magnitude of the
nonlinear-optical coefficient has many advantages and has been intensively studied. Especially, recent
developments in fabrication of periodically poled LiNbO3 (PPLN) [1] have realized high-power pulse and
cw optical parametric oscillators which emit up to 4 pm. However, PPLN cannot be used for generating
light. of wavelength longer than 6 pm, because IR absorption in LiNbOg becomes significant. Although
generation of mid-IR, light around 10 um region, which is often called “fingerprints region for molecules,”
have been made with birefringent phase matching in some compounds such as AgGaS,, AgGaSe;, and
ZnGeP2, these materials are difficult to grow, thermo-mechanically weak, and have low optical damage
thresholds.

We are developing QPM devices using GaAs, which can generate mid-IR light up to ~16 pm. GaAs
has a large optical nonlinearity: the nonlinear optical coefficient of GaAs is 170 pm/V at wavelength
of 1.06 um, which is more than 6 times larger than that of LiNbOj [2]. Its transparent range is as
wide as 1-16 pm. Moreover, since GaAs is a popular semiconductor, the crystal-growth and processing
technologies are matured enough. We are fabricating the GaAs QPM structure by the diffusion-bonding
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Fig 1. Infrared absorption spectrum of the undoped GaAs,
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technique, in which several-tens-to-hundreds of micron-thickness GaAs plates are stacked with the di-
rections alternatively reversed, and bonded at the atomic level by heating. Although this technique was
applied first at Stanford University [3], the scattering losses at the interfaces of the plates were significant
and only low conversion efficiencies were reported [4]. However, we believe that the optical loss can be
greatly reduced by optimizing the fabrication processes. We report here the IR absorption spectra of a
raw GaAs sample, which can be used as reference.

Absorption spectra of semiconductors strongly depend on the dopant concentration. Semi-insulating
or high-resistivity samples are suitable for frequency-conversion devices because optical absorption is
much lower. We have prepared an undoped GaAs sample grown by Hitachi Cable, Ltd. The resistivity
was > 107 Qcm, the thickness 465 um, and the both facets were optically polished. 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 1-25 pm
(10000-400 cm~1).

Figure 1 shows the obtained absorption spectrum. The wavelength range 1-10 pm, where no absorp-
tion was observed, is not shown. The obtained result is in agreement with previously reported spectrum
of a n-type but high resistivity sample [5]. However, the absorption coefficients in low-absorption region
of 12-18 pm, which are important for evaluating the performance of the QPM device, could not be accu-
rately obtained in our measurement because of low signal-to-noise ratios. A much thicker sample should
be used in order to measure such small absorption coefficients.

We have a plan to compare the absorption coefficients between the diffusion-bonded stacked sample
and the raw bulk sample to evaluate the scattering losses at the interfaces of the stacked sample, and
feedback the fabrication processes.
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Physics of the colossal magneto-resistance (CMR) phenomena has been one of the central
issues of condensed matter physics in the last several years. In particular, the
ferromagnetic perovskite manganites, e.g., La1xSrxMnOs, have attracted much attention [1].
More recently, the TleMnzO7 pyrochlore has been attaining increasing interest, since it
exhibits a CMR that is comparable to those observed for the perovskites [2]. T1aMnz07 is
also a ferromagnet, and its resistivity (o) drops rapidly upon cooling through T. ~ 120 K.
Near and above T., an external magnetic field of 7 T reduces p by a factor of ~ 10.
Although these features appear very similar to those for the perovskites, various studies
have suggested that the underlying mechanism should be very different from that in the
perovskites [2]. In order to probe the electronic structures of TlaMn207 and its relation to
the CMR, we have studied the infrared optical reflectivity of TI2bMn207 under magnetic fields
at BL6A1, and the optical reflectivity in the visible, UV, and VUV ranges at BL7B. Figure 1
shows the reflectivity spectra (/) measured at various temperatures (7) and magnetic fields
(B). Figure 2 shows the optical conductivity spectra (o) obtained from & using the Kramers
Kronig relations. The sample used had a Curie temperature (77 of 120 K, and the T¢
induced spectral change is very large around 7. In addition, the B-induced spectral
changes are also largest near and above 7: (120 K - 140 K). These spectral changes show
that the electronic structures of Tl:MnzO7 become metallic and the carrier density increases
below 7¢, and the same change occurs also above and near 7% in strong magnetic fields. The
range 120-140 K is also where the CMR is observed, and the CMR mechanism in TIaMnz07

should be closely related to this carrier density increase.
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FIG. 1. Reflectivity (R) spectra
of Tl:Mn:0O7 at temperatures
160, 125, 110, and 40 K in
various magnetic fields (B).
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The group Ill-nitride semiconductors are promising materials for applications in opt-electronic
devices such as laser diodes and field-effect transistors. Ultraviolet (UV) detectors are one of the most
attractive devices in the group IlI-nitride semiconductors. Now, for the measurement UV light, photodetector
components with Si such as photodiodes are mainly used. However, light sensitivity often deteriorates due to
radiation damage in the VUV region. Several groups have reported on GaN or AlGaN based UV detectors.

Synchrotron radiation (SR) is a powerful light source of X-ray region. However, SR is also the
useful light source of VUV — infrared (IR) region because of its wide wavelength continuity. It gives us the
chances not only to investigate the electronic and optical structures, for example in ref.1) and 2), but also to
characterize the responsivity spectra of UV detectors in wide wavelength region.

In this report, we describe the responsivity spectra of Schottky type UV detectors between VUV and
visible (VIS) light region (4=41-563 nm, /1=2-30 V).

The UV detectors used in this study adopt the Schottky contacts with mesa structures. They consists
of a 3 pm thick n-GaN layer (n=2X10'"® cm™) and a 2.5 pm thick i-GaN layer (n=1.0 X 10'® cm™) on (0001)
sapphire substrate. These layers are grown by metalorganic vapor phase epitaxy (MOVPE). The Au/Ni
Schottky contact with mesa structure composed of 2-pm-electrode regions and 2-pm-window regions by liftoff
process is deposited on i-GaN. The diameter of detectors is 6.5 mm.

The responsivity of UV detectors is estimated by measuring photo current illuminating SR at the beam
line BL7B of the UVSOR Facility, Institute for Molecular Science. The BL7B is equipped with a 3m

34 UV detectors are

normal-incidence monochromator. The details of BL7B are already reported
illuminated with the monochromatic light, which is between A1=2.2 eV (4=564 nm) and A»=30 eV (4=41 nm).
The measurements of photo current are performed at room temperature in the vacuum chamber under the
vacuum of 10 Torr. The photo current is measured as reverse current of Schottky diode with zero bias or
applying reverse bias during the illumination of SR. Responsivity of UV detectors is calculated by dividing the

photo current by the photon energy.

The responsivity spectra of detectors on photon energy are measured. Figure 1 shows the

responsivity spectra at zero bias. No responsivity at the energy lower than 3.4 eV (the absorption edge of GaN)
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can be seen clearly. This means these detectors are available for UV or VUV region without filters, which cut
off visible light. The ratio of responsivity between UV and VIS region is about 2x10°. The characteristics of
responsivity spectra are considered as follows. In the case of £1<8.0 eV, there are no photoemission current of
Au and GaN so detectors can be used without photoemission. The maximum responsivity of this detector is 0.01
at hv=4.6 eV (1=270 nm). In the case of /#1>8.0 eV, photoemission currents of Au and GaN are not negligible
now. Especially, #12>9.5 eV, the photoemission current of GaN, which flows in the reverse direction of photo
current, is dominated so the sign of responsivity of detectors is negative. Thus, these detectors can be used
between 3.4 eV (360 nm) and 8.0 ¢V (155 nm). There are no reports on the responsivity spectra in vacuum
ultraviolet (VUV) region (A<200 nm). Therefore this result shows that these Schottky type detectors with mesa
structures are effective to detect VUV light (155<A<200 nm).

1) O. Ambacher et al.; MRS Intern. J. Nitride Semicond. Res. 2 (1997) Article 22.

2) K. Fukui et al.: Jpn. J. Appl. Phys. 38 (1999) Suppl.38-1, 538.

3) K. Fukui, H. Nakagawa, I. Shimoyama, K. Nakagawa, H. Okamura, T. Nanba, M. Hasumoto and T. Kinoshita;
J. Synchrotron Rad. 5 (1998) 836.

4) K. Fukui, H. Miura, H. Nakagawa, [. Shimoyama, K. Nakagawa, H. Okamura, T. Nanba, M. Hasumoto and T.
Kinoshitato: Nucl. Instrum. & Methods in Phys. Res. A. (to be published).
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Fig.1. The responsivity spectra of GaN based Shottky type UV detector.
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Although amino acids are known to be important building block of the life body, little is
known about absorption spectra [2], because the main part of oscillator strength of these
molecules is in the region of vacuum ultraviolet.

We measured absorption spectra of thin films of tryptophan (Trp) and methionine (Met) evaporated
on collodion films. Thickness of amino acid films was estimated to be about 40 nm by a calibration
with HPLC technique. Measurement was performed at the BL-7B in the wavelength region from 40 to
350 nm. In order to minimize the error in measurement of very weak transmitted light around 70 nm, we
used an electron multiplier as a detector for 40 — 130 nm. Extremely low pressure of amino acid films
allowed us measurement in vacuum at room temperature.

Obtained result was shown in Fig. 1.

The 220 nm peak of Trp was analyzed on the basis of peak position of the similar peaks of benzene
(185 nm) and that of phenylalanine (198 nm) [2]. On the basis of this comparison, we tentatively
concluded that the 220 nm peak of Trp was originated from the benzene ring part of Trp. The 280 nm
peak of Trp was analyzed in comparison with absorption spectra of glycine, alanine and aspartic acid [2,
3]. This comparison showed that the 280 nm peak was found only for the case of Trp, which implies that
the 280 nm peak was due to the pentagon part of Trp.

In order to confirm these assignments, we made a molecular orbital calculation using the
WinMOPAC software. A tentative result showed that a transition due to benzene ring was found around
220 nm and that a transition due to the pentagon part was found around 280 nm. Other results of

calculation were in a good harmony with the experimental results. Detailed analysis is being done.

References

[1] E-mail address is nakagawa@kobe-u.ac.jp .

[2] K. Nakagawa et al., in “The role of Radiation in the Origin and Evolution of Life”, ed. By
M. Akaboshi et al., Kyoto University Press, 2000, Kyoto, Japan, pp. 353-362.

[3] T. Inakagi, Biopolymers 12(1973)1353-1362.
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The cadmium bromide crystal (CdBr,), which has indirect band gap, is an ionic layer compound. The crystal
structure of CdBr, belongs to the rhombohedral CdCl, structure [1]. An Cd ion sheet is sandwiched by two I ion
sheets and this basic layer stacks with each other. The crystal c-axis is perpendicular to these ion sheets. The
bonding nature between Cd and Br ions is mainly ionic. However, that between adjacent Br ion sheets is of the
Van der Waals force. In this report, we represent the visible — ultraviolet emission spectra, which are excited by
the photon energy from near band edge to 30 eV, and their excitation spectra.

The experiments were carried out at BL7B. 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 5 m single optical fiber (0.6 mm core diameter). The
CdBr, samples are single crystals, which are grown from the melt by the Stockbarger technique. The starting
powder is commercially available CdBr, powder of 99.99% purity. The purification is carried out by the normal
freezing method. The samples were cleaved just before the installation in the vacuum chamber. The incident

light is parallel to the c-axis. The measurements were carried out in the range of 10° — 10" Torr from 15K to
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Fig.1 Emission spectra of CdBr2 at 81 K. The Fig.2 Emission spectra of CdBr2 at 20 K. The
excitation energies are from 5.5.0 eV to 25.0 excitation energies are from 5.5.0 eV to 25.0
eV, eV.
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300 K.

Figure 1 shows the emission spectra at 81K. There are two emission bands. One is UV emission band at

about 3.24 eV, the other Y emission band at around 2.22 eV. As shown in Fig. 2, the UV-emission becomes

dominant emission band with decreasing temperature. These results are agreement with the previous precise

work, which is carried out with D, lamp as the excitation light source [1]. The spectral distribution does not

depend on the excitation energy from 5.0 to 25.0 eV. It means that the luminescence decay process does not

change even though Cd 4d (and Br 4s) outermost inner core electrons are excited. It also suggests that the

spectral distribution of the excitation spectra of both UV and Y emission bands are similar with each other.
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analysis.
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The reflectance spectrum at 20 K is
shown in Fig. 3(a). Figure 3(b) shows the
absorption spectrum derived from Fig. 3(a)
through the Kramers-Kronig analysis. These
results are agreement with the previous work
[2]. The excitation spectrum of UV emission
band at 20 K is shown in Fig. 4. The vertical
lines indicate the location of the absorption
peaks as shown in Fig. 3(b). The emission
intensity is increasing with increasing photon
energy. The UV emission starts at about 4.8
eV and the upsweep at around 11 eV is due to
the transition to the upper conduction band.
The dips correspond to the absorption peaks
may due to the existence of the surface dead
layer or of the other non-radiative decay

channel such as photoelectron emission.
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The soft X-ray excited Visible (VIS) — Ultraviolet (UV) emission spectra (SXEVUES) of AlGaN have been
measured. The emission spectra, which are excited by the band-to-band transition energy region, give us the
information of luminescence decay process. SXEVUES gives us not only the excitation energy dependence but
also the ion-site dependence of the luminescence decay process. Furthermore, both intensity and time correlation
among the SXEVUES, the soft X-ray emission spectra (SXEA), and the photoelectron yield spectra will be
interesting for the decay studies of the high photon energy excitation. In this report, we represent the first
tentative résults of SXEVUES of the wurtzite Al,_Ga,N (x= 0.14) and their temperature dependence.

The experiments were carried out at BL8BI. 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 5 m single optical fiber (0.6 mm core diameter).
Thin film was made by the MOCVD method at RIKEN on SiC substrate. 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. The SXEVUES measurements were carried out in the range of 10™ Torr
from 25K to 200 K.

Figure 1 shows the VIS — UV region emission spectra of Aly,,Gay N thin film from 25K to 201K. The
excitation energy is about 330 eV. The spectral distribution does not depend on the excitation energy around the
nitrogen K edge (330 — 440 eV). There are at least three emission bands : first one around 3.75 eV (UV), second
one around 2.3 eV (Y) and last one around 1.9 eV. According to the similarity of the first two bands in the
emission spectrum to those of GaN [1], the first band consists of the exciton peaks, and the band at about 2.3 eV
may be associated with deep levels. The deep levels arise due to the cation or nitrogen defects. Figure 2 shows
the VIS — UV region emission spectra of SiC substrate from 25K to 208K. In case of SiC substrate, there are at
least two emission bands. The first band is located at about 2.6 €V and the other is at about 1.9 eV. The 2.6 eV
band on SiC substrate cannot be seen in Fig. 1, so that 3.75 eV and 2.3 eV bands in Fig. 1 are the original
emission bands of Al ,Gag N material. However, the similarity of the 1.9 eV band between Fig. 1 and 2 may
suggest that both SiC and Al ,,Ga, N surfaces are contaminated by the same material. It may be due to the high
vacuum pressure and the surface sensitive character of the SXEVUES.

As shown in Fig. 1, the intensities of the UV and Y bands show the different temperature dependence

behavior. The intensity of UV band decreases with increasing temperature even at 25K. However, Y band keeps
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its intensity up to 53 K. It means that two bands have different potential barriers in the decay process. Further

measurements and the combination with the near band-edge emission measurements will be held.

References
[1] S.C.Jain, M. Willander, R. Van Overstraeten, J. Appl. Phys. 87 (2000) 965.
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Oxidation State of Nickel Ion in Li NiO, from L-edge Spectroscopy
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Secondary lithium batteries using intercalation compounds as the cathode active material have been studied
intensively. Among many intercalation compounds, LiNiO, with layer rock salt structure is one of the most promis-

ing cathode material used in lithium ion bat-
teries. It is important to study valency
change during charge and discharge process
in order to understand their electrochemi-
cal properties. In this study, oxidation states
of nickel ion in Li NiO, were determined
by using a measurement of Ni L, -edge X-
ray absorption near edge structure.

A mixture of Li(OH) and Ni(OH), in a
mole ratio of 1:1 was heat-treated and
LiNiO, was obtained. The crystal structure
of the product was determined by XRD us-
ing MoKa radiation to confirm the forma-
tion of well characterized LiNiO,. By elec-
trochemical extraction of lithium ion,
samples having various x values in Li NiO,
were obtained.

Figure 1 shows the Ni L-edge X-ray ab-
sorption spectrum of Li NiO,. The spectra
were all attributed to the bivalent nickel
ion in high spin state[1]. The change in
the shapes of spectra was not so remark-
able, it is considered that the valence state
of the nickel ion was not changed with the
change of the amount of lithium ion. In
figure 2, the area ratio of the two sub-peaks
in L3-edge (A and B in figure 1) is shown.
It is shown that the ratio:B/A increase with
the decrease of x, and this indicates that
the nickel ion was oxidized with the ex-
traction of lithium ion. It can be concluded
that the valence state of the nickel ion was
basically unchanged and was bivalent, but
slightly oxidized with the extraction of
lithium ion.

Reference
[1] L. A. Montoro, M. Abbate, J.M.
Rosolen, J. Electrochem. Soc., 147, 1651-

1657 (2000)
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Ni 2p Photoabsorption and Resonant Photoelectron Spectroscopy of
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Hiroshi Oji, Yasutaka Takata, Takaki Hatsui, and Nobuhiro Kosugi
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In the previous study, we found that the planar Ni complexes with a 3d* low-spin ground state show
characteristic resonant behavior in the Ni 3p and 3s resonant photoelectron spectra, which is different from the
resonant behaviors of Ni metal and Ni oxide." The kinetic energy of Ni 3p satellite peaks decrease as the photon
energy increases, indicating the one electron, or excitonic, feature of the excited states in these systems. In the
present study, we measured soft X-ray Ni 2p absorption and resonant Ni 3s and 3p photoelectron spectra of a 3d*
high-spin Ni complex, Ni(N,N'-dimethylethylenediamine),Cl, (Ni(DED),Cl,) to clarify the effect of the spin state
on the core-excited states of the system.

For the measurement, the powder of Ni(DED),Cl, was compressed into the disk-form, which was fixed to the
sample folder by conductive adhesion tape. Measurements of X-ray absorption and photoelectron spectra were
performed at BLIA soft X-ray beamline of the UVSOR facility, equipped with the double crystal
monochromator. A pair of beryl (1010) crystal was used for the monochromator crystal, where the bandpass of
monochromatized light was 0.6 eV around the Ni 2p edge. The X-ray absorption spectra (XAS) were measured
by the total electron yield mode. A SCIENTA SES-200 hemispherical electron energy analyzer was used for the
measurement of photoelectron spectra. The energy resolution of the analyzer was ~0.4 eV and the total energy
resolution for the measurements of the photoelectron spectra was ~0.7 eV. The photoelectron spectra of the CI 2p
region were measured to calibrate the electron energy and intensity of the spectra.

The Ni 2p X-ray absorption spectra of Ni(DED),Cl, is shown in Fig. 1. At the photon energy labeled as 0-8
in Fig. 1, the off- and on-resonant Ni 3p, 3s photoelectron spectra were measured, as shown in Fig.2. The normal
Auger spectra measured at the photon energy of 899.8 eV and 1347.6 eV are also indicated in the upper part of
the Fig. 2. Ni 3p and 3s primary ion states labeled with asterisk (*) are not enhanced through the resonant
excitation. On the other hand, satellite peaks in the Ni 3p and 3s region (a-g) are enhanced through the resonant
excitation. The trend of kinetic energy shift for these satellite peaks are similar to that of primary ion states,
indicating their constant binding energy feature. To examine the trend of kinetic energy shift in detail, we have
plotted the kinetic energy for the primary ion states and satellite peaks as a function of the photon energy in Fig.
3. This shows nearly linear relationship between the kinetic energy of these satellite peaks and the photon energy
with the slope (AKE/Ahv) of +1. This dependence of satellite bands on the photon energy is different from that
of the low-spin complexes where the slope becomes negative (e.g. AKE/Ahv = -0.55+0.05 for K,[Ni(CN),]"),
but is similar to that of NiO where the electron correlation and multiplet interaction are important. This indicates
that the excited states in this high-spin Ni complex cannot be described by the one-electron picture. A series of
our studies on the Ni complexes with various electronic states reveals that the resonant behavior of photoelectron

spectra reflects the electron configuration of core-excited metal atom which depends on the chemical bonding
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state between the metal and the ligand molecules.
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Binary adsorbate system on a surface has a possibility of showing new atomic arrangement and properties such
as thermal stability, electronic transport, film growth, preferential segregation and so on, which are different
from those of single adsorbate system [1]. Recently we have found, by using combined techniques of scanning
tunneling microscopy (STM), low energy electron diffraction (LEED), and Rutherford backscattering
spectroscopy (RBS), that the coadsorption of Pb and Sn on the Si(111) surface forms a +/ 74/ 3 superstructure
at coverages of 0.4 ML Pb and 0.4 ML Sn and that Pb atoms on this surface become more stable against heating
than those on single adsorbate system [2,3]. Here, 1 ML is defined as 7.8 10'* atoms/cm®. As shown in
Fig.1, the STM images of the surface consist of two kinds of bright spots: (A) those aligned zigzag on the T, site
and (B) those on the T, and H; sites along the [112] direction. In this study, we have measured the Pb 54 and
Sn 4d photoelectron spectra of the Si(111) 47Xy 3-(Pb, Sn) surface in order to clarify their bonding properties
and the atomic arrangement of the surface.

The Si(111) ¥ 7 X4 3-(Pb, Sn) surface was
prepared on a substrate of an n-type Si(111) wafer of
5 Qcm in a size of 5X20X0.5 mm® by annealing at
570 K after depositing about 1 ML, Pb onto the
Si(111) + 3 X 4 3+faint 24 3% 24 3-Sn surface
with the Sn 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.
Photoelectron measurement was performed at room (b)
temperature with the excitation photons of 52 €V and

a hemi-spherical analyzer of the angle acceptance of

+1° at the 45° emission angle. The origin of the A2
binding energy was determined from the Fermi edge

of a Ta plate which holds the Si wafer. Total energy B2
resolution was also estimated to be about 0.1 eV from

the Ta Fermi edge.

Typical spectra of the Pb 54 and Sn 44 levels of

the Si(111) ¥ 7X+ 3-(Pb, Sn) surface are shown in Fig.1 Images of filled states (a) and empty states (b)
Figs. 2 and 3 in comparison with those for the single for the Si(111) " 7X4 3-(Pb, Sn) surface.
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normalized at the peaks of the j=5/2 lines.

adsorbate system with various coverages of Pb and Sn, respectively. The Pb 5d spectrum for the Si(111) 7

X4 3-(Pb, Sn) surface shows tailing towards the high binding energy side, compared with that for the Si(111)

4 3%y 3-Pb surface with 1/6 ML Pb coverage, where Pb and Si adatoms in T, sites form a semiconducting

surface [4]. The observed tailing is attributed to metallic nature of the surface, although it is not so extended as

the Si(111) 1< 1-Pb surface, where about 1 ML Pb is considered to form a metallic layer [5,6]. On the other

hand, the Sn 4d spectrum exhibits two major components for the Si(111) ¥ 3Xv 3-Sn surface, as reported so

far [7,8], and single component for a bulklike a-Sn structure on the Si(111) 24/ 3X2+ 3-Sn surface [9]. For

the Si(111) « 7X4 3-(Pb, Sn) surface, the Sn 4d spectrum also shows shoulder structures at the high binding

energy side of the main peaks. This defimitely mndicates at least two different Sn-Si bonds or inequivalent Sn

adsorbing sites on the Si(111) v 7%y 3-(Pb, Sn) surface. Thus, we ascribe the bright spots at the T, site (A)

and those at the T, and Hj sites (B) in the STM images to Pb and Sn adatoms, respectively. The present results

lend support to a proposed model for the atomic arrangement of the Si(111) v 74 3-(Pb, Sn) surface [3].
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Negative electron affinity (NEA) surfaces have found applications as efficient
photocathodes and the NEA surface of GaAs(100) and its superlattice is known to be a
useful emitter of spin-polarized electrons with a high degree of polarization and
efficiency. This can be achieved by the ‘jo-jo’-technique, where Cs deposition and
subsequent oxidation are repeated several times. The details of NEA surface formation.
however, are not fully understood: previous

reports [2-4] differ considerably both in (a) 3

describing the method of production as well oo LG

as the underlying chemical and physical r‘\ 3!

mechanism. A B e
Fig. 1 shows the electron yield as a il l

function of sample treatment. Curve (a) to) i \ I t

shows Cs deposition only. Curve (b) shows A \ Pborg

the so called Nagoya treatment; Cs is dosed It L kx._,-‘: \g

until the electron yield decreases again, the Gu30L Cpeasl

yield raises under O expose. Curve (c)
depicts the classical jo-jo treatment; the GaAs
surface is alternately exposed to Cs and O, O
lowers the electron yield, while Cs increases
it.  Curve (d) shows a mixed type of

activation where during the initial Cs THIAL ol BESL

deposition small amounts of O have been idj

added. This treatment involves larger Cs and e S
O amounts. It is characteristic for saturation f A J/ (AP LW
regimes of both O and Cs, resulting in the o . '
generation of overlayers with a larger f“fjh ) o
thickness. o

FIGURE 1. Electron yield as a function of sample treatment for different activation processes on
GaAs(100): (a) Cs-only activation. (b) so-called Nagova treatment. (c) classical Jo-jo treatment. and (d)
a mixed tvpe of activation.

Fig. 2 shows the Ga-3d and As-3d photoemission spectra after the activation. All
activations can achieve a high electron yield. The stability of the yield is however
different with Phase III activations being frequently less stable than Phase I and Phase
IT activations. The As-3d peak for Phase I is broadened towards higher kinetic energy,
indicating donation of electrons by reaction with Cs. In Phase 11 the As-3d peak has
split into a larger main peak and a smaller peak at 53-54 eV (47-46 eV binding energy),
which marks the As=O double bond formation. The broadening to the higher kinetic
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energy side is less pronounced. This indicates that Phase II has a larger interface
oxidation at the As than Phase .

Phase III finally shows a strong interface oxidation. The direct Cs-interaction with
the substrate seems to be negligible. The Ga and As core-level peaks for Phase 111 are
much broader than the peaks of the previous phases. Also the halfwidth of the Cs-peak
is about 25% broader. This indicates that the Cs in this phase consists of more
different ionization stages than the one of Phase I. The chemical composition of the
thicker overlayer is far more complex and heterogeneous than for the Phases 1 and 11
The lower stability in terms of electron yield for the Phase 111 surface could be due to
an ongoing chemical reaction inside such an overlayer.

Ga-3d As-3d] FIGURE 2 Ga-3d and As-3d core-

A levels representative  for different
activation processes. Peak positions
are corrected for bandbending. The
dotted line shows the clean surface.
Phase | corresponds to the activation
(b). Phase II to the activation (¢) and
Phase III to the activation (d).

{ Prassin

!

Ehase i /“
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bawdbending

QES +- 005 el

The Table below Fig. 2 gives the bandbending values obtained from the surface
photovoltage experiment, which the photoemission data have been corrected for. A
stronger oxidation of As is correlated with a decrease in bandbending in our
experiment, which is in alignment with previous results from literature [2,3]. The
Table shows a decrease in bandbending from Phase 1 to Phase III. None of the
surfaces investigated in our study has shown therefore any increase in bandbending.
This contrasts the dipole model as originally proposed [2].

Summarizing, three different NEA activation processes on GaAs(100) have been
characterized using high resolution photoemission spectroscopy. Analyzing the
influence of the cesiation and oxidation on the bandbending and monitoring the
electron yield from bulk GaAs(100), we have been able to distinguish three different
phases of activation, which depend on the total thickness of the overlayer, the Cs:O
ratio and the resulting chemical interaction with the substrate.
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Electronic non-equilibrium in the surface layers of photo-excited semiconductors has becn
attracting much interest from the basic scientific point of view and also from the field of practical
applications of photo devices. Many works have been carried out by means of clectrical methods
using various tvpes of contacting electrodes. but few works have so far been reported on transient
non-equilibrium in the interface between semiconductor surfaces and the vacuum.  GaAs is one of
the most useful semiconducting materials. Especially the negative-electron affinity (NEA) surface of
a p-type GaAs (100) can provide spin-polarized electrons when it is excited with circularly polarized
light. The NEA surface is produced by the so-called yo-yo technique, where cesium and oxygen are
deposited repeatedly on clean p-GaAs (100) surfaces. It has been pointed out that the ¢lectron
density saturates when semiconductor photo-cathodes are excited with intense pulsed lasers.  Gometz
et al." have proposed that the surface photo-voltage (SPV) effect plays an important role to cause the
saturation and that a metallic overlaver may be useful to prevent the effect from interfering m future
high-energy experiments. The use of superlattice photo-cathode as a polarized electron source has
been suggested by Togawa er al . since the transport of photo-carriers is expected to be well
suppressed in the superlattice system. The SPV effect of superlattice system is therefore of both
technical and theoretical interest.

In the present work. the SPV effect on GaAs-GaAsP superlattices has been investigated by using
core-level photoelectron spectroscopy with the combination of SR and laser.  The schematic energy
diagram is shown in Fig. 1. This kind of photoelectron spectroscopy can provide information on the
clectronic structures in a wide energy range for photo-excited semiconductor surfaces.  The

core-level photoelectron  spectroscopy  1s more surface-sensitive  in comparison with others using
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laser and a Kelvin method, since the escape —— Laser Off
depth of electrons has a minimum around Laser On
30-100 eV in kinetic energy. The energy shift

i CB

of the core-level photoelectron spectra can give

us the rehable SPV values as shown in Fig. 1.

The Ga-3d photoelectron spectra showed

OOCOCOE

transient energy shifts due to the SPV effect at

low temperatures. but not at room temperature. (h) 1(1)

The amount of the SPV effect was about 50 meV. 1A¢

which 1s very much smaller than that of clean

GaAs (100) surfaces. The present result 1s in
good agreement with the proposal by Togawa et

al.. but the existence of the small amounts of

Core
Level

SPV effects even at low temperatures indicates
that another mechanism is required in order to
suppress the SPV effect completely at any
temperature.
Fig. 1. Schematic diagram of SPV cffcet
The NEA surface of the superlattice was also prepared by a so-called vo-vo technique. The SPV
cftects were observed on these NEA surfaces of GaAs (100) and GaAs-GaAsP superlattice. but the
amounts of the SPV eftfect on NEA surface of the superlattice was so small (about 10 meV) in
comparison with that of the GaAs.
In conclusion. The SPV effect has been investigated on GaAs-GaAsP superlattices using core-level
photoclectron spectroscopy with combination of SR and laser. It was observed that the SPV ceffects

arc so small on the clean and NEA surfaces of the superlattice. in comparison with thosc of bulk

GaAs.
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Electronic non-equilibrium in the surface layers of photo-excited semiconductors has becn attracting
much interest from the basic scientific point of view and also from the ficld ol practical applications ol photo
devices, Many works have been carried out by means of electrical methods using various types ol conlacting
clectrodes. but few works have so far been reported on transient non-equilibrium in the interface between
semiconductor surfaces and the vacuum. Photoelectron spectroscopy is one of the most powerful tools to
investigate surface electronic properties because of the very short escape depth of photoclectrons.  Recently. we
have studied photo-induced change in GaAs (100) surface using core-level photoelectron spectroscopy with
synchrotron radiation and laser [1]. since photoelectron spectroscopy is one of the most powerful tools (o
investigate surface electronic properties because of the very short escape depth of photoelectrons. It has been
observed that the laser-induced core-level shift is caused by the surface photovoltage (SPV) effect.  And it has
been also found that there are at least two components in the recover process of the SPV.  In this report. we
present the time response of the SPV effect on GaAs (100).

Experiments have been conducted at BLSA. UVSOR facility. We used the laser (COHERENT Mira
900-F (90 MHz. 800 nm) & RegA (10 KHz. 800 nm)) as the excited light source to cause the SPV effect in the
nano-second and micro-second time-domains. respectively.  The laser light was transported to the view-port ol
the measurement chamber using an optical fiber and focused on the sample surface. The OMICRON
clectron-cnergy analyzer (EA-123HR) was used to observe the photoclectron spectra.  The single signal [rom
the analvzer was used for time-dependent measurements although the analyzer has five channel detectors.
Photoelectron signals from the electron analyzer were changed to LED signals in the pre-amplifier circuit in
order to decrease the electric noises. Photoelectron signals were transferred to the gate circuit. which was
controlled as well as the mechanical shutter. The photoelectron signal was used as a start signal for a time-to
amplitude converter (TAC). Laser pulse was monitored by a PIN photodiode. and was used as a stop signal. A
couple of TACs has been used. corresponding to the signals with and without laser excitation. By using this
svslenl. it is possible to observe the time dependence of photoelectron signals at a fixed kinetic energy.  In the
present study. it has been observed that the SPV effect caused by the laser cxcitation decays in the microsecond
range as discussed below.

Figure 1 (a) shows Ga-3d core-level photoelectron spectra of GaAs (100) Solid and dotted hnes
represent Ga-3d spectra with and without laser irradiation. respectively. It is clearly observed that the Ga-3d
core-level shifts to the higher kinetic-energy side under irradiation of the laser. This shift originates from the
SPV effect caused by the laser-excited photocarriers. Figure 1 (b) represents the time responsc of the
photoelectron intensity at 77.9 eV and 78.8 eV. respectively. It should be noted that there are at least two
components in the response curve of the photoelectron intensity: one is the fast component time constant of
about Ips and another has a larger constant of about 13us. They are attributed to the surface and bulk origin.

respectively. since the fast component was not observed on the negative-clectron affinity surfaces.



[n summary. we have investigated the time-dependence of the SPV cffect on GaAs (100) in
microsecond region. It has been observed that there are at least two components in the recover process of the

SPV eflect in microsecond region.

Laser ON
(a) ------ Laser OFF

0T Ga-3d i y
08 +p-GaAs(100) /" -
s Lv=100eV ’
- 110K
0.4

02 - . ]

Intensity (arb.units)

i =
P .

0.0 PR R NI NP
76.0 765 770 775 180 785 790 795 800

Kinetic Energy (eV)

o
[en)
Qo

=108 1 KE. = 77.9 eV
-600 N

-800 -

-1000 +

-1200 L | L | L | L 1 L

PR TN Y T T B

Intensity (arb.units)

L
o
o
o
)
o
w
o
S
o

1600 gt
1400

nits)

u
)
(=]
o

1000
800
600
400
200

KE =788 eV

P I B O i

LI L L L I L
1

=]
1

Intensity (arb.

1 L 1 " | L 1

10 20 30 40
Time (us)

|
]
(=]
o

A
o
o

Figure 1. (a) Ga-3d photoelectron spectra of GaAs (100). Solid and dotted lines represent Ga-3d spectra with and
without laser excitation. respectively. (b) Temporal profiles of the photoelectron intensity at 77.9 ¢V and 78.8 eV.

respectively.
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Recently, the research on the surface photovoltage (SPV) has been performed at super-ACO in France
using the FEL light [1]. In the study, it was observed that the band bending is decreased when the
synchronized FEL light and SR are irradiated for Si(111) 2x1 and GaAs-Ag surface. At UVSOR, SPV for
GaAs surface was also observed using synchronized laser light and SR [2]. In addition, we observed SPV for
Si(111) surface using CW laser light irradiation [3]. In these cases, SPV is induced to decrease the band
bending between semiconductiong surface and bulk. The mechanism of SPV is explained by a model that the
carrier induced by laser light irradiation transfers to the surface. However, it is not clear whether SPV is
associated with the surface state. Moreover, it is not clear whether the same senario is applied in the case of
the metallic surface or in the case of the semiconducting surface. In order to investigate the relationship
between SPV and the surface state, between SPV and the carrier concentration, we have performed the
combined study of the photoemission and laser light irradiation.

The experimental setup including the optical alignment was described by Ref. 3 in detail.
Photoemission experiments were carried out by using a conventional UHV system (FISONS, ESCALAB-220i-
XL) at a base pressure of 2x10® Pa [4]. Total instrumental energy resolution at room temperature was 0.3~0.5
eV full width at half maximum, depending on the photon energy (Av) in the energy range of 50~130 eV.
Photoemission experiments were also performed with higher energy resolution of ~0.1 eV at PF. The clean
surface was obtained by annealing the sample at ~1200°C using the laser light irradiation (Av = 1.165 eV) and
checked by x-ray photoemission spectroscopy and LEED. The temperature of the sample was measured with
an optical pyrometer.

Figure 1(a) and (b) show the Si 2p core-level photoemission spectra (closed dots) for n- (P-dope, 9-14Q2)
and p-type (B-dope, 10-20 Q) Si (111) surface at 90K, respectively. Under the laser light irradiation, the
photoemission spectra (open dots) for the n-type (p-type) Si(111) surface shift to higher (lower) binding energy
side. The shift direction for the n- and p-type Si(111) surface was opposite. It is considered that the observed

rigid shift is caused by SPV induced by the laser light irradiation.
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Figure 2 shows the impurity (carrier) concentration dependence of SPV obtained by the photoemission
spectra.  With increasing the impurity concentration, SPV is increased (decreased) for n-type (p-type) Si(111)
surface. The shift is associated with the band bending because the band bending is increased with the impurity
concentration. However, for the higher doping concentration, the shift was not observed in our measurements.

Figure 3 shows the valence band photoemission spectrum for V3xV3 Si (111)-Bi surface (n-type, P-dope
9-14 €2) at room temperature. For the V3xV3 Si (111)-Bi surface, it is known that the surface state near the
Fermi level disappears and the band gap is open. Under the laser light irradiation, the photoemission spectrum
for the V3xV3 Si (111)-Bi surface shifts to higher binding energy side by ~0.2 eV. The shift is identical to that

for the clean 7x7 Si(I11) surface. This means that SPV is not associated with the surface state in this system.
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Fig. 1 Si 2p core-level photoemission spectrum (a) for the n- and (b) p-type Si(111) surface with laser light
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In recent years, photon-induced phenomena attract much interest. For
examples, photon excitation changes the crystal structures, magnetic and optical
properties, and so on. These new phenomena are called as photo-induced phase
transitions, which are expected to produce new properties of condensed matters.

In order to investigate the photo-induced phase transitions, optical
spectroscopic techniques such as optical absorption and reflection have been mostly
used, since these techniques can monitor the phenomena in a fast time domain and
are easily obtained. However, these techniques have some limitation. For
examples, only narrow energy range in the valence electrons can be observed by the
optical spectra. The purpose of the present study is to investigate the photo-induced
effects on electronic states in wide energy range using photoelectron spectroscopy.
We have been developing new techniques based on the combination of synchrotron
radiation and laser in recent years. We have applied this technique to the present
purpose.

Experiments have been carried out at beam lines BL5SB and BL6A2, where a
plane-grating monochromator provides photons in a wide energy range from UV to
EUV. A VG-microESCA system consisting of XPS and UPS components was used
to obtain the photoelectron spectra. A single crystal of [Fe(2-pic);] CLEtOH was
grown at Kyoto university and was filed in a preparation chamber. The sample was
attached on the holder of a flow-type He cryostat and was cooled down to about 40 K.
The cw Ar' laser light was introduced in an analyzing chamber. The sample
changed its color from yellow to red and from red to yellow by cooling and
photo-excitation, respectively.

Figure 1 shows UPS spectra of valence states of Fe(2-pic);] CLEtOH. The
spectra observed at room temperature did not show any change by laser excitation,
but it should be noted that the valence states drastically changed by cooling the
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sample from RT to 40K and also by the laser-excitation at 40K.

It has been believed from the optical spectroscopic studies that Fe(2-pic)s]
CLEtOH shows high-spin and low-spin states in Fe ions at RT and low temperatures,
respectively, and that the low-spin state (low-temperature phase) is changed by
photo-excitation to the high-spin state (high-temperature phase). However, the
present experimental results indicate that the photo-induced phase transition of
Fe(2-pic);] CLEtOH is not the same as the high-spin state, where the Fe-3d state
may play an important role to trigger the photo-induced phase transition.

Fig. 1. Photoelectron spectra of Fe(2-pic);] CLEtOH at RT and 40 K with and witout
laser excitation.
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Auger-free luminescence (AFL) has attracted a lot of particular interest in both fundamental and
applied research ever since it was discovered in 1983. In the present work, we have studied the line shape
of AFL in CsCl, CsBr and BaF; in comparison to the data of ultraviolet photoelectron spectroscopy (UPS) of
the valence band. The lattice relaxation effect on AFL will be discussed in brief.

A thin film sample was fabricated in-situ by evaporation on a gold substrate in a preparation chamber,
and was then transferred into an analyzing chamber. The starting materials were crystal ingots obtained
from the Horiba Company. Thickness of the specimens was maintained at about 100 A. Measurements of
the luminescence and photoemission spectra were both carried out for the same samples in an identical
analyzing chamber to eliminate any uncertainty due to sample preparation. The base pressure in the
analyzing chamber was better than 2 x 10 Pa during the measurements.

The UPS spectra were measured at 295 K by using an angle-resolved hemispherical analyzer under the
multi-bunch operation of SR, with a resolution of 0.21-0.23 V. On the other hand, the AFL spectra were
measured at 295 and 90 K by using a time-resolved detection technique under the single-bunch operation of
SR, with a resolution of 0.15-0.20 eV. The obtained luminescence spectra were corrected for the spectral
response of the detection system, and were given in arbitrary units of photon numbers per unit energy.

Figure 1 shows UPS spectrum of CsCl excited with 24.7-eV photons. A low-energy band at 7.0 eV is
apparently due 1o the j = 3/2 component of the spin-orbit-split Cs* 5p levels. A single band at 12.7 eV is
referred to the valence band associated with the C1” 3p states. One may see a weak tail-like structure on the
high-kinetic-energy side of the valence band. This signal arises from the gold substrate, indicating that our
evaporated film is thin enough to neglect the charging effects. For a direct comparison to the AFL spectrum,
the valence-band UPS spectrum has to be replotted relative to the maximum of the Cs* 5p core band.  After
the Cs* 5p band was deconvoluted with a Gaussian instrumental resolution profile, the edge energy was
determined as a characteristic energy at which the photoemission intensity decreases to the 1/10 value of the
peak intensity. The maximum energy was thus obtained to be 7.86 £ 0.10 eV in Fig. 1.

The AFL spectrum of CsCl measured at 295 K under the excitation with 25.0-eV photons is presented
by solid curve in Fig. 2. The result is essentially the same as that of bulk CsCI [1]. The valence-band
UPS spectrum replotted relative to the maximum of the core band is also shown by open circles in Fig. 2,
where the background structure due to gold substrate has been subtracted from the spectrum. Both curves
are normalized to unity at their maxima.

The valence-band UPS spectra of CsBr and BaF,, replotted relative to the maximum of the core band,

are shown by open circles in Figs. 3 and 4, respectively. The AFL of CsBr was stimulated at 295 K with
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use of the zero-order SR transmitted through an aluminum filter (transmits radiation between about 16 and
70 eV), while the 90-K AFL spectrum was excited with monochromatized SR at 25.0 eV. These results are
depicted by deep and light solid curves in Fig. 3. The solid curve in Fig. 4 shows AFL spectrum of BaF,
stimulated with 25.0-eV photons at 295 K. The high-energy spectrum above 6.5 eV was reproduced from
the data obtained in Ref. [2].

The present results of Figs. 2 - 4 have some common features, which are summarized as follows: (1)
The main band of AFL is situated at the bottom of the valence band. (2) The low-energy tail of AFL exists
outside of the valence band. (3) The total width of AFL is somewhat narrower than that of the valence band.
These facts are explained on the basis of the lattice relaxation model. According to this model, when a hole
is generated in the core band, it quickly relaxes into a self-trapped state and deforms the lattice configuration
in its immediate vicinity. Because of the Franck-Condon principle, such a deformation is kept well during

the radiative fransition, leading to the above-mentioned facts (1), (2) and (3).
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[1] M. Itoh, M. Kamada and N. Ohno : J. Phys. Soc. Jpn. 66 (1997) 2502.
[2] J. L. Jansons, V. J. Krumins, Z. A. Rachko and J. A. Valbis : Phys. Status Solidi B 144 (1987) 835.
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Ti0O, was well known for its photocatalytic function such as NOx reduction”, self-cleaning®, super-
hydrophilic”...etc. However, the effects were specifically weakened without UV radiation. Therefore, the
noble metal loaded TiO, was utilized for keeping its activity even if in the dark place.

Recently, food poisoning was occurred by the water contamination with O-157 Esherichia coli,
Staphylococus aureus and so on. Then, much attention was given to the bactericidal ceramics and the
technology of water purification using the materials. It was known that MgO, one of basic catalyst, had
the bactericidal function when it involved in the polluted water at higher concentration. However, the
mechanism of bactericidal effects was not so clear.

In this report, we prepared MgO/TiO, and Cu-MgO/Ti0, catalysis, investigated that crystal structure

and chemical condition of the sample surface from the results of Mg K-edge XAFS analysis.

MgO/TiO, and Cu-MgO/TiO, catalysis were prepared by the impregnation method and the
concentration of MgO was 25wt% in the both samples. They were calcined at 873, 1073, 1273K for 3h in
air.

Mg K-edge XAFS measurement was carried out on the BL-7A at UVSOR, Institute for Molecular
Science, Okazaki, Japan. The storage ring was operating at electron energy of 750MeV. The spectra were
recorded in a total electron yield mode under high vacuum (<3x107) at room temperature. Data were
collected using KTiPO, [KTP] (011) double crystal monochromator. The samples were put on the first

Cu-Be dynode of the electron multiplier using adhesive carbon tape.

Fig.1 were shown Mg K-edge XANES spectra of MgO/TiO, samples calcined at various temperatures.
Fig.2 were also shown Mg K-edge XANES spectra of some reference samples. The spectra of
MgO/TiO, calcined over 873K were corresponding to that of MgTiO;. It was indicated that solid phase
reaction was occurred between MgO and TiO, over 873K. Mg K-edge XANES spectra of Cu-MgO/TiO,
samples were also shown in Fig.3. In the case of Cu-MgO/TiO, samples, the spectra were varied with the
calcinations temperature. The spectra at 873K and 1073K were resembled to that of MgO, oxygen atoms
in this sample hexagonally surrounded Mg atoms. On the other hand, the change of Mg environmental
structure was occurred at 1273K, the resulting coordination number of Mg atoms was 12 (peroviskite
structure) on the surface. However, the difference of the surface structure due to Cu atom addition was
not clarified in this analysis.

The bactericidal effects to Esherichia coli (IFO 3972) of these samples were investigated in progress.

However, the Mg addition was certainly enhanced the bactericidal function of TiO,,
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Supported molybdena are typical catalysts for olefin metathesis. It is accepted widely that reduced Mo ions
such as Mo*" and/or Mo should exist as catalytically active center for metathesis. Thus, reductive pretreatment
(with Hy or CO) needs generally to reduce Mo ions to form reduced ions as catalytically active species. However,
we reported recently that molybdena supported on amorphous silica-alumina exhibit high activity for propene
metathesis, which is a typical metathesis reaction, even at room temperature without reductive pretreatment.[1] In
this study, it is concluded that support effect of silica-alumina strongly relate to not only structural change but also
red-ox performance in contact with propene, and molybdena species on silica-alumina can easily be reduced to form
reduced ions as metathesis active species in contact with propene. To obtain detailed structural information about the
active molybdena species for metathesis, Mo Ljjj-edge XANES was applied to characterize the active molybdena
species. The XANES spectrum probes the orbitals of 4 character participating in the Mo-O bonds. The white lines
of the spectrum are split, corresponding to the ligand field splitting of Mo 4d orbitals. Thus the XANES spectrum is
very sensitive to reflect the local structure of Mo ions. In this report, MoO3/8i0,-Al,03 catalysts before/after
propene metathesis were characterized by means of Mo Lyjj-edge XANES, and structural effect with red-ox behavior
was studied in contact with propene.

Supported molybdena catalyst samples were prepared by impregnation of each metal oxide support with an
aqueous solution of ammonium heptamolybdate (AHM). The oxide supports used were SiO, (Aerosil), Al;O;
(Nacalai), and amorphous SiO,-Al,O3 containing 28.6 wt% (JRC-SAH-I, denoted as SAH-I) and 13.8 wt%
(JRC-SAL-2, denoted as SAL-2) Al,O3. The impregnating solution was stilled at room temperature and evaporated
at 343 K for 6 hours, and then the paste was dried for overnight and calcined at 773 K for 6 hours. The Mo L-edge
XANES spectra were collected on a facility of BL-7A station of soft X-ray beam line at UVSOR, IMS, with 750
MeV of ring energy. Each powdery sample was mounted on a carbon-tape, and then attached on a beryllium-copper
dynode in the first-stage of electron multiplier placed into a vacuum chamber. After the chamber had been evacuated
(< 3.0°10-7 Torr), the spectrum was recorded in a total electron yield (TEY) mode at room temperature, using the
Ge(111) double-crystal monochromator (24 = 0.6532 nm). The photon energy was calibrated by using Mo metal
sample at Mo Ljj-edge (2520 eV).

The Mo Ljj-edge XANES spectra of supported molybdena samples and reference compounds are shown in
Fig. 2 and 3. The detailed interpretation of the spectra was described elsewhere.[2] For MoO3/SiO; and
MoO3/Al,O5 samples (Fig. 2), tetrahedral Mo-O4 species are dominant at low MoO; contents (2.5 wt% in
Mo03/Si0, and 2.5 - 7.5 wt% in MoO3/Al;03). With an increase in MoOj3 content, polyanion-like Mo-Og
octahedra coexist with tetrahedra. For 15.0 wi% MoQ3/Si0,, the octahedral species exist mainly. These results
support the conclusion reported previously by several workers.[3] On the other hand, the XANES spectra of
MoO3/SAH-1 before/after the reaction are shown in Fig. 3. Before the reaction, these spectra indicate that tetrahedral
and octahedral species coexist in the whole molybdena contents, and tetrahedral molybdena species exist even at the
higher MoOj5 contents. Thus it is suggested that SAH-1 support brings about the formation of disordered molybdena
species with tetrahedral local structure. In many cases such as MoO3/Si0,, highly dispersed molybdena species on

the support consist of tetrahedral Mo-O, species. However, the results of UV-Vis spectroscopy showed that the



molybdena on SAH-1 do not consist of highly dispersed tetrahedra but contain polyanion-like species mainly. In
fact, it is hardly accepted in 15.0 wt% MoO3/SAH-1 that highly dispersed tetrahedra are dominant. It may suggest
that unique molybdena species are stabilized on SAH-1, and poorly crystallized polymolybdate species with
tetrahedra exist mainly. Formation of bulk MoOj3 phase and/or large polyanion clusters proceeds hardly on
Si05-Al,04 because of peculiar support-interaction.[4] After the reaction at 473 K, molybdena species in 2.5 wt%
MoO3/SAH-1 shows a little change. For 7.5 - 15.0 wt% MoO3/SAH-1, structural change of tetrahedral species is
scarcely brought about by the reaction. In these samples, the white line of higher energy becomes lower by the
reaction at 473 K. indicating the decrease of tetrahedra. The XANES of 7.5 wt% MoO3/SAH-1 shows the most
definite change. For this sample, the white line at higher energy side shows less intense with an increase in reaction
temperature. Thus it is concluded that tetrahedral species decreases in contact with propene, and reduced Mo ions are
formed at the same time. In many molybdena systems reported by many workers, octahedral species can be reduced
easier than tetrahedral one.[5] In addition, isolated Mof’*"—OAr tetrahedral species can hardly be reduced thermally. [6]
However, tetrahedral molybdenum species on SAH-1 tend to decrease in contact with propene. Thus it can be
proposed that tetrahedral species formed on SAH-1 should not isolated ones. In addition, the difference of XANES
edge energy is less seen between before and after contact with propene. From the result of ESR, reduction of Mob*
ions proceeds by propene contact. If Mo®T exists mainly after the reaction, the edge energy should be shifted to
lower energy. From these results, it is concluded that unique polymolybdate species on SAH-1 are easily reduced in
contact with propene, but reduced ions are formed partly and Mo®* ions are still dominant. At the same time,
tetrahedral species are consumed during the reaction.

In this study, it is concluded that MoO3/SAH-1, as a noted metathesis catalyst, consists of poorly-ordered
polymolybdate species before the reaction. After contact with propene even at room temperature (293 K), Mo ions are
partly reduced to form metathesis active species when tetrahedral species decrease. This red-ox behavior should be
brought about by the support effect of SAH-1. It is suggested that the metathesis active sites are not highly dispersed

Mo ions in reduced state but exist in poorly crystallized polymolybdena species with reduced ions partly.

7.5w1% Mon_!AIIU‘l MoO,/SATT-1 | 7 3wi% MoOy/SALL-1

7 5w1% Mot )R/Si():]

o

/;

\ 75 wW%
\ -

A 253 w% o
N N ¥

——before reaction ——belore reaction
----- after 473 K reaction -----after 293 K reaction
===after 473 K reaction
4ok
Mo, 15.0 wit% 15.0 wi%)
o
‘:: \ \ Tprrrprri
’ 2526 2328
AHM 7.5 Wi

e
=
'z
=
e
(g
i
=
=
=
=

505 2530 2525 2330 2525 2530 2525 2530 2325 2530
I /feV

Fig. 1 Mo Lyj;-edge XANES spectra of supported molybdena samples and reference Mo compounds.
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Solid solutions of ceramic materials are widely used in modern technology. However, their
atomic/electronic structures have not been clarified in most of the cases. X-ray absorption is a versatile
tool having potential to elucidate the local atomic/electronic structures of selected atoms. However, it has
not been widely applied in ceramic science. One of the greatest reasons is due to the lack of good
theoretical tools to interpret experimental spectra. Experimental spectra have thus far been compared with
some spectra from reference materials. Information obtained by such a “finger-printing” method is
naturally very limited. We have to make a combined effort between experimental XANES and theoretical
analysis of the spectra.

High purity MgO powder (2000A, Ube Materials Industries, Japan) and ZnO powder (Seido Chemical
Corp., Japan) were used as starting materials. Two powders were mixed by magnetic-starrier for 3h in
ethanol. Sintering was done in air at 1623K for 3h for undoped ZnO, and 1933K for 3h for the
doped/undoped MgO. The Zn-doped MgO shows only a single crystalline phase of a rock-salt structure
by a standard powder x-ray diffraction method. The XAFS were obtained at BL-7A of UVSOR/IMS. Mg-
K edge spectra were collected in a total electron yield mode at room temperature using a beryl two-crystal
monochrometer. Samples were put on the first photocathode of electron multiplier using adhesive carbon
tape.

Figure 1 shows Mg-K edge XANES from four samples with different ZnO concentrations. The series of
the spectra shows a continuous change. Relative intensity of the first peak decreases with the increase in
Zn-concentration. At the same time, the peak located at around 1310 eV show notable shift toward low
energy with rising the Zn-concentration. In the companion paper in this issue, we reported the Zn-L,,
edge XANES from the solid solutions. They are clearly different from the Zn-L,, edge XANES of wurzite
ZnO having 4-fold coordinated Zn. The results confirmed the presence of 6-fold coordinated Zn in the
solid solutions. The Mg-K edge XANES should therefore be interpreted by taking the fact into account.
Figure 2 shows theoretical XANES by a first principles supercell calculation using the OLCAO
(orthogonalized linear combination of atomic orbitals) method. As can be found, the theoretical spectrum
can reproduce the experimental XANES quantitatively when a sufficiently large super-cell is used to take

into account core-hole effects correctly. Details of the computational procedure can be found elsewhere
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[1]. When theory has sufficient predictive power as in the present study, the combined work with good
experimental tools should really be useful for elucidating the local atomic/electronic structures of solute
atoms. Near edge structures of the core-loss spectra of the electron energy loss spectroscopy (ELNES) is
another important tool to provide similar information to XANES. Since ELNES can be measured using a
modern transmission electron microscope, it is sometimes more easy to measure than the XANES. In the
case of Mg-K edge study, however, the energy resolution as well as the S/N ratio is far better in the

XANES as can be seen in Fig. 2.
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Small amount of dopants often changes properties of ceramic materials dramatically. However, their
atomic/electronic roles have not been clarified in most of the cases. The lack of such information often
limits further development of ceramic materials. In the present study, we investigate local structures
around Zn®™ solute in MgO, which can be a good model system to demonstrate the usefulness of the x-ray
absorption method to study the local structures of impurities in ceramic materials.

MgO possesses a simple rock-salt structure. The lattice relaxation associated with the substitution is
expected to be simple. Solubility limit of Zn™ in MgO was reported to be 38.7mol% at 1873K [1]. Zn™ is
therefore expected to occupy the six-fold coordination site in MgO. Very recent XAFS data confirmed the
six-fold coordination [2]. Zn™ in wurzite-ZnO (w-ZnO) or related oxides usually exhibits 4-fold
coordination except for the case of high-pressure ZnO having a rock-salt structure (c-ZnO) [3]. We
compare Zn-L,, edge ELNES from w-ZnO and Zn™ doped MgO to see the difference in spectral features
between the 4-fold and 6-fold coordinated Zn atoms. Special interests are placed on the analogy to the
difference between the Si-L,, edge ELNES from 4-fold and 6-fold coordinated Si, i.e., a-quartz and
stishovite.

In a companion paper, we report Mg-K absorption study of the MgO-ZnO solid solutions. Experimental
procedure has been described there. The XAFS were obtained at BL-7A of UVSOR/IMS. Zn-L,, edge
spectra were collected in a total electron yield mode at room temperature using a beryl two-crystal
monochrometer.

Figure 1 (left) companion paper included in this issue experimental Zn-L,, edge XANES from w-ZnO
and 10mol%ZnO-doped MgO. The w-ZnO shows four major peaks, while Zn™ in MgO displays only
three in the energy range shown in the figure. The major difference can be simply ascribed to the
difference in the coordination numbers, i.e., four in w-ZnO and six in Zn-doped MgO.

Si* in SiO, exhibits 4-fold coordination in a-quartz and 6-fold coordination in stishovite. Their Si-L,,
edge XANES have been reported by some groups [4, 5, 6], which agree well with each other. Figure 1
(right) shows the results by Li et al [4]. The 4-fold coordinated Si basically exhibit four sets of peaks in
the energy region, whereas the 6-fold coordinated Si shows three-sets. Although the L,, edge spectra from
Zn and Si do not resemble each other at first sight, the origin of the sets is identical: It is derived from the
point symmetry within the first coordination unit. Figure 2 schematically shows how the peaks are made
out of the molecular orbitals of the primitive units. For simplicity, (ZnO,)* and (ZnO,)' are taken to be in
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tetrahedral (T,;) and octahedral (O,) symmetries.
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Introduction

Several species are known in the Fe-N system, i.e., a”-Fe, [N,, y'-Fe,N, e-Fe, ;N, {-Fe,N and y” and y"-FeN,.
Among them, iron nitrides with the low nitrogen content have become of an intensive interest after it has been
reported that a”-Fe 4N, takes saturation magnetization larger than that of a-Fe." By areactive sputtering deposition,
on the other hand, two iron nitrides, y” and y”-FeN, which have not been reported on the equilibrium phase diagram
have been prepared and y”-FeN, with Rock salt-like crystal structure takes iron having larger magnetic momentum
than a-Fe.” Iron nitrides, having both high hardness and corrosion resistance in addition to their magnetic property,
therefore, have attracted much attention for one of promising magnetic materials. However, such iron nitrides with
fascinating magnetic property are almost thermally unstable. A formation of composites or layered films with non-
magnetic and thermally stable material has recently been investigated for an application of such nitrides to a practical
magnetic material. It has been reported for multilayered Fe/AIN films that the value of the saturation magnetization
of iron could be controlled by regulating thickness of each layer.”’ Fe K-XANES spectral feature of these
multilayered films was getting different with increasing number of layers in the film, ie., with an increment of the
number of the interface, suggesting that the nitridation of iron has occurred at the interface between AIN and Fe
films. Al K-XAFS spectra for such multilayered Fe/AIN films and AIN film deposited on Fe thick film could
elucidate the coordination state of Al near the interface. In the present study, Al K-XANES spectra for those films
have been compared with that of AIN film.

Experimental

Films were prepared using two target-type rf-sputter deposition apparatus(JEH-430RS, JEOL). Aland Fe
metal targets were used for deposition of AIN and Fe, respectively. AIN film was deposited under nitrogen
atmosphere, while argon gas was used for formation of Fe film. A silica grass slide was used as a substrate. A base
pressure of the deposition chamber was below 1 x 10 Pa and the deposition chamber was evacuated down to the
base pressure before the deposition of each layer. The sputter gas pressure was kept at 1 Pa and the rf power of 30
or 100 W was applied. Film thickness was controlled by the deposition duration and total film thickness of the
multilayered film was 1 pm. [AIN/Fe], denotes a multilayered film having » layer(s) of both AIN and Fe. Films
were preserved in n-hexanc.

Al K-XANES spectra were measured at BL-7A. YB,, was used for the monochromator crystal. Graphite
powders were very thinly spread on top of the surface of sample film. The sample film was stuck on the inner
surface of first dinode of the electron multipler with a conductive adhesive tape. The total electron yield method
was used for the measurement. Gold mesh transmitting 80% of photons was used for the monitor of /, current.
Results and Discussion

Al K-EXAFS spectra measurements have been executed at BL-7A but unfortunately spectra with good S/N

ratio have not been obtained due to the insufficient photn flux, because the wiggler had not been working well.
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Instead, Al K-XANES spectra have been measured. Though the electronic structure is obtainable from the XANES,
the EXAFS, which prolongs more than 1500 eV above the absorption edge, is valuable for the local structure
determination. Therefore, the beam line where one can measure the EXFAS with good S/N ratio is required.

Al K-XANES spectra for [AIN/Fe], multilayered films and AIN/Fe films are shown in Figs. 1 and 2,
respectively. There are four peaks, A - D, between photon energy of 1555 and 1570 eV. All spectra in Figs. 1 and
2 are normalized as the peak C of all spectra coincides each other. The intensity of peaks A, B and D apparently
decreases with an increase of number of layers, n in [AIN/Fe],, (Fig. 1) and with a decrease of the film thickness
(Fig. 2). The increase in » means the increase of the interface between AIN and Fe layers and the decrease of
thickness of AIN layer. The spectrum is measured as the convolution of signals from both the bulk and the interface.
The thinner the AIN layer is , the more the spectrum includes information around the interface. Therefore, the
change in the spectral shape appears to indicate that the electronic structure of Al at the AIN/Fe interface differs
from that of the bulk AIN.

It may be considered from the present change in the spectral shape that a certain kind of thin film effect
causes such spectrum change, that is, the electronic structure of AIN itself alters as thickness of the AIN layer
decreases. The XPS depth-profile measurements have been showed the possibility of the elimination of nitrogen
atoms from AIN at the AIN/Fe interface. Moreover, both the Fe K-XANES study and the magnetic property of
multilayered [AIN/Fe], films point out the posibility of existence of iron nitride, FeN,. These evidences have
supported the existence of the different species from AIN in the vicinity of the interface. Theoretical considerations
on the Al K-XANES spectra are required to deduce the coordination structure around Al atoms and are presently

progressed.
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Introduction

The radiation effects on silica glasses are one of the main concerns for their application as
optical windows, insulators and optical fibers under the severe environments such as fusion and
fission reactors.[1] Recently, we have made in-situ luminescence measurements of silica glasses
induced by in-reactor irradiation, and the in-reactor luminescence was found to be a powerful
technique to observe dynamic effects on the electrical property of a silica.[2] However, the
detailed effects are still unknown, mainly because many kinds of radiations over the range from
y-ray to optical lights generate and interact each other with a silica in the reactor, which
sometimes confused our understanding of dynamic radiation effects. In the present study, to
take notice of the effects of soft X-ray, we tried to measure the luminescence from silica glasses
under the irradiation of soft X-ray near Si K-edge.

Experimental

The samples used in this work were fused silica glass (T-2030) and synthesized silica glass
(T-4040) of 13 mm diameter and 2 mm thickness produced by Toshiba Ceramics, Japan, with
different OH content. Nominal impurity levels in these samples dre listed in Table 1. The
measurement of luminescence of the silica glass induced by soft X-ray irradiation (1.8-1.9 keV)
were carried out on the beam line TA at UVSOR, Insitute for Molecular Science with a stored
current of 100-200 mA. The luminescence was focused by a lens in the UVH chamber to the
monochromator (CP-200, SEIKO EG&G) and detected by a multi-channel analyser (OMA III,
SEIKO EG&G). The photon detecting efficiency especially above 4 eV was reduced.

Results and Discussion

Fig. 1 shows the photoluminescence spectra of a fused silica glass (T-2030) obtained under
excitation at various energy (5.1-7.7 eV). These spectra were recorded at BL1B at UVSOR. Two
prominent PL bands at 3.1 eV and 4.2 eV were observed. Thomon et al[3] reported the
existence of two B9 bands excited at 5.1 eV, and it is commonly accepted that the PL emission
bands at 2.7 eV and 4.4 eV are attributed to the Bgg while the Bog center generates the 3.1 eV
and 4.2 eV PL bands. Therefore, the PL bands for the low-OH fused silica glass (T-2030) are
very likely originate from a fair amount of intrinsic oxygen deficiencies assigned as B2f exist in
this silica glass.

On the other hand, we succeeded luminescence measurement of the same silica glass under
the irradiation of soft X-ray near Si K-edge (ca. 1.83 keV) as shown in Fig. 2, although the
energy resolution of this spectrum was very low at the present stage. One can see the similar
emission band around at 3.2 eV, therefore, it is very likely that this luminescence mainly
originates from

Table 1

Nominal impurity levels in silica glasses (in ppm)

Sample Al Fe Na K Cu B OH
Fused silica (T-2030) 8 0.8 1 1 0.02 0.3 1
Synthesized silica (T-4040) 0.1 0.05 0.05 0.05 <0.01 <0.01 800
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the oxygen deficiencies in the silica glass due to an electron excitation during soft X-ray
irradiation. We tried to measure the luminescence of a synthesized silica glass (T-4040) which
has few intrinsic defects, and confirmed that no prominent emission band was observed.

In our next study, it will be an important subject to investigate the change in the intensity of
the luminescence with the soft X-ray energy as well as its irradiation time.
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Fig. 1 The photoluminescence emission
spectra excited at various energies in a low- | I D O I D
OH fused silica glass (T-2030). 20 25 30 35 40 45 50 55
Energy / eV
Fig. 2 X-ray excited optical luminescence
spectra of silica glasses.
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The rechargeable lithium ion batterics, using a carbon material as anode and transition metal oxide such as
LiCoO,. LiMn,O, or LiNiO, as cathode. have been developed. During the past years. there have been a lot of
rescarch works to improve of the battery performance carried out on various kinds of carbonaccous material ranges
from graphite to disordered carbon by control of various propertics such as structure. surface modification|1-3].
Among the several types of carbonaccous materials. natural or synthetic graphitic carbons are commonly found in
most commercial products in the market today due to their merits such as flat and low working voltage with respect
to lithium metal. relatively high coulombic clficiency. cte. Specifically. natural graphite can be thought as potential
materials for anode in lithium ion battery in terms of cost]4]. However. it has been difficult to control the key
parameters of natural graphite that affect their characteristics for use as anode because carbon materials have large
variations in their electrical properties. Especially. surface propertics of natural graphite [requently alTect the electro-
chemical performances such as reversible specific capacity. cycle life. rate capability. Therefore it has been desired
to improve by control surface propertics of natural graphite. In this work. we investigated the influence of surface
and/or structure modification of natural graphite by introducing aluminum compound for clectrochemical perfor-
mances of anode in lithium ion battery. The local structure of amorphous-like alumina on surface of natural graphite
was investigated by Al K-edge XANES.

The Aluminum-treated samples were prepared by aluminum tri-ctoxide( AI{OC_H,),. Sockawa Chemicals)
treatment on NG2(Kansai chemicals). The NG2 graphite was soaked in ethanol solution containing 10wt% aluminum
tri-etoxide, followed by ultrasonic treatment for 3 hours, filtration and drying above 200°C for | day to remove
residual of ethanol. The electrochemical measurement was carried out with the use of CR2032 coin-type cell. The
working electrodes were prepared by doctor-blade technique on copper foil, spreading paste consisted of 10wt%
polyvinylidenefluoride(PVdF) as binder, 10wt% acethylene black as conductive agent, 80wt% treated or pristine
NG2 graphite and appropriate amount of |-methyl-2-pyrrolidinone(NMP) as solvent. After drying of NMP solvent,
the electrode was cut into disk(the
weight of all sample was controlled 400
around 4mg). Lithium metal was used
as counter clectrode. The electro-
Iyte used was IM LiClO, dissolved
inethylene carbonate(EC)/diethylene
carbonate(DEC)(volume ratio 1:1).
The cell assembly was operated in a
glove box filled with argon gas. The
specific capacity was measurcd by
galvanostatically with current den-
sity 350mA/g in the ranges between
0and 2.5V. Al K-edge XAS were
mecasured on BL7A at UVSOR with a
ring cnergy of 750MeV and a stored
current of 70-220mA in a mode ol to-
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step width was 0.003". which corre- Cycle performances with C-rate of pristine and Al-treated sample. Thecircle.
sponds to ca. 0.1eV at 1560eV. triangle and rectangular plot respresent 0.2C. 0.5C and 1.0C-rale. respec-
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ture together with aluminum tri-ctoxide cthanol solution. In Spectra of AI(OC H.), ethanol solution and Al-treated at
120°C. the band around 1100 cm™' can be attributed to the C-O stretching vibration of ethoxy groups was observed.
On the other hand. the band disappeared in dricd sample at 200°C and untreated graphite. This result indicates that
residual of ethoxy groups at 120°C and the complete removal ol cthoxy groups and cthanol solvent takes place above
2000C.

X-ray measurements of untreated and Al-treated NG2 indicated almost consistency in their XRD patterns
with no changes in d(002) values. Eventually. we couldn’t detect the remarkable influence of small amounts of Al on
surface by XRD. which is measurement of total bulk structure. There was noticeable change between untreated and
treated graphite in Raman spectroscopy. which reveals mainly the surface structure to the extent of several tens of
nanometer. It is well known that graphite shows an intense band at 1580cm™ indicates an E, vibration mode in the
graphite region of carbon(G-band) and relatively weak one at 1360cm ™ is an A, mode arising from the disordering in
carbon(D-band) which is Raman inactive for perfect graphite crystals. We could observe the frequency shift and
intensified G-band with Al-treatment which is similar phenomena due (o the formation of dilute stagel in initial
lithium intercalation. whereas no remarkable changes in D-band. Accordingly the relative intensity R(I /1), which
indicates the ratio of graphite edge plane to the graphite plane. decreased with Al-treatment of surface. The small
peak around 1560cm™ due to the oxygen and 1290cm in untreated sample is disappeared in Al-treated graphite.
Though we could not observe bulk structure change in XRD measurement. the results of Raman spectroscopy is
cnough (o suggest that the Al-treatment causes remarkable modification on graphite surface.

In Fig. 1. the cyele life performance of untreated and Al-treated graphite electrode was represented. The
Al-treated graphite shows clearly improved cycle performance compared to untreated one. The periodic fluctuation
ol capacity in 1C rate (350mA/g) samples can be ascribed to the temperature variation of the testing atmosphere.

To investigate the structure of alumina on the surface of graphite. we measured the Al-K edge X ANES.
Since accurate structure of alumina are not known except (0 -Al O, the structural analysis of amorphous-like alu-
mina is not so simple. Recently, Al-K-edge XANES measurement combining quantitative analysis was proposed (o
estimate the local structure of alumina[5]. Only AlO, tetrahedra in mordenite was observed. whereas @ - ALO, has
equally distributed between tetrahedral and octahedral -
coordinations of Al-atoms. It is known that the XANES
spectra of AlO, tetrahedra and AlO, octahedra were
clearly identified. A white line 1566eV is characteristics
of AlO, compound and the peaksat 1568eV and 1572eV
can be assigned to AlO, octahedral compound. In Fig.3.
normalized XANES spectra with calcination tempera-
ture of Al-treated graphite samples were shown. We
can observe a peak at 1565¢V due to AlO, and two
peaks at 1567¢V and 1570eV due to AlO6 and the differ-
ence of peak position of AIO, and AlO, was about 2¢V. / . g
In addition, the relative intensity of AlO, and AlO, was — Ecat
varied by calcination temperature. In the range of this 1560 1570 1580
study up to the 300°C of calcination temperature. the X-Ray energy/ eV
portion of AlO, increased. according to previous re- T T
port[5]. this alumina phase can be thought as boehmite+
v type alumina. Comparing with the results of rate
capability improvement ol Al -treated samples (Fig.2).
we can assume tetrahedral coordination of Al is more
favorable in surface of graphite.
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(5: Solid- & liquid-phase spectroscopy 2; soft x-ray, absorption, photo-luminescence)

Soft x-ray excitation spectra of photoluminescence were measured in Rb- and Br-L region
as well as the absorption spectra of RbBr. Both the photon energies of Rb- and Br-L edge
exist near 1800eV, where only few spectroscopic studies are reported. One of the reasons is
that a proper monochromator crystal has been poor, being able to utilized in the soft x-ray
region. At the BL7TA beam line, stable spectroscopic works have become recently possible by
the use of KTP crystal in the photon energy region. The beam line is composed with a double
crystal monochromator. We have already performed Br-L absorption measurements on some
kinds of alkali bromides.

The purpose is to observe soft x-ray absorption spectra of both Rb- and Br-L edges on
RbBr and discuss the excitation spectra of the visible (or/and ultraviolet) light obtained
simultaneously. The samples — RbBr thin powder samples — were prepared with the vacuum
evaporation on the polyester 2um thin film and transferred to the sample preparation chamber
for each measurement on every sample with different thickness. All measurements were carried
out at room temperature. The absorption spectra were obtained by the total photoelectron
yield. The excitation spectra were obtained simultaneously with recording the intensity of the
visible (ultraviolet) light from the sample. A photo-multiplier tube for the photoluminescence
was installed at 45 degrees to incident light direction through a quartz focusing lens of 20mm
diameter at 200mm from the sample position. The absorption spectra were obtained by the
total photoelectron yield. An electron-multiplier with a Be-Cu anode was set behind the
sample film.

Figures 1 and 2 show comparisons of the absorption and the excitation spectrum of RbBr
with two kinds of thickness; s. A is 45nm in thickness and s. B is 199nm in thickness. The
absorption spectra have a series of fine structures at the edge commonly. Both absorption
intensity distribution spectra are the similar with each other, and these have two absorption
components which the one on the lower energy results from Rb-L, absorption edge and the
other on the higher is originated from Rb-L3 absorption. The Rb-L spectra show no overlap
structures because of the large separation of around 50eV between L and L3 levels. The

excitation spectra appear to follow the features of the absorption spectra except the absolute
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We have measured sample thickness dependence of photoluminescence excitation spectra
from vacuum evaporated NaBr film excited near the photon energy region of Na-K absorption
edge. Na-K spectra have become possible to measure by the use of a beryl crystal as a practical
monachromator crystal at BL7A beam line, UVSOR. We have obtained Na-K absorption
spectra of sodium halides by the transmission methods and photoluminescence yield spectra
from thin samples excited in the energy region. In the case of fine powder samples, the
excitation spectra show inverted profiles of absorption spectra in the case of NaBr fine powder
sample, whereas other alkali bromides show same profile as the absorption spectra. It has
been considered that it might depend on the absorption intensity, that is, the effective sample
thickness. The purpose is to observe the relation between sample thickness and excitation
spectrum. The excitation spectra were measured on NaBr thin films prepared by vacuum
evaporation with different thickness. Although their results do not always show an existence
of inverted feature, the intensity of excitation spectra are found to show characteristic variation
with sample thickness.

Experiments were performed at the BL7A with a beryl monochromator crystal near the
photon energy region of Na-K absorption edge. Several modifications were applied for the
beam line. A sample preparation chamber was attached to the sample chamber to evapo-
rate samples in a separated place. Samples were prepared with vacuum evaporation on to a
polyester 2um thin film and transferred to the experimental chamber for each measurements
on every sample with different thickness. All measurements were carried out at room temper-
ature. Evaporations were repeated over the one same sample film after a measurement. The
thickness of the evaporated sample film was monitored by a quartz thickness monitor and was
given by the frequency shift.

A photo-multiplier tube was installed at 45 degrees to incident light direction through a
quartz focusing lens of 20mm diameter at 200mm from the sample position. The absorption
spectra were obtained by the total photoelectron yield. An electron-multiplier with a Be-Cu
anode was set behind the sample film, and absorption spectra were simultaneously obtained

by a transmission method getting along with the excitation spectra.
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Figure 1 shows the excitation spectrum on sodium bromide excited with a soft X-ray near
Na-K edge energy. Spectral features are all common among the samples with the different
thickness and with the absorption spectrum except the intensity distribution. As the thickness
are small, it is apparent that the photoluminescence intensity increases rapidly.

Figure 2 shows a change of lu-
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the light may be unchanged since alkali halides are transparent in visible and UV region, thus
no self absorption effects are considered. We have obtained quantum efficiency spectra, ratio
spectra of the luminescence and the dose spectra. The dose spectra are given by (Iy — I)
spectra, where [ is incident x-ray spectra and [ is transmitted x-ray spectra. It shows that
all quantum efficiency of A, B, C, D and E are not only linearly changes against the sample
thickness as the samples are thin, but also they appear to converge to zero at thickness of
about 25nm commonly among A, B, C, D and E. If it is true, it suggests that there is a

threshold in the sample thickness to excite the photoluminescence by x-ray.
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[Introduction]

The characterization of aluminum is one of the most important study in the field of ceramics and glasses. The NMR
spectroscopy is a powerful method for studying AP complexes in the solution and solid states. In addition to 'H- and
B3C- NMR spectra, Al- NMR spectra can be obtained in relatively straightforward manner.  The chemical shift of
NMR spectra is caused by shielding of the magnetic field by electron around nuclear; i.e. the chemical shift depends on
the electron density around nuclear.

In this study, the Al K XANES spectra of several aluminum complexes, which have different coordinated atoms each
other, were measured and discussed the electronic structures. Moreover, electron density of aluminum compounds is
analyzed by using a DV-Xa. MO calculation, and discussed the correlation between chemical shift of NMR and the
result of XANES spectra.

[Experiment and calculation]

The samples of this study are A(EDTA), Al(lactate)
and Al(pentanedionate). AIEDTA) contains = six
coordinate Al3+ 1ons, each of which is bonded to two N
atoms and four O atoms Al(lactate) and
Al(pentanedionate) have sixfold coordination, by six O
atoms. The Al K XANES spectra were collected on the
BL7A at the UVSOR of the Institute for Molecular
Science in Japan using two KTP(001) monochromator
crystals. The storage ring was operating at the electron
energy of 750 MeV. All of XANES specira were
detected by a total electron yield method. Based on
crystal structures of Na[Ga(EDTA)], [Al(Lactate)] and
[Al(Pentanedionate)], the model structures of
Na[AI(EDTA)] [Al(Lactate)] and [Al(Pentanedionate)] ; | | J | L
were constructed for the DV-Xow MO caleulaon, 1540 1560 1580 1600 1620
respectively. Photon Energy / eV

Al-lactate

Al-pentadionate

Normalized Intensity / arb. unit

Fig.1 The Al K XANES spectra of aluminum complexes
[Results and discussion]
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The Al K XANES spectra of these compounds are shown m Fig, 1. For Al K XANES spectra, the first peak of K-
edge shifts higher energy with increasing the coordination numbers of aluminum ions. The absorption edges of three
compounds are located on the same energy level. Thus their compounds have the same coordination number.
Furthermore, the shapes of XANES spectra are similar to each other, so it can be presumed that there
compounds have similar surroundings of aluminum ions. From the result of NMR spectra, the
chemical shift of compounds is increasing as follows; Al(lactate) < Al(pentanedionate) < AI(EDTA).
Therefore, A(EDTA) has the poorest electron density of aluminum. We have analyzed the Al K
XANES spectra of these compounds by a DV-Xa MO calculation. The electron density which was
obtained by the DV-Xa MO calculation is increasing in order; Al(lactate) > Al(pentanedionate) >
AI(EDTA). So the correlation between the chemical shift and electron density which obtained from
XANES spectra analysis is observed in only these three compounds. Further measurement and
theoretical study are required.
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[Introduction]

Fulvic acid is a major organic compound in soil solution, and the interaction between this acid and
aluminumgives some influence to the behavior of aluminum. Therefore, it is important to understand the
behavior of aluminum with this acid on the environmental sciences. Thus for understanding the binding
properties of aluminum ion to fulvic acid, it is also important to investigate the interaction between aluminum
ion and some model compounds of fulvic acid including carboxyl and amine groups in aqueous solution. We
choose EDTA and CyDTA as the model compounds. But the structure of aluminum complexes with these model
compounds was not clear yet. As the first step to understand the interaction between aluminum ion and model
compounds in aqueous solution, we analyzed the Al K XANES spectra of two aluminum complexes using DV-

Xo MO calculation, and discussed electronic and steric structure of those complexes in solid state.

[Experiment and calculation]

The Al K XANES spectra were collected on the BL7A at the UVSOR of the Institute for Molecular Science in
Japan using two KTP(001) monochromator crystals. The storage ring was operating at the electron energy of 750
MeV. All of XANES spectra were detected by a total electron yield method. Based on crystal structures of
Na[Ga(EDTA)] and K[Al(CyDTA)], the model structures of Na] AI(EDTA)] and K[Al(CyDTA)] for the DV-Xa

MO calculation were constructed, respectively (Fig.1 and 2).

[Result and discussion]
The Al K XANES spectra of these compounds are shown in Fig. 3 and 4, and are represented by solid line. The
absorption edges of two compounds are located on the same energy level. Furthermore, the shapes of XANES
spectra are similar to each other, so it can be presumed that two compounds have the same surroundings of
aluminum ions. The DV-Xa calculation was performed for two compounds. The obtained results were shown in
Fig. 1 and 2, where straight lines are the probability of electron transition, broken lines are the calculated
XANES spectra which were obtained by the probability of electron transition. For the two compounds,
calculated XANES spectra reproduce experimental XANES spectra well. From this result, model structures for

DV-Xa calculation were thought to be valid. Furthermore from the result of DV-Xa calculation, it is clear that
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electron density of aluminum of AI(CyDTA) is more dense than that of AI(EDTA). Bonc.l length of Al-O in
Al(CyDTA) is shorter than that in AI(EDTA). This difference of bond length occurs by the difference of
flexibility, which is caused by the difference between cyclohexane and ethylene in CyDTA and EDTA,
respectively. Shorter the bond length, larger the relative electron density. Thus by not only the coordinated atom

but also the degree of flexibility of the ligand, the electronic state of aluminum is influenced

Fig. 1 The model structure of JAI(CyDTA)] Fig.2 The model structure of JAHEDTA)]
for DV-Xw calculation. for DV-Xa calculation.
g -
i -
£ =
= E
3 E
e .
1 L L L L i
1550 1560 1570 1380 15390 1550 1560 1570 1380 1590
Photon energy (eV) Photon cnergy (eV)
Fig. 3 Experimental and calculated Al K Fig. 4 Experimental and calculated Al K
XANES spectra of [AI(CyDTA)] XANES spectra of [AEDTA)|
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Changes in Electronic Structure by Li Ion Deintercalation in LiCoO,

From Cobalt L-edge and Oxygen K-edge XANES

Yoshiharu Uchimoto
Department of Applied Chemistry, Graduate School of Science and Engineering,
Tokyo Institute of Technology
QOokayama, Meguro, Tokyo 152-8552, Japan.

Lithium cobalt oxide, LiCoO,, is used as the cathode active material in commercially available 4V-type
lithium secondary because of its high theoretical energy density and good cycle performance. In the lithium
secondary batteries, which are called ‘rocking-chair’ batteries, graphite is used as the negative electrode. During the
charge and discharge process, lithium ions are transferred from one electrode to the other electrode through an
intercalation and/or de-intercalation process. It is important to clarify the change of electronic structure during the
charge and discharge process in order to understand the electrochemical properties. Recently first principle molecu-
lar orbital calculation studies of the electronic structure of the Li,_CoO, have been reported (1, 2). These calculation
results indicate that the lithium ion deintercalation increases the covalent interaction between cobalt and oxygen
and that the oxidation associated with the deintercalation mainly takes place on oxygen. However experimental
information about the electronic structure change during the lithium ion deintercalation is insufficient. To our
knowledge, the detailed electronic structure change during electrochemically intercalation and/or de-intercalation
process has not yet been reported.

In this study, a measurement of cobalt L -edge and oxygen K-edge XANES was used to determine the electronic
structure changes of LiCoO, during the electrochemical lithium ion deintercalation.

LiCoO, powder was prepared by conventional solid state reaction starting with lithium hydroxide (Wako Chemical
Co. Inc., 99.9%) and cobalt hydroxide (Wako Chemical Co. Inc., 99.9%). A mixture of Li(OH) and Co(OH), ina mole
ratio of 1:1 was heated at 700°C for 13 h in air atmosphere. The crystal structure of the product was determined by
XRD using Mo-Ka radiation. Li, CoO, oxides were prepared by electrochemical lithium de-intercalation. A mixture

of 82.5 wt% LiCoO,, 15 wt% acetylene black, and 2.5 wt%
polytetrafluoropropylene binder was used as working electrode. T IS ERE TS (R SR
Lithium metal was used as counter and reference electrode. The
electrolyte was 1A/ lithium perchlorate in propylene carbonate
solution.

Co L, -edge XANES and oxygen K-edge XANES were mea-
sured on BL-8B1 beam line at UVSOR (Okazaki, Japan) withring
energy of 750 MeV in a mode of total electron yield at room
temperature, respectively.
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The XRD pattern of LiCoO, was indexed to a rhom-
bohedral lattice and is in good agreement of that of
LiCoO, (R3m). Figure 1 shows the electrode potential
change during the electrochemical extraction of lithium
from LiCoO, in the region from x =0 to x=0.8 of Li _
Co0,. The electrode potential change is in good agree-
ment with the open circuit voltage curve of Li, CoO,
reported by Mizushima et.al. (3).

Figure 2 shows the Co L-edge XANES of Li, CoO, at
various x values together with that of LaCoO, as model
compounds of Co® oxidation state, The Co L-edge
XANES shows two strong absorption features due to
the spin-orbit splitting of the Co 2p core hole (Abbate
et al., 1993). The absorption about 779 eV is 2p,, (L,)
edge and that about 794 eVis2p, , (L,) edge. The Co L-
edge XANES of LiCoO, is in good agreement that re-
ported by Montoro et.al (4). The shape of the Co L-
edge XANES of LiCoO, and LaCoO, close similarity of
low-spin Co** (4). The Co L-edge spectra of Li, CoO,
(x=0.2,0.4,0.5, 0.6, 0.8, 1.0) do not exhibit chemical shift
and the changes of the shape are small. The result that
the XANES did not show any chemical shift indicates
the Coioninthe Li, CoO, is still trivalent Co’* cations
even at low x value of 0.2,

Figure 3 shows the oxygen K-edge XANES of Li _
CoO, atvarious x values. A peak at about 528-530 eV
is attributed to transration to the unoccupied band de-
rived from the mixing of the Co 3d states with oxygen
2p states. The broad structure about 535-550 eV is
attributed to band of Co 4s and/or 4p character. The
peak is broad, so that the peak is difficult to divide two
characters. Figure 4 shows a magnified part of Figure 3
between 525 and 535 eV. The peak at about 527 eV
increases with decreasing lithium content. This result
shows that oxidation also takes place on oxygen 2p
orbital and the ground state of Li, CoO, is Co*'L, where
L represents a ligand hole state. This phenomenon
indicates that the oxidation by anode reaction of lithium
deintercalation mainly takes place by using oxygen 2p
orbital but Co 3d orbital. This is in good agreement
with the result of First-Principles calculation for Li,_
Co0, oxides (2).
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Thin films of pendant group polymers are widely used in practical

applications due to molecular stability and facility of preparation. Since
the properties of organic devices consisting of the films depend strongly
on the molecular orientation at the film surfaces, determination of the
surface molecular orientation such as tilt angle distribution of pendant

group is very important for understanding the device properties.

Angle-resolved ultraviolet photoelectron spectroscopy (ARUPS)

using synchrotron radiation offers information on the geometrical

structure of thin films as well as on their electronic structures. From the

comparison between ARUPS and near-edge X-ray absorption fine
structure (NEXAFS) of poly(2-vinylnaphthalene) (PvNp) thin film, we showed that the tilt angle

distribution of the pendant groups of PvNp is well described by the three-dimensional isotropic random
L SO R FRL G A P |

hv=40eV, a=0°

orientation. |

In the report, we investigated the orientation of pendant
groups at the surface of poly(9-vinylcarbazole) (PvCz) [see Fig.
1] thin film using ARUPS and NEXAFS spectroscopy. The
pendant carbazole group of PvCz has a large m electron system as
PvNp. However, it has a larger heterocyclic ring in comparison
with the pendant naphthalene group of PvNp. The surface
pendant-group orientation of PvCz film is thus expected to be
different from that of PvNp.

ARUPS measurements were carried out at the beamline
BL8B2 of the UVSOR at the Institute for Molecular Science.
ARUPS spectra were measured at hv=40eV and at normal
incidence (incidence angle of photon o=0°). Thin films of PvCz
were prepared by spincasting on Au-evapcrated Si(100) wafers
from toluene solutions of 0.3wt/vol%. The film thickness
prepared in this way is about 100A.

Figure 2 shows the ARUPS spectra of the PvCz thin film as
a function of the take-off angle (0). The intensity of top band A
shows slight 0 dependence. The calculated density-of-states
(DOS) using molecular orbital (MO) calculation (STO-6G) is
also shown in Fig.2. The MO calculation was performed for a
model compound [CH;-CH(NC,,Hg)-CHj] of the polymer unit,
and the DOS was obtained by a Gaussian broadening ( FWHM =
0.8 eV ) of the MO levels. The agreement between the

Figure 1 Molecular structure
of poly(9-vinylcarbazole)

INTENSITY (NORMALIZED)
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Figure 2 ARUPS of PvCz thin films
spincasted from 0.3 wt/vol% toluene
solution at hv=40eV and a=0° as a
function of take-off angle (0). The
vertical bars show the molecular orbital
energies calculated by ab initio MO
calculation (STO-6G). The density of
states (DOS) is represented by
(———=- ) (see text). The calculated
binding energy scale was contracted by
1.35 and shifted to fit with the
experimental results.

observed spectra and the DOS indicates that the electronic structure of PvCz is well simulated by that of
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the model compound. The band A in the spectra originates from two top 7 states at the pendant
carbazole and hereafter we focus on the 8 dependence of the intensity of the band A to determine the
orientation of the pendant carbazole groups at the surface.

In order to obtain the molecular orientation of the pendant carbazole, we made the analyses of the 8
dependence in the single-scattering approximation combined with molecular orbital (SS/MO)
appro::cimation.2 The calculations were performed for the model compound. The phase shift and
radial matrix element were calculated for all subshells of the atoms constituting the molecules using the
Muffin-tin potential,3 and the potential between the Muffin-tin spheres was assumed to be zero. In the
present calculation we used the phenomenological electron mean-free path of 8 A to calculate the
damping factor.4 We further assumed an
azimuthal disorder for the rotational orientation of
the pendant carbazole groups with respect to the
surface normal. For the calculation of
photoelectron  intensity, we introduced an
inclination angle (B) of the molecular plane of
pendant carbazole groups with respect to the film
surface.

In Fig. 3, the observed 6 dependence of the
intensity of the band A is compared with
calculated results for two orientation models,

=
E}

=45° B e =57°
L1
L L I LT L
___....——-‘-..--

hv=40eV a=0°

\

with |3(nor_n:u alized)

Number of molecules

INTENSITY

namely (1); three-dimensional isctropic random
orientation model which has a mean B value

Bmean) of 57°, and (2) an orientation model
where the tilt angel ( varies between 0° and 90°
with the uniform distribution; thus Bpean = 45°.
The calculated 8 pattern for the model 1 is in
better agreement with observed one than that for
the model 2. It should be noted, however, that
the observed O dependence peaks clearly at larger
0 than the calculated one for the model 1. It

Figure 3 Comparison between calculated and observed
(@) take-off angle (0) dependences of the intensity of
the band A. All calculations were carried out by the
SS/MO approximation. The calculated result for
3-dimensional isotropic orientation (model 1) shown in
the inset is represented by (. ). The calculated
result for an orientation where an orientation where the
tilt angel B varies between 0° and 90° with the uniform
distribution (model 2) is represented by (————- )-
For each model, the B dependence of the number of
molecules is shown in the inset.

indicates that at the surface of PvCz film there are more pendant groups with large tilt angles than the

orientation model 1.

This different pendant-group orientation between PvCz and PvNp film can be

ascribed to the difference in the size and chemical structure of pendant groups.
The B value of 60° determined by the NEAXFS study ( not shown ) is slightly larger than

Bmean of 57° for the model 1.
analyses.

This result is consistent with that obtained from the ARUPS
The present results indicate that the surface electronic states of PvCz may be rather

dominated by o(C-H) states at the pendant carbazole group than = states.
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LiNiO, oxide with a layered o-NaFeO, structure is one of the most promising cathode materials used in 4 V-
type lithium ion batterles because its low cost and high theoretical energy density. It is important to clarify the
change of electronic structure during charge and discharge process in order to understand the electrochemical
properties. Recently, first-principle molecular orbital calculations of the electronic structure of the Li;_NiO, have
indicated that lithium ion deintercalation increases the covalent interaction between Ni and oxygen, and that the
oxidation associated with the deintercalation mainly takes place on oxygen. ' However, experimental studies of the
clectronic structure change during the lithium ion deintercalation are insufficient.In this study, Ni L, -edge and O K-
edge X-ray Absorption Near Edge Structure (XANES) was determined the electronic structure of LiNiO, during
lithium ion deintercalation. i

LiNiO, powder was prepared by conventional solid state reaction starting with lithium hydroxide (Wako
Chemical Co. Inc., 99 9% and nickel hydroxide (Wako Chemical Co. Inc., 99.9%). A mixture of Ll(OH) and Ni(OH), in
a mole ratio of 1: 1 was heated at 770°Cfor 30 h in an oxygen aLmosphere The crystal structure of the product was
determined by XRD using Mo-K radiation. Li NiO, was prepared by electrochemical lithium deintercalation. A
mixture of 82.5 wt% LiNiO,, 15 wt% acetylene black and 2.5 wt% polytetrafluoropropylene binder was used as
working clectrode. The electrolyte was a 1M LiClO, in PC solution. Ni Z, -edge XANES spectra were measured on
the BL-7A beam line and O K-edge XANES were measured on the BL-8B1 beam line at UVSOR (Okazaki, Japan) with
a ring energy of 750 MeV in a mode of total electron yield at room temperature.

The XRD pattcm for LiNiO, was indexed in a rhombohedral R3m space group. The first-cycle discharge
capacity is 140 mAh g*. Fig. 1 shows the Ni L-edge XANES of Li NiO, for various x values. The Ni Z-edge XANES
shows two strong absorption features of the spin-orbit splitting of the Ni 2p core hole. ” The absorptlon near 852-
856 ¢V is the 2p, , (L3) edge and that near 868-872 eV is the 2p, , (L2) edge. The XANES for LiNiO, is similar to that
for NiO, which shows the Ni ions in LiNiO, to be Ni?* ions in a high-spin state. © The spectra for Li N10 (x=0.2,0.4,
0.5,0.6,0.7,0.8,0.9, 1.0) do not exhibit chcnucai shift and the change in shape are small, lndlcatmg the Ni ion in the
Li NiO, is st111 Ni** even at as low an x value as 0.2.

Fig. 2 shows the O K-edge XANES for Li NiO, for various x values. The peak at about 532 ¢V (@) is
attributed to oxygen in the substrate. A peak at about 533 6V is attributed to the band derived from the mixing of the
Ni 3d states with O 2p states. The broad structure near 535-550 eV is attributed to a Ni band with 4sp character. The
peak at near 528 ¢V increased with decreasing lithium content. This result shows that oxidation influences the
oxygen 2p orbital and the ground state of Li NiO, (x<1.0) is Ni*'L, where L represents a ligand hole state. ¥ This
indicates that the lithium deintercalation reaction ' does not mvolve Ni but oxygen.
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BL4A-2
Ideal H-terminated Si(100) Surface Formation
By Dry Process And Its Reactive Properties

Zhihong Wang', Hideyuki Noda !, Youichi Nonogaki® and Tsuneo Urisu *
(lThe Graduate University for Advanced Studies, ’Institute for Molecular Science)

The preparation of ideal Si(100) surfaces which are free of contamination and defects is
important in both the fields of semiconductor device fabrication technology and surface
science. The wet treatment using HF solution can only provides ideal H-terminated Si(111)
surfaces, but it results in rough Si(100) surfaces. Concerning H-terminated Si(100) surfaces,
we have found that they are very stable under synchrotron irradiation. However, the chemical
stability against contamination is not well known. In this work, an ideal H-terminated Si(100)
surface prepared in ultrahigh vacuum by the dry process is monitored with BML-IRRAS to
investigate the chemical stability of the surface. Figure 1 shows the dependence of the coupled
Si-H symmetric stretching peak integrated absorbance (IA) and its peak position on the
adsorption temperatures. Figure 2 shows the adsorption temperature dependence of the peaks
width. If we assume that the coverage 9 of the Si-H at the stationary state is given by 6 =T
/(k+T"), (k and " are the desorption and the adsorption rate, respectively ). The coverage
8 of Si-H is calculated by fitting the equation to the observed IA and using the reported
activation energy 2.82eV for k as show in Fig. 1. From these data, it is concluded that the
ideal H-terminated surface is given at the temperature range T=400 ~ 440 °C ( 6 >0.99 ). The
chemical stability of this surface for the H,O and D,0O exposures is going to be investigated.
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The study of adsorbate properties and behaviors on substrates has attracted considerable
attention. Chiang et al. previously reported the observation of layer-resolved shifts of
photoemission spectra from physisorbed rare-gas multilayers [1]. The shifts were explained in
terms of difference in final-state hole-screening energy. We previously studied the photoelectron
spectra (PES) of CF3CD(OH)CHs (TFIP-di) on Si(100) and found that similar shifts can be
revealed in the binding energies of the C:1s core-level, the O:1s core-level and the valence level [2].
In the present study, we have studied the Auger spectra of TFIP-di on Si(100) and found that
similar shifts are also evident in the Auger spectra.

TFIP-d was prepared with the reaction of CF3COCH3 and LiAlD4s. The amount-regions of
gas exposure corresponding to the monolayer coverage and the multiplayer coverage were
determined by observing the development of the ion intensity as a function of the amount of gas
exposure; the plot of the ion intensity versus the amount of gas exposure was discontinuous
between the two regions. The experiments were performed using a double-pass
cylindrical-mirror electron-energy analyzer (ULVAC-PHI) and a home-built time-of-flight
ion-detection assembly coupled to a grasshopper monochromator (Mark XV) installed on the
BL2B1 beamline [3].

Figures la-3a show the C, O and F'KVV normal Auger spectra (NAES) of TFIP-d
monolayer and multiplayer on a Si(100) surface. Figures 1b-3b show the C, O and F:KVVg*
resonant Auger spectra (RAES) . The peaks in the spectrum of the multilayer are shifted to
lower kinetic energies from those of the monolayer. The absolute values of the shift are
summarized in Table 1. As in the case of rare-gas [1], the shift in NAES is three times as large

as that in the corresponding PES, and thus can be Table 1 Spectral shift in eV

explained in terms of difference in final-state between monolayer and
hole-screening energy. multiplayer
Further investigations on the site-specific PES NAES RAES
fragmentation in TFIP-d\ [4,5] are Cls 08 Lh 0T
ragmentation in 1 14,5] are in progress. O:ls biE i o5
F:ls <0.3 0.6 0.4
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Figure 1 (upper left-hand side). C:ls Auger
spectrum of TFIP-di on a Si(100) surface.
(a) KVV NAES. (b) KVVo* RAES.

Figure 2 (upper right-hand side). O:ls
Auger spectrum of TFIP-di on a Si(100)
surface. (a) KVV NAES. (b) KVVo* RAES.
Figure 3 (bottom). F:ls Auger spectrum of
TFIP-di on a Si(100) surface. (a) KVV
NAES. (b) KVVo* RAES.
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Synchrotron radiation has provided a powerful means to obtain information about
core-level excitations, and the dynamic processes following the core-level excitations in molecules
have long been a subject of interest. In contrast to valence electrons that are often delocalized
over the entire molecule, the core electrons are localized near the atom of origin. Although core
electrons do not participate in the chemical bonding, the energy of an atomic core-level in the
molecule depends on the chemical environment around the atom. A shift in the energy levels of
core electrons that is due to a specific chemical environment is called a chemical shift.

Monochromatized synchrotron radiation can excite core electrons of an atom in a specific
chemical environment selectively, discriminating the core electrons from those of like atoms
having different chemical environments. This site-specific excitation often results in site-specific
fragmentation, which is of importance in understanding localization phenomena in chemical
reactions and which is potentially useful for synthesizing materials through selective bond
breaking. Synchrotron radiation can indeed play the part of an optical knife for molecules.
When bond dissociation around an atomic site is required in the synthesis, one can use the optical
knife that has the photon energy corresponding to the specific excitation of that site.

To elucidate the site-specific fragmentation, we have studied the spectroscopy and dynamics
following core-level photoionization of various molecules condensed on surfaces [1-4]. In the
present work, we have used the energy-selected-photoelectron photoion coincidence (ESPEPICO)
method to study the site-specific fragmentation following C:1s photoionization of CFsCD(OH)CH3
(TFIP-dy) on a Si(100) surface. Since the chemical environments of a C atom bonded to three F
atoms (C[F]), of C bonded to three H atoms (C[H]) and of C bonded to an OH group (C[O]) are
different from one another, TFIP shows occurrence of different chemical shifts [4]. Thus it seems
likely that TFIP-dh will show site-specific fragmentation.

Figures la, b and c respectively show the ESPEPICO spectra obtained with emissions of
the C[0]:1s, C[H]:1s and C[Fl:1s electrons of TFIP-di monolayer adsorbed on a Si(100) surface.
Figures 2a-c show the corresponding spectra of TFIP-di monolayer adsorbed on Si(100) and
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annealed at room temperature. Figures 3a-c show the corresponding spectra of TFIP-di

multilayer condensed on Si(100). H* ion is predominantly desorbed coincidentally with the

C[H]:1s and C[O]:1s electrons in Figures 2a and b. In contrast, F* ion is predominantly desorbed

coincidentally with the C[F]:1s electron. Such site-specific fragmentation is not clearly revealed

in Figures 1 and 3. Further investigations are clearly needed on the reason for this difference.

[1] S. Nagaoka, K. Mase, M. Nagasono, S. Tanaka, T. Urisu and J. Ohshita, J. Chem. Phys. 107,
10751 (1997).

[2] S.Nagaoka, K. Mase and I. Koyano, Trends Chem. Phys. 6, 1 (1997).

[3] S. Nagaoka, K. Mase, M. Nagasono, S. Tanaka, T. Urisu, J. Ohshita and U. Nagashima,
Chem. Phys. 249, 15 (1999).

[4] K.Mase, S. Tanaka, S. Nagaoka and T. Urisu, Surf. Sci. 451, 143 (2000).
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Introduction A number of investigations have been carried out on the surface of
the TiOs, and a rutile (110) surface has been particularly studied by many authors.
However, many things still remain unknown. For instance, intrinsic surface states
of the rutile (110) surface have not yet experimentally observed although some
theoretical calculations have predicted that they would have different binding
energies. In this report, we measure the photo-stimulated desorption in order to
observe the NEXAFS (Near edge X-ray absorption fine structure) of the rutile (110)
surface, and detected the surface (unoccupied) states.

Experiments All experiments have been carried out at the BL2B1 of the UVSOR,
IMS. Soft-X ray of photon energies near the
Ti-Les and O-K  thresholds were
monochromized by a  grasshopper

monochromator, and injected to the rutile
(110) surface. Ejected ions and electrons as
functions of photon energies were detected
by a home-made EICO (Electron-Ion
Coincidence) apparatus which equipped
with a CMA (Cylindrical Mirror Analyzer)
for electrons and a TOF tube for ions.

Electron Yield (cps/360)
lon Yield (cps)

Coincidence measurements with electrons
and ions were separately carried out in
order to determine ion species. The rutile
(110) surface was cleaned by Ar* sputtering
and heating followed by annealing in

lon Yield (cps)

oxygen (106 Torr). It was a nearly perfect

Electron Yield (cps/510)

surface, in which a number of oxygen

T v 1 hd T
530 >0 860 vacancies was small as observed with the

Figure 1 photoelectron spectroscopy.
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Results and Discussion Figure 1 shows electron (open circles) and ion (solid lines)
yields near (a):Ti-Lzs and (b):0-Kedges. The electron yield predominantly
represents the bulk absorption, and ion yield the surface absorption. In these
spectra, desorbed ions were mostly O* according to the coincidence measurements.
Here, we focus on near edge structures, because it is expected that they show
electronic structures (density of states) of the unoccupied states. In figure 2, curves
(a) and (b) show the ion yields and (c) and (d) show the electron yields, where the x
axis represents the relative energies referred to the threshold at Ti-Ls (a and ¢) and

OK (b and d) edges, which

approximately indicates the binding

energy of the unoccupied states from

the Fermi level. Because the core
electron is strongly localized, the
absorption curve is expected to
indicate the partial density of states at
the atoms involving the core electron
to participate the transition. Thus, the

Total lon Yield (Arb. Units)

spectra at  the O-K  edges
approximately show the O-2p
contribution to the unoccupied levels,
and those at the Ti-Ls edges show the
Ti-3d contribution. The density of
states observed in fig. 2 for Ti-3d and
O-2p are rather similar to each other
both in electron (bulk sensitive) and
4 0 1 2 3 4 5 ion (surface sensitive) yields. It
Relative Energy (eV) indicates that the hybridization

Figure 2 between the Ti-3d and O-2p is strong

in the unoccupied states of the rutile,

Partial Electron Yield (Arb. Units)

and rules out a simple picture that the rutile is an ionic crystal where O-2p is fully
occupied and Ti-3d is fully empty. Ti-3d splits into tzg and eglevels due to the crystal
field made by surrounding oxygen ions. It is interesting to point out that the ez
energies observed in the ion yields is shifted by about 1 eV compared to the electron
yield while the tzg levels do not show such differences. It is known that the energy of
eg 18 more sensitive to the symmetry of the crystal field than that of the tz;. Thus, it
is reasonable to conclude the 1 eV shift is a bulk-to-surface shift in the binding
energies of the eg level at the rutile surface. This shift is consistent with the
experimental work. This is the first observation of the intrinsic surface states on the
rutile(110) surface to our knowledge.
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Ion Desorption from H20/Zn0(1010) and H20/Ti02(110) surfaces induced by
the core-level excitation
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Ion desorption from solid surfaces is one of the most fundamental processes in the
photochemical reaction. In this report, a comparison in the hydrogen ion desorption from
water-chemisorbed ZnO and TiO: surfaces will be presented, and a mechanisms of them
will be discussed.

A nominal electronic configuration of ZnO is (Zn3d)1%(02p)é, and that of TiO: is
(Ti3d)°(02p)6. However, in both metal oxides, the hybridization among electrons in metal
and oxygen atoms is considerably large. It is generally accepted that water dissociates on
7Zn0(1010) and Ti0(110) surfaces and the OH species is bonded to the metal (Zn and Ti)
atoms mainly at the oxygen vacant site according to previous studies.

We made photoelectron-photoion coincidence measurements on both surfaces. The
experiments have been carried out at BL2B1 of UVSOR. The samples were cleaned by Ar*
sputtering and annealing in UHV and oxygen (1x10¢ Torr). Samples were heated to high
temperature (about >900K) in UHV at the final stage of the cleaning to produce oxygen
vacancies at the surfaces, then exposed to H20 gas at room temperature.

Figure 1 shows a photoelectron and photoelectron-photoion coincidence spectra for

the water-chemisorbed Zn0(1010)
ZnO(1010)H,0 surface. The left-hand side shows a

photoelectron  spectrum  and  the

right-hand side shows TOF spectra of

| O-Auger

7n3s A SN o ions to be triggered by the detection of

- —ritboira oA AR A AL A A Ay . . .
s A i A Aot e ool photoelectrons whose kinetic energies
ey eyt A A g s

are indicated by bars in the left-hand

AN A bt sl bt side. The photon energy used was 680 eV.

| IS T R R S R A |

Peaks observed in the photoelectron

1000 .
TOF Difference (ns) spectrum are ascribed to the oxygen
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KVV Auger electron emission

Tio2(110)/ H
hv=560 &V . and the core-level
300 + photoelectron emission from Zn
&
2 il i WSS S 5.0 e (Cpte i i
< 350- er e D as shown in the figure. In the
A NN o g oy A g p bt ¥
8 TiAuger  r i coincidence  spectra,  the
o 400 S =
‘s = desorption of H* is observed at
450 =
§ | = the oxygen Auger electron
= ¢ n’\m’ e e L T .~/~;¢»-' -, . . . .
§ 5001 QERGRE Gy ] emission, and no coincidence
E =
2 550 was observed with the electron
T T T
0 2000 2000 emission from Zn. This
TOF Difference (ns)

indicates that the excitation
and decay within the oxygen atom leads to the H* desorption from the OH species.
Meanwhile, the excitation and decay at Zn, which is not bonded to H, dose not yield any
ion desorption. A results for the water-chemisorbed TiO2(110) is drastically different from
Zn0(1010). The H* desorption coincides not only with the electron emission from O, but
also with that from Ti as shown in figure 2. Thus, in the case of the TiQgz, the excitation
and decay at Ti, which is not directly bonded to H, can yield the H* desorption.

In the classical Knotek Feiblman model for TiOz, the ion desorption is induced by
holes at O2p created by the inter-atomic Auger decay of the Ti3p hole (which can be
produced by the Auger decay of any Ti core levels deeper than Ti3p), because there are no
higher levels than Ti3p except O2p. However, it seems to be difficult to explain the
results shown above with that scenario, because 1) the valence band of TiO2 is strongly
hybridized, and the decay of the Ti core levels without any inter-atomic Auger process is
possible and 2) Zn3d level is the highest level at Zn which is below the O2p level, so,
similar mechanism might be expected in ZnO as well as TiOz. Thus, it is necessary to find
another mechanism. It is reasonable to assume that the mechanism of the ion desorption
induced by the Ti-core level excitation should be related to a presence of the empty Ti3d
level in TiO2, because this is the most significant difference between TiOz and Zn0O. We
propose a model in which the charge transfer from O2p to Ti3d through the hybridization
induced by the Ti3p core hole potential (similar to the Kotani-Toyozawa model in the
photoelectron spectroscopy) is responsible for the charge transfer from O to Ti and also
for the ion desorption. This model is consistent with the experimental result shown above

because the process is inhibited in ZnO because Zn3d is not empty.
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H. Horino,* S. Wako," T. Matsushima,” S, Nagaoka,® E. Nakamura,® S. Tanaka® and M. Karmada®

* Graduate School of Environmental Earth Science, Hokkaido University, Sapporo 060-0810, Japan
b Catalysis Research Center, Hokkaido University, Sapporo 060-0811, Japan
¢ Institute for Molecular Science, Myodaiji Okazaki 444-85835, Japan
¢ Department of Physics, Nagoya University, Senju, Nagoya 464-0814, Japan

Catalytic N,O decomposition on metal surfaces has attracted much attention because N,0 is harmful, yielding a
remarkable greenhouse effect, and is also a by-product in catalytic NO decomposition. In the latter, this species was recently
identified as the intermediate emitting N, on Pd(110)[1]. N,O decomposition depends strongly on the kind of metals and also
their surface structures. Desorption of N;O(a) is completed without dissociation at 90-120 K on Pt(111), Ir(111), Ni(111) and
Ag(111). On the other hand. N,O(a) dissociates at around 100 K on Ru(001) and W(110). This abstract delivers the first report
of NEXAFS data of N,O on Pd(110), showing a molecular adsorption state, and also of decomposition on this surface at low
temperatures, showing four N; desorption peaks with different angular distributions.

Experimental

[Near-edge X-ray absorption fine-structure] The angle of X-ray incidence ( x ) 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
perpendicutar to the [1 1 0] direction. The crystal was kept below 70 K during the NEXAFS measurements. The NEXAFS
spectra were recorded by an Auger electron yield mode with the kinetic energy of the nitrogen KLL Auger electrons at 382 eV
[2].

[Angle-resolved thermal desorption] A UHV system with three chambers was used. The reaction chamber was equipped
with LEED-AES, an Ar+ gun, and a mass spectrometer for angle-integrated (Al) analysis [3]. The collimator had a slit on
each end and the analyzer had another mass spectrometer for angle-resolved (AR) measurements. The crystal was set on the
top of a rotatable manipulator to change the desorption angle ( 8 ;polar angle). This angle was scanned in a plane along the
[001] direction because N, desorption was concentrated in this planc. The surface after flashing to 1100 K was exposed to
"N, through a gas doser when the surface temperature (7) was below 95 K. Hereafter, isotope N is designated as N.

Results and Discussion

[NEXAFS] On a clean surface, no

signal peaks were found in raw 3000
NEXAFS spectra in the photon
energy range from 395 eV to 430 eV.
On the other hand, two resonance
states were clearly seen in NEXAFS
spectra at 403.270.5 and 406.7+
0.5 eV when the surface was exposed
N,O at 70 K (Fig. 1). The former was
assigned to the transition from the 1S
state of the terminal nitrogen atom to
3 * and the latter due to the
excitation of a 1S eclectron of the
center nitrogen to 3 7 *. This energy 0 : r . ) , ‘
difference of 3.3 eV agrees well with 395 400 405 410 415 420 425 430
the results on Ni(111) and confirms Photon Energy {(eV)

the molecular form of N;O.

Nz2Q/Pd(110) E(kinetic)=382eV
—_— Xinci=80°

IN1S —=>3x" |
20001

ot B

¥ _406.7eV

403.28V .| * N(center)

N(terminal)

Ts=70K

1000

-’ e b
-t % e Nt '-l'-“.-"l"‘“'-
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Auger Electron Yield (counts/s)

Fig. 1 NEXAFS spectra of N,O ad-molecules at an incidence angle ( x ) of 80
The electric vector E was in a plane along the [001] direction.
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[AR-TDS] N,O(a) is mostly decomposed during heating procedures, emitting N, (g) and leaving O(a). N, showed four
desorption peaks, S -N, at 140-160 K, £ N, at 132-138 K, N, at 123-127K and £ ,-N, at 105-111 K (Fig. 2a)[4].
The first was found at high N,O exposures and the last at very low exposures. Both 3 -Nyand 3 N, revealed sharp and
inclined emission collimated at 0 =43  off the surface normal in the (001) plane, S ,~N, sharply collimated around 6
=55" ,and f ,-N, showed a cosine form below half saturation. The total amount of emitted N, showed a good linearity with
increasing N,O exposure and a passing at the origin of the exposure curve, indicating that N,O including the product of N, is
trapped on the surface at 95 K. No removal of product N, was noticed during exposure at 95 K.

The AR signal of N, showed different peak shapes as
shown in Fig 2b. The f N, peak became clear at @
10=0.03 and around 0 =50 ", where @y, is the relative 10
coverage of N,0O normalized to the desorption maximum
of N, and N,0. It is maximized at around 6=+55" and
-55° in the (001) plane, as approximated by cos“( 6 +553)
+ 00s®( 0 -55). At this coverage, the 4N, was not
significant. The 3 ,-N, peak in Al form was higher than
the others, however, its intensity in AR form was lower
than the others. The value at 8= 90" remained about
60 % ofthatat =0 " This remaining signal is due to N,
molecules that did not pass through the slits directly from g
the surface, but were first desorbed info the reaction
chamber and penetrated from there into the analyzer. This
extraneous signal was subtracted from the observed AR
signal at 6<90° when the signal was plotted against

6 . The resultant S ,-N, showed a simple cosine
distribution.

At high ® ., values, B -N, was enhanced
especially around 0 =43, whereas 3 ,-N, was relatively
suppressed and 3 ,-N, increased. 3 5-N, sharply peaked at
around 0= +43 ° and 43 ° in the [001] plane, as
represented by cos™( 0 +43) +cos”( 0 - 43) (Fig. 2¢). B - 80
N, was sensitive to 0 at around 6=43". It showed a T/K
sharp collimation at around +43° off the surface normal — 9 in (001)
direction. On the other hand (3 ,-N, became sensitive —40° -20° 0’ 20° 40°
to 0 at around =43 * at high exposures. This is '
probably due to the contribution from enhanced S ,-N, B.-N
and B3N, AN //'} {60°
[Inclined desorption] Prior to decomposition, N,O(a) AN a4
must lie on the surface because oxygen is released on it. A \ \ /’ . eos™(6-43)
simple dissociation of inclined N;O bonding to metal — -so°| SN el 180°
through the O-end may emit N, into an inclined way, \‘:",7
although such configuration has not been confirmed by

I | T
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vibrational spectroscopy. In N,O dissociation, a surface
parallel momentum can be transferred to nascent N, from
the other product oxygen atom immediately after N,O
dissociation, because a high energy (about 2 eV) is
released in the subsequent formation of O-metal bond.

Reference

Fig, 2 TDS spectra of N, from N,O-covered Pd(110) in (a)
angle-integrated and (b) angle-resolved forms at different
0 wvalues in the (001) plane. The heating rate was 0.4 K/s.
(c) Angular distribution of desorbing 8+, in  the (001)
planeat ®y,,=0.5.
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Si0, and GeQ, thin films have been prepared by photo-chemical vapor deposition

(Photo-CVD) at room temperature from organo-metallic compounds: Si(OC,Hs)s and

Ge(OC,Hs)s, The photo-dissociation processes have not been clear yet. In this work, we

have identified species dissociated from Si(OC,Hs)s and Ge(OC;Hs), molecules by vacuum

ultraviolet radiation and discussed about the photo-dissociation processes. The chemical

structures are illustrated in Fig.1

TEOS and TEOG were supplied at 3.0 X 1077 Torr and 7.0 X 10°® Torr into a stainless steel

pipe, respectively. The 10.7 eV photon beam was introduced into the pipe, which was

provided by adjusting the undulator gap to be 35mm. The average photon density was 8.0

% 10" photon/cm?*/100mA/sec.

The mass spectra taken from TEOS and
TEOG before-radiation and during-radiation
are shown Figs.3(a) and (b) and Fig.4(a) and
(b), respectively. Our main aim of this study
is to identify the final products associated
with Si and Ge photo-dissociated from these
molecules, so that we focus on the spectra at
28 (Si), 44 (Si0), 60 (Si02), and 76 (Si04)
for TEOS, and 72(Ge), 88(GeO), 104 (Ge02),
120 (Ge03), and 136 (GeO4) for TEOG. By
comparing the spectra from TEOS and TEOG,
we can conclude that SiO and Ge are the main
final products. In case of TEOS, a small
into

amount of Si are produced. Taking
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|
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| |
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i Si—0 83eV
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Fig.1 Chemical structure
(a) TEOS (b) TEOG
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account of a fact that the bonding energies of
Si-O and Ge-O are 8.3 eV and 6.9 eV,
respectively, the difference induces the

different final products.
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Fig.3(a) TEOS Mass spectra of before-radiation
and during-radiation (m/e=1-70)
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Fig.3(b) TEOG Mass spectra of before-radiation
and during-radiation (70-210)
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Infrared (IR) absorption spectroscopy has contributed to identification of the chemical species on the hydro-
gen-adsorbed Si surface (H/Si) and elucidation of their structures. Despite extensive IR studies of H/Si systems,
however, many fundamental problems in the assignment of vibrational modes and thermal reaction mechanisms
remain unsettied. Even in the stretching vibrational region, reported assignments are still inconsistent. Most previ-
ous IR studies of H/Si surfaces have used the technique of attenuated total reflection (ATR), which can only provide
spectra above about 1400 cm™! because of Si lattice absorption. Buried metal layer-infrared reflection absorption
spectroscopy (BML-IRRAS) has an advantage in that it supplies spectra with high sensitivity and high resolution
(0.5-2 cm™) for the SiH, bending and wagging vibrations, which appear in the so-called fingerprint region, <1000
cm’ as well as the SiH_ stretching vibration. In this work, we have assignned the SiH, modes in the stretching and
bending regions consistently by analyzing the temperature dependence of this spectrum and discussed mechanisms
of the thermal decomposition of SiH, species.

Figure 1 shows typical BML-IRRAS spectra obtained after 500 L hydrogen exposure at different tempera-
tures. The RHEED patterns were 1x1 for the sample exposed at 300 K and 3x1 for that exposed at 400 K. The
spectra shown in Figs. 1(a) and (b) consist of the stretching and bending modes near 2100 and 900 cm’', respec-
tively. The peak-resolved spectra for these vibrations, calculated assuming that the shape of each peak is Lorentzian,
are also shown in Fig. 1. The stretching part is resolved to at least four clear peaks at 2082, 2100, 2107, and 2138
cm’'. Assignments of the 2100 cm™' peak are made with reference to these works to the symmetric stretching mode
of coupled monohydride (M), the broad peaks at 2138 and 2130 cm' to the SiH, stretching modes (7%) and the 860

cm’! peak to the SiH, symmetric de-
: /L

formation (7T.) mode. The assign-
ments of the 860 and 2138 cm™' peaks
to the SiH, species are also supported

S 2100
913

by their clear intensity decrease by
the change from 1x1 to 3x1.

As for the dihydride species,
in previous reports, the weak peak at

---2130
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2066
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/\\\Z;A_\?’m (a) 300 K (1x1)

2091 cm™' was assigned to the SiH,
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symmetric stretching (Ds), the 2114
e’ peak to the Dy, and the 2108 cm'™!
peak for the HF-treated Si(100) sur-
faces to the Dy of SiH, perpendicu-
lar to the Si(100) plane.

Of particular interest is the
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Fig. 1. p-Polarized BML-IRRAS spectra associated with H/Si(100) sur-
faces with (a) 1x1 (b) 3x1. Narrow lines show peak-resolved spectra

2200 700

doublet peak in the bending vibration
region that splits into two distinct
peaks at 902 and 913 cm™. The IR
absorption spectra of hydrogenated

calculated assuming that the the shape of each peak is Lorentzian.
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porous silicon and the Si H, gas suggest that this 1 S A L E R L e A
doublet peak is a result of the SiH, bend scissors § g§ 5
mode (Dy) overlapping the degenerate deforma- g 5 g
tion mode of SiH, (7u). McGonigal et al. as- o= Se

R

signed the small peak at 930 cm™ to the Ty and 300 K (1x1)

NP AT
the strong peak at 860 cm™! to the Ty, in their
BML-IRRAS study of H on the polycrystalline
Si surface. Since IR data with Si,H, adsorbed S50 K (1x1) |

porous Si and ab initio calculations imply that
T 1s much weaker (1/3 to 1/5) than that of the
T observed at 860 cm™, the Sill, bending mode,

2%

ABSORBANCE

T4, should be weaker than the observable level
in the present case. Moreover, the 907 cm! peak
observed in a recent high-resolution (13 cm™)
EELS study of H/Si(100) surfaces was assigned 0, ;
to the Dy, of the terrace dihydride and the small T L L

| 1 I i

N 1 e ¥l I
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peak at 933 cm™ to the Ty. Therefore, we con-

clude that the 902 and 913 cm"! peaks observed WAVENUMBER (cm’)

in the present work should both be assigned to Fig. 2. BML-IRRAS spectra obtained at various anneal-
Dy;. Furthermore, given the structures of 3x1 and ing temperatures. Narrow lines show peak-resolved spec-
1x1 surfaces, we believe that there is adjacent tra calculated assuming that the the shape of each peak is

dihydride (AD: H-Si-H H-Si-H), in addition to Lorentzian.
isolated dihydride (/D: H-Si-Si-H H-Si-H H-Si-
Si-H), on the 1x1 surface that includes many phase boundaries of the 3x1 structures. It is also known that the
vibrational frequencies of adsorbates on a solid surface are easily influenced by the neighboring species. In the IR
absorption spectra of a-Si:H, the observed Dy of the polysilane-like chain segment (SiH,), is about 10 cm™ higher
than that of the normal SiH,. We therefore assign the 902 cm™ peak in Fig. 1 to the bend scissors mode of ID (/D)
and that the 913 cm™' peak to the same mode of AD (AD,). These assignments are also supported by that the 913
cm' peak is weaker for the 3x1 structure (Fig. 1(b)) than that for the 1x1 structure (Fig. 1(a)).

To confirm the assignments of the SiH, species, we investigated the dependence of this peak intensity for the
Ix1 surface on the annealing temperature (Fig. 2). The IA of the 2100 cm™ peak starts to increase at about 500 K and
that of the 913 cm™' peak starts to decrease at nearly the same temperature. As shown in Fig. 2, the temperature
dependence of the 913 ecm' peak almost coincides with that of the 2107 cm peak. We therefore assign the 2107 cm!
peak to the symmetric stretching mode of AD (AD,). Itis difficult to account for the temperature dependence of the
two peaks at 2090 and 2114 cm™ in detail from the data shown in Fig. 2, but both peaks are found in the spectra of
samples annealed up to 550 or 580 K, in contrast to those of samples annealed at higher temperatures. Both peaks
are therefore assigned to the vibrational modes of the dihydride species. Furthermore, because the temperature
dependence of the 2090 cm' peak shown in Fig. 2 is similar to that of the 902 cm™! peak, we assign the former peak
to the symmetric stretching mode of /D (/D), as reported by Chabal et al. On the other hand, Dumas et al, assigned
the 2114 cm™ peak observed in their IR study of the HF-treated Si(100) surface to the asymmetric stretching of the
tilted dihydride (“horizontal” dihydride on the (111) facets) on an atomically rough H-terminated Si(100) surface;
we therefore assign the small peak at 2114 cm™ to the SiH, asymmetric stretching mode (D.) on defect sites.

From the annealing temperature dependence shown in Fig. 2, we conclude that AD is slightly less stable than
ID and that both AD and /D produce coupled monohydride by thermal decomposition. AD can easily generate
coupled monohydride by thermal decomposition via second-order kinetics, the thermal reaction of /D may gener-
ate coupled monohydride by the decomposition reaction accompanied by the rearrangement of hydrogen.
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Hydrogen-adsorbed Si (H/Si) surfaces have attracted considerable interest in the fields of semiconductor tech-
nologies, because H plays important roles in the passivation effect and in several chemical-vapor-deposition reac-
tions on the Si surface. Recently, some studies by temperature-programmed-desorption (TPD) and scanning tunnel-
ing microscopy (STM) have also shown the evidence of etching reactions involving by H atoms adsorbed on Si
surfaces. This indicates that H atoms break Si back bonds and remove the Si atom from the surface. Clarifying the
H-etching process will be significant in future nanoprocesses including atom-level control. In this work, we have
investigated the initial stage of etching reaction of Si(100) and Si(111) surfaces induced by H-exposure using
buried metal layer-infrared reflection absorption spectroscopy (BML-IRRAS).

Figure 1 shows IRRAS spectra of H/Si(100) surface formed at room temperature (RT) as a function of H-
exposure. The three peaks at 902, 913 and 860 cm™' in the bending part have been assigned to the isolated SiH,
scissors (IDy;), adjacent SiH, scissors (AD) and SiH: symmetric deformation (7i) modes, respectively. The detec-
tion of the Ty, peak indicates that the initial stage of H-etching (breaking of the Si-Si back bonds) is occuring and
that trihydride is forming. The H-exposure dependence of the integrated absorbance of these bending vibrations,
calculated assuming the shape of Lorenzian, are plotted in Fig. 2. As shown in Figs. I and 2, the /D, peak appears
and saturates at relatively low H-exposures (50 L). On the other hand, the AD,; peak becomes clear at around 100
L and tends to saturate at 200-500 L. We can see that the T\, appears and begins to increase gradually at the same
time when the AD,; almost saturates above 200 L.

T i T ¥ T * T4 T T 2 T
ADsci
| e

This means that the adjacent SiH, structure is a

precusor to the SiH: formation. | 0.0005 "{‘SS
Ts

Figure 3 shows a series of IRRAS spectra of H/
Si(111) surface obtained by H-exposures at RT. At
low exposures (~10 L), adatom monohydride (M),
observed at 2074 cm™! is mainly formed on the sur-
face. With increasing exposures (~30 L), the inten-
sity of the M’ peak decreases and the 905 cm' peak

ABSORBANCE

(Ds) appears. This means that one back bond of Si
adatom is broken, and that the adatom dihydride
forms. As the exposure increases above 70 L, the

860 cm™! peak (7.), which indicates the formation of
adatom trihydride, increase gradually and saturates
at 500 L. The formation of adatom higher hidrides
by breaking of the adatom back bonds enlarges the

K
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H-terminated 1x1 area. Therefore, the 2080 cm' peak

(M) increases remarkably as the exposure increases Fig. 1. BML-IRRAS spectra of p-polarization for
from 500 to 2000 L. Figure 4 shows IRRAS spectra H/Si(100) formed by H-exposure at RT.

of H/Si(111) surface obtained at RT by much higher
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H-exposure of 5000, 10000 and 50000 L. The most
important result is that the SiH, symmetric deforma-
tion vibration peak (Tu: 940 cm™) is observed at above
10000 L. Appearance of the Ty peak means that the
initial stage of etching of the 1x1 rest-atom layer oc-
curs and the tilted trihydrides are formed. As for the
adatom trihydride of which the symmetry axis is per-
pendicular to the surface, p-polarized IR beam excite
the Ty mode but not the Ty mode. On the other hand,
as for the trihydride formed by the etching of the 1x1
terrace having tilted symmetry axis against the (111)
direction, both peaks of Ty and Ty, are observable. The
etching of the 1x1 terrace is also supported by the dis-
tinct decrease and broadening of the M, peak indicat-
ing the increase of the surface roughness.

Initial stage of etching reactions on Si(100) and
Si(111) surfaces, induced by H-exposure at RT, has
been investigated by BML-IRRAS. The Sill, scissors
and SiH, deformation modes have been observed as

clear indicators at the initial stage of etching reactions.
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Fig. 2. Dependence on H-exposure of the integrated
absorbances for the Dy, ADs and Ty peaks in the
Fig. | spectra.

On the Si(100) surface, the etching reaction started in the relatively low exposure region of =300 L. We found that

the adjacent dihydride is a precursor structure of breaking the Si back bonds. On the Si(111) surface, adatom’s back

bonds were easily broken at a low H-exposure of 30-500 L. Adding to this dominant reaction, the etching of rest-

atom layer was observed at higher H-exposures than 10000 L.
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Fig. 3. BML-IRRAS spectra of p-polarization

for H/Si(111) formed by H-exposure at RT.
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Fig. 4. BML-IRRAS spectra of p-polarization
for H/Si(111) formed by high H-exposure of
5000, 10000 and 50000 L.
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LIGA process, that utilizes a useful industrial application of SR, is one of the promising technologies
for fabrication of extremely tall three-dimensional microstructures with a large aspect ratio.  This process was
invented at the Institut Fur Mikrostrukturtechnik (IMT) of the Karlstuhe Nuclear Center (KfK) in 1980 [1].
Microstructures with height of over a few hundreds pm have been widely applied to various fields such as
micro-mechanics, micro-optics, sensor and actuator technologies, and chemical, medical and biological
engineering.

PMMA sheet
Au vapor-diposited detector

Be filter (t=10004)

Pt coated mirrors

O..

UVSOR storage 1ing puure 1. Optical layout of the beam line BL4A1

An X-ray deep lithography of the LIGA process needs the photon energies of 2 keV to 6 keV.
The depth to which X-rays penetrate a resist depends on the resist's absorption coefficient for X-rays. The
vacuum ultraviolet (VUV) photons contained in

the SR can excite almost all electronic states, 18 F o~

including core electrons. However, the élo“ /\—ﬁ\ ]

penetration depth for PMMA in the photon 3 . f :

energy range of the VUV has never been Elo 3 E

examined. This report is intended as an é? 102 | o]

investigation of the X-ray lithography in the éé - i, "

photon energy range less than 2 keV. £6 F 3
Figure 1 shows optical layout of a g 10" E

beam line BL4A1 in the UVSOR. The ::g 1095

multilayered-mirror (MLM) monochromator &

beam line had been constructed specially for SR 10° ?

stimulated process. When the MLM is not
used, the SR beam is reflected by a pair of Pt
coated plane mirrors with grazing incident
angles of 2 degrees in the white beam chamber

100 1000 10*
Photon energy (V)

=

Figure 2. Calculated spectra of the photon flux of
white beam in the beam lines BL4A1 of the
UVSOR.
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Figure 3. The dose dependence of PMMA sheet
processing depth using the beam line BL4Al of the

UVSOR.
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to keep the output beam at the same
height as that of the output beam from
A Be filter
is set to cut off low-energy photons, and

the MLM monochromator.

an Au vapor-deposited detector is set to
measure photo-current.[2], [3]

Figure 2 shows calculated the
photon flux of the output beam at a point
downstream of the exposure stage as a
function of photon energy taking into
consideration the acceptance angles and
reflectivity of the pre-mirror, the
reflectivity of two Pt-coted mirrors, and
the transmission of the Be filter. The
transmission (84%) of the mesh holding
the thin Be film was also considered in
addition to the transmission of the 0.1-
um-thick Be filter. The values of the
optical constants used in the calculation
were cited from reference 4.

As a fundamental data to
estimate the required X-ray dose energy

to process the required depth, the dependencies of processing depth and irradiated X-ray energy without any X-

ray mask are measured. The processing depths
and development
estimated maximum depths measured by the
surface profiler (Dektak® ST).
3, processing depth increased linearly at low
doses, while at high exposure doses it showed to

after SR exposure were

As shown in Fig.

gradually becoming saturation.
is estimated lower than that of the hard X-ray
lithography in the photon energy range more than
1 keV. Furthermore, at the exposure doses
more than 1.8 Ae min, PMMA sheets become
degenerating by thermal.

Finally, a patterning of the PMMA
sheet was demonstrated by using the output
beam with an Au wire mesh. The output beam
irradiated on a 0.5 mm-thick PMMA sheet with
an Au wire mesh at an exposure dose of 3.6
A+ min. The diameter of the Au wire is 70 um.
Figure 4 shows the SEM image of PMMA
microstructures.
of the beam line BL4AT.

The etching rate
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1. Introduction

Desorption induced by electronic transitions (DIET) of various kinds of particles from rare gas solids has
been extensively studied in these 10 years [1]. Investigation of the desorption characteristics such as desorption
yields, kinetic energies and angular distributions, will reveal the dynamics of the electronic excitations and the
relaxations.

We reported the absolute photo-desorption yields from the surface of solid neon [2] and argon [3, 4] at
excitonic excitation energy and revealed the main desorption channel by the quantitative analysis. For a thick
neon film, the desorption yield was 1-2 atoms/photon by bulk exciton excitation and 2-10 atoms/photon by bulk
jonization. These values were quantitatively explained by the internal sputtering mechanism. In the case of argon,
the absolute photo-desorption yield was 0.05-0.1 atoms/photon by bulk exciton excitation. The results agreed
with the calculated value using the classical molecular dynamics by Cui et al [5]. The dissociation of excimer in
the bulk was found to play an important role in the desorption mechanism of argon.

Here, we present the preliminary results of the total photo-desorption yields from the surface of solid krypton.
The "total" means that we detected all the krypton particles desorbed, i.e., atoms and clusters in ground,
electronically excited, and ionized states. In this report, we show only the relative desorption yields because the
absolute number of incident photon have not been measured in the wavelength range of the exciton creation
energy for solid krypton (100-130 nm).

2. Experiments

The experimental procedure and set-up have been described in detail elsewhere [2] and are briefly
summarized here. Experiments have been carried out at the beam line BLSB in UVSOR of the Institute for
Molecular Science, Okazaki. A liquid helium cryostat was installed in an ultrahigh-vacuum chamber with a base
pressure of 5 x 1079 Pa. Krypton gas was introduced into the main vacuum chamber and was condensed on the
surface of a platinum substrate attached to the liquid helium cryostat. The temperature of the sample was 6 K or
lower. The thickness of a krypton film was calculated from the exposure on the assumption that the condensation
coefficient of the krypton on the sample surface was unity. The film thickness was between 10 and 2400 atomic
layers.

Desorption rate was calculated from the total pumping speed for krypton and the rise of the krypton partial
pressure in the vacuum chamber during the irradiation of the sample. The pumping speed for krypton of a turbo
molecular pump and the cold surface of the cryostat was 0.068 = 0.01 m3/s in total. The partial pressure of
krypton was measured by a quadrupole mass spectrometer which was calibrated with an ionization gauge at each
run of the experiment.

3. Results

Figure 1 shows the wavelength dependence of the total desorption yields for solid krypton. In case the film
thickness is 10 atomic layers, a peak is observed at 125 nm which corresponds to the excitation energy of the first
order surface exciton (S1(3/2)). For the film of 2400 atomic layers in thickness, additional peaks appear at the
wavelengths corresponding to the first order bulk (B1, 122 nm (3/2), 114 nm (1/2)) excitons. The small shoulders
at 110, 116 and 112 nm in the spectrum for 2400 atomic layers film are due to the creation of the second order
bulk (B2(3/2)), the first order surface (S1(1/2)) and the second order surface (S2(3/2)) excitons, respectively.
The background signal is mainly due to the ionization by the second order light from the monochromater.
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The thickness dependencies of the desorption yields at each exciton excitation energy are shown in figure 2.
The desorption yield at the surface exciton creation energy should have no thickness dependence because the
"thickness of the surface" is constant for any thickness of the film, which was indeed the case for neon [2] and
argon [3,4]. However, in figure 2, the desorption yield at the first order surface exciton (3/2) excitation energy
gradually decreases with the increase of the thickness of krypton film. This decrease can be the contribution of
the residual gas adsorption on the sample surface. To make a thick krypton film, the substrate was exposed to
gaseous krypton with rather high pressure (~ 1 x 104 Pa) for more than 10 minutes. After the exposure, we had
to wait for about 1 hour or more in order to get a low pressure (< 2 x 10-8 Pa), which was essential for a good
signal to background ratio in the present experiments. The sample surface can be partly covered with the residual
gas (Hp, HpO, CO, etc.) during this period, which resulted in the decrease of the desorption yield. This very
slow pressure decrease was not observed in the measurements for neon and argon, which is explained by the
difference of their vapor pressure at the temperature of the cryostat which has a temperature distribution from 4.2
K to the room temperature.

The desorption yields at the bulk exciton creation energies increase with the thickness of krypton film and
saturated at about 200 atomic layers. The saturated value for B1 (3/2) and Bl (1/2) is roughly estimated at
0.01~0.1 krypton/photon. The measurements of the absolute intensity of the incident light at the wavelengths of
the exciton creation for krypton (100-130 nm) will be done in the next machine time, which will give the
absolute desorption yield. This will make it possible to discuss the desorption mechanism quantitatively.
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Fig.1 Wavelength dependence of total desorption Fig.2 Thickness dependence of desorption yields
yields of argon for thin (10 layers) and thick at the bulk and surface exciton creation energies.
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Nano structures must open new windows not only for surface physics and chemistry but also
for electronic and photonic devices. Synchrotron-radiation-stimulated surface chemical reactions
have been a most promising way to fabricate nano structures, because they offer a process with
the advantage of high-site selectivity by core electron excitation and also free-of damage with
atomic scale. However, the detailed reactions have not been elucidated yet.

We have set and operated ultra-high vacuum scanning tunneling microscope (UHV-STM) and
low energy electron diffraction (LEED) for atomic-resolution characterization of surfaces in the
new beam line BL-6B. Figure 1 shows the outline of the beam line and observation system. The
observation chamber is evacuated down to 1X 1010 Torr with turbo molecular, ion sputter,
Ti-sublimation and NEG pumps. We have observed HOPG(0001) and Si(111) surfaces. We can
obtain a clean surface of HOPG easily, but a clean surface of Si can not appear without sample
heating, because the surface is covered with native oxide and carbonized layers. We have
prepared the
sample with wet chemical
treatment called Shiraki method.

By heating the sample to remove

| UHV-STM
the layers, the clean surface is
btai ) b SR—»
obtained. Figures 2 and 3 show the TR
STM images of HOPG and Si

air-suspended vibration
Isglation table

surfaces. HOPG has been

& sample transfer rod
observed under such conditions

that are scan width 1.5X 1.5nm2, KYZ A1 rotaey moton

manipulator

scan speed 202nm/s,tunnel sh—> [0

air-suspended vibration
= isolation table

current 0.89nA, and bias voltage
0.089V. The conditions of Si are

scan width 100X 100nm?2, scan

NEG pump

ublimation pump
pump

speed 3280nm/s, tunnel current

0.1nA, and bias voltage 2.0V. In the

Figure 1. Schematic drawing of the BL-6B beam line
and observation system.
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figures, white appearing areas part correspond to the upper parts and black appearing ones are to
the lower parts. In the case of the HOPG images, the atomic distances are found to agree with the
theoretical values. In the case of Si images, steps with monoatomic height are shown in Figure 3.
The LEED pattern inserted in the figure indicates that the Si(111) surface has a 7 X7
reconstruction structure. At the present stage, the atomic images of Si(111) have not been
obtained with STM yet. There is a problem in the system that the vacuum is not enough to keep
Si (111) surfaces clean for a long time. Evacuating the preparation and observation chambers
down to the order of 1011 Torr and further optimize the observation conditions, we could observe

the atomic images in the storage ring room on UVSOR.

Figure 2. STM image of HOPG

Figure 3. STM image of Si(111). The second insert of the
LEED pattern.
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INTRODUCTION

Fluorocarbon polymer has excellent properties such as chemical stability, potential biocompatibility and

nonwetting property, and so on. 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 of SR beam with filter. From these results, we clarified that
photon energies absorbed by carbon (C) and fluorine (F) atoms contribute to the ablation of PTFE. In this
report, we have investigated the variation of fragments generated by PTFE ablation by quadraple mass
spectroscopy (QMS).

EXPERIMENT

The experiments were carried out at beam line BL-8A of UVSOR. Figure 1 shows a schematic diagram
apparatus used in this study. The PTFE target was set perpendicularly to the SR beam in the reaction chamber
(base pressure of 107 Pa). A Nickel (Ni) mesh (square pattern of 77 pm) was used as the contact mask. The
SR beam irradiated the samples through the Ni contact mask in vacuum at a room temperature. This
experimental apparatus was equipped with QMS. In order to selecting the photon energy of SR beam, carbon
(C) filter and C&MgFx filter was used. The
thickness of C and C&MgFx filter were 100 nm,
200 nm, respectively. These filter were formed by

electron beam evaporation.

RESULTS AND DISCUSSION

We have performed PTFE etching by selecting UVSOR
BL-8A

Ni Mesh
Filter

the photon energy of SR beam with filter. The (C or C&MgF.)

total photon flux irradiated on PTFE through C

HLLLILILIIIIIIIII LIS IS,

filter was the same as that in the case without C SR Beam

filter. As a result, the ablation rate with C filter

. To P
was smaller than that of without C filter. o fump

Figures 2 (a)-(b) show the QMS spectra of the Fig. 1. Schematic diagram apparatus used in this

fragments from PTFE target. Figure 2(a) shows stdy:
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the QMS spectrum of CF fragment obtained from the target irradiated with white SR beam. Figure 2(b) shows
the fragments after the SR beam passed through the C filter. These intensities were normalized to the
maximum signal intensity (CF;:Mass Number 69) and intensities of mass numbers above 70 was multiplied by
10 times. A big difference was not observed in the distribution of these spectra. Therefore, PTFE ablation with
and without C filter would be identical in the ablation mechanism.

As shown Figs. 2 (a) and (b), the 69 fragment compared with the 31 fragment (CF) was dominated. T.
Katoh et al reported that the domination at 69 indicated the main gaseous products by SR ablation should be
the saturated fluorocarbon (CF;-C,F,,-CF;), while the domination at 31 indicated the main products are the
monomers [3,4]. Thus, the domination at 31 would contribute to thermal decomposition of PTFE and
domination at 69 would contribute to the saturated fluorocarbon generated by photochemical decomposition of
PTFE irradiated SR beam. In this study, it is considered dominately reaction of SR ablation is photochemical

decomposition.

SUMMARY

We have performed PTFE micromachining by selecting the photon energy of SR beam with filter and
investigated the variation of fragments generated by PTFE ablation by QMS.

The dominate reaction of PTFE ablation by SR would be photochemical decomposition. The PTFE ablation

with and without C filter would be identical in the ablation mechanism.
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Synchrotron-radiation (SR) excited growth is promising as a new non-thermal technique, since virtually any
reactants can be decomposed effectively at room temperature by using a high photon flux density in the vacuum
ultraviolet region. Several attempts have so far been carried out using SR light to perform the deposition of
semiconductors at low temperatures. In order to improve the film quality, it is important to investigate the
photoluminescence (PL) spectrum of the film deposited by SR-excited growth. However, such investigations do
not exist except for our previous papers, which described luminescence of ZnTe films grown using hydrogen
carrier gas. In this study, we deal with PL properties of ZnTe films deposited by SR-excited growth technique
using nitrogen carrier gas

The growth experiments were carried out using the SR beam line, BL8A. The beam line supplies only
white light. Diethylzinc (DEZn) and diethyltelluride (DETe) were used as source materials. These source
materials were independently fed into the chamber together with nitrogen carrier gas by means of mass
flow controller and variable leak valve. The deposition of ZnTe was carried out at very low pressure of
10°~10"* Torr in the growth chamber. In order to clarify the effect of nitrogen carrier gas upon PL
spectrum of the deposited film, the growth experiments have been carried out under almost the same
growth conditions as the previous ones using hydrogen carﬁer gas.

We have found that there is no remarkable difference in the growth rate of the deposited film between
hydrogen and nitrogen carrier gases. Thus, hydrogen seems not to play an important role in the growth
reaction due to a use of the low pressure. However, we have discovered that PL spectrum of ZnTe film is
significantly different from that in the case of hydrogen carrier gas. Figure 1(a) shows the PL spectra of ZnTe
films for various source transport rates. In order to clarify the influence of carrier gas upon PL spectrum, the
results in the case of hydrogen carrier gas are also shown in fig.1 (b). Here, we select samples corresponding to a
Zn rich, nearly stoichiometric and Te rich conditions based on the growth rate behavior. It should be noticeable
that in the PL spectrum of the film grown under a Zn rich condition, no deep level emissions can be detected
whereas the PL spectrum of the film grown using hydrogen carrier gas exhibits strong deep level emissions with
two broad bands centered at around 2.1 eV and 1.85 eV. The deep level emissions may be due to the generation
of defects such as vacancy-impurity complex in the film. The deep-level luminescence obtained here can be

found in the experimental results by Tews et al.,, who have attempted laser-induced diffusion in ZnTe with Cl.
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As pointed out previously, in the case of hydrogen carrier gas, a Zn rich condition may facilitate Cl inclusion into
a Te lattice site. Actually, a decrease of DEZn transports rate seems to bring about significant reduction of deep
level bands. In the case of nitrogen carrier gas, a sharply excitonic emission (I,) at 2.375 eV is detected
prominently in the spectrum. This peak is attributed to shallow acceptors. Thus, a use of nitrogen carrier gas may
be effective for suppression of deep level emission. It is well known that nitrogen is substituted on the Te lattice
site and acts as a shallow acceptor. It is possible that nitrogen is included in the film and so participates shallow
acceptors related to I, peak. SR-excited growth may be effective for a use of thermally stable nitrogen as dopant,
as shown in the growth of silicon nitride using nitrogen source. Similar feature can be found in the spectrum of
the film grown under nearly stoichiometric condition. The appearance of strong I, line may be due to a
decrease in the numbers of deep-level centers such as Te vacancy complex accompanied by inclusion of nitrogen.
On the other hand, the PL spectrum of the film grown under a Te rich condition exhibits new deep-level
emission band in addition to I, peak, as supported by the fact that the PL spectrum in the case of hydrogen carrier
gas shows only donor-acceptor pair bands together with I, line. Thus, a use of nitrogen carrier gas under a Te
rich condition may bring about an increase in the numbers of deep-level centers such as Zn vacancy complex,
different from the case of hydrogen carrier gas. Finally, we emphasize that near band gap luminescence can be
observed even in the films grown at room temperature under Zn rich condition together with nearly

stochiometric one by using nitrogen carrier gas.
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Fig. 1 PL spectra of ZnTe films for various source transport rates when substrate
temperature was kept at 27°C. Fig. (a) corresponds to the case of nitrogen carrier gas,

while fig. (b) the case of hydrogen carrier gas.
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The polytetrafluoroethylene (PTFE) has been widely used in many application fields for a long time because
of its unique properties such as chemical stability, thermal durability, hydrophobicity and low surface friction.
Furthermore, electrical property of PTFE as the insulator is feasible for large-scale integrated circuits (LSIs) due
to its low dielectric constant of & (=2.1 which value is smaller than that of SiO,( ¢ ;=3.9). However, formation
technique of the thin PTFE film having microscale pattern is not established yet. Recently, irradiation of the
vacuum ultraviolet light from the SR beam is found to be useful for the micro processing of these materials in
the small scale with very high rate even at room temperature.

In this report, we have investigated the deposition of PTFE by SR beam. Investigation was also made on the
selective area etching of the PTFE with SR beam.

The experimental setup is shown in Fig.1. In the PTFE deposition experiment, PTFE target was put in the
reaction chamber. A Si(100) substrate was placed in the position which countered with the target. The distance
between target and the substrate is 3 cm. Before the deposition, the reaction chamber was evacuated below 1<

10 Torr. With this setup, we investigated characteristics of the deposited films that were deposited with various
beam current, target and substrate temperatures. Selective area etching of the deposited PTFE thin film was

carried out by shadowing method. Here, we used the Ni mesh mask with the hole of 7.5X7.5 u m and was

closely placed on the PTFE thin film surface.

QMS
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Fig.1 Experimental setup for deposition. Fig.2 XRD spectra of PTFE target and PTFE thin film.
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After the SR beam irradiation, we obtained PTFE deposition on Si substrate. Fig.2 shows XRD spectra of
PTFE target and PTFE thin film deposited by SR beam. Both the PTFE target and the deposited thin film
showed distinct peak at around 18° which was assigned to the peak from crystal portion of the PTFE. However,
peak at 16° in the spectrum of the PTFE target was vanished in that of the deposited film. According to the
previous report, sub-peak at around 16° indicates existence of the amorphous portion in the PTFE. Thus, better
crystallinity of the PTFE thin film deposited by SR beam was demonstrated.

The surface morphology of the deposited PTFE thin film was characterized by atomic force microscope
(AFM). AFM images of PTFE thin films deposited with beam current of 150 mA and 220 mA are shown in
Figs.3(a) and 3(b), respectively, in range of 10 X 10 u m. In the case of the beam current of 150 mA shown in
Fig.3(a), cracks are observed on the whole PTFE film surface. Depth of this cracks is in the range of 10 to 20 nm.
On the other hand, as shown in Fig.3(b), such a crack is not observed on the PTFE film surface deposited with
the beam current of 220 mA. These results indicate that smooth surface can be deposited with relatively large
beam current. However, mechanism of the crack is not cleared yet. Further investigation is needed here.

Figure 4 shows a scanning electron microscope (SEM) image of selective are.a etched PTFE films by mesh
shadowing method. Mesh patterned PTFE having sharp edge was obtained. Thus, selective area etching with SR

beam exposure was succeeded.

(a) Beam current 150[mA] (b)Beam current 220[mA]

Fig.3 AFM images of PTFE thin film(10 > 10 & m).

(RMS was calculated in the portion without a crack.)
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Fig.4 SEM image of selectively etched of PTFE thin film
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Workshops




UVSOR Workshop VII

Current Status and Applications of Insertion Devices
in VUV-SX Region

27 and 28 November, 2000

27 Nov. (Mon) 13:00 — 18:00
Insertion Devices

13:00 - 13:15 Introduction N. Kosugi (IMS)
13:15 - 13:35 Fundamentals of insertion devices(1)
-- Principles of undulators and properties of undulator radiation

K. Tsuchiya (KEK-PF)

13:35 - 13:55 Fundamentals of insertion devices (2)
-- Modern techniques for undulators R. Tanaka (SPring-8)

13:55 - 14:15 Fundamentals of insertion devices (3)
-- Novel ideas on undulators T. Hara (SPring-8)

14:15 - 14:30 Fundamentals of insertion devices (4)
-- Effects of undulators on electron beams M. Katoh (IMS)

14:30 - 15:00 Present status of VUV-SX undulators at KEK-PF
K. Tsuchiya (KEK-PF)

15:00 - 15:30 Present status of VUV-SX undulators at SPring-8
R. Tanaka(SPring-8)

15:30 - 16:30 coffee break

16:00 - 16:15 Status of insertion devices and free electron laser in UVSOR
M. Hosaka (IMS)

16:15 - 16:30 Status of HISOR undulators K. Goto (HiSOR, Hiroshima Univ.)

16:30 - 16:45 An overview of the insertion devices development
at NewSUBARU S. Hashimoto (LASTI, Himeji Inst. of Tech.)
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16:45 - 17:00

17:00 -17:15

17:15 -17:30

17:30 - 17:45

17:45 - 18:00

Present status of the insertion devices
and free electron lasers at ETL N. Sei (ETL)

An upgrade plan for UVSOR M. Katoh (IMS)

Improvement of the straight sections at the PF ring
Y. Kobayashi (KEK-PF)

Insertion devices for the VSX light source
N. Nakamura (ISSP, Univ. of Tokyo)

Insertion devices at Tohoku university
Synchrotron Radiation Facility (TSRF)  S. Sato (Tohoku Univ.)

28 Nov. (Tue) 9:00 — 12:20
Present Status of Undulator Beamlines and Their Applications

9:00 - 9:30

9:30 - 10:00

10:00 - 10:30

10:30 - 10:50

10:50 -11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

Gas phase experiments using a figure-8 undulator at SPring-8
H. Yosida (Hiroshima Univ.)

Performance of a soft x-ray helical undulator beamline
BL25SU at SPring-8 Y. Saitoh (SPring-8/JAERI)

Insertion device beamlines at Photon Factory
T. Koide (KEK-PF)

coffee break
Performance of insertion device beamline of ISSP
and experience in monochromator calibration

M. Fujisawa (ISSP, Univ. of Tokyo)

Commissioning and present status of undulator beamlines
at HISOR K. Shimada (HiSOR, Hiroshima Univ.)

Characteristics of insertion device beamlines of UVSOR
and their evaluation M. Kamada (IMS)

Techniques for mirror cooling and beam monitoring
M. Hasumoto (IMS)
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28 Nov. (Tue) 13:30 - 17:10
Experiments using Undulator Beamlines and Future Projects

13:30 - 14:00

14:00 - 14:30

Scientific targets of SX long undulator at SPring-8
T. Miyahara (Tokyo Metropolitan Univ.)

An aim of 11m undulator in NewSUBARU
M. Niibe (LASTI, Himeji Inst. of Tech.)

14:30 - 15:00 Study projects of 27m long undulator at the VSX light source

15:00 - 15:30

15:30 - 15:50

15:50 - 16:10

16:10 - 16:30

16:30 - 16:50

16:50 - 17:10

T. Kinoshita (ISSP, Univ. of Tokyo)
coffee break
Laser induced fluorescence spectroscopy of fragments
produced by VUV photoexcitation of gaseous molecules

K. Mitsuke (IMS)

Undulator is a dream light source for the research
of SR stimulated processes T. Urisu (IMS)

Research on binary metal adsorbates system on the Si(111)
surface by use of insertion device beamline

K. Soda (Nagoya Univ.)

Light amplification within a nanometer-sized layer
under undulator radiation M. Itoh (Shinshu Univ.)

Present status of soft X-ray photochemistry beamline BL27SU
H. Ohashi (JASRI)
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Appendix




Director

Nobuhiro Kosugi

Accelerator Division

Masahiro Katoh
Masahito Hosaka
Shigeru Kouda
Toshio Kinoshita
Jun-ichiro Yamazaki
Kenji Hayashi

Beamline Division

Masao Kamada

Eiji Shigemasa
Tatsuo Gejo
Kazutoshi Takahashi
Osamu Matsudo
Masami Hasumoto
Eiken Nakamura
Tadanori Kondo
Suekichi Matsuo
Bunichi Kamimoto

Guest Scientist

Shin-ichi Kimura
Sam Dylan Moré
Junpei Azuma

Secretary

Hisayo Hagiwara
Naoko Onitake

Graduate Student

Senku Tanaka

ORGANIZATION

Professor

Associate Professor
Research Associate
Research Associate
Unit Chief Engineer
Unit Chief Engineer

Engineer

Associate Professor
Associate Professor
Research Associate
Research Associate
Section Chief Engineer
Unit Chief Engineer
Engineer

Engineer

Supporting Engineer
Supporting Engineer

Associate Professor
JSPS Research Fellow
JSPS Research Fellow
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kosugi @ims.ac.jp

mkatoh@ims.ac.jp
hosaka@ims.ac.jp
kouda@ims.ac.jp
kinoshita@ims.ac.jp
yamazaki @ ims.ac jp
h-kenji@ims.ac.jp

kamada@ims.ac.jp
sigemasa@ims.ac.jp
gejo@imes.ac.jp
ktakahashi@ims.ac.jp
mastudo@ims.ac.jp
hasumoto@ims.ac.jp
eiken@ims.ac.jp
kondo@ims.ac.jp
mastuo@ims.ac.jp

kamimoto@ims.ac.jp

skimura@kobe-u.ac.jp
more @ims.ac.jp (-Oct. 2000)
azuma@ims.ac.jp (Apr. 2001-)

hagiwara@ims.ac.jp
onitake @ims.ac.jp

senku@ims.ac.jp



STEERING COMMITTEE

( April 2000 - March 2001 )

Nobuhiro Kosugi UVSOR IMS

Masao Kamada UVSOR IMS

Masahiro Katoh UVSOR IMS

Eiji Shigemasa UVSOR IMS

Shin-ichi Kimura UVSOR IMS

Tatsuhisa Katoh IMS

Tatsuya Tsukuda IMS

Hayao Kobayashi IMS

Tsuneo Urisu IMS

Toyohiko Kinoshita Univ. of Tokyo

Akira Yagishita KEK

Nobuo Ueno Chiba Univ.

Yasuo Udagawa Tohoku Univ.

Keiichiro Nasu KEK

Takao Nanba Kobe Univ.

Ken-ichiro Tanaka Hiroshima Univ.

JOINT STUDIES
( Financial Year 2000 )

Cooperative Research Projects : &7
Use-of-UVSOR Projects : 160
Workshop ¢l
Machine Time for Users : 37 weeks
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Location

Ultraviolet Synchrotron Orbital Radiation (UVSOR) is located at Okazaki.
Okazaki (population 320,000) is 260 km southwest of Tokyo, and can be reached
within 3 hours from Tokyo via the Tokaido Shinkansen and the Meitetsu line.

. /_f/

80
D ! » ﬁ (Pho;r:l;l::ator )

o" %y Okazak i

(UVSOR)
ol
7 7]
% - .
Address UVSOR Facility

Institute for Molecular Science
Myodaiji, Okazaki 444-8585, JAPAN

PHONE : +81-564-55-7402 (Secretary)
+81-564-52-6101
FAX : +81-564-54-7079
Telex : 4537475 KOKKEN J (IMS)

Homepage : http://www.uvsor.ims.ac.jp/
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