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Control of the Bunch Length on the UVSOR Storage Ring [II]

Hiroyuki HAMA, Shiro TAKANO™ and Goro ISOYAMA
UVSOR Facility, Institute for Molecular Science, Myodaiji, Okazaki 444

The experimental study to make the bunch length of the electron beam
short is in progress on the UVSOR storage ring by means of reducing a
momentum compaction factor. A part of the preliminary results was reported in
the last issue of the activity report.

The experiment has been carried out in the single-bunch mode at an
electron energy of 600 MeV. At the injection point, the momentum compaction
factor & was experimentally determined to be 0.035, and the bunch length was
measured to be 260 ps (20)1). According to a model calculation2), we
synchronously changed excitation currents of the quadrupole (Q) magnets step
by step to reduce « after the beam injection. A new accelerator control system3)
using n-VAX computers with an application “UCOSS” has capacitated to make
this experiment. To derive a at each operating point, the horizontal beam
displacement as a function of the RF frequency and the synchrotron oscillation
frequency (fs) were measured. The bunch length was also measured directly
using a fast photomultiplier with a single photon counting. The bunch length at
a low beam current was successfully shortened down to ~40 ps, which was
consistent with the other two measurements. In the very low o region, however,
it was found out that effect of the second order term in the momentum
compaction factor oy revealed itself, and then the beam lifetime became short. It
is obviously a serious problem for stable operation with low c.

Because the second order term originates in the chromatic effect of the Q-
magnets on the dispersion function, the effect of o should be compensated with
focusing sextupole (SF) magnets. The strength of the sextuple magnets was
chosen to correct the chromaticities so far. Figure 1 shows the RF frequency
dependence of fs for various strengths of the SF-magnets at an operating point
with @ = 0.0009. Values of ap were derived by a fitting analysis with an
analytical formula?) including the &z term. A linear dependence of o on the
strength of the SF-magnets can be seen in the insert. In this case, the best
correction was achieved when the SF strength was reduced to ~ 86 % of the
initial value.



A direct measurement of bunch length with a streak camera® was in
progress. The strength of SF-magnets was reduced to make o nearly zero in the
measurement, so that the momentum compaction factor was further reduced. In
figure 2, the measured bunch length is plotted as a function of fs which was
measured simultaneously with the bunch length. A shape of a focusing image on
a screen of the streak camera was taken account to analyze the data. Time
resolution of the streak camera was estimated to be 16 ps, which is mainly due to
time jitters of the streak trigger. Typical bunch profiles measured by the streak
camera are shown in the inserts. The bunch length is almost proportional to the
synchrotron oscillation frequency over the wide range, as predicted by theory.
The shortest bunch length realized was 23 ps (~ 7 mm), and the estimated
momentum compaction factor was 0.0003.

") Present address: SPring-8 Project Team, RIKEN, 2-1 Hirosawa, Wako 351-01, Japan
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Lasing of a Free Electron Laser in Visible
on the UVSOR Storage Ring

Shiro TAKANO, Hiroyuki HAMA and Goro ISOYAMA
UVSOR Facility, Institute for Molecular Science
Myodaiji, Okazaki 444

Free electron laser (FEL) experiments are in progress on the
UVSOR storage ring. FEL gain at a wavelength of 488 nm was
measured with a conventional undulator at an electron energy of
500 MeV [1]. As the measured peak gain of 8x10-4 for the beam
current of 10 mA/bunch was marginal to achieve lasing, the
undulator was remodeled into an optical klystron (OK) in order to
increase the gain. The gain with the OK was measured at the
wavelength to be 0.4 % at 10 mA/bunch [2]. An optical resonator
was installed for oscillation experiments, and the first lasing was
obtained at a wavelength of 456 nm on March 8, 1992 [3].

The optical resonator consists of a pair of spherical mirrors
separated by a distance of 13.3 m, which is a quarter of the
circumference of the storage ring. As there is not enough room in
the upstream of the OK, the optical cavity is asymmetric. Radii of
curvature of the front and the rear mirrors are 8 and 6 m,
respectively. The radius of the waist for the TEMQQ mode is 0.48
mm. The filling factor calculated from overlap with the electron
beam is 0.33. We have used mirrors coated with dielectric
multilayer.

The geometrical axis of the optical cavity is aligned with the
electron beam in the OK by using spontaneous radiation. In order

to synchronize the light pulse stored in the cavity and electron



bunches, the cavity length is precisely tuned such that the width

of the temporal profile of spontaneous radiation stored in the

cavity is minimized.

For the oscillation experiments, the storage ring is operated

in the two-bunch mode at the energy of 500 MeV. Figure 1
shows spectra of output light from the optical cavity for beam

currents ranging from 21.5 down to 9 mA/bunch, which are

measured with a monochromator equipped with a one-

dimensional photodiode array. The laser line at A= 456.6 nm is

clearly seen in Fig.1 (a)
and (b). The linewidth
is approximately A\ =
0.2 nm (FWHM) after
the monochromator
resolution is subtracted.
The relative linewidth
AM/L is 4x10°4, Figure
1 (c¢) and (d) show the
spectra just above and
below the lasing
threshold, respectively.
The macro-temporal
structure of the laser
light is observed with a
PIN silicon photodiode.
When the rf frequency
is tuned to give the
maximum output power,

a quasi-periodic pulsed
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Fig. 1. Spectra of output light transmitted
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structure is observed as shown in Fig. 2 (a). The rise time and
the typical repetition period are approximately 1 and 7 ms,
respectively. When the rf frequency is detuned, the CW structure
appears as shown in Fig. 2 (b) and (c), though the intensity
fluctuates. The maximum time-averaged output power is 0.2 mW
when the beam current was 23 mA/bunch. From the measured
duty ratio of macro pulse structure and the bunch length, the
peak output power of the micro pulse is estimated to be more
than 0.8 W. Lasing continues over the range from 430 to 480 nm

when the magnet gap in the undulator sections is varied. Figure



3 shows some of the spectra of the laser light at various

wavelengths.
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Apparatus for photoemission spectroscopy of solids and solid surfaces at BL2B1
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We have constructed a new experimental system for the photoemission and
absorption spectroscopy at BL2B1, where a 2-meter grazing incidence monochromator (
Grasshopper Mark XV ) has already been installed. It covers a photon energy range from
40 to 800 eV, and is suited to the core-level photoemission and absorption spectroscopy.

Figure 1 shows the schematic diagram of the apparatus. It consists of three
chambers. Spectroscopic measurements are performed in the main chamber equipped with
a double-pass CMA ( Cylindrical Mirror Analyzer ) with a coaxial electron gun, a LEED
( Low Energy Electron Diffraction ) optics, a quadrupole mass spectrometer, a gas doser,
etc. The base pressure of the main chamber is < 5x10"" Torr after a bakeout. The
photoabsorption spectroscopy is measured via monitoring a total photoelectron with a
picoammeter connected to the sample. The angle-integrated photemission spectroscopy is
measured with the CMA. Constant initial state spectroscopy, constant final state
spectroscopy, and Auger electron spectroscopy can also be measured. The time
dependence of the incident light intensity and the transmission function of the
monochromator is monitored with a gold grid located across the light beam.

The preparation of the samples is carried out in the preparation chamber which is
equipped with a file, an evaporation source, and so on. The base pressure of this
chamber is < 1.5%10° torr.

When samples are changed, the insertion chamber is opened to air, and pumped for
~1 hour. Then the sample can be transferred into the preparation chamber and the main
chamber via a
magnetically coupled
line:alr-rotary motion [nsertion
device. Th_c pressure Chamber
of the main chamber
is maintained below ] fHo==m
4x10” Torr during -
the transfer and
returns to ~1x107°

ion gauge

Reaview (Ton gun)

Gas Doser

Torr in a few hy e
inuets af losi : |
mmuets; alier closing Main Chamber  Preparation
the valve, Chamber
Figure 1

A Schematic diagram of an experimental apparatus at
BL2B1



Beamline BLAB: Construction of an Apparatus for the Study

of Synchrotron Radiation-Excited Semiconductor Processes
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Synchrotron radiation (SR) is a powerful tool for studying surface physics and structure
determination, and very active research is being undertaken in many SR facilities over the world.
In recent years, another capability of SR, i.e. its application to microfabrication, is being explored.
Its application to X-ray lithography is a typical example. Since semiconductor processes using SR
have been expected to open its new potentialities of applying it as a fabrication tool, its research
has attracted considerable attention from not only the technological viewpoints but also purely
scientific ones of developing a new field in molecular science, i.e. surface photochemistry in the
vacuum UV region /1/. In order to realize these goals we are now constructing an apparatus on
beamline BL4b to study SR-excited semiconductor processes /2.

The design for the whole apparatus has been just completed. It consists of five ultrahigh vacuum
chambers, i.e. an etching chamber, an epitaxial growth or CVD chamber, an XPS surface analysis
chamber, a sample storage chamber, and an air-lock chamber. The reaction mechanisms and
dynamics of semiconductor processes will be the focus of our research using this apparatus. In
addition to XPS, in-situ observations of adsorbed species by infrared absorption spectroscopy as
well as detection of the desorbed ionic species by the time-of-flight mass spectroscopy are in
preparation.

Figure 1 illustrates the top view of the apparatus connected to Beamline BL4B. SR beam is
incident from the left side of the etching chamber. Design parameters are as follows:

Epitaxial chamber : Pumped by a 500 £/sec turbomolecular pump(TMP).

Expected base pressure: 1 x 10™2 Torr. Sample is heated by PBN/PG heater up to 1200 °C,

RHEED: Electron energy is 30 kV, Differentially pumped by 150 £/sec TMP.

IR port: BaF, window, incident angle, 82.5 * 5 degrees.

Etching chamber : Pumped by 300 &/sec TMP. Expected base pressure: 1 x 10~° Torr.

Sample heating and cooling: 100 K - 600 K, IR port: BaF, winddw, incident angle, 85 £ 5,

Sample storage chamber : Pumped by 300 ¢/sec TMP. Expected base pressure: 1 x 10

Torr. Sample holders: A sample holder cleaned by heating up to 1200 C using a PBN/PG
heater. Three holders for sample storage. LEED is used for surface characterization.

Air-lock chamber : Pumped by 150 2/sec TMP. Expected base pressure: 1 x 1077 Torr.
Sample holder: 4 holders.

XPS chamber : Pumped by a 270 &/sec ion pump, a Ti sublimation pump, and a 150 £/sec
TMP. Base pressure; 1 x 107'% Torr. XPS analyzer: spherical analyzer (VSW), using a Mg
K, X-ray source. IR port: BaF, window; incident angle: 82.5 = 5 degrees.
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Fig. 1 Top view of the apparatus for the study of synchrotron radiation-excited semiconductor
processes under construction on beamline BL4B. (O : Epitaxial chamber, @ : Etching chamber,
® : Sample storage chamber, @ : Air-lock chamber, & : XPS chamber.



A monochromator for measurement of fluorescence spectra of gases
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A VUV monochromator for fluorescence measurement was recently constructed and
attached to an absorption cell behind a grazing incident monochromator in the BLBBI.
Fig.1 shows the optical system. The absorption cell has a quartz window and a LiF
window at both sides in the direction perpendicular to the incident beam. Fluorescence
from the quartz window is focused by a quartz lens on an entrance slit of a Jobin—Yvon
monochromator with a multichannel detector which is placed in the air, while that from
the LiF window is dispersed by a 0.28 m spherical grating with 1200 I/mm in the vacuum
chamber. Thus, the fluorcscence spectra of gases in the region from 110 nm to 800 nm
can be observed by this optical system.

We give here some examples of fluorescence observed with this apparatus. Figures 2
and 3 show the spectra of HCl which was excited by the zero order light of the grazing
incident monochromator. The energy of the incident light extends from 70 eV to 280 eV
with the maximum at 150 ¢V. Many sharp lines in the region above 300 nm can be
assigned to cmissions of atomic jons Cl* and two lines around 120 nm to H-Lya and
ncutral Cl ?P°-?P. Broad bands in the region from 200 nm to 270 nm also arc attributed

1**, although they look like a molecular

to overlap of many atomic lines of ions Cl* and C
structure. Photoabsorption of the Cl-L edge starts at 200 ¢V and can be excited by the
present incident white light, while the photoabsorption cross section of the valencc shell
of HCl is very weak around 200 c¢V. Valence excitation by a He resonance line of 58.4
nm(21.2 ¢V) yiclds the fluorescence of HCI*(A’Z'—=XTI)"* in the region from 250 to 450
nm. To the contrary, the relaxation paths following the Cl-L inner shell excitation leads
to dissociation of HCL

An another example of BrCN observed with the spherical grating monochromator is
shown in fig.4. All lines in this region arc due to ncutral and ionic atoms of C and Br.

The resolution is estimated to be approximately 100 at 200 nm.
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Photoabsorption Spectra of Alkali Cyanide
Molecules in the Vacuum Ultraviolet Region

Hisato YASUMATSU, Tamotsu KONDOW,
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Kaoru SUZUKI, Kiyohiko TABAYASHI and Kosuke SHOBATAKE
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It has been discovered in the collisional energy transfer from metastable rare gas
atoms, Ar(*P, ) or Kr(*P,y), to alkali cyanide molecules, MCN (M=Na, K, Rb), that
there exist two types of dissociative states, which lead to the M+CN(B?Z") channel;
one is a repulsive state and the other is a predissociative excited ion-pair state [1]. In
order to obtain information on dissociative states, the photoaborption spectra of MCN
in the energy range of about 6~11 eV were measured by use of BL-2A beam line.

Figure 1 shows an experimental set-up. A 1 m Seya-Naemioka monochromator was
used to monochromatize the synchrotron orbit radiation (SOR). An absorption cell
containing a sample was heated up to 1000 K to maintain a vapor pressure of about
100 mTorr. The absorption cell was windowless; stainless steel capillaries with an inner
diameter of 2 mm and a length of 30 mm were mounted at both ends of the absorption
cell. Argon gas was blown onto the lithium fluoride window separating the measurement
chamber from the SOR source so as to prevent the sample from depositing on it.

Panels (a) and (b) of Fig. 2 show the absorption spectra of NaCN and RbCN,
respectively. The spectra consist of (1) peaks centering at 6.5, 8 and 10 eV with a
fwhm of about 2 eV, (2) intense and broader structures, and other peaks. The energies
of the peaks (1) were found to be almost independent of M, while the absorption edge
of the broad structure (2) was red-shifted in parallel with the ionization potential of
M, I,[M].

Figure 3 shows the schematic potential enrgy curves of MCN. The repulsive portions
of the potential energy curves are mimicked from those of MCI, because the electron
affinity of CN is almost the same as that of Cl, and the ion-pair states are governed by
the Coulomb interaction at a sufficiently large distance between M and CN, Hp_cn.
The Franck-Condon transitions to the repulsive states give rise to the broad peaks with
a fwhm of 1.5~2.5 eV. It is assigned, therefore, that the peaks of 6.5, 8 and 10 eV
originate from the Franck-Condon transition to the repulsive states correlating to the
M+CN(X), the M+CN(A) and the M+CN(B) channels, respectively. The other peaks
correspond to the transitions to M*+CN(X, A and B) channels. On the other hand,
the energies of ion-pair states are specifically dependent on M because of the I,[M]
difference as shown in Fig. 3. The intense and broad structures associated with the
ion-pair states are explained in terms of thier high density of states [2] in this energy
range. Our ad inilio calculations of the potential energy curves of CN~ [3] shows that
the density of states of (CN™)" is very large in the energy range above 6 eV.
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PHOTODISSOCIATION OF CYANOGEN IODIDE IN 105 - 175 nm REGION
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When a c¢vanogen iodide (ICN) is photolyzed by a vacuum
ultraviolet (VUV) radiation, a CN radical is formed in a variety
of electronically excited states. The CN fragment produced in
Azﬂi or B22+ states immediately decays via radiative processes
into the ground electronic state. In the present study, the
gquantum yields for the production of CN(A) and CN(B) in the
photodissociation of ICN were determined in the wavelength range
of 105 - 175 nm by monitoring the subsequent CN emission as a
function of excitation energy. The measurement was performed at
the BL2A station of UVSOR.

Figure 1 depicts the observed VUV absorption spectrum of ICN
(upper panel) along with quantum yield curves for the CN* produc-
tion (lower panel). Those absorption bands are assignable to the

Rydbersg transitions.1

While the yield curves show complex struc-
tures, close examination reveals following tendencies; (1) the
curves have dips at the wavelengths where the absorption cross
section reaches maxima, and (2) the two yield curves almost mimic
each other. By considering the fact that the absorption spectrum
has non-zero base line, the finding (1) indicates that underlying
continuum makes contribution to the production of both CN{A)} and

CN(B). The finding (2) implies that CN(A) and CN(B) fragments

are produced via identical precursor states of ICN, while the



branching fraction for the CN(A) production is 2-3 times larger
than that for CN{(B). The highest occupied molecular orbital of
ICN, 2”‘”C«N) bonding orbital, correlates to the 1lm orbital of CN
radical. Hence, the promotion of an electron from the 2x orbital
possibly gives rise to a hole in the 1m orbital of the incipient

CN radical, which asyvmptotically correlates to a free CN fragment
in ABHi state. It is inferred from the orbital-correlation

scheme that the underlying continuum is associated with transi-

tions involving
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Fluorescence Polarization of CN(B — X) Observed
in Photodissociative Excitation of CICN in the 105 - 145 nm Region
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Institute for Molecular science, Myodaiji, Okazaki 444 Japan

Fluorescence polarization from CN(B’Z') formed in photodissociative excitation
process of CICN was observed in the exciting wavelength region from 105 to 145 nm
using synchrotron radiation as a polarized light source to study photodissociation
dynamics. An absorption and fluorescence apparatus for vuv photochemical study
constructed in the Beamline BL2A was used. The monochromated VUV light was
introduced into a gas cell containing CICN at 90 or 20 mtorr kept at room temperature.
The intensity of the transparent light was measured in a conventional manner. The
CN(B’L' — X’L*) fluorescence emitted to the direction perpendicular to both the pointing
vector and the polarization vector of the incident light. The degree of polarization for
CN(B—X) fluorescence was measured using a Hinds’ photoelastic modulator. The
resolution was 0.10 nm for absorption and fluorescence excitation measurement and 0.30
nm for polarization measurement.

In order to facilitate the measurement of fluorescence polarization in a wide
wavelength range the degrees of polarization were measured at reference wavelengths A,
= 1254 and 133.0 nm, P, = (I, - I, )/ (I;; + I, ) = 0.1270 + 0.0015 and 0.0945 *
0.0017, respectively, where I} and I, are the observed polarized fluorescence intensities
parallel and perpendicular to the polarization vector of the incident light. At other
wavelengths the fluorescence counts, Nj; and N, for parallel and perpendicular
polarization to the electric vector were measured through two plate polarizers followed
by each a photomultiplier tube (Hamamatsu R585) on a photon counting mode. The
difference in the detection efficiencies for the two detectors were corrected for so that
P, value determined using a photoelastic modulator agrees with the P, value with two
polarizers, i.e. the degree of polarization at the reference wavelength, P, = (N} - ¢Np
/ (N} + ¢ Ny ), where ¢ is the correction factor to be determined. Once the correction
factor, c, is determined the degree of polarization at other wavelength than A is
determined from P = (Nj; - ¢ N) / (N} + ¢ N, ), that is Iy = Njp and I, = ¢ N,
were adopted.

Figure 1 illustrates the degree of polarization for CN(B’Z* — X?x%) fluorescence,
P=( - I ) { +1I, ) where I|| and I, are the observed polarized fluorescence
parallel and perpendicular to the polarization vector of the incident light against the
wavelength of exciting light ranging in the region 105 nm to 145 nm. Figure 1 also
shows absorption and fluorescence excitation spectra of CICN gas in the cell. One finds
that a) the degree of polarization is larger than 10 % above 111 nm and close to the
limiting value of 1/ 7 and b) there appear undulatory structures around 116 nm and in
the region from 120 to 126 nm. Compared with photodissociative excitation process of
HCN and DCN molecules," the dissociation seems to proceed via very short-lived



intermediates states, especially in the 117 - 130 nm region.

Since the sharp Rydberg progressions which appear in the 131 - 141 nm region are
assigned to the transitions whose transition dipoles are perpendicular to the molecular
axis, it is reasonable that the degrees of polarization become small at these peaks.
However for the sharp Rydberg bands which appear in the 121 to 126 nm region and
have been assigned to parallel transition, 406 — nsR the degree of polarization becomes
smaller than the base values of polarization which is about P = 0.12. Probably the
assignment should be changed from parallel to perpendicular transition.
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Figure 1. Absorption spectrum of CICN, CN(B’X* — X*I%) fluorescence excitation
spectrum for the photodissociative excitation process CICN + hv — Cl + CN(B’Z"), and
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Photo-induced Processes of Cl, (1'Z*)) State Studied by
VUV/UV-Fluorescence Lifetime Measurements

Kiyohiko TABAYASHL*t Mitsuhiko KONO,T Atsunari HIRAYA,*}
and Kosuke SHOBATAKE*}
Institute for Molecular Science,* and The Graduate University for Advanced Studies, T
Mpyodaiji, Okazaki 444 Japan

Photo-induced processes of excited Cl, in the presence of rare gas (Rg) third atoms
are of fundamental importance in connection with our previous studies[1] on the excited
state dynamics of Rg-Cl, van der Waals molecules generated in free jets. Here, VUV
excitation light with a time duration of ca. 400 psec and a high repetition rate of 5.6
or 90.1 MHz (single-/multi-bunch operation of UVSOR) was successfully used for the
time-resolved fluorescence measurements of Cl/Rg in a gas cell.

A typical time-decay curve for the fluorescence from ion-pair state of CL(1'E*) and
that for excitation light are shown in Figure 1. The fluorescence for the bound-free
transition CL(1'Z*,-X'Z*)) was collected in the region 185 < Ay, < 215 nm via a VUV
monochromator and detected with a multichannel plate detector. Upon excitation to
vibronic states (1'Z*,, 31 <v’< 41) under the single collision condition (Figure 2), nearly
a constant radiative decay of 2.65 nsec was obtained from a simple deconvolution
analysis. Figure 3 shows decay rates of CL/Rg(Xe, Ne) system following A,,=137 nm
excitation as a function of Rg partial pressure along with those of CL/Ar case[2].
Collisional (total) quenching rate constants, k(Xe)= 1.3x10® and k(Ne)= 1.4x10"° cm®/sec
are obtained. Since the reactive channel for RgCl" excimer formation is open only for
Cl/Xe system in the excitation at A,=~137 nm, a comparable value of k(Xe) to k(Ar)=
9x10"® cm’/sec[2] indicates non-reactive collisional decays are quite effective for the
excited ion-pare CL(1'Z*) state. Relaxation to an intermediate Cl,(2’I1,) fluorescent state
by collisional intersystem crossing is considered to be very important as one of the non-
reactive quenching channels. Time-resolved fluorescence measurement for the C12(231'[g)
state as well as reaction product XeCI'(B) is under way to clarify the whole quenching
mechanism of CL(1'Z*) involved in Cl,’/Xe collision system.
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PHOTOELECTRON SPECTRA OF ACETONE AND ACETONE DIMER
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In order to study the ionic states of
acetone produced in a supersonic jet, we
have carried out threshold photoelectron
spectroscopy (TPES) with synchrotron

radiation in the region 122.0 - 130.0 nm.

Acetone has also been re-investigated with
58.4-nm He(I) photoelectron spectroscopy
(PES). Figure 1 shows the PES [Fig. 1(a)]

and the TPES [Fig. 1(b) and (c)] spectra.

The energy resolutions are 21, 30, and 42

meV for spectra (a), (b), and (c), respectively.

It has been found from Fig. 1 that the
intensity of band 5 becomes stronger by

lowering the resolution of the TPES analyzer.

This fact cannot be explained in terms of the

band broadening due to the lower resolution.

Thus, we may conclude that there is an
autoionizing state at 125.3 nm (9.893 +
0.015eV).

The threshold-photoelectron photoion
coincidence (TPEPICO) spectra of acetone
and its clusters were observed in the region

124.0 - 135.0 nm with an interval of 0.2 nm.
A typical TPEPICO spectrum is shown in Fig.

2, observed at 131.0 nm (9.465 eV) which
lies 0.235 eV below the adiabatic ionization

potential of the acetone monomer (9.70 eV).

The monomer cation peak in Fig. 2 is
attributed to scattered light arising from
some imperfection of the grating.
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Fig.]1 A He (I) photoelectron spectrum [(a)] and

threshold
acetone.

photoelectron spectra [(b) and (c)] of

In the present experiments, the trimer and the tetramer cation intensities were much
weaker than the dimer cation intensity (almost noise level) in all the observed TPEPICO
spectra, as shown in Fig. 2. Thus, the contribution of larger clusters to the dimer cation peak
observed in all the TPEPICO spectra is negligibly small. The solid curve in Fig. 3 was
obtained by plotting the total dimer cation counts against the excitation wavelength, giving
rise to intensity distribution corresponding to a TPES spectrum of the non-dissociative
acetone dimer. The plotted curve may be called a "TPEPICO excitation spectrum'. The

‘..21_,



photoionization efficiency (PIE) curve of the dimer cation observed by Trott et al.! is shown
in Fig. 3 by a dotted curve for comparison. From the TPEPICO excitation spectrum, the
appearance ionization potential of the dimer cation has been evaluated to be 9.210 + 0.015

eV. This value is slightly lower than that (9.26 + 0.03 eV) evaluated by Trott et al.!

In the TPEPICO excitation spectrum shown in Fig. 3, there are two bands; one is a
broad band with a peak at 129.6 nm, and the other is a satellite band with a peak at 127.2 nm.
The latter peak position is identical to the PIE peak position. In contrast to the sharp
vibrational bands of the monomer, the 129.6 nm band shows long tails, to either side of the
band maximum implying that the potential minimum of the dimer cation is much different
from that of the neutral dimer, and that the Franck-Condon factor of direct ionization is not
zero for a very wide energy region.

The second electronic state of the acetone monomer cation is located at 12.59 eV
(98.47 nm), much higher than the maximum positions, 9.747 eV (127.2 nm) and 9.567 (129.6
nm), observed in the present TPEPICO excitation spectrum. The difference is too large to
explain the dimer production. Thus it is not expected that the two observed bands are related
to the second electronic state of the acetone monomer. Since the upper state of the charge
resonance states produced from the interaction between the two kinds of acetone dimer

cations, :au::etone-(::wemne)+ and (acetone)™-acetone in the electronic ground states, has a
repulsive potential well, the upper state should not be observed in the present dimer
TPEPICO excitation spectrum. The band shape observed at 127.2 nm in the PIE spectrum
implies that this band cannot be due to the dimer cation. Therefore, we can conclude that the
bands observed at 127.2 and 129.6 nm in the TPEPICO excitation spectrum are assigned to a
Rydberg state of the neutral dimer and the electronic ground state of the dimer cation,
respectively.
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Fig.2 A threshold-photoelectron photoion coincidence Fig3 TPEPICO excitation (solid curve) and PIE

(TPEPICO) spectrum of acetone clusters observed at (dotted curve) spectra of the acetone dimer, The PIE
131.0 nm. spectrum was taken from ref.[1].

Iw. M. Trott, N. C. Blais, and E. A. Walters, J. Chem. Phys., 69, 3150 (1978).



IMPROVEMENT OF PHOTOELECTRON-PHOTOELECTRON
COINCIDENCE SPECTROMETER AND AN INVESTIGATION OF DOUBLE
IONIZATION PROCESSES BY EXCITATION ABOVE THE 3d ELECTRON
IONIZA TION THRESHOLD REGION OF KRYPTON

Katsuhiko OKUYAMA, Eiken NAKAMURA, Kepji FURUYA?, and Katsumi
KIMURAD

Institute for Molecular Science, Okazaki 444

a Department of molecular science and technology, Kyushu Univ., Kasugashi Fukuoka
816

b Japan advanced institute of science and technology, Tatsunoguchi Ishikawa 923-12

Recently we have obtained successful results concerning a single-photon double-
ionization process in Xe atom by means of a photoelectron-photoelectron coincidence
(PEPECO) apparatus equipped with a magnetic-bottle time-of-flight (TOF) analyzer and
the using the monochromatic orbiting radiation from the 25-pole undulator on beamline
3A2.1) In order to expand our field of research to molecular systems as well as
investigating a double-photoionization process in greater detail, we have initiated a series
of improvements on the PEPECO apparatus. Firstly, we have introduced a new rear
mirror that provides a suitable focal position for our apparatus, which has made the
photon density 20-times higher than previously and has increased the coincident rate.
Secondly, the photoelectron flight length of the short TOF tube constructed on the
opposite side of the main TOF tube has increased from 4 cm to 14 cm and a small turbo
molecular pump has been introduced to pump the short TOF tube. These improvements
have resulted in a significant improvement in spectral resolution.

By using the PEPECO spectrometer improved, we investigated the double-
ionization processes by photoexcitation just above the 3d electron ionization threshold
region of Kr atom. Fig. 1 shows the PEPECO spectrum of Kr atom at 124.5 A (99.6eV)
with intensities recorded as dot density, of which horizontal and vertical axes show the
times of flight on a linear scale in the short and long TOF analyzer, respectively. The
excitation wavelength corresponds to 4.6 eV and 5.8 eV above 3ds2 and 3diz electron
removal ionization threshold, respectively.z) The double-cross structure observed on the
spectrum clearly indicates that the double phtoionization process of Kr excited by 124.5

A single-photon chiefly occurs as indirect mechanism via two 341 states. Direct double

_‘23_



ionization process, yielding the electronic ground terms of Kr*?, is identified as minor

process (20%) superimposing on the major double cross structure.

References
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as dot densities.



SINGLE AND DOUBLIE PHOTOLONIZATION CROSS SECTIONS OF NO

AND LONIC FRAGMENTATION OF NO* AND NO2+
Toshio MASUOKA

Department of Applied Physics, Osaka City University, Sumiyoshi,
Osaka 558

Single and double photoionization processes of nitric oxide (NO) have
been studied in the photon energy region 37-100 eV by use of time-of-flight
mass spectrometry and the photoion-photoion coincidence (PIPICO) method
together with synchrotron radiation. The single (¢ ') and double (02+)
photoionization cross sections of NO are determined by a newly developed
mel;hod.1 The results are shown in Fig. 1 as a function of photon energy.

The total cross section is from Ref. 2. It is emphasized that the double phot-
oionization cross section reported in Fig. 1 includes both the dissociative

and nondissociative processes of the precursor N02+. The threshold for the
dissociative double photoionization was found to be 41.0 + 0.3 eV.

Ton branching ratios and the partial cross sections for the individual
ions (NO*, N', and 0%) produced from the precursor NO' and those (N*+0%,

No2*, N2', and 0%%) from NO2* are also obtained.

The dissociation ratios of the singly and doubly charged precursors are
shown in Fig. 2. It is interesting to note that the dissociation ratio of N02+
reaches an asymptotic value very close to 0.85 at about 47 eV. The ground
state of N02*, X2%*, is known to be nondissociative, and the first (A2II)
and the second (B2X+) excited states to be partially bound. If only these
bound states are the source for the (meta)stable N02+, the dissociation ratio
should increase at higher photon energies. Obviously, the results in Fig. 2
provide an evidence for the presence of bound electronic states at higher

photon energies and/or autoionization to the low-lying bound states of

o
cn



N02*. oOn the other hand, the dissociation ratio of NO decreases above 42.5
eV. This provably means that the Rydberg states converging to the low-
lying electronic states of No2* are nondissociative and produce the
(meta)stable NO*. Above about 58 eV the dissociation ratio of NO* in-
creases. However, the nondissociative process is still dominant even at
higher photon energies. This strongly suggests that the majority of the

high-lying electronic states of NO* are nondissociative.
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DISSOCIATIVE MULTIPLE PHOTOIONIZATION OF BrCN AND
ICN IN THE VALENCE SHELL AND nd(n=3,4) REGIONS

Toshio IBUKI, Inosuke KOYANO" and Toshio MASUOKA™

Kyoto University of Education, Fukakusa, Fushimi-ku 612

‘Department of Material Science, Himeji Institute of Technology

Kanaji, Kamigohri, Hyohgo 678-12

“Department of Applied Physics, Osaka City University, Sumiyoshi—ku, Osaka 558

The multiple photoionization processes of BICN and ICN in the valence and nd
(n=3,4) inner shell region have been studied using photoion—photoion coincidence (PIPICO)
techniques in the photon energy region of 40-130 eV at BL3A2 station of UVSOR.
Figures 1 and 2 show the PIPICO branching ratios of the doubly charged BrCN and ICN,
respectively, and those of the triply charged molecular ions are depicted in figs. 3 and 4.
We can see some remarkable features from these figures:

(A) Doubly charged cation is formed by a single photon excitation of valence orbital
electrons.

(A1) The decay channels of the doubly charged BrCN** in fig. 1 change smoothly
with increasing photon energy while those of ICN** are strongly affected at the jonization
potential of (4d)™ as shown in fig. 2.

(A2) Neither (C* + N*) nor (IC* + N*) ion pair, which is formed in BrCN (see fig.
1), is observed in the ICN double photoionization.

(B) Triply charged ion precursors presumably arise primarily form double Auger
decomposition processes of the initial nd hole states (see figs. 3 and 4).

(B1) The following three dissociation channels are observed for the friply charged
cations: X* + CN* (1), X + N* (2), and X* + C. (3)

(B2) The threshold energies of reactions (1)—(3) for X=Br are 70=1 eV, while for
X=I the onset of reaction (1) is 59+1 and those of (2) and (3) lie 70=1 eV. The energy
difference of about 10 eV between reactions (1) and (2) (and/or (3)) for X=I is very close
to the bond energy of C=N radical.

The above observations suggest that BrCN** and BrCN** scem to decompose

explosively, while the multiply charged ICN may decompose successively.
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Dissociation dynamics of S02* and CHyF?* studied by the
triple photoelectron-photoion-photoion coincidence (PEPIPICO) method
Toshio Masuoka
Department of Applied Physics, Osaka City University,
Sumiyoshi-ku, Osaka 558

Multiple ionization of molecules has been extensively studied in recent
years by using coincidence methods such as photoelectron-photoion (PEPI-
C0), photoion-photoion (PIPICO), photoelectron-photoelectron (PEPECQ),
photoion-fluorescent photon (PIFCO), and photoelectron-photoion-photoion
(PEPIPICO, or PE2PICO) coincidence.l These methods, which are essential to
correlate two or more particles from each single ionization event, have
provided much information on the multiple ionization of molecules. Among
these, the PEPIPICO method has been shown to be a powerful technique to
study the dissociation reactions of doubly and multiply charged molecules
into three fragments.2 Three-dimensional flight time distributions measured
for dissociative double ionization clearly show the momentum distributions
(speed and angle) of the fragments; thereby enabling determination of the
charge separation mechanisms.

The dissociation dynamics of doubly and triply charged sulfur dioxide
(802) and methyl fluoride (CHSF) are studied here by this technique over a
photon energy region of 46-80 eV with the use of monochromatized synchro-
tron radiation. It was found that for the three-body dissociation of the type
ABC2+ -—> AY + B* + C, the dissociation mechanism is not dependent on the
excitation energies in this region. This phenomenon suggests the presence
of two site-specific positive holes each of which is related to a particular
dissociation pathway. It is additionally concluded that atomization of the
precursors is a dominant process in 505 at higher excitation energies.

Although several methyl compounds have recently been studied by the



PEPIPICO technique, the results for methyl fluoride have not yet been
reported. Figure 1 shows a PEPIPICO distribution in the t - t, plane at an
excitation energy of 80 eV. Fourteen islands are observed, four of which
have not been identified by previous PIPICO measurements.3 The unidenti-
fied channels are CH3*, CH2+, CH*, and C*, each being in coincidence with

F*. It can be seen in Fig. 1 that the island size is very small in all the
ionpair formations that include H' and H,* ions; a result of the H" and

H2+ ions taking almost all the energy but carrying very little momentum.
Accordingly, it is difficult to obtain a definite slope for these islands and
thus no analysis was made. The CH2+ + F* channel appears to be sequen-

tial via CH3+, since its slope is slightly less than 1. Similarly, the H™ +
F* channel has been suggested as being sequential via CH3+.3 The CH* +

F* and ¢* + F' channels are too weak to obtain meaningful island slope.
REFERENCES
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IONIC FRAGMENTATION PROCESSES FOLLOWING Si:2p CORE LEVEL
PHOTOEXCITATION AND PHOTOIONIZATION OF TETRACHLOROSILANE

Shin-ichi NAGAOKA, Toshio MASUOKA,* and Inosuke KOYANOW

Department of Chemistry, Faculty of Science, Ehime University,
Matsuyama 790
+Department of Applied Physics, Osaka City University, Sumiyoshi,
Osaka 558
#Department of Material Science, Faculty of Science, Himeji
Institute of Technology, 1479-1 Kanaji, Kamigohri, Hyogo 678-12

In recent years, relaxation processes following core
excitation and icnization in molecules have been a topic of much
interest. We have investigated fragmentation following
photoexcitation and photoionization of tetrachlorosilane (TCS) in
the range of Si:2p excitation and ionization by means of the
photoelectron-photoion and photoion-photoion coincidence methods
(PEPICO and PIPICO methods, respectively).

The experiments were performed using a time-of-flight
spectrometer with variable path length, coupled to a constant-
deviation grazing incidence monochromator installed on the BL3A2
beam line of the UVSOR synchrotron radiation facility in
Okazaki.l

The total photoionizaion efficiency curve of TCS has three
peaks near the 2p core-ionization threshold of the silicon atom
(Fig. 1). These peaks were assigned to the excitation of an
Si:2p electron into 8a1, 9t,, and 4e orbitals below the
threshold. There is an alternative interpretation (doubly
excited state) for the peak seen at 110.1 eV. The Si:2p
threshold of TCS is located at 110.17 eV. Resonant Auger
processes follow the excitation at these peaks. Once an Si:2p
core electron is initially excited (1 hole and 1 excited
electron), the molecule is usually left with two holes in (a)
valence orbital(s) and an excited electron in a virtual orbital.
The two valence holes tend to fragment the system extensively.



lTtet=laen/lphoton

Various ion pairs arise from Coulomb explosion processes from the

dissociation of the unstable doubly charged ion.

Figure 2 shows an example of the photoionization mass
spectra in the PEPICO mode. It was found that I;,,/Tiot-ion
sit and C1% shows two broad peaks, one around 105 eV and the

for

other around 110 ev. In contrast, I for all other

ion/Itot-ion
ions decreases around these energies. It was also found that
Iprprco’/Itot-prpIco for Si*-Cl* shows pronounced peaks around 105
and 110 eV, whereas those for Cl*-sicl_* (n = 1-3) show
corresponding dips around these photon energies. The
fragmentation scheme leading to the production of the ion pairs
in TCS may be described as follows:

5iCly + hv

— sic1,2*

+ 2e

— sit + c1t + n.p.

1. T. Masucka, T. Horigome, and I. Koyano, Rev. Sci. Instr. 60,
2179 (1989); E. Ishiguro, M. Suzui, J. Yamazaki, E. Nakamura, K.
Sakai, 0. Matsudo, N. Mizutani, K. Fukui, and M. Watanabe, Rev.
Sci. Instr. 60, 2105 (1989).

Fig. 1 (left-hand side) Total photoionization efficiency curve
of TCS in the range 100-115 eV.

Fig. 2 (right-hand side) Photoionization mass spectrum of TCS
taken by excitation at 104.7 eV in the PEPICO mode.
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Dissociative Ionization Following Valence and Si:2p Core Level
Photoexcitation of HSi(CH,), in the Photon Energy Range 24 - 133 eV

Bong Hyun Boo,® Inosuke Koyano,® Toshio Masuoka,® and Eiken Nakamura®

*Department of Chemistry, Chungnam National University, Taejon 305-764, and
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‘Department of Applied Physics, Osaka City University, Sumiyoshi-ku, Osaka
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Dissociation processes of HSi(CH,); have been investigated in the
valence and Si:2p core-level photoionization by use of synchrotron radia-
tion and the photoelectron-photoion coincidence (PEPICO) and photoion-
photoion coincidence (PIPICO) technigues. Metastable SiC,H,** is observed
in the energy range E > 39 eV, respectively. Along with this dication,
various monocations such as H*, H,*, CH.' (n=0-4) and SiC,H," (m=0-3, n=0-9)
are also observed. The ion branching and PIPICO ratios are measured as a
function of the incident photon energy. Variation of the ion and the PIPICO
branching ratios with the incident photon energy is shown in Figs. 1 and 2,
respectively.

At the lowest energy examined, E = 24.00 eV, the most predominant
process in the dissociative single photoionization of HSi(CH;), is the Si-C
bond rupture forming HSi (CH,),".

HSi (CH,), + hv — HSi (CH,),;" .+ e (valence ionization)

HS1i (CH,) ;" — HS1(CH,)," + CH,

The ion branching ratio for H® rises beginning around 27 eV. Clear
features are observed in the ion branching ratios for H' and H,” in the
energy ranges 95 < E < 110 eV and 100 < E <108 eV, respectively. Also in
the PIPICO ratio data given in Fig. 2, processes 1, 2 and 3 are observed
around 100 eV. '

HSi(CH,), + hv — HSi(CH,)," + e (Si:2p photoionization)

HSi (CH,),* = HSi(CH,)},* + e (Auger) (1)
HSi(CH,),* = CH," + SiCH,” (n=0-2) + n.p. (2)
— H" + §iC,H,” (n=0-2) + n.p. (3)

where n.p. denotes the neutral products associated with the ionic products.
Thus this energy corresponds to the Si:2p photoexcitation. In the range E
> 100 eV, the source of CH;" is mainly the dissociation channel, reaction 2.
At energies beginning about 65 eV, the ion branching ratio of CH," slightly
decreases. This decrease is correlated with the increase in the ion
branching ratio of CH," (n=0-2). The core-level photoionization is observed
to produce quite different fragmentation patterns showing the selective
reactivities toward the Si-H and Si-C bonds giving rise to the bond
cleavages. The core ionization of the localized Si:2p orbital results in
the deposition of the internal energy to the silicon center, this internal



energy could be consumed to break the Si-H and/or Si-C bonds.

The valence double ionization and Si:2p core ionization thresholds are
estimated to be =25 eV and 102 * 1 eV, respectively. The Si:2p ionization
threshold is similar to the Si2p,,, ionization energy of 111.6 eV in SiF,.}
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POSITIVE ION-NEGATIVE ION COINCIDENCE SPECTROSCOPY OF O,
Hiroaki YOSHIDA, Hideo HATTORI, and Koichiro MITSUKE

Department of Vacuum UV Photoscience, Institute for Molecular Science,
Myodaiji, Okazaki 444

A new coincidence technique is developed for studying the ion—pair formation
processes in the vacuum ultraviolet using synchrotron radiation. This technique utilizes the
flight-time correlation of a pair of positive and negative ions produced by single photon
excitation. The jon-pair formation from O, is studied for examining the performance of
the apparatus.

Experiments are made by using synchrotron radiation emitted from beam line BL2B2
installed in the UVSOR storage ring. Figure 1 shows the schematic diagram of the time—
of-flight mass spectrometer (TOFMS) and the data acquisition system. A sample gas is
expanded into a beam expansion chamber from a nozzle of 100-/#m diameter at room
temperature of 298+3K and a stagnation pressure of 25 torr. The molecular beam is
introduced through a conical skimmer into a photoionization chamber pumped to 107° torr
when the beam is on. Ion pairs are formed by interaction with a monochromatized VUV
photon beam at the photoexcitation region. Ion pairs thus produced are accelerated by an
electrostatic field applied in the perpendicular direction to axes of both molecular beam
and photon beam. Positive ions are mass—separated by a single-field type of TOFMS,
while negative ions by a double—field type. The positive-ion signal is fed into the start
input of a time-to—amplitude converter and the negative—ion signal into the stop input.
Flight-time difference thus obtained is accumulated in a multichannel analyzer. Upon
detection of a positive ion, a gate pulse voltage is applied to grid G2 to prevent electrons
from penetrating the flight tube beyond G2. Application of this gate pulse is very effective
in suppressing the false coincidence counts.

Figure 2 shows a coincidence spectrum of 0" and O  produced from O, at the
photon wavelength of 709.5 A (photon energy E,, = 17.47 eV). This energy is 0.2 eV
distant from the threshold at 17.27 eV (717.8 A) for the lowest ion—pair formation
channel, O,(’Z,) + h¥ — 07(*s,) + O7(P,). The background count is ascribed to the

false coincidence signals, mainly arising from the start input of 0; signals and the stop



input of electrons signals. The sharp peak observed at 14.224s is assigned to the

coincidence peak due to the ion pairs produced by a single photoexcitation event. This

assignment is supported by the following corroborating evidence. First, we clock the flight

times separately for O” and O~ from photoexcitation region to the detectors by applying

a pulse voltage to grid G2. The flight-time difference is estimated to be 14.4+0.54s,

which is in good agreement with the position of the coincidence peak in Figure 2. Second,

we measure the photodissociation efficiency curve for the ion—pair formation process by

scanning the photon wavelength. This curve is compared with the efficiency curve of O

measured by using molecular-beam photoionization apparatus on the beam line BL3B in

the UVSOR facility. Several structures are commonly observed in the two curves.

Figure 2.
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Figure 1. Schematic diagram of the time-of-flight mass spectrometers and data acquisition
system for coincidence spectroscopy. (NS) nozzle source; (SK) conical skimmer; (PR)
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circuit; (MCA) multichannel analyzer; (PG) pulse generator; (HPAMP) high-speed power

amplificr.

Figure 2. Coincidence spectrum of O and O~ produced from O, measured at the photon
wavelength of 709.5 A.
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Photoexcitation of molecules to highly-excited states is often accompanied
by dissociation into a pair of positive and negative ions in the photon
energy range of 10 - 50 eV. The detection of negative ions produced by
such ion-pair processes provides a sensitive probe to investigate the
properties of Rydberg states lying in the vacuum ultraviolet. The present
report describes ion-pair formation from photoexcitation of SOz,

SOy + hy —> 0™ + sot, (1)

SO, + hv —» 07 + 87 + 0 (2)

studied by mass spectrometry using synchrotron radiation in the 15 - 35 eV
1)

photon energy range. Negative ions O  from 802 has been observed.
Figure 1 shows the 0 photodissociation efficiency curve. The
appearance energy for O is in good agreement with the thermochemical
threshold of 14.49 eV for the formation of O_(zPu) +sot (} 2l'I). The cross
section for process (1) at ~765 A is estimated to be (2.6+1)x1072%cm?

a comparison between the count rate of O  produced by process (1) and

from

that of 00 produced from 02. The quantum yield for process (1) is then
obtained to be ((5.4~4_-2.5)><10_4 at ~765 A from the total photoabsorption

0" 17cme,

cross section for 802, 4,1x1

The efficiency curve can be divided into two regions: Region I
[680 - 860 A ] containing sharp peaks, and Region II [370 - 680 A ] in which
two broad peaks with maxima at ~610 and ~550 A exist. The 0 efficiency
rises markedly at the wavelengths of 622 and 570 A . These onsets are
attributed to the formation of triplets of fragments: O_(zPu) + S+(4Su) + O(BPg)
and O_(ZPu) + S+(2Du) + O(SPg). Region | appears to consist of a number

of vibrational progressions which may be assigned to Rydberg states with



a variety of symmetry and principal quantum numbers. We can extract
and assign three vibrational progressions in the symmetric stretching mode
V1 for the s-type Rydberg states converging to SOE (75 2Al). Term values,
effective principal quantum numbers, and quantum defects are calculated
by using a Rydberg formula. Some of the vibrational progressions reported
in the photoionization efficiency curvez) of SOE from SOZ are not discernible
in our O efficiency curve. We can explain this discrepancy in terms of
the specificity of the Rydberg states in the autoionization branching.

1) K. Mitsuke, S. Suzuki, T. Imamura, and I. Koyano, J. Org. Mass Spectrom. to
be published.

2) J. Erickson and C.Y.Ng, J.Chem. Phys. 75, 1650 (1981); C.Y.R.Wu and
C. Y. Ng, J. Chem. Phys. 76, 4406 (1982).
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Figure 1. Photodissociation efficiency curve of 0 produced from SO2 taken

at a wavelength resolution (FWHM) of 0.8 A and wavelength intervals of
1A. The vertical lines indicate the ionization limits for
SO; (& 2B2, D zAl, and E 231) and the thermochemical thresholds for possible
ion-pair channels (Ref. 1).



ION-PAIR FORMATION FROM HYDROCARBONS BY PREDISSOCIATION OF
RYDBERG STATES WITH C(25)-HOLE CHARACTER
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Ion-pair formation induced by photoexcitation of saturated hydrocarbons
(RH+h Y —RH"—H +R’, R=CH,,,, n=1-5) has been studied by negative—ion mass
spectrometry. We use monochromatized photon beam in the wavelength range of
400-1000A at the beam line BL3B. All kinds of hydrocarbons are found to undergo
predissociation into ion pairs with the cross section of 8.0x107% —1.0x10*cm? when they
are superexcited to Rydberg states formed by promotion of an electron in a molecular
orbital composed of carbon 2s-type atomic orbitals.

Figure 1 shows the H™ photodissociation efficiency curve of ethane. Most of the
peaks are assigned as resulting from transitions to the Rydberg states with C(2s)-hole
character. A series of peaks observed in the energy range of 18.5-20.0eV correspond to
vibrational progressions of the Rydberg states, 2a,,—>4s, 5s. We assign these peaks to the
v=0 vibrational states of the V,(C-H stretching) and V,(C-C stretching) modes, as
indicated in Fig.1(b), since their spacings are in good agreement with those for the (2a,,)™
band in Hell photoelectron spectrum of C,H,."

Figures 2 and 3 show the photodissociation efficiency curves of H™ produced from
propane and n-butane, respectively. Assignments of the Rydberg states which make peaks
are indicated. We wish to point out that the ion-pair formation proceeds exclusively via
the Rydberg states produced by promotion of a C(2s) electron. In all efficiency curves,
there is not a peak over the whole energy range where the Rydberg states with excitation
of an outer—valence electron are present. This finding can be interpreted as that other
competitive decay pathways are dominant for these Rydberg states. Namely, Rydberg states
with relatively lower excitation energies may have propensity to autoionize or predissociate
into neutral fragments. Many molecular orbitals closely lic from -10 to —-15¢V, so that the
energy widths for autoionization of such Rydberg states become large due to considerable
overlap between the initially excited orbital and the target occupied orbital to be ionized.

As suggested by the efficiency curve of propane (Fig.2), predissociation into ion pairs



is markedly suppressed from the Rydberg states formed by promotion of an electron
accommodated in the deepest inner—valence orbital, 3a,. Since this orbital has large overlap
with the shallower 4a, orbital, the lifetime of the Rydberg states converging to the (3a,)™
ionic state is expected to be much shorter with respect to autoionization into the (4a,)™
ionic state than with respect to conversion to the ion-pair state. Hence, these Rydberg
states do not effectively predissociate into ion pairs in spite of their C(2s)-hole character.
A similar phenomenon is observed for the Rydberg states of n-butane converging to the
(3a,) ionic state. (Fig.3)

1) J.W.Rabalais, and A.Katrib, Mol. Phys. 27, 923 (1974).
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VUV Reflectivity Spectra of Rare-Earth Sesquioxides IT
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Rare-earth elements are characterized by the 4f electrons, and their compounds
have some interesting properties such as the mixed valence state. So we measured a series
of rare—earth sesquioxides (Rz03's), which are typical insulator compounds, for the pur—
pose of investigating the fundamental electronic state of the rare—earth compounds. We
have already reported the VUV reflectivity spectra of four kinds of R20s single crystals
(R=La, Nd, Gd and Y) [1]. In this report, we measured the reflectivity spectra of another
four kinds of R203 single crystals (R=Er, Tm, Yb and Lu) for the first time in the photon
energy region between 4 eV and 35 eV at 300K at the beamline BL7B. We discuss the elec~
tronic structure of these materials including the 4f multiplet structure.

We made single crystals of all samples by the floating zone method using a Xe-arc
lamp image furnace. All compounds form bcc type crystal structure, which is called the C-
type. We measured the reflectivity spectra using the cleavage surface along to the (111)-
plane.

Figure 1 shows reflectivity spectra of five kinds of R203 materials (R=Y, Er, Tm,
Yb and Lu). Y203 has no 4f electron and has the same bcc crystal structure as other R203.
We adopted Y203 as the reference material of R203 because the ionic radius of Y** is
almost the same as that of Er**, Tm3*, Yb* and Lu*. All spectra are similar to one another.
This means that the origin of the main structure of these spectra is almost equal to one
another.

We will make a detailed analysis using the optical conductivity spectra (Figure 2),
which are derived from the Kramers—Kronig transformation of the reflectivity spectra in
Figure 1. There are three peak structures in common, which are located around 10 eV
(here called a), 18 eV (b) and 30 eV (c). In our previous papers, we have explained that the
origin of the main part of the structure a is the excitation from the valence band (0-2p) to
the conduction band (R-5d), that of the peak a' is the exciton of the peak a, and that of the
peak c is the intra—atomic excitation from R-5pszto R-5d states [1, 2]. The structure due
to the transition from R-5p; to R-5d is not seen in this figure because this peak is
expected to be out of the observed energy range at about 38 eV. The origin of the peak b is
considered to be the transition from O-2s to R-54 states, because this energy position and
structure are almost the same among the materials and the energy position is expected
from the atomic states of rare—ecarth and oxygen [3].

It can be seen that the detailed structure of peak a in each R20s spectrum is
different from one another. It is obvious that the reason for this is the difference of the
cxpanse of the R-4f states due to the 4f multiplet. The peak structure due to the transition
from O-2p to Y-44 is thought to be almost equal to that from O-2p to R—-5d because the
band shape of 44 in Y203 is as almost same as that of 54 in R20s. Therefore the difference
structure of the peak a among each R203 is thought to be due to the expanse of R—4f
electrons. We show the 4f multiplet structure which is estimated from the theoretical
expectation [4] in Figure 2. The peak structure of R203 which is different from that of
Y203 around 10 eV is thought to be explained by the R-4f multiplet structure. However,
the peaks of R203 at about 7 eV indicated by a" are located at almost same energy position
in each Rz03 spectrum, and can't be explained by this consideration. These peaks are
thought to be due to the exciton of the transition from R-4fto R-5d.
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Informations on the generation mechanism and the properties of
oxygen deficient defects in synthetic silica glass are very
important in the use of the glass as optics in ultra-violet re-
gions. We already reported that =Si-Si= (one type of the oxygen
deficient defects) is generated by chlorine evaporation during
sintering of the porous silica glass obtained by VAD (Vapor-phase
Axial Deposition) method with several tens of ppm chlorine.

Another generation mechanism of =Si-Si= in synthetic silica
glass was found in the present study. Samples were prepared by
quenching the consolidated silica glass plates (from 1000 C to
1500 'C) These silica glasses contain less than 20 ppm of OH
groups and less than 1 ppm of Cl. Absorption spectra of the sam-
ples were measured at the beam line BL1B.

Fig.1l shows absorption spectra of quenched silica glasses. In
the sample heated at 1000 °C no optical absorption peak was ob-
served, but in samples heated at higher temperature 7.6 eV ab-
sorption intensity (=Si-Si=) increased as raising their heating
temperature.

Fig.2 shows Arrhenius' plots of the yields of ESi—§iE efects
calculated by using absorption cross section 6 10_1 cm“. It
seems that the defects were generated by the thermally activated
process.
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Optical absorption in ultraviolet (uv)-vacuum uv (vuv)
regions were measured on high-purity silicas irradiated by
excimer lasers. Samples investigated are oxygen-deficient silicas
with low-OH ([0OH]<1 ppm) and high-OH ([OH]= 20 ppm)
concentrations. Irradiation was carried out with ArF (6.4 eV) or
Fp (7.9 eV) excimer laser at room temperature. Vacuum-uv-
transmission measurements were done uéing synchrotron radiation
from UVSOR as a light source. Shown in Figs.l and 2 are uv-vuv
absorption spectra obtained for the low-OH and high-OH oxygen-
deficient silicas, respectively, after irradiation with 6.4-eV or
7.9-eV photons. Although the appearance of absorption bands at
5.0 and 5.8 eV can be seen, no significant change is observed in
an absorption band at 7.6 eV in the low-OH sample. On the other
hand, the decay of the 7.6-eV band is observed in conjunction
with a significant growth of the 5.8-eV band in the high-OH
sample, as shown in Fig.2. The 5.8-eV and 7.6-eV bands are
considered to be due to E' center (ESi-)l and oxygen vacancy
(zSi-SiE)z, respectively. Therefore, these results indicate that
the conversion of the oxygen vacancies into E' centers is
enhanced in the presence of hydrogen. The following mechanism is
considered to be responsible for the conversion of the oxygen

vacancy:



=8i-Si= + +H - =Si-H =Si- (1)
This mechanism involving the formation of the E' variant (=Si-H
=Si+) in the high-OH sample is supported by the observation of a
peak shift relative to the 5.8-eV band of the E' center

(=si-*si=) by 0.1 eV to the lower energy.
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The crystal structure of PbCl, and PbBry, belongs to
orthorhombic (DZhIG, Pmnb), while that of Pbl, belongs to
hexagonal [Daq®). Bilg has a rhombohedral (Cy;%) crystal
structure. The peaks due to the sz+ 5d core exciton are
observed in the optical spectra of Pb halides in the 20-25 eV
1-3) In Bilg, the B13+ 5d core exciton peaks are found
in the 25-30 eV region.l) In the present study, reflection

region.

spectra of these crvstals were measured in order to investigate
the crystal field effect on the core exciton.

Figure 1 shows reflection spectrum of BiIa single crystal
below 12 eV. First exciton peak is seen at 2.0 eV. Sharp
peak is also observed at 3.8 eV. Spectral features below 6 eV
agree with those by previous Study.4)
is observed between 10 and 25 eV.

In Fig. 2 are shown reflection spectra of Pb halides
{upper part) and Bi13 (lower part) in the metal 5d core
exciton region. In addition to the three main peaks 1, 2
and 3, the small peak 0 is found in the low energy side of the
peak 1 in each crystal. Weak shoulder 1’ is observed at the
high energy side of the peak 1 in PbI, and at the low energy
side of the peak 1 in BiI3. The structures 3 in PbIz and Bi13
are broader than in PbCl, and PbBrz.

The peaks 1, 2 and 3 are assigned to the transitions from
the 180 ground state to the 3P1, 1P1 and 3D1 states, respec-
tively. Energy splittings and relative intensities of these
peaks in Pb012 and PbBrz are explained well based on the atomic
excitation picture neglecting the crystal field effect.3)

This means that the anisotropic crystal field in Pb012 and
PbBrz is weaker than in Pb12 and BiIs. The peak 0 in each
material and the structure 1’ in Pb12 and BiIS are attributed-
to the transitions allowed by the anisotropic cryvstal field

No distinect structure



effect, Broadness of the peak 3 in Pbl, and BiIa is also
ascribed to the crystal field effect. The splitting of the
Pb2* 6p level in PbI, due to the crystal field potential is
supposed to be about 1 eV in order to explain the spectrum
of Pbl,.
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VACUUM ULTRAVIOLET REFLECTANCE SPECTRA OF Mn,Sb, MnAlGe,
Superlattices (Mn/Sb, Fe/Gd, Fe/Nd) AND
INTERCALATION COMPOUNDS (MXTiSZ(M:Ni,Fe))
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The electronic structures of CusSb type compounds, magnetic
superlattices and TiS, intercalation compounds were studied by
means of the vacuum uftraviolet reflectance spectroscopy by use
of synchrotron radiation from UVSOR electron storage ring. The
measurement was done at BL-1B of UVSOR equipped with a Seya-
Namioka monochromator. The higher order light was suppressed by
use of pyrex, 8102 and LiF filters in the wavelength regions
above 3000, 1500 and 1000 A. The incidence angle was set to 22.5
degrees and the p reflectance was measured by a photomultiplier.
All measurement was done at room temperature. Cleaved surfaces
were employed for the intercalation compounds and the as grown
surfaces were used for the superlattices. For Cuzsb type materi-
als polished surfaces were prepared for the reflectance measure-
ment. The reflectance spectra were obtained by normalizing the
spectra by the spectrum of the monochromator output.

Figure 1 shows the reflectance spectrum of Fel 3Tisz com-
pared with that of the TiS,;. Since the electronic structure of
TiS, has been well studied by many authors, the reflectance
spectrum can be rather easily understood. The spectrum in the
2-30eV region can be separated into 4 regions with distinct dip
structures: (I) the region extending up to 3eV, (II) the region up
to 8eV, (III) the region extending up to about 12eV and finally
the region extending {gom 12eV beyond 20eV (IV). According to
the band calculation, the transitions between S 3p valence
bands and the lower Ti 3d conduction bands which have "tz "
symmetry are dominant in the region I. The region II consists of
the transitions from the S 3p valence bands to the higher Ti 3d
states with "e_." symmetry. The transition between the bonding
and antibonding orbitals occur in the region III. In the spec-
trum of Fe 3T182, the sharp peak around 3.5 eV appears in the
energy region II. This structure may be related to the Fe 3d
state.

The reflectance spectra of the superlattices, Mn/Sb, Fe/Nd
and Fe/Gd as well as Mn,Sb and MnAlGe are summarized in Figs.2
and 3. The similarity %etween the two spectra of Fe/Nd and Fe/Gd
compared with that of Mn/Sb suggests that the spectra in the
energy reglon up to 20eV 1s mostly governed by the excitation
associated with Fe.

Reference
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Contribution of Eu2+ to PSL Center Formation
in BaFBr:Eu2+ Single Crystal

Yasuo lwabuchi, Nobufumi Mori, Terumi Matsuda
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Fuji Photo Film Co.,Ltd., Technology Development Center, Miyanodai,
Kaisei, Kanagawa, 258 Japan

institute for Molecular Science, Myodaiji, Okazaki, 444 Japan
2)Tokyo Engineering University, Department of Electronics, Hachioji,
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Previous investigations showed that PSL centers are created
efficiently at the energy of exciton formation in BaFBr:Eu2+ single
crystal.lll Moreover, at the low energy side of the exciton band, a
shoulder-like structure is observed. To clarify an origin of this structure,we
measured the change of this structure with increasing the concentration of
Eu2+,

BaFBr:Eu2+ single crystals were grown by the horizontal Bridgman
method in a graphite boat. The various single crystals different in the
Eu2+ concentration were made by changing the quantity of additional
Eu2+ at preparation. The measurements using vacuum ultra violet (VUV)
light were performed at the beam line BL-7B. The PSL center formation
spectra which represents an efficiency of PSL center creation, were
measured as follows. The samples were irradiated by chopped He-Ne
laser at 10 Hz (633nm:NEC) as scanning the VUV light, and detected the
signal of Eu2+ luminescence which was synchronized with chopped He-
Ne laser excitation by using lock<in amplifier. Eliminating second
diffractive light, VUV light was passed through a quartz filter. The electric
vector E of the excitation light was always perpendicular to the c-axis of
the single crystal.

Figurel shows PSL center formation spectra in BaFBr:Eu2+ single
crystals of different concentration of Eu2+ at LNT. The concentration of
doped Eu2+ analyzed by ICP method is (a)0.568% (b)0.15% (c)0.028%
respectively. Spectra were normalized at the peak intensity concerning
to the first exciton band at 7.2 eV. It is seen that the intensity of the

structure at 6.6 eV grows as the concentration of Eu2+ increasing. The
inset shows the relationship between the analyzed Eu2+ concentration in
the BaFBr:Eu2+ single crystal and the intensity of the structure at 6.6 eV.



As we can see the linear relationship, it is clear that the structure at 6.6
eV is due to the Eu2+.

As to this structure at the low energy side of the exciton, the process
of Eu2+ jonization is considered from the energy level scheme of
BaFBr:Eu2+.[2 That is to say, an electron generated by Eu2+ ionization is
trapped by F* center to form F center and Eu3+. An ionization of Eu2+
was observed in alkaline-earth halides such as CaF2l3], SrFp, BaF2l4], so
it is sufficiently considered that the ionization of Eu2+ occurs in
BaFBr:Eu2+.
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Self-Trapped Excitons in CdBr, and CdCl,
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Cadmium chloride and bromide are typical ionic crystals of layer structure, where one
Cd?t-ion sheet is sandwiched between two halogen ion sheets. A cadmium ion sits at the
center of an octahedron composed of six halogen ions located at the vertices. The top of
the valence band consists mainly of halogen np (n=3 or 4) orbitals while the bottom of the
conduction band has cadmium 5s character. The lowest excitonic absorption corresponds to
the transition from halogen np to cadmium 5s levels. Two luminescence bands are produced
with excitation in the fundamental absorption region, that is, the one appears in near uv—
region (UV-emission) and the other in yellow-region (Y-emission). They are associated
with radiative decay of self-trapped excitons (STE). The STE-states in CdX;(X=Cl or Br)
are believed to be identical with the excited states of the [Cd“Xg ]4_—complex molecular
ions which are formed through exciton-phonon interaction.

Decay profiles of UV and Y emission bands in CdBry and CdCl, are shown in Fig. 1.
Excitation was made with single-bunched pulses at 36 ¢V from an undulator of UVSOR
which have 0.5 ns pulse duration and 178 ns pulse interval. The exsistence of long lived
decay components gives rise to the piling—up of luminescence intensity. The decay curve of

the UV-emission consists of two decay com-

ponents, the fast(rp=11 ns for CdBr, and o 2-65gﬁKV ] 3'63%;\[

2.0 ns for CdCl,) and the slow(rs > 178 ns) g ' Ve

ones. They are sttributed to the parity— . w} HY-smissiny

allowed radiative decay of the spin singlet 2 wf -

and triplet STE’s. Detailed examination on = . . CdB'll Cdi

the triplet components with use of N, gas i i @ "

laser pulses elucidates that the slow decay % w‘& -

component is further decomposed into three 2 2.48eV | \ 3. 766V 4y

ones, which indecates that the triplet STE E 6. 5K ' 6. 5K

state splits into three level system due to the & y Cdcy,

spin—orbit and exciton-lattice interactions. = 1 cac, ¥ %—“—’—-%ﬁ—‘—-“"—‘
The decay curve of the Y-emission con- i ) 160 % it

TIME (ns)

f th d J Seke Tk d Fig.l Decay curves of UV and Y emission bands in CdBr, and
UELIET: decorposed 10t0 Teg: gecay comm: CdCl,. Excitation was made with undulator radiation at 36eV.

ponents a,nd s connected to ‘t.he pari‘ty— Piling-up arises from the existence of slow components with longer
. Lo 3 decay time than the pulse interval 178ns.
forbidden radiative decay of STE’s.

tains only the slow component, which is



TIME-RESOLVED MEASUREMENTS OF EXCITATION SPECTRA FOR
INTRINSIC EMISSION IN ALKALI 10DIDES

Tamao MATSUMOTO, Akinori MIYAMOTO and Ken-ichi KAN'NO
Department of Physics, Kyoto University

We previously reported that the intrinsic emission bands of type I in alkali halides,
which are attributed to on-center self-trapped excitons (STE), consist of fluorescent
(singlet) and phosphorescent (triplet) components.2 In the present work, excitation
spectrum for each component of these composite bands has been studied in three
iodides; 4.21eV band (mx) in Nal, 4.14eV band (o) in Kl and 3.90eV band (o) in Rbl.
Spectra were obtained below and above the temperature at which resonance emission of
free excitons (FE) disappears, using the time-resolved detection system of luminescence
equipped at BL1B2.

In Fig. 1 are shown excitation spectra obtained around 15K. Solid curves indicate
singlet component and dotted curves indicate triplet components. By chain curves are
shown excitation spectra for triplet emission bands from two different configurations of
off-center STE's; 3.29eV band () in Kl and 2.21eV band () in Rbl. All excitation
spectra are normalized at 7.0eV. Absorption spectra obtained by Teegarden and
Baldini® are also shown by broken curves along with arrows indicating the energy
positions of n=1 FE, n=2 FE and the onset of band-to-band transition. Both components
of type | emission bands are efficiently excited in the whole energy region of band-to-
band transition. Excitation spectra for them coincide above 7.0eV in Nal. In Kl and Rbl,
excitation spectra for them and for m; or m; band coincide above 6.5eV. In the energy
region between n=1 and n=2 FE, no intrinsic emission bands are excited efficiently. We
observed emission bands related to impurities under excitation into this energy region.

In Fig. 2 are shown excitation spectra taken at higher temperature. As for Nal,
only excitation spectrum for the triplet component is shown because singlet component
disappears at this temperature. Shapes of all excitation spectra in band-to-band
transition region are almost similar to those at low temperatures. Between n=1 and n=2
FE energy, however, = bands of three iodides are efficiently excited contrary to the
result at low temperature. On the other hand, both components of o bands in Kl and Rbl
are still not efficiently excited there.

1K Kan'no, K. Tanaka and T.Hayashi: Rev.Solid State Science 4, 383 (1990)
2T Matsumoto, T.Kawata, A Miyamoto and K.Kan'no:J.Pys.Soc.Jpn. 61,4229 (1992)
3K Teegarden and G.Baldini: Phys.Rev. 155,896 (1967)



At low temperature, it is clear that emission yield in the energy region between
n=1 and n=2 FE are depressed by the presence of impurities. The n=1 FE, whose
diffusion length is sufficiently large in iodides at low temperature,* are likely to have
chances of being caught by impurities on their long free path.

At higher temperature, total intensity of intrinsic luminescence increases in three
iodides in the energy region between n=1 and n=2 FE, reflecting the situation that
almost all n=1 FE's immediately relax into STE state. In Kl and Rbl, it should be
remarked that emission bands from off-center configuration increase but that both
components of emission bands from on-center configuration do not. This suggests that
n=1 FE preferentially relax into off-center configuration. The electron wavefunction of on-
center STE is likely to be very diffuse.5 We imagine that n=1 FE with small radius would
not relax into on-center configuration when it can relax into off-center configuration.
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TEMPORAL BEHAVIOR OF THE RESONANT LUMINESCENCE
OF EXCITONS IN KI AND RbI
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*Department of Physics, Kyoto University, Kyoto 606-01.
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Photo-excitation in the lowest (n=1) exciton absorption band of alkali iodide
crystals induces resonant luminescence of free excitons (FE) together with the lu-
minescence of self-trapped excitons (STE). The efficiency of the FE luminescence
relative to the STE luminescence is less than 1 x 1072, It has been accepted that
the FE state is separated from the STE state by an adiabatic potential barrier
and a large part of FE at low temperatures relax to the STE state due to a tun-
neling process through the barrier.!) In Fig.1 and 2 are shown the luminescence
spectra of FE in KI and RbI. The main band at 5.828 eV in KI and that at 5.729
eV in RbI were identified recently as the emission from the triplet (J/=2) state
of FE.2®) We can observe a weak singlet emission on the high energy side of the
main band. We have measured, for the first time, the temporal behavior of the
triplet emission of FE, and examined the dynamical process of exciton relaxation.

Measurements were performed with BL1B of UVSOR under normal opera-
tion. The luminescence signal was collected through lenses set inside and outside
of a sample chamber, and was dispersed with a single-path monochromator. De-
cay curves were measured with the time-correlated single photon counting method
by using a MCP photomultiplier and a TAC system.
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Fig.1 Emission spectrum of FE in KI at  Fig.2 Emission spectrum of FE in RbI at
10K. 10K.
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Fig.3 Temporal behavior of the FE lumi- Fig.4 Temporal behavior of the FE lumi-
nescence in KI at 13.1K. nescence in RbI at 16.7K.

The decay profiles of the FE luminescence at around 15 K in KI and Rbl
are presented in Figs.3 and 4. The excitation photon energy was 6.08 eV. The
emission signals due to the two successive excitation pulses are shown together
with the time response of the excitation pulse (dotted curve). The decay times
of 0.3 ns for KI and 1.2 ns for RbI are obtained from the convolution analysis.
We have obtained the yield of the FE luminescence of 2.5 x 1073 for KI and
8.3 x 1072 for Rbl from the conventional measurement of the emission spectra
on assuming the total luminescence efficiency to be unity. We can see that the
difference in the luminescence yield between KI and RbI is roughly corresponding
to the difference in the decay time. That is, the observed decay times are not
the radiative lifetimes of FE, but they are determined by the self-trapping rate.
The radiative lifetime of FE could be longer than 100 ns, which supports the

identification of the relevant state of the FE luminescence as the triplet state.
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VARIATION OF DECAY CURVES FOR AUGER-FREE LUMINESCENCE FROM
BAF2 AND CsCI CRYSTALS AGAINST EXCITING PHOTON ENERGY

Yoshihiko NUNOYA, Jian-zhi RUAN(GEN) and Shinzou KUBOTA
Rikkyo University, Nishi-lkebukuro 3, Tokyo, 171

Decay curves for Auger-free luminescence from BaF2 and CsCl
crystals have been measured over the range of incident photon
energy hv from the threshold Eth of the luminescence to 30 eV.
Motivation for this study is to explain the non-single exponential
decay in luminescence intensity from BaF2 and CsCl crystals under

excitation of uv photons, as shown in Fig.1.1) We should note that
under excitation with 22 eV photons the decay curve for the 5.6 eV
band from BaF2 crystal has a short decay component with decaytime
of 0.4 = 0.1 ns together with the main decay component of 0.83+ 0.02
ns. Under excitation of high-energy electrons due to 511 keV photons,
the decay shows a single exponential decay  with a decay time of
0.90 + 0.05 ns. The difference in decay curves of the 4.5 eV band
from CsCl is also observed in CsCl, as shown in Fig.1.

The experiment was carried out by using a 1-m Seya-Namioka
monochromator at BL7B beam line of UVSOR. The experimental set up
is similar to that described in Ref.2. Decay curves were measured by
using 5.632 MHz UVSOR single bunch operation. Energy resolved
luminescence photons were detected by a MCPPM (Hamamatsu
R1564U-30). :

For Eth < hv < 20 eV and hv > 27 ev, the measured decay curves of
the 5.6 eV band from BaF2 crystal show a single exponential decay
down to the intensity of 1/500 of the peak intensity. The decay time
is found to be 0.83 £0.02 ns. For 20 eV < hv < 26 eV a short component
of decay time of 0.4 ns is observed together with the main decay
component of 0.83 ns. The short component is also observed from
BaF2 crystal at liquid nitrogen temperature. The origin of the short
decay component is unknown.

Decay curves of the 4.5 eV band from CsCl at room temperature
have at least two exponential decay components with decay time of
0.6 £ 0.1 ns and 1.55 + 0.05 ns. No appreciable energy dependence in
decay curves is observed in the energy range from Eth to 30 eV which
are related to  different absorption coefficients. By considering no
energy dependence in decay curves, the non-single exponential decay
observed here can not be linked to the surface effect.3) The surface



effect has been proposed to explain the faster decrease in
luminescence intensity of the 4.5 eV band from CsCl under Cs* 4d core
excitation of 80 eV < hv < 140 eV with increasing absorption
coefficient. Under Cs* 4d core excitation decay curves have at least
two exponential decay components of a short component with 0.1 - 0.2
ns decaytime and a second component with 1 - 1.5 ns decaytime. The
decay curve under Cs* 4d core excitation is faster than that of uv
photon excitation.

References:
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LIGHT AMPLIFICATION DUE TO POPULATION INVERSION
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In BaF,, a core hole created in the Ba’* 5p band decays primarily through the
radiative recombination with an F~ 2p valence electron, because the Auger decay process
is energetically impossible. The resulting luminescence has been called “Auger-free (AF)
luminescence ".!) We notice that both the valence and core bands are completely filled
with electrons at thermal equilibrium. As a result, it is likely that an inverted population
between these two levels is easily realized at any intensity of excitation through which
some electrons are elevated from the core band to the conduction band, leading to a laser
oscillation of AF luminescence.

The present experiment was performed at room temperature by using an undulator
radiation from the UVSOR ring as a pumping source. A 1-mm-thick plate of BalF, was
mounted on a rotatable sample holder installed in a vacuum chamber. A flat multiple-
dielectric coated mirror (R = 100% at 217 nm) and a quartz plate were placed close to
the sample in the direction perpendicular to the exciting beam; see the inset in I'ig. 1.
Thus it was possible to form an optical cavity by suitably adjusting the orientation of the
dielectric mirror. Without using lenses, the luminescence was observed through a grating
monochromator, the entrance slit of which was 70 ¢cm away from the sample.

Figure 1 shows luminescence spectra of BaF; measured under the core-band excita-
tion with 36.0-eV photons; (a) no collimation and (b) best collimation. A broad band
around 300 nm is due to the radiative annihilation of a self-trapped exciton. In (a), two
emission bands are seen at 219 and 195 nm. These bands have been assigned to the AF
luminescence of Bal,. It is clear that the peak intensity of the 219-nm band is enhanced
when the mirror is adjusted for best attainable collimation. In Fig. 2 we present decay
behaviors of the 219-nm band taken under (a) no collimation and (b) best collimation.
A pulse shape of the exciting light is also shown as (¢) for reference. In (a), the lumines-
cence exhibits a single-exponential decay, with a time constant of 0.8 ns. By adjusting the

collimating mirror, the decay time becomes slightly fast [(b)]. However, such an appre-



ciable sharpening of the decay profile was not observable if the intensity of the undulator

radiation was reduced to ~ 1/3 of the maximum value.

These observations suggest a possibility of the light amplification of AF lumines-

cence (185-240 nm) in BaF,. Although the data are still preliminary, the present work

has demonstrated a new type of laser operation in which the core-valence transition plays

an important role.?
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XANES and EXAFS study of K3Cqq
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The Potassium L-edge EXAFS spectrum of microcrystalline potas-
sium-doped K3Cgn has been measured using 250-500 eV synchrotron
radiation. EXAFS is particularly useful to obtain the information
of local structures around potassium in K3Cgq-

The XANES and EXAFS experiments have been performed on the BL-
2Bl Beam Line of UVSOR at the Institute for Molecular Science.
The beam line is equipped with a grasshopper monochromator. The
energy resolution of the monochromator with the grating(600
lines/mm mechanically ruled grating) is 0.8 eV around the potas-
sium Lyyp edge. In order to eliminate intensity variation due to
carbon contaminants deposited on the optical elements, The back-
ground normalization-subtraction procedure is employed-‘/. The
background features are eliminated by subtracting the signal
stemming from the Au-coated grid reference from that of Cgg
deposited on the Au substrate. This ensures optimum cancellation
of all background structures. Energy calibration is performed by
use of two transmission minima at 284.7 and 291.0 eV, which come
from the carbon contamination.

Details of the % oduction of fullerene-rich carbon soot by the
contact arc method have been described previously. Briefly, an
arc between two graphite rods(13.5 mm in diameter) is sparked at
200-250 A in direct current (DC) mode in a He pressure of 100
Torr. Separation and purification of Cgy are attained by column
chromatography on neutral alumina (ICN Biomedicals Akt.I) with
hexane/toluene solvent.

Fig.l shows a XANES spectrum of potassium-dopgd K3Cgq micro-
ciystals. The spectrum shows the carbon K-edge ® resonance and
0 resonance which are partly overlapped with the potassium L-
edge absorption. The intensity of the potassium L-edge absorption
increases as the number of potassium atoms (n) in KnCgo - The
results are consistent with a recent report on the XANES spectra
on the same system with much higher spectral resolution>’/.

Fig.2 exhibits EXAFS features of K5Cgn which are present at
much higher energy regions. Fig.3 shows the extracts EXAFS
oscillation %(k) which is obtained after subtrac?&ow of the
smooth X-ray absorption background and normalization =D Here,
the wave vector k is defined by the following equation:
k= V2m(E-Eqg)/h”,
where E is the energy of the incident X-ray beam and Eg is the
threshold energy of Ly;; absorption of potassium atoms. The Ej
value was set to be 293 eV in the present analysis. The function
k7% (k) was Fourier transformed over the range of 3.0<k<7.4. The
obtained magnitude, FT, is shown in the side of Fig.3. In the
present calculations the values for the back scattering amplitude
and the phase shift reported by Teo and Lee were used ). The ob-
tained nearest-neighbor K-C distance is 3.06 A. The present value



is shorter than that obtained by an X-ray powder pattern analysis

of K3Cgqp (3.27 A for tetrahedral site), where the Cgq
are assumed to be locked into a fixed position.
neighbor K-C distance decreases if the C

molecules
The nearest-
molecules rotate in

the K3Cgo crystals. The present results imply that the Cgpy mole-
cules rotate in a cooperative manner (jump motion).

References
1) J. Store, R. Jaeger, Phys. Rev. B, 26, 4111, (1982).
2) R.E. Haufler, et al., Mat. Res. Soc. Proc. 206, 627, (1991).
3) C.T. Chen, et al., Nature, 352, 603 (1991).
4) F.W. Lytle, et al., Phys. Rev. B, 11, 4825, (1975).
5) K. Tohji, et. al., J. Am. Chem. Soc., 106, 612, (1984).
6) B.K. Teo and P.A. Lee, J. Am. Chem. Soc., 101, 2815, (1979).
Fig.1 : : e E :
XANES spectrum of : : £ N : :
potassium-doped Cgn. The : : " : :
intense peaks around 300 : pygﬁ«J \\j :
eV are due to potassium : P el
L-edge absorption. The g : v
K3Cgo sample is prepared FE
ex-situ and shows a L
superconducting transi- ; ; ;
tion at 19 K. 280 300 320
ENERGY seV
::'.u C Flg.2
R EXAFS feature of
P T S micro-crystalline KgCgqg
f - at room temperature.
300 400 500
ENERGY 7 eV
q
Q!Ii, Cso‘ K3
it
it |
(i
IR i
il Vb
dr s A
.g'f_,': AN } -
s 1g B
i .ll \ f' ! k/;&-“
\1 v
y 1 3 8 o7
DISTANCE 7 A

Fig.3

Extracted oscillation of Fig.2 and its Fourier tr

ansform.



Ni L, 3 Absorption Spectra of NiPS;
K.NOGUCHI, S.NAKAI, A.KAMATA, K.MATSUDA and K.SANO
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A layered 3d transition-metal thiophosphate crystallizes in the crystal structure belongs to
the monoclinic space group with 4 formula units per unit cell and is related to the CdCl,
structure. The sulfur atoms in the compound are cubically closed—packed, and the metal
atoms and the phosphorus—phosphorus pairs occupy the cadmium positions. Furthermore,
the crystal is constructed of a stack of sandwich layers each of which is weakly bonded by
van der Waals forces. With in the layers the metal atoms are surrounded octahedrally by six
sulfur atoms. The only difference is that a P, pair in NiPS; occupies one of the three metal—
sites of the layered transition metal disulfides?. In this study, we have measured the lincar
polarized Ni L, ; absorption spectra in NiPS; single crystals.

Measurements have been performed by using synchrotron radiation at the BL~7A line of
the Ultraviolet Synchrotron Radiation Facility (UV-SOR), Institute for Molecular Science.
We have used a double crystal Beryl (1010) monochromator with an energy resolution about
0.4 eV at Ni L absorption peak. Spectra were measured by means of photoelectric yield from
single crystal surfaces. The sample of NiPS; was cleaved in a vacuum by pealing off with
Scotch tape along the sample surface (ab plane).

Figure 1 shows Ni 2p XAS spectra of NiPS;. The upper solid curve (§=70°) was taken for
the polarization of electric field nearly parallel to the c-axis (E//c), and the lower dotted one
(6=0°) was taken parallel to the ab plane (E//ab). These spectra were normalized to the back-
ground. The first peak which appeared about 852eV corresponds to 2py, absorption peak,
and the second one which appeared about 870eV to 2p,, absorption peak. The satellite struc—
ture was appearcd around 857¢V. In Fig. 1, the polarization dependency is not clearly seen.

The L, 5 absorption spectra are interpreted in terms of the multiplet structure which results
from the interaction between a 2p hole and 3d electrons of localized metal ions?. It is well
known that in a purely ionic configuration and in D, symmetry the crystal field together
with the d—d Coulomb interaction cause the ground state of a d® ion to be A,, (€,). This state
can mix with states d°L and d'°L L' of A,, symmetry, where L denotes a ligand hole. The
initial state covalency is related to the amount of d8, d°L and d'°L L' character in ground
state. The final state after absorption are of the form ¢ d? and ¢ d'°L, where ¢ denotes a core
hole.



van der Laan et al.® reported the decrease in multiplet splitting which appeared in Ni 2p
absorption spectra of Ni dihalides with decreasing anion electronegativity because of cova-
lent mixing in both the initial and final states. Then, the relative intensities of the multiplet
are reflect the covalent mixing. Comparing our experimental spectra with the calculated
results by van der Laan, we can obtain the mixing amount of ground state for NiPS; ; the
value of 3d, 3d°L, and 3d'°L L' characters as 0.47, 0.44 and 0.09, respectively.

However, the polarization dependency is not so clear in our result, so, improved experi-
ments have to be done in future.
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N1 L-edge absorption spectra in Ni-MgO solid solutions
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So far, we have studied solubility of Ni atoms into MgO matrix. We have found that
nickel-ions-impregnated MgO powder forms a solid solution easily by calcination at 773 K at any
ratio of Niand Mg. Previous studies for Ni-MgQO solid solutions concluded that nickel ions exist in
divalent state in solid solutions of low nickel concentration. In fact, in our case, when the nickel
concentration is lower than 50 % ( Ni % = mole of Ni /(mole of Ni + mole of Mg )X 100 ), the
solid solution is pale green, indicating that nickel ions are present as Ni**. But at 50 %, the color is
dark gray and gets darker with an increase in Ni concentration. Such a change in the color
suggests that divalent and trivalent nickel ions coexist in the solid solutions. In the study of
catalysis by the solid solutions, the quantitative analysis of divalent and trivalent nickel ions is very
important. However, XPS can not be applied for the analysis because of little difference in the
binding energy between Ni*" and Ni*".

In this work, we measured L,,-edge XAFS including the bands due to 2p— 3d transition and
investigated a relation between the valence of nickel atoms and XAFS spectra, since the valence of
nickel atom relates to the 2p—3d transition cross section.

Samples were prepared by impregnation of MgO powder with an Ni(NO,), aqueous solution,
followed by calcination at 773 K for four hours in a dried air stream. Concentration of Ni ions was
determined by X-ray fluorescence method.

Ni L, ,-edge absorption measurements were carried out on BL-7A at UVSOR with a ring energy
of 750 MeV and a stored current of 80-200 mA in a mode of total electron yields. Besides the
samples, we recorded XAFS of NiO(Nih) and Ni203(Ni}+) as references. A double crystal beryl
monochromater was used, and energy calibration was carried out using Al K-edge.

For all the samples including NiO and Ni,O, references, spectra were very similar to each other.

Figure 1 shows the spectrum of Ni L,, absorption for Ni Mg, binary oxide as an example.
Peaks are seen at around 853 and 855 eV in L,-edge region, at around 870 and 871 eV in L,-edge
region. The positions of these peaks are the same for all samples within a resolution of the
monochromater. That is, we could not observe any chemical shifts.

The white line in Ly-edge spectrum, the prominent peak at 853 eV, is assigned to 2p,, > 3d
transition. An Ni* ion has more unoccupied 3d orbitals than an Ni** ion and it is generally
expected that the intensity of the white line associated with Ni** is higher than that associated with
Ni**. To evaluate the intensity, we subtracted the backgrounds from recorded spectra and carried
out deconvolution of the resultant spectra with Lorenzians. A typical deconvoluted spectrum is



shown in Fig. 2. Unfortunately, we failed the precise evaluation of intensity because of missing of
an adequate normalizing procedure. However, we found that full width at half maximum (FWHM)
of the white line changes with increasing nickel concentration as shown in Fig. 3. When nickel
concentration is below10 %, samples are pale green, and FWHMs are found to be close to that of
NiO(1.1 eV). Thus we suppose that nickel ions are almost divalent in these solid solutions. On
the other hand, with an increase in the concentration, FWHM becomes larger, and converges on
1.25 eV above for samples contaning Ni ions 40 %. The broadening in the white line may result

from formation of Ni** jons.

Absorbance

.
s
-
—

-

840 850 860 870 880
X-ray Energy / eV

Fig.I Ni L, ,-edge absorption spectrum
of Niy sMg, s binary oxide.

S

. 1.28
[eb)
;e o] o]
! 0o
- 00 7
[3] -+
(é —E Q NizOB
R o 11870
o s
8 ~+
< B h
E T Nio\
3 |
. . . 1.08 L s s e |
[ I [ T ] 0 20 40 60 80 100

0 2 4 6 8 10 Ni concentration / atom%

Relative X-ray Energy / eV . .
Fig.2 Ni L;-edge absorption spectrum and its F1g_.3 Yar1at19n 0L FYWLIM of Hae
white line with Ni concentration

deconvoluted spectrum of Ni, Mg, . binary e . :
oxide. Energy offset is taken to be 849.0 eV. in Ni,Mg, , binary oxide.



Cu L, ;-edge Absorption Spectra of Cu-Au Alloys
T.K. SHAM"*', A. HIRAYA' and M. WATANABE'

1. UVSOR, Institute for Molecular Science, Myodaiji, Okazaki 444
2. Department of Chemistry, University of Western Ontario, London, Ontario,
N6A 5B7 Canada

Electronic charge redistribution upon alloying of Au and Cu has been a subject of
considerable interest for many decades in connection with the study of Friedel charge
screening, effect of d-d interaction upon dilution and the local charge redistribution in view
of chemical effects such as electronegativity difference. The perhaps most intriguing
spectroscopic observation of these alloys has been the opposite trends exhibited by the
Mossbauer isomer shifts and the photoelectron Au 4f binding energy shifts on the basis of
simple electronegativity predictions. A charge compensation model has been proposed to
explain this discrepancy'. In this model, Au loses d charge and this loss is overcompensated
by a gain of s charge so that the net charge flow onto the Au site is in accord with
electronegativity predictions. The d charge depletion at the Au site in Cu-Au alloys has
recently been confirmed by X-ray absorption measurements of the Au L, 3 edge whitelines?.
Despite these observations, the nature of charge redistribution at the Cu site is not fully
understood, although electronegativity argument suggests that Cu is expected to lose charge.
The objective of this experiment is to make high resolution measurements of the near edge
structure of the Cu L-edge in a series of Au-Cu alloys. In this report, preliminary results
are presented and their implications discussed.

X-ray absorption measurements were performed at the BLIA beamline which is
equipped with a double crystal monochromator. A set of beryl crystals (2d= 15.965 A) was
used. At the Cu L, edge, the overall spectrometer resolution is < 1 eV. Absorption
spectra were simultaneously recorded in three modes: total electron yield (TEY) with
specimen current, total electron yield with a multichannel plate (MCP) and X-ray
fluorescence yield (FLY) with a gas (Ar/CH,) proportion counter. Normal incidence of the
photon beam onto the sample with the fluorescence detector and the MCP positioned at 45
degree from the incident beam was used to record the data. Both TEY give identical spectra
while TEY and FLY exhibit a drastic difference in the sensitivity of sampling depth with
FLY being more sensitive to the bulk.

Samples of Cu, Cu;Au (order and disordered), CuAu (ordered and disordered) and
CuAu, have been studied. The specimens are metal foils of which the surface was scraped
prior to their introduction into the vacuum chamber and was scraped again in-situ with a
diamond file before each measurement. Fig.1 shows the Cu L-edge of a CusAu sample
before and after scraping. It is apparent that the surface is covered with oxide before
scraping and after scraping the TEY spectra are still sensitive to the oxide remaining on the
surface while the FLY spectrum is essentially bulk-like with no detectable oxide.

Fig.2 shows the Cu L-edge TEY spectra of several clean samples. It can been seen
from fig.2 that the Cu L-edge has rich structures with an apparent whiteline at the threshold.
These structures are often not seen in low resolution spectrum®. The presence of the
whiteline (first peak in the L,, edge) is not totally surprising since there exists some
unoccupied densities of d states above the Fermi level due to s-p-d rehybridization, and a p



it can be revealed that the Cu deposit is dispersed and contains a mixture of CuO, Cu,0 and Cu
with mostly oxide on the surface. This is deduced from the comparison of the TEY (more
surface sensitive) and the FLY (more bulk sensitive) spectra. This observation is not surprising
since the oxidation reduction reaction (hydrogen is oxidized in this case) was carried out in
solution in ambient atmosphere and the Cu/porous silicon samples had been stored in ambient
atmosphere prior to the measurement. The feature at ~ 57.2 deg Bragg angle (~ 920 eV) is the
signal from the Si substrate due to second order radiation. Detailed analysis is now in progress.
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Reductive Dispersion of Cu on Porous Silicon: A Cu L-edge Study
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Porous silicon, silicon with high
porosity and nano-crystalline structures has
recently attracted much attention' partly
because of its intense luminescence in the
visible? and partly because of the fact that it
is easy to make electrochemically, We
became interested in porous silicon in
connection with synchrotron light induced
optical luminescence and its potential
application in optoelectronics as well as the
reductive dispersion of Cu and noble metals
on the vast surface area of porous silicon’.

In this report, we present preliminary
results of the Cu L-edge spectra of a series
of Cu films dispersed on porous silicon
substrate from aqueous solution of CuSQ,.
The measurements were carried out at the
BLIA beamline using beryl crystals as the
monochromator (2d = 15.965 A ). Porous
silicon was prepared electrochemically on a
p-type Si(100) wafer with a current density
of 20 mA/cm? for 20 minutes. Cu films
were prepared by immersing the specimen
into CuSQ, solutions with concentrations of
0.1 M, 0.01 M, and 0.001M?. Total
electron yield (TEY) and fluorescence yield
(FLY) were simultaneously used to record
the Cu absorption spectrum at the Cu L;,
edge. Cu, Cuy,O and CuO were used as
model compounds. The corresponding
spectra are shown in Fig.1

Fig. 2 shows the TEY and FLY
spectra of Cu deposited on porous silicon. A
couple of features are noted. First, there is
a significant amount of Cu on the porous
silicon surface indicating the very large
surface area. Second, comparing to Fig.1,
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to d dipole transition probes the d character. Two features are noteworthy from Fig. 1. First,
the whiteline becomes slightly less intense upon dilution of Cu in Au indicating that Cu gains
some d charge upon alloying. Since Au is the most electronegative metallic element and
gains charge overall in Cu-Au alloys, this observation implies that Cu loses sp charge and
this is partially compensated by a d charge gain. The trend however is less dramatic than
observed previously at the Au site>. Second, the oscillations beyond the whiteline become
closer in energy as Cu becomes dilute. The origin of this is presently under investigation.
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Polarized Cu L Absorption Spectra of Bi,Sr,Ca,;_, Y,Cu,04 (x=0.0,0.6)

Kimikazu SANOQ, Shun-ichi NAKAI, Atsushi KAMATA, Kunio MATSUDA,
Kazuhiro NOGUCHI, Hiroyoshi ISHIT*, and Ikuyo SHIOZAKI*

Faculty of Engineering, Utsunomiya University, Utsunomiya 321
*Department of Physics, Tokyo Metropolitan University, Hachioji 192-03

The cuprate oxide superconductors exhibit superconducting phenomenon when holes are
doped into the compound. It is generally accepted that the doped holes are mainly located in
O 2p,, and Cu 3d,:_. orbitals in the two—dimensional CuO, plane. The polarization depend-
ency of X-ray absorption spectroscopy 2 (XAS) and high energy electron energy loss
spectroscopy® (EELS) at O site, have shown the doped holes exist in the O 2p, , orbitals.
On the other hand,concerning Cu 2p spectra which reveal information about Cu 3d orbitals,
cach experiment has shown different results. Bianconi et al.?) and Abbate et al.®) by using
XAS measurements, have reported the peak energy shift about 0.3-0.5¢V between Cu 3d,._,.
and Cu 3d;,._,» components, though EELS by Niicker et al.” and XAS by Suzuki et al.9 have
shown no peak shift. These discrepancies are very important because the measurements
provide direct information about unoccupied electronic states on the Cu 3d,_,» and the Cu
3d,,._» orbitals. In order to clarify these discrepancies in the experiments, we have measured
the linear polarized Cu 2p XAS spectra in Bi,Sr,Ca,_, Y,Cu,0z (x=0.0,0.6) single crystals.

The XAS measurement has been performed on the BL-7A at UVSOR facility with an
energy resolution about 0.4eV at Cu L absorption peak. Spectra were measured by means of
total electron yield from single crystal surfaces. The Bi,Sr,CaCu,0;4 (x=0.0) is a supercon—
ductor sample which has a transition temperature of 80K, and non superconductor sample
Bi,S1,Cay 4 Y4Cu,05 (x=0.6) shows a semiconducting behavior. These samples have been
cleaved in a vacuum by pealing off with scotch tape to obtain clean surfaces.

Figure 1 shows the polarized Cu 2p XAS spectra of Bi,Sr,CaCu,04(a) and
Bi,Sr,Ca, ,YCu,04(b) single crystals. 6 is the incidence angle of synchrotron radiation
light, as indicated in figure 1. The spectra at 6=0° were taken for the polarization of electric
field parallel to the CuO, plane and spectra at 6=80° were taken for almost perpendicular to
CuO, plane. The spectra were normalized to the background below the absorption edge. In
figure 1, both the spectra show the large polarization dependency and the energy shift be-
tween two incidence angles was about 0.5¢V for x=0.0 and 0.3eV for x=0.6 sample. The
intensity ratio was estimated to be about 7% and 22%, respectively. In our experiment, the
energy shifts in the Cu 2p XAS spectra of both samples are commonly observed, therefore, it
is considered that this effect is mainly related to the crystal structure of the sample.

Recently, C. T. Chen® measured Cu L XAS spectra for the same sample by means of total
electron yield (TEY) and fluorescence yield (FY) method, and observed the peak energy
shift in the TEY spectra but no shift in the FY spectra. Though TEY method is surface sensi-
tive measurement, FY is bulk sensitive. Accordingly, our experimental results may not give
information of bulk electronic structure in the sample. Therefore, the origin of the cnergy
shift with angle is not fully understood at present. With respect to the intensity ratio with two
incidence angles, our experimental results suggest a strong two—dimensionality of the elec—
tronic structure in Bi,Sr,CaCu,0y as compared with Bi,Sr,Ca; 4 Y ¢Cu,Og.
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Cu Ly, ;-EDGE X-RAY ABSORPTION SPECTROSCOPY STUDIES OF (Bi, Pb)-Sr-Ca-Cu-O:
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We have measured the x-ray absorption spectra of Cu Ly y-edge for the T, variation of superconducting (Bi,
Pb)-Sr-Ca-Cu-O compounds (Pb-BSCCO) at room temperature. The samples were measured using total electron yield
mode with an electron multiplier under a base pressure of less than 5x10° torr, and the data was collected using a

double-crystal beryl (1010) monochromator.

Fig. 1 shows the Cu Ly -edge absorption spectra of the CuO and Pb-BSCCO compounds. The white line peak
energies of CuO, Pb-BSCCO compounds, their corresponding full width at half maximum (FWHM), as well the relative
integrated intensity of the peaks (from -2 to +2 eV relative to threshold of Cu Ly -edge) are summaried in Table I.
The maximum white line peak of Cu Lyy in CuQ are 931.3+0.3 and 951.240.3 eV, respectively. According to the
dipole-selected transition rules, the origin of white line peaks at the Cu Ly; ; edges are attributed to atomic-like transitions
from the ground state Cu 2p photoelectron being excited to the final state Cu 3d. This is due to hybridized Cu(3d) -
O(2p) electron transfer which occurs from the 3d orbitals in Cu to the O atoms to give some unoccupied d states. For
non-superconducting and various T, superconducting Pb-BSCCO compounds, a sharp resonance white line denotes
both Cu Ly ; with a threshold similar to CuOQ, are evidently coincident with the prominent peaks at ~931 and ~951 eV.
The main peaks in the spectra of the Pb-BSCCO are clearly similar to the CuQ curve, this reveals a predominant Cu*?
ground state in Pb-BSCCO. Details of the x-ray absorption studies for Pb-BSCCO compounds will be reported in the

future.
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Compounds  EoLp) FWHM I,  E(ly) FWHM [ Efly)—Eollw) o/l
No Tc 931.0 1.3 102 9509 1.3 36 19.9 2.9
Tc=13K 931.0 1.2 59 9509 1.5 18 199 33
Te=94K 931.1 1.3 128 951.0 1.6 38 19.9 34
Te=110K 931.1 14 151  951.1 1.7 50 20.0 3.0
CuO 931.3 1.1 1453  951.2 1.2 492 199 3.0

Tab. I Energy position (Ey) (+0.3 eV), full width at half maximum (FWHM) (£0.1 eV), and (Iyy,,) relative

integrated intensity of the white line peaks in the Cu Ly near-edge absorption spectra.
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The Tc values of high-Te superconducting oxides are affected
by the hole concentration. In the Bi 2212 phase, the hole carri-
er, which is controlled by the amount of oxygen, is supplied from
the Bi-0 layer to the Cu—Oz layers through the Sr-0 layers.
Therefore, when the oxygen is reduced, not only the changes in
hole carrier concentration but also changes in oxygen position
may affect the mechanism of carrier supply and the Tc values.
X-ray absorption spectra (XANES and EXAFS) of metal atoms can
give us the information on the local structure of oxygen, i,e,
coordination number and distance around each metal atom. In this
study, we try to investigate the soft X-ray absorption edge
regions, Ca K, Sr LII,III' and Cu Lirr for Bi2212 phases.

The Bi2212 samples (Biz.z(sro.9—ycay)2cal.OCU2.008.1+5 with
y=0, 0.4) were sintered in dry air for 144-240 hours at 810-840°C
as previously reported. [1] Some of the sintered samples were
annealed in Ar at 600 °C for 48 hours and others in 04 at 600 °C
for 48 hours. Single crystal of Bi 2212 phase, which was sup-
plied by Shigaki et al., was prepared by traveling solvent float-
ing zone method. [2] Measurements were carried out at the beam
line 7A of the UVSOR storage ring in the Institute for Molecular
Science at room temperature in UHV chamber. Photon energy with
the energy range of 900-4200 eV was used. Double crystal
Ge(220), beryl, and InSb monochrometers are used for Ca K (3800-
4200 keV), Cu L(920-980 eV), and Sr L(1920-2130 eV) edges, re-
spectively. The X-ray absorption spectra have been measured by
recording the total electron yield.

Figure 1 shows examples of Ca K-egde absorption spectra for
(a) CaCOg, which was used as a reference compound, and (b) Bi2212
sample with y=0.4. As shown in Fig.1(a), in higher energy re-
gions than 4300 eV, the effects of harmonics could not be elimi-
nated. Therefore, we focussed interests on only the XANES region
in Fig.1(b). Since we cannot record spectra in sufficient S/N
ration with the present equipment, we abandoned the measurement
for the Ca K-edge region.

Figure 2 shows Sy LII_III—edge spectrum for the singlc
crystal of B12.03r1.8031.06u2.008+6 . 'The Igy znui[il] edges are



too near to separately discuss the EXAFS oscillations. There-
fore, we only focused interests on the changes in the energy for
Sr L1 edge. The edge energy was observed from 1943.01-1943.11
for each samples with different y values or different treatment,
which is considered to be almost the same in limited energy
resolution.

Figure 3 shows Cu LIII spectrum with emittance angle of 50
degree respect to perpendicular. There have been pointed out
that at least two components exist for high-Tc cuprate compounds
in Cu Lgygy region around 931 eV and 933 eV. Furthermore strong
angular dependence in intensity ratio for these two peaks are
also pointed out. However, we cannot clearly observe the latter
peak or angular dependence. The peak energy for the former one
changes from 931.4 to 931.6 eV for different samples, however, it
seems that the shift depends not on the intrinsic energy state of
each sample but on surface energy state which is sensitive to
impurities or damages induced by air ambient or X-ray 1irradia-
tion that samples are exposed during measurements.
0. and

The authors are indebted to M. Watanabe, Matsudo,

J.Yamazaki, UVSOR, the Institute for Molecular Science.
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1. Introduction

~ In our previous report!:?, Na-doped AbO3 catalyst has been exhibited a basic property.
A sodium ijon on the surface acts as an electron donor for the surface oxygen. It was deduced
on the basis of XANES of sodium halides that the ionicity of a Na-O bond in that catalysts
relates to the energy position of the primary peak, which is consistent with the catalytic
performance.

In this report, the effect of Na-loading on the surface of bulk Nb20s and

AbOs-supported Nb2Os5 catalysts have been investigated.

2. Experimental

Na-loaded Nb2Os were prepared by impregnating niobium pentoxide with the ethanol
solution of sodium ethoxide. Nb20s catalyst was prepared by the calcination of hydrated
niobium pentoxide in air at 773K. Its structure was determined to be thombic Nb20s by X-ray
diffraction. Al03-supported niobium oxide catalysts were prepared by impregnating alumina
powder (Nb20s 10wt% on AkO3) at 363K. All catalysts were followed by drying and calcining
in air at various temperature.

The Na K-edge absorption spectra of the catalysts were measured at BL-7A soft X-ray
beam line with UVSOR facilities, when used a beryl two-crystal monochrometer.

Table 1 Results of isomerizatlon of 1-butene, "1

Composition [ %

catalysts ; 1-butene 2-butene selectlvity*2
cls-  trans-
Nb20s 50.4 26.0 23.6 1.1
Na/Nb20s *3 100 - - -
Nb20s5/Al203" 274 276 454 0.6
Na/Nb205/Al203"4'5 65.6 28.5 5.9 4.9

*1 Reacted at 423K for 120min. *2 Value of cls/trans-2-butene.
*3 Na content Is 10wt%. *4 Nb20s5 Is 10 wt% on Al203.
*5 Na content Is 2mmol/g.



3. Results and Discussion

Fig.1 shows the Na K-edge XANES pattern of Na-loaded catalysts. In the case of
Na-loaded bulk Nb20s5, XANES pattern was different from the case of Na-loaded ARO3 and
no formation of basic site was observed on the surface, because cubic sodium nicbate
(NaNbO3) was formed by calcination at 773K, which was determined by X-ray diffraction.
This facts were agreed the results that no reactivity during 1-butene isomerization (Table 1)

was observed.

In another case of Na-loaded
Nb20s/ARO3, XANES pattern was different
from Na-loaded bulk NbOs. It was
exhibited a basic property by the reaction
of 1-butene isomerization. As shown in
Fig.2, Na-O bond length by the FT of
k3-weighted Na K-edge EXAFS in
Na-loaded Nb20s5/Al203 was found to be
0.13nm. In the case of Na-loaded bulk
Nb20s, Na-O bond length was observed at .
0.18nom. It posesses that the effect of 7060 1080 7100 1120
Na-loading on Nb205/A03 was not FRAITE R4
crystalyzed but formed nearly Na-O bond Fig.1 Na K-edge XANES patlern of

sodium-loaded (a) bulk Nb20s and (b)
Nb20s/Al20a3.

Oplical density Ja.u.

on the surface. These tresults possess that =
the bond length of Na-O in Na-loaded
Nb20s/AO3 catalyst was different from
the case of cubic structure of sodium
niobate, and existed the type of basic Na-O

site on the surface. Such as Na non-loaded
Nb20s5/Al203 catalyst was observed acidic
propetty, in Na-loaded
Nb20s{Al1203 was observed basic property.

contrast,

FT magnitude ja.u.

1. N. Yoshihara, T. Kitagawa, L. [hara, S.
Hasegawa, T. Hasegawa, Bull. Chem. ; L L t

Soc. Jpn., 65 (1992) 1185. ! madisl Distancasom
2. S. Hasegawa, M. Morooka, H. Aritani,
H. Yoshida, T. Tanaka, Jpn. J. Appl.

Phys., in press.

Radlal Distance jnm

Flg.2 Fourler transform of k3-welghted
EXAFS of sodium-loaded (a) Nb 205
and (b) Nb20s/Al20a.
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The x-ray excited optical lnminescence (XEOL) is one of the de-excitation processes fol-
lowing the excitation. The extensive study on the XEOL yield of CaF, has been performed
by the present authors'?), They found that the bi-directional edge jumps occur depending
on the method of the preparation of the sample and also on the temperature. They suc-
ceeded to reproduce the observed yield spectra by the calculation using phenomenological
theory proposed by Emura ef al.'?

The origin of the luminescence is the multiple production of the low-energy electrons
by the incoming high-energy photons or particles. In some cases, it is possible to ohserve
separated luminescence bands cansed by the doped impurities and by the bulk. This means
that there are different channels of the energy transfer of the produced low-energy electrons
and holes with Auger effect. We present here examples of Cu-activated NaBr which emits
two liminescence bands: one at 3.4 eV by Cu™ impurities, and another at 4.5 eV by bulk
NaBr. and non-activated NaBr which luminesces only 4.5 eV.

Luminescence vield measurcments of NaBr and NaBr:Cu cleaved single crystal samples
for the Na IV edge excitation were performed at the BLIA, using a double erystal monochro-
mator with two beryl fat crystals®. Interference filters were used to separate the emission
band of the bulk and that from Cu impurities. Luminescence signal was detected with a
Hamamatsu R955 photomultiplier.
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Figure 1 shows the optical luminescence spectrum of NaBr:Cu at 30 K. The shape of
the spectrum does not change with exciting x-ray energy. The emission band at 4.5 eV
(~ 275 nm) is the intrinsic luminescence caused by the electron-hole recombination of the
relaxed excited states. The band at 365 nm (~ 3.4 eV) is due to the transition from 3d to
3s state of Cut ion. Figure 2 shows the luminescence yield spectra of the sample of the
NaBr:Cu crystal with Na K -edge-excitation at 30 K. The absorption spectra of NaBr" is
shown at the top. Although the signals of the yield spectra are noisy, both spectral features
reproduce the absorption spectrum fairly well except for the direction of the edge-jump at
the Na I-edge; it is normal for the intrinsic Inminescence, and inverted for the impurity
luminescence. In the case of NaBr pure crystal, a negative jump was observed as in the
case of NaCl?). The total feature of these yield spectra is similar in the case of the Br
K-edge excitation®.

According to the phenomenological theory by Emura et al.?), the ratio R of the lumi-
nescence intensities above and below the energy of the I absorption edge is expressed as

follows: )
1—eetedt 4 B

X ;
1— e I S T

with B = v'/n. Here i and ¢ denote the linear absorption coefficients due to the L-and

R= (1)

I -edges, respectively, and 5 and 7' are the effective vields of the luminescence for the
excited electrons from L-shell and K-shell, respectively. The parameter t means the escape
depth of the luminescence.

The negative features mean that the high-energy electrons excited from outer core states
by x-rays at Na R-edge region contributes more to the optical luminescence than those
from inner core states in ordinary cases. The positive jumps observed in the intrinsic lumi-
nescence vield for Cu-contained NaBr indicate that the contribution of the K -electrons is
superior. The high energy electrons excited from L-states transfer energies mainly through
the luminescence channel to the impurity. Accordingly, the relative contribution of the
K -electrons to the intrinsic luminescence channel increases. Detailed discussion is made
elsewhere®),
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It is widely known that catalytic activity of supported metal oxide is often
different from that of the corresponding unsupported metal oxides. This has
been understood to be due to not only the enlargement of surface area of metal
oxide but also the qualitative change of active sites. The electronic and/or
geometric state of active sites is presumably quite different from that in
unsupported one. The effect of loading on its catalysis varies with kinds of
material of support, loaded amount and the method of preparation. In the case
of silica support, the difference of preparation method results in different
activity.

Thermal change in the structure of an MgO/SiO, (MS) catalyst which show a
high activity for fine chemical synthesis has already been reported”. In a
previous study, we used silica as a support supplied by Fuji-Divison Chem. Co.,
while in the present study we prepared amorphous silica by hydrolysis of
tetraethyl orthosilicate by a sol-gel method as described elsewhere”. Because the
commercial silica contains inpurities which may lead us to a wrong conclusion
about the property of silica, we adopted a sol-gel method to obtain pure silica.
Here, we would like to clarify the effect of this silica support on the structure of
surface magnesium oxide species by investigating Mg K-edge XANES.

The preparation of the samples and X-ray absorption experiments were carried
out as described in the previous report”. The structure of MgO species in the
highly loaded (> 20 wt%) MgO/SiO, was found to be the same as that of bulk
MgO with rock salt structure by XANES analysis mentioned later, although
XRD pattern showed a broad X-ray diffraction peak by the MgO (200) plane. In
the case of low loaded (< 5 wt%) MgO/SiO,, there were no appreciable peaks in
the XRD pattern. Therefore, we have expected that the magnesium oxide is
highly dispersed to form surface MgO species with a different structure from
that of the bulk. The surface concentration of MgO estimated by XPS increased
linearly with the loading of MgO up to 5 wt%, indicating that such highly
dispersed MgO is dominant in the samples.

However, all the samples calcined at 500 °C in air (MS5) gave approximately
the same XANES spectra regardless of the loading as those of Mg ions located at
a center of a regular octahedron of oxygen ions as shown in Fig.1 a), b) and c).
This suggests that magnesium ions are present in micro particles of MgO or in
two dimentional array of MgO, octahedra even in the case of low loaded
amounts of MgO. If MgO particles are formed, it is promising that the samples
function as a solid base catalysts.

When the samples were calcined at 800 °C, 20MS8 and SMS8 exhibited the



spectra identical to MS5 samples as illustrated in fig.1 d) and e¢). On the other
hand, XANES feature of 1MS8 as shown in Fig.1 f) was appreciably different
from that of 1MS5. In particular, resonance absorption at around 1325 eV was
changed significantly. This change indicates that the structure of the MgO micro
particle or the raft-like species has changed by calcination at 800 °C. We have
recently found that on the 1wt% MgO loading sample evacuated at 800 °C, a new
type of magnesium oxide speaes formed, which exhibited a photoluminescence
spectrum with a fine structure” associated with an Mg-O bond in isolated MgO
species interacted with the silica surface. Correspondingly, the change of
XANES would result mainly from a distortion of coordination caused by the
interaction of the isolated MgO species with silica surface in which Si*
coordinated tetrahydrally with oxygen anions.

In the previous study}), drastic thermal structure-change of MgO species
supported on the commercial silica by 17wt% was reported. However, in this
study in which a sol-gel method was adopted for silica preparation, such change
was not observed. The detailed study of the difference between these silica
samples is now in progress.
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Fig.1 Mg K-edge XANES of the xMSy samples. x stands for
loading amount (/wt%MgO), and y stands for calcination
temperature (/100 °C).
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Mg K-EDGE STUDY ON ALKALI MODIFIED MgO CATALYSTS
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Department chemistry, Faculty of Scienece, Hokkaido University, Sapporo, 060

INTRODUCTION Modification of MgO catalyst with alkali metal cations results in the
activity higher than that of non-modified MgO for many base-catalyzed chemical reactions?). It
is considered that the effect of modification by addition of guest ions on the catalytic property
is caused by variation of reactive sites such as surface defects or change of partial charge on O
anion of MgO surface. In any case the difference in electronic structure of MgO surface
should be found. The considerable XPS studics on the electronic state of MgO surface with
regard to the cffect of alkali modification were carried out. However, the difference in the
electronic state of matrix MgO caused by the modification with alkali was not observed
clearly.

Previously we reported Mg K-edge XANES of MgO and Na* added MgO and found the
distinct change of absorption edge structure?). In the present study, the electronic states of
MgO influenced by addition of alkali metal cations, Li*- K+ and Rb*, were investigated by Mg
K-edge X-ray absorption spectroscory. We generalize the effect of alkali modification on
MgO matrix and discuss the results in relation to base-catalytic actions.

EXPERIMENTAL The alkali modified MgO samples Li+-MgO, K+-MgO and Rb*+-MgO,
were prepared by adding aqueous solution of LiOH, KOH and Rb2CO3 to MgO, respectively,
followed by drying at 373K for 12h, and calcination at 873K for 5h in air. Total electron yield
spectra were taken near the Mg K-edge at the soft X-ray absorption facility installed at the
UVSOR BL7A Institute for Molecular Science. The monochromatizing crystal was a natural
beryl with 2d=15.965A. Fine powdered samples were evacuated at 823K for 2h, and placed
on the first dinode of electron multiplier under N2 atomosphere. All the measurements were
performed below the pressure of ca 10-6Pa and at room temperature.
RESULTS AND DISCUSSION Fig. 1 shows X-ray absorption spectra (total electron
yield spectra) at Mg K-edge of MgO and Li*-MgO, K+-MgO, Rb+-MgO. For alkali modified
MgO, the fine structure of the spectra in the XANES region was similar to that of non-
modified MgO. However, a significant difference in the intensity of the peak at the threshold
was obviously observed.

In the absorption edge region, the fine structure of spectra reflects the distribution of
unoccupied quantum state for absorbing atom. This sharp peak at absorption threshold can be
assigned to a core exiton associated with the intra ionic allowed transition from 1s core state to
3p state of Mg3). Since the p state in the conduction band consists mainly of the electronic
state of Mg cation in ionic crystal of MgO, a high peak at the absorption threshold for alkali
modified MgO means that the partial charges of the Mg cation and O anion are extensively
localized; an ionic nature of MgO is enhanced.



If MgO crystal becomes defective by addition of alkali metal cations, the charge
localization between Mg cation and O anion on MgO must be weakened because Madelung
potential decreases at coordinative unsaturated defects. Therefore, the enlargement of the peak
at the absorption threshold shold not be caused by the contribution of defective sites.

As this spectral feature does not depend on the kind of alkali, it is adequate idea that the
alkali of a low electron negativity compared with Mg interacts electrically with MgO matrix.
X-ray absorption spectra at Mg K-edge revealed that the re-disribution of the charges on Mg
cation, alkali metal cation and O anion take place around alkali added on MgQ, and as a result,
the electronic state of Mg becomes more cationic.

In fig. 2, X-ray absorption spectra at Mg K-edge of samples of Na*-MgO prepared by
adding aqueous solution of NaOH and ethanol solution of Na cthoxide are shown. The
similarity of the fine structure of the spectra suggests that the qualitative change in the
electronic state of MgO matrix is not influenced by the method of alkali modification.

In the chemical view point, it is concluded that a high base-catalytic performance of alkali
modified MgO catalyst is owing to the increase in the jonicity on MgO surface; the highly
localized partial charge on O anion of MgO surface contributes the enhancement of electron

pair donor property.

Rb" - MgO

2.5mmol/g Na cthoxide -MgO
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K*-Mgo
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NaOH-MgO
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Fig. 1 Mg K-edge absorption spectra of MgO  Fig. 2 Mg K-edge absorption spectra of MgO
and various alkali modified MgO. and Na+ modified MgO.
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1.Introduction

KDP family materials such as KDP(KH,PO,), ADP(NH4H,PO,4), RDP(RbH,PO,) etc. show
phase transitions at critical temperature T¢. When hydrogen atoms are replaced by deuterium atoms
(abbreviated as DKDP), the transition temperature jumps up about 100K in these materials. So far,
it has been believed that hydrogen ordering or softening of hydrogen tunneling mode plays an
important role at the phase transition. However, recent works cast some doubts on the above
tunneling model.

Hydrogen compound KDP transforms at Tc=123K. From the structural analysis, a PO4 molecule
distorts below T, so that the bond length between P and O atoms splits to r;=1.508A and
r,=1.583A from an undistorted state with r;=1.538A.2 Those numbers of DKDP are slightly
different from ones in KDP, and it is known that T¢=213K, rp=1.544A, 1;=1.509A and
r=1.578A.2

The purpose of the present work is to investigate the local structure of PO, atoms to reveal the
existence of disordering state by means of the XAFS technique. The key point we have to reveal is
whether a PO, molecule distorts or not at high
temperature phase. If the PO4 molecule
already distorts at above the transition
temperature, the system must be treated as an
order-disorder phenomenon of PO,
molecules.

T

P-K edge

a) KD;PO4 (DKDP)

T=300K

K-K edge

2. Experiments and Analysis

XAFS experiments around the K-
absorption edge of phosphate atoms in KDP
and DKDP were carried out at Wiggler beam
line BL-7A of UVSOR. Since the energy of
K-absorption edge of a phosphate is very
low, special attention was paid to prepare the
sample. Fine gel-like powder samples were
made by dropping a saturated aqueous
solution in to ethanol. The powder sample
was entangled on a Cu-mesh and retained by
collodion. Transmission XAFS
measurements were performed in ultra high
vacuum at various temperature. An InSb
crystal was used as a monochromater. An
example of an absorption coefficient observed
in DKDP is shown in Fig.la), in which
XAFS signal around a phosphate atom and
around a potassium atom is shown.

XAFS signal kK*x(k) is obtained from the
observed absorption coefficient by the

ABSORBANCE pd

DISTRIBUTION FUNCTION p4{r)

2

3
PHOTON ENERGY (keV)

r
2

1 2 3,
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Fig.1 a) An example of XAFS signal in DKDP,

. . ! b) Fourier transformed distribution pgz(r) of
standard procedure. The signal to noise ratio  pcarved k3y(k) in DKDP at 199K.



is still poor so that we can use the k range
from k=3.8A-(with 2n unit) to 14.0A"1 in

k3x (k). In Fig.1b), Fourier transformed

distribution function ps(r) of observed k*y (k)
in DKDFP at 199K is shown. The first peak
reflects the oxygen atoms around the probed

phosphate atom. Fourier filtered k*y(k) is
recalculated by using the r range from

r=0.32A to 1.65A in ps(r), and then this

observed Fourier filtered k*y (k) is compared
with two alternative models, one shell model
and two shell model. For one shell model,
the coordination number is fixed as N=4 and
the bond length between P and O atoms(rp) is
a fitting parameter. On the other hand, in two
shell model, the coordination numbers are
fixed as Ny=N,=2 and the bond lengths r;
and r, are fitting parameters reflecting the
local symmetry of the distorted POy,
molecules.

3. Results and Discussion

Obtained bond lengths of KDP and DKDP
are shown in Fig.2 as a function of
temperature, for both one shell model and
two shell model. Obviously, the POg4
molecule in the low temperature phase
distorts. However, least square fitting
procedure gives almost the same discrepancy
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Fig.2 Bond length between P and O atoms in KDP
and DKDP. ry denotes the bond length of
undistorted PO, molecules, while r; and ry denote
those of the distorted molecules.

factor (R-factor) for two alternative models through all temperature region in KDP and DKDP. The
ratio of R-factor between R, of one shell model and R; of two shell model indicates that it is
difficult to distinguish which model is favorable, partially because the XAFS data of KDP is still
poor and we could not measure enough range in k space in order to obtain the sufficient resolution.
The bond lengths obtained in this experiments, however, are well consistent with the data of
structural analysis noted in the previous section, both in high temperature and low temperature
phases. Averaged data given by the present experiments are ry=1.527(10)A, r;=1.484(10)A and
1,=1.593(8)A in KDP and rp=1.528(8)A, 1,=1.492(8)A and r,=1.578(11)A in DKDP.

It is hardly to conclude that a PO4 molecule is in a disordered state in KDP because of the
insufficient resolution in the present experiments.
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Many cubic perovskite crystals undergo phase transitions, where they
transform to slightly distorted structure from the ideal perovskite struc-
ture. The phase transitions are concerned with the condensation of phonon
modes. However, an overdamping of the phonon mode and central peak suggest
that these phase transition cannot be regarded simply as displacive type
ones. Recently, structure refinements by diffraction study on some
perovskites of single crystals ( BaTiO;, SrTiO3 and PbTiO3 [1,2] ) suggest
the disorder of atoms. The purpose of this work is to study local struc-—
ture and reveal whether or not there is a disordered nature in the crystals
by EXAFS ( Extended X-ray Absorption Fine Structure ) technique. We mea-
sured x-ray photoelectron yield spectra for some kinds of powder samples;
KMnF4, KNbO3 and KTa03.

In KMnF3, successive phase transition occurs at 186 and 91 K, and
caused by the condensation of the zone-boundary mode associated with the
rotation of the MnFg octahedra [3]. X-ray photoelectron yield spectra, I,
were taken near the K-K edge by the use of the double crystal monochromator
(DXM) constructed at BL-7A of UVSOR. The Ge(lll) plane was used as a mono-
chromator. Signals from the powder sample which was mounted on a cryostat
was very weak. Then, the powder samples were put on the first dinode of a
photomultiplier with carbon paste. Figure 1 shows the spectrum of KMnFj at
room temperature. Here, the spectrum was normalized by the x-ray photo-
electron yield spectra from Au, I0. The quality of EXAFS spectra is not
good enough to analyze the local structure around K atom. The intense x-
ray using a superconducting wiggler enables us to obtain well-defined EXAFS
signals.

[1] K. Itoh et al., Ferroelectrics, 63, 29 (1985).

[2] R. J. Nelmes, R. 0. Piltz, W. F. Kuhs, Z. Tun and R. Restori,
Ferroelectrics, 108, 165 (1990).

[3] K. Gesi, J. D. Axe, G. Shirane and A. Linz, Phys. Rev. B5, 1933 (1972).
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Fig. 1. X-ray photoelectron yield spectrum near the K-K edge of KMnFg at
room temperature.
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Polyethylene terephthalate (PET) is a typical polyester having a benzene ring
in the main chain; its electronic spectra in UV region have been analyzed in de-
tail'’ and its XPS have been reported?’. In this work, the absorption spectra
of core electrons of PET, together with those of polyethylene 2,6-naphthalate
(PEN), were ohtained; PEN has a naphthalene ring instead of benzene in the main
chain.

The polymers for the samples were supplied from Teijin Limited.  Thin amor-
phous films were made by casting a trichlore-hexafluorc-isopropancl solution.
Uniaxially drawn films were obtained by stretching the cast films by an Instron
tensile tester at 90°C. Biaxially drawn films of 0.7 microns were fabricated
by Film Laboratories of Teijin Limited.

Absorption measurements were done at BLZB1 of UVSOR facilities. The samples
were held between copper frames and put in a monochromatized radiation either
normal to the beam or at 25" incidence. The transmited beam intensity through
the sample or the blank was always corrected by detecting the photeo-electrons
from the Au mesh placed before the measurement chamber to eliminate the effects
of the beam fluctuation and contaminations ; the absorbance of the sample was a
ratio of the corrected blank intensity and the corrected sample intensity. The
corrected blank intensity could change as much as + 15% in a day: this was one
of the sources of the possible errors.

The photon energy of the incident beam was corrected by the dips of the blank
spectra without Au mesh correction at 284.7 and 291.0 eV originated from the
carbon contamination, as described by Stohr et al®’.

The grating of the Grasshopper monochrometer had B00 lines per mm in the
earlier experiments but later was replaced by that of 1200/mm; the resolution
and the stray light were significantly improved. The comparison between the
gpectra obtained by use of these gratings is shown in Fig. 1.

The conspicuous absorption peaks at 285.5 eV and 289.1 eV of PET and PEN look
to correspond to the absorption maxima at 285.5 eV and 287.4 eV, respectively,
in the spectra of Csy *’; they also correspond to the strong absorption of ben-
zene adsorbed on Pt(111), peaking at 286 ev with a bread tail®’. The absorp-
tion at 285.5 eV is consistent with the absorption at 285.5 eV of polycrystal-
line and microcrystalline graphites®’, amorphous carbons®’ and carbon films made
by CVD ® .  These peaks have all been assigned to the transitions of C ls to
state; therefore, the absorptions of PET and PEN at 285.5 eV and 289.1 eV nmust
have occurred from the transitions of C 1s to *, although the peak at 289.1 eV



may be related not to C=C but to C=0.

The benzene ring in PET, as well as the naphthalene ring in PEN, tends to be
alligned parallel to the film plane when drawn uniaxially, or, in particular,
biaxially. If the parallelism be perfect, the normal incident light would not
give rise to any intense peak at these photon energies) in actuality, there are
small amcunt of non-parallel components even in the biaxially stretched films.
Also, the films mounted oblique to the incident light exhibited stronger absorp-
tion at 289.1 eV. Therefore, the above assignment for these two peaks nay be
conceivable.

The other broad peaks at 283.4 eV, 296.6 eV and 304 eV should be related to

* transitions, also after conjectured from the spectra of the above compounds.

The oxygen absorptions were found at 528.5 eV (shoulder), at 536.8 eV {main

peak) and at 547 eV.

Detailed analysis is still te be made.
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Fig.1 Comparison between the absorption spectra of biaxially oriented PET ob-
tained by a monochrometer with a grating of 600/mm (left) and 1200/mm (right).
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Organic dye-doped polymer system attracts much attention because of its
optical properties and possibility of application for a functional optical memory.
Optical dephasing of the dye-doped polymer system was reported
previously[1,2].

In these studies using the incoherent photon echo technique, it was found
that the optical dephasing time(T2) of the doped dye molecule showed the host-
dependence. That is, T2 of the organic dye doped in the crosslinked polyvinyl
alcohol derivatives (PVA-SbQ, PVA-SPPla and PVA-SPPIla) was longer than T2
of the organic dye doped in polyvinyl alcohol (PVA). A study of Fourier-transform
spectroscopy for photon echos, combined with the persistent hole-burning
(PHB), has shown that the photon echo decay includes all information obtained
in PHB [3]. This study suggests that the system with long T2 shows the narrow
hole-spectrum and is suitable for a functional optical memory.

As introduction of the cross-link in PVA was performed by photochemical
reaction, there was the possibility to form the covalent bond between the doped
dye and the host polymer. In order to investigate this point, we measured the soft
X-ray photoelectron-yield spectra of the systems employed in this study.

In this report, we will present the results obtained by using BL7A.

As mentioned above, there is the possibility to form the covalent bond
between the doped dye and the host polymer in photochemical reaction to
crosslink the host polymer. In this study, DTC| was used as the doped organic
dye. PPP-MQO calculation showed that the frontier electron density was higher on
hetero atom (S) than on other atoms around S atom. Therefore, if the covalent
bond between the doped dye and the host polymer was formed in photochemical
reaction, the soft X-ray photoelectron-yield spectra of S in the dye-doped
crosslinked PVA systems must be different from that of the dye-doped PVA
system [4]. The spectra of all systems tested in this study had the same shape
displayed in Fig. 1. These results suggest that the covalent bond between the
doped dye and the host polymer is not formed in the systems employed here.
This study using BL7A shows that the host-dependence of T2 isnot caused



by the change of the structurs of the doped dye molecule but that of the
effective TLS density around the void space which entraps the dye molecule.
Our model in the host dependent optical dephasing using the effective TLS
density [1,2] is strongly supported by this study.

We would like to acknowledge Prof. Ichimura, Tokyo Institute of
Technology, for providing us the crosslinked PVAs. We also thank to Dr.
Watanabe, UVSOR, for his invaluable suggestion.
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Fig. 1 Soft X-ray photoelectron-yield spectrum of the dye-doped
polymer system
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Since the discovery of an icosahedral phase (i-phase), there has been increasing inter-
est in the electronic properties of icosahedral materials in spite of remaining the arrange-
ment of the atoms unclear. Very recently, a dip-like anomaly in the DOS structure at Ep
was confirmed with the UPS experiment. The dip-width and the depth were estimated to
be 0.35¢V and 70% of a normal DOS, respectively'). Successively, the CIS spectra at the
binding energy region between 0 — 2eV show resonant characteristic®). The Fe 3d band
is located in the region ranging from Er to 2 — 2.5 eV below it with the maximum con-
tribution at around 0.7eV in the binding energy. The smaller binding energy, exactly Fe
3d states sitting just below E, is consistent with Friedel’s suggestion. The dip structure
was interpreted in terms of the nearly-free-electron-like energy gap inferred from strong
diffraction spots, which may be related to the stability of the i-phase. It has been known
that in an Al-Pd-Mn alloy is a stable i-phase with a high quasicrystalline quality as well
as an Al-Cu-Fe system?®. This principal purpose is the check that the above-mentioned
anomaly in DOS at Ep also exists in the Al-Pd-Mn i-phase.

An AlggPd2sMng i-phase specimen was a quasicrystalline ingot prepared by the
method?). Preliminary checking of the sample was carried out by electron microscope
and powder x-ray diffraction methods. The analyzer resolution was about 0.14eV at pho-
ton energy 35eV defined with a width of a Gaussian function. The clean surface of the
specimen was obtained by scraping with a file in a vacuum of 2 - 4x10™® Pa. Immediately,
the sample was transferred to the UPS experimental chamber and measured in a vacuum
of 0.5 - 2x107® Pa. A spectral dependence of incident radiation was determined from a
photoelectric yield of gold which was prepared as a film.

UPS experiments were performed making a high resolution (0.14eV=AE defined
as the width of Gaussian function) with the incident photon energy 35eV, in order to
examine the detailed structure of DOS near the Ep. The dotted curve of Fig. 2 is the
UPS spectum of Al-Pd-Mn i-phase sample. Well-defined Fermi edge of gold was observed,
but Fermi edge of Al-Pd-Mn i-phase was not clearly observed as shown in Fig. 2, which has
qualitatively a feature similar to the Al- Cu-Fe i-phase with the pseudo-gap structure!).

Let us consider a model to reproduce spectra near Er to obtain a quantitative esti-
mation of the dip structure on the assumption that the observed spectrum is proportional
to DOS and the DOS near Ep is linearly dependent on the energy. The DOS additionally
has the dip of which shape is assumed to be a Lorentzian function having the center on
Er and a half width as showing in Fig. 1. The observed intensity /(E) is given as follows.

I(E):/(am-l—b)-(l—%

) f(z) - Gexp(—(z — E)*/(AE)*)dz,
where (az +b) - (1 — CT?/{(z—Er)? + I'?} shows the electronic DOS near Er at energy
z with the dip of the DOS near Fermi edge. In the case of C=0 a system has no anomaly
(we call a normal DOS) and in the case of C=1 the system has no DOS at Ep; as C is
the ratio of dip-depth and the normal, and C' must be less than unity. f(z) is the Fermi
distribution function.



We consider the case of C=0 (the normal DOS case). We have tried to fit the spec-
trum of gold. The fitted was in good agreement with the observed curve using the energy
resolution width A E=0.14eV and the fitting parameters a and 6. But the calculated curve
could not be fitted with the dotted curves as shown in Fig. 1, and it is noted that the
calculated curve drops more abruptly near Er than the experimental curve. At a final
step, we tried to fit the spectrum of the Al-Pd-Mn i-phase, adding the additional fitting
parameter C. The solid curve of Fig. 1 is the most adequately fitted calculation curve
with C=0.67 and I'=0.135eV. The solid curve of Fig. 2 shows that the calculated curve
using this fitting model is in good agreement with the observed spectrum. Supposing the
dip is approximately the Lorentzian function subtracting from the normal DOS structure,
the dip-width is given as about 0.135+0.01eV and the DOS on Er becomes 0.33%.05 of
the normal DOS without the dip. The clear observation of the dip at Ep is consistent with
UPS result of the Al-Cu-Fe i-phase’). These values should be taken as rough quantitative
guess as to the dip width and depth because of somewhat arbitrary assumption of the
Lorentzian form. Therefore, it is regarded that this 'dip’ model is a good approximation
to the DOS near Ep of this Al-Pd-Mn i-phase. A width of the dip is given as about 0.135

- .+0.005eV and the DOS on Er becomes

: 33+5% of the normal DOS. Comparing

el R the UPS result of the Al-Pd-Mn i-phase

\ B oL, @ , with it of the Al-Cu-Fe i-phase, the dip
: i e depth is almost same and the width is
sharper by the 3 times. The dip model
is also supported by the present result.

wn This non-well-defined Fermi edge is also
an intrinsic property of this i-phase sam-
o I
ple.
- .
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FIG. 1. The DOS model of Al-Pd-Mn
i-phase for fitting is made up at T=0K
by subtracting the dip from the normal
DOS (broken curve). Solid curve is in the
case of C=0.67 and '=0.135eV.
FIG. 2. Dotted curve is the observed
£ g UPS near Ep for incident photon energy
2 1 35eV at room temperature. Solid curve

Binding Energy (eV) is the calculated curve supposing that the
DOS is like as the solid curve of Fig. 1.
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Metal tricalcogeno-phosphate MPX, (M stands for a divalent metal ion and X is either S,
Se, or Te) forms a large family of layered compounds. These compounds have attracted much
attention due to their capability of intercalation with alkali metals and application to Li-based
batteries [1]. Piacentini et al. [2] suggested that the Ni d states contribute primarily to the upper
part of the valence band in the X-ray photoemission spectra. The resonant photoemission
technique has been used to identify the origin of the valence band structures of NiPS, and FePS,
[3,4]. In this report, we carried out a study of NiPS, crystals by ultraviolet photoemission
spectroscopy (UPS) using synchrotron radiation to get further insight by carefully investigating
the valence band electronic structure. We used the resonant-photoemission (RPS) and the
constant-initial-state (CIS) spectroscopies to identify the contributions of each element to the
valence band of NiPS,.

All spectral measurements were performed at the UVSOR Facility of IMS. The photon
energy (hv) was changed widely from 15 to 90 eV. The Fermi energy (E}) of the instrument was
determined by using the Fermi edge of gold films evaporated in situ. CIS spectra were obtained
by measuring the 4v dependence of the electron counting rate and normalizing against the photon
number. The photon number was determined by the emission current from a gold mesh placed in
the light path and the emission yield of gold. NiP§, crystals were prepared from elemental
mixtures of metal, phosphorus, and sulfur with the atomic ratio of 1:1:3 as reported previously
[5]. The synthesized crystals were identified by means of powder X-ray diffraction and Raman
spectroscopy. The elemental contents in the crystals were determined by an electron microscope
analysis. The single crystal was fixed on a copper substrate by silver resin and was scraped by a
diamond file or cleaved in vacuum. RPS and CIS spectra were measured on these clean surfaces.

The hv dependence of UPS spectra is shown in Fig.1. Several features can be observed at
1.1,2.1,3.0,4.2,7.0, 8.2, and 10.0 eV from E. UPS spectra taken at high hv are similar with
the X-ray photoemission spectrum [2]. From the atomic subshell photoionization cross sections
[6], the p character is enhanced at low Av. Taken into account of the atomic ratio between sulfur
and phosphorus, the structure at 4.2 eV would mainly come from the sulfur 3p orbitals.
Moreover, the structures observed at the high Av can be assigned to the main and satellite bands
of Ni 3d states.

Figure 2 shows CIS spectra of the valence band structures. Among the features of the
valence band, the structures located at 2.1, 3.0, 7.0, and 10.0 eV show strong resonance at the 3d
threshold energy of Ni; and the weak resonance is observed at the structures of 1.1 and 8.2 eV,

and no resonance occurs in the features at 4.2 eV. The 4.2, and 8.2 eV structures are also



intensified at the photon energy of 30 eV. Therefore, the structures at 2.1,3.0,7.0, and 10.0 eV
are mainly from Ni 3d orbitals, and the Ni 3d orbitals partly contribute to the features at 1.1 and
8.2 eV. Moreover, there is no 3d character in the 4.2 eV band.

From these observations, we conclude that the top of the valence band contains
contributions from Ni atoms and P,S clusters. This is consistent with the observation that the
photoionization threshold energy of NiP$, is almost same as that of ZnPS; and FePS,.
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Electrical insulator of 3d transition-metal
compounds are usually classified into Mott-Hubbard

type or charge-transfer +tyvpe. It has been clarified
recentry that the compounds of Cu, Ni and Co are
described as charge-transfer insulator. In this
report, the electronic structure of SrLaFeO4 with

K2N1F4 structure has been studied by ultraviolet
photoemission spectroscopy. It will Dbe concluded that
SrlLaFeO, is a charge-transfer dinsulator 1if the Dbottom
of the conduction band is composed of unoccupied Fe3d
character.

Photoemission measurements were performed at the beam
line BL8B2. The sample was a sintered pellet that was
prepared by heating at 1500 °C for 48h in 0, flow. It
was scraped under a vacuum of 6 x 1078 Torr with a
diamond file. All spectra were normalized to the
photon flux obtained from experimental and theoretical
Au yield.

Fig.l shows photoemission spectra in the valence
band region for various photon energies of excitation.
The valence band (2~12 eV band) consists of two
feautures around 7.8 and 10.4 eV. The emission cross
section of 02p steeply increases toward lower photon
energies, while that of Fe3d emission becomes more
dominant for higher photon energies (hv > 40 eV)l'.
However, the 1line shape has unchanged for the whole
photon energy in contrast with such different photon
energy dependences of Fe3d and 02Zp. CIS spectra for
various binding energies in the valence band spectra
are shown in Fig.2. It is noted that the intensities
of 7.8 and 10.4 eV bands steeply decrease toward
higher photon energies and are enhanced for the
excitation around hv~40 eV. Because of the fact that



Fe 3d cross section becomes maximum around hyv~40 eV,
7.8 and 10.4 eV bands are considered to be a mixture
of Fe3d and O02p character. On the other hand CIS
spectra for 4.0 and 5.0 eV bands do not show such
enhancement and monotonously decrease toward higher
photon energies. This suggests that 02p character is
more dominant around valence band maximum rather than
7.8 and 10.4 eV bands.

Consequently we conclude that SrLaFe0, is a
charge-transfer insulator if the bottom of the
conduction band is composed of unoccupied Fed3d
character.

1) J.J.Yeh and I.Lindau, At. Data Nucl. Data Tables,
32, 1(1985):
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C7s is one of the cage-like carbon compounds (fullerenes) isolated from carbon soot
as Ceo0. Alkali metal dosed fullerenes often show high electric conductivity. The photo-
clectron spectra of both pristine and alkali metal dosed fullerenes will give a clew to
understand the origin of their high conductivity. We have measured the ultraviolet
photoclectron spectra of C76 and potassium dosed Crs at BLEB2.

Photoelectron spectra of pristine Cr6

Figure 1 shows the photon energy dependence of the photoelectron spectra of Cre.
Eight distinct structures denoted A — H in the figure are observed. There is no sudden
appearance or disappearance of the structure in the spectra, as has often been observed in
the UPS of the strict k—vector conserved system. The spectral onset locates at 1.3 eV
below the Fermi level, which is smaller than those of Cso (1.9 ¢V) [1,2] and C70 (1.8 eV)
[2,3] and the same as that of Csa (1.3 eV) [4].

The change of the spectral onset from Cro to C76 (only 6 atoms are added) is larger
than that from Cso to C7o (10 carbon atoms increased). As the band gaps of fullerenes
estimated from the photoemission spectra do not coincide with those estimated from their
absorption spectra, the Fermi level of fullerenes does not seem to lic at the middle of the
band gap. Actually inverse photoemission studies of Ceo [5,6] and C7o [2] reveal that the
Fermi level lies near the conduction band and the band gap is wider than the HOMO -
LUMO gap. '

A very strong intensity oscillation due to the incident pohoton energy tuning has been
found in the first two bands of the spectra of Cso [1,7], Co [2] and Css4 [4]. However,
there is no explicit intensity oscillation among the photoelectron structures induced by the
incident photon energy change. The behavior of C76 seems to be different from the other
fullerens.

A theoretically calculated density of states (DOS) of C7s using tight-binding approx-
imation [8] expanded by 0.5 eV wide gaussian functions is also shown in Fig. 1. The
calculated DOS is shifted so that both first bands coincide at the same energy position.
The geometry used in the theoretical calculation is D2 symmetry which was proposed by
Ettl et al. from a NMR experiment [9]. The basis of their conclusion is 19 equal intensi—
ty lines in the NMR spectrum. As Crs has only one possible structure of D2 symmetry,
the structure of C7s is determined uniquely. The calculated DOS shows a very good
correspondence with the photoelectron spectra. This agreement also supports the D2
geometry of Crs.

Photoelectron spectra of potassium dosed Crs

Figure 2 shows the spectral change of the upper part of the valence band upon
potassium dosing. At first stage of potassium dosing (x = 0.13 and 0.31), the valence
band peaks shift far from the Fermi level by 0.15 eV, while the spectral onset shifts 0.1
eV. This peak shift dissolves at higher potassium dosage (x = 3.0). When potassium



dosage is 1.1, a new structure is observed as a small tail to the structure A. As the dosage
increases, the new structure grows up between the structure A and the Fermi level to be
observed as a distinct peak. At x = 2.1 and 3.0 the spectral onset is (.15 ¢V, which is the
closest position to the Fermi level in all the photoelectron spectra of potassium dosed Crs.
The intensity of the new structure increases as the dosage increases. However, the spec—
tral onset shifts away from the Fermi level. The spectral onset is about 0.2 eV at x = 3.6
- 5.5, and it increases to 0.3 eV at x = 6.5. Existence of a gap between the spectral onset
and the Fermi level is a direct evidence of the band gap between the conduction and
valence bands even though it is small. Therefore, KxCrs is a narrow gap semi-conductor
and may not be metallic or super—conductive.
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Nonradiative decay processes of Cl 2p core exciton in LiCl and NaCl

K. Ichikawa, Y. Taguchi, K. Soda, K. Joda, S. Tanaka, Q. Aita,
M. Kamada* and S. Tanaka*

College of Engineering, University of Osaka Prefecture, Gakuen-cho, Sakai 593
*Institute for Molecular Science, Okazaki 444

We have investigated the nonradiative decay processes of the Li 1s core exciton in
lithium halides™® and the Na 2p core exciton in sodium halides®*) by using resonant
photoemission. The enhancement of emission intensities of the valence band and the
Auger peak was observed at the excitation energies of the Li 1s and Na 2p core excitons.
In addition, kinetic energies of the Auger electron measured at excitation energy of the
core exciton are slightly greater than those of ordinary one. The bottom of the conduction
band is mainly composed of s states of alkali ions in LiCl and NaCl. Thus the Li 1s core
exciton and the Na 2p core exciton are well localized in the alkali ion. On the other hand,
the Cl 2p core exciton may somewhat be screened by valence electrons compared with
the above excitons. The purpose of the present study is to investigate nonradiative decay
processes of the Cl 2p core exciton in LiCl and NaCl. In this study, we anticipate different
results from the previous studies on the core excitons well localized in the alkali ions.

A double stage cylindrical-mirror electron energy-analyzer at BL-2B1 was used to
measure photoelectrons. Thin films of LiCl and NaCl were prepared in situ by evaporation
onto gold substrates. The spectral distribution of incident radiation was determined from
a photoelectric yield spectrum of gold.

Figure 1 shows the total photoelectric yield (TY) spectrum of NaCl. This spectrum
shows sharp peaks at 201.4, 203.8, 205.9, and 208.2 eV and several broad peaks in the
higher energy region. Early works on the absorption spectra have concentrated on inter-
pretation of the first few peaks up to about 9 eV above the threshold. Because of the
uncertainty of the absolute transition energies in calculations, the energy of the calculated
band-structure has been shifted arbitrarily in order to get a reasonable correspondence
between theoretical and experimental peaks. For this reason the first peak has sometimes
been assigned to a transition to states in the conduction band® and sometimes to a core
exciton.®) At present, the first peak is interpreted in terms of excitation of a core exciton.

Figure 2 shows a set of energy distribution curves (EDC’s) of NaCl obtained with the
excitation photon energies around the Cl 2p threshold. Excitation photon energies (hv)
are indicated on the right-hand side of each spectrum. The ordinates are proportional to
the number of photoelectrons per photon flux. The abscissa represents the kinetic energy
of electrons. The Cl Ly 3VV Auger lines and Cl 3s levels are seen in this figure. The
Cl 3s levels are indicated by arrows. It is noticed that the shape of Auger lines changes
drastically with increasing the excitation energy. At hv =200.4 eV, which corresponds
to the low energy tail of the first absorption peak, the Cl 3s level is seen. Two Auger
peaks are observed at 175 and 177 eV in the EDC’s at hr =201.0 and 201.4 eV, while four
Auger peaks are seen at 172, 174.5, 175.5, and 178.5 €V in the EDC’s measured between
hv =202.2 and 203.7 eV. At higher excitation energy than 220 eV a broad Auger line is
always seen at the kinetic energy of 175 eV.

The change of the Auger shape is limited in the excitation energy range between the
first and second peaks in the TY spectrum. The intensity of the 177-eV Auger peak has
a maximum at kv =201.4 eV which is the first peak energy in the TY spectrum as seen
in Figs. 1 and 2. However, 178.5-eV Auger has its maximum intensity at hv =202.8 eV
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which does not coincide with TY peak. It is noted that the spin—orbit splitting of the Cl
2p level is about 1.6 eV from the photoelectron spectra and this value corresponds well
to the difference of excitation energies where each Auger peak shows maximum intensity.
But the energy separation between the first and second peaks in the TY spectrum is about
2.4 eV. Thus, the second peak in the TY spectrum is not a spin—orbit partner of the first
peak and it can be assigned to a transition to states in the conduction band.

The 177-eV and 178.5-eV Auger peaks are observed only in the excitation energy region
of the Cl 2p core exciton and on the higher energy side of the ordinary one by about 2
eV. These Auger peaks can be attributed to the decay of the core exciton. In the final
state of the Auger-decay process of the core exciton, a photoexcited electron and two
valence holes form some bound state and reduce the correlation energy from a two-hole
state caused by the ordinary Auger transition. This bound state may split into a few
levels and causes the 177-eV and 178.5-e¢V Auger peaks at the excitation energy of the
core exciton.

In contrast to the Li 1s and Na 2p core excitons, no enhancement of the valence-band
emission was observed at the excitation energy of the core exciton. Detailed analysis of
the experimental results is under way.
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Fig. 1. Cl Ly3 TY spectrum of Fig. 2. A set of EDC’s of NaCl.
NaCl. Inset shows the TY spectrum in Excitation energies are indicated on the
the energy region of Cl 2p core excitons right-hand side of each spectrum. Ar-
in expanded scale. rows indicate the Cl 3s level.
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PHOTOEMISSION STUDY OF SUPERCONDUCTIVE AND
NON-SUPERCONDUCTIVE ALKALI-DOPED Ce

Takashi TAKAHASHI!, Takashi MORIKAWA !, Shinji HASEGAWAZ,
Hiroo INOKUCHIZ2, and Yoji ACHIBAS

1Department of Physics, Tohoku University, Sendai 980
2Institute for Molecular Science, Okazaki 444

3Department of Chemistry, Tokyo Metripolitan University, Tokyo 192-03

Comparative photoemission measurements were performed on alkali (Rb ,
Cs) doped Cs0 to study the electronic structure, especially its change upon
alkali-doping and the difference between the superconductor (Rb-Ce0) and the
non-superconductor (Cs-Ce60). The photoemission measurement was done at
BL2B. The photon energy used was 20 eV and the total energy resolution was
about 0.15 eV,

Figure 1 shows the change of conductivity of a Céo0 film upon Rb- or Cs-
doping. Pristine Ceofilm has a very low electrical conductivity in the range of
105 Scm! showing its insulating nature. However, upon the alkali-doping, the
conductivity rapidly increases by 5 - 7 orders of magnitude until the calculated
alkali content (%) reaches 3 - 4, then gradually decreases upon further doping.

Figure 2 shows change of photoemission spectrum in the vicinity of the
Fermi level of C60 upon Rb-doping. As shown in the figure, the HOMO band
located at about 2.3 eV, which originates in the six-fold degenerate humolecular
orbital, shifts toward the high-binding-energy direction by about 0.3 eV upon a
slight Rb-doping (from x=0.0 to x=0.5). The most striking feature in the
spectrum upon the doping is appearance of a new band near the Fermi level,
whose intensity is almost proportional to the doping amount. We ascribe this
new band to the LUMO band of a Ce0 molecule which originates in the three-
fold degenerate tiu molecular orbital. We find that the density of states at the
Fermi level gradually increases upon the Rb-doping in accordance with the
growth of the occupied LUMO band near the Fermi level until x=3.7 (here, it
should be reminded that the present study overestimates the x’s by about 20 %,
so that the actual composition is almost Rb3Ce0 at x=3.7), then the density of
states at the Fermi level decreases upon further doping as the occupied LUMO
band gradually moves away from the Fermi level. This tendency of the density
of states at the Fermi level shows a quite good correspondence to the change of
the conductivity in Fig. 1.

Figure 3 shows the change of photoemission spectrum of Cé0 upon Cs-
doping. The gross feature of change in the photoemission spectrum upon
doping is similar between Rb and Cs, although one of them (Rb-Ce0) becomes a
superconductor while the other (Cs-Ce0) not. In spite of the gross similarity,
there is a small but distinct difference in the spectral intensity, namely the
density of electronic states at the Fermi level. This is much more clearly seen
in Fig. 4 where the photoemission spectra are displayed in an expanded scale.
We find in Fig. 4 that the density of states at the Fermi level at the compositions
of x=3 - 4 is much reduced (by a factor of about 5) in Cs-Cé60 compared with those
in Rb-Cso. This is in good agreement with the conductivity measurement in
Fig. 1 where the maximum conductivity in Cs-Csé0is about a half order smaller
than that of Rb-Ce0 at the composition of x=3 - 4. The observed lack of efficient
density of states at the Fermi level would account for the absence of
superconductivity in Cs-Cso.
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Molecular Orientation in Thin Films of
Bis(1,2,5-thiadiazolo)-p-quinobis(1,3-dithiole) on Graphite
Studied by Angle-Resolved Photoelectron Spectroscopy

S. Hasegawa, S. Tanaka, Y. Yamashita, H. Inokuchi,
H. Fujimoto®, K. Kamiya”, K. Seki®”, N. Ueno®

Institute for Molecular Science Department of Environmental Science, Kumamoto
University ¥ Department of Chemistry, Nagoya University ©Department of Materials
Science, Chiba University

Angle-resolved ultraviolet photoelectron spectra (ARUPS) using synchrotron ra-
diation were measured for oriented thin films of bis(1,2,5-thiadiazolo)-p-quinobis(1,3-
dithiole) (BTQBT) on cleaved graphite surface. The observed take-off angle depen-
dence of photoelectron intensity was analyzed by using independent-atomic-center(IAC)
approximation and MNDO molecular orbital calculation. The calculated results agree
well with the experimental ones. From the comparison between these results, the
molecules in the thin film are estimated to lie flat with the inclination angle § < 10°
to the HOPG surface. This analysis method is useful as a first step to a quantitative
analysis for angular distribution of photoelectrons from thin films of large and complex
organic molecules.

The experiments were carried out at UVSOR Facility (beamline 8B2). The incidence
photon energy was hy= 40eV and the total energy resolution of the spectra was 0.15eV.
The take-off angle (#) dependence of photoemission intensity was measured at incidence
angle of photons a = 0°, BTQBT[1, 2] was carefully evaporated on HOPG substrate
(Union Carbide ZYA-grade) at the deposition rate of 0.2 A/min. The film thickness
was estimated to be about 30 A. The sample was then transferred to the measurement
chamber (=~ 4 x 107!° Torr) under vacuum for in situ ARUPS measurements.

In Fig.1, the 6 dependence of ARUPS spectra is shown in the binding energy region
of 0 ~ 3.5 eV. In this figure, three significant differences are observed: (1) the intensity
of HOMO™? band (A) exhibits a maximum at #,,,, ~ 37.5°, while the HOMO (B) band
gives a maximum at 6,,,, ~ 45°, (2) the maximum intensity of HOMO™?! band is more
intense than that of HOMO band, and (3) the FWHM (full width at half maximum)
of HOMO band is much larger than that of HOMO™! band.

In TAC approximation by Grobman [3], a molecule is regarded as a set of independent
atomic emitters. The total amplitude of photoemission is contributed to the atomic
orbital coefficient of molecular orbital, the phase factor due to the difference in the path
length to the detector from each atoms, and the atomic factor for optical excitation
from an initial state to final continuum states. For the atomic factor, we used the
values by Goldberg et al. [4].

In the calculation, we introduced the inclination angle 5 at which the molecular
plane is inclined to the substrate surface and the molecular azimuthal angle ¢,, spec-
ifying the azimuthal orientation in the molecular plane, as shown in Fig.2. In Fig.3
(a)~ (d), the calculated angular distributions of photoelecrtons for HOMO™! state at
inclination angles f= 0°, 5°, 10° and 20° are shown, where the dotted, broken and solid
lines in each figure are the results at molecular azimuthal angles ¢,,= 0°, 30° and 90°,
respectively. The experimental results are also shown by open circles. The calculated
distribution curve at f= 5° and ¢,,= 90° ( Fig.(b), solid line) give the best agreement
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with the experimental results. By considering the experimental error and neglect of
various scattering effects in the calculation, the BTQBT molecules were estimated to
lie with the inclination angle § < 10° to the HOPG substrate. The discussion for the
HOMO band will be reported elsewhere[5].

For more complete analysis, it should be necessary to use exact values of atomic
factors [4], and to take account of intermolecular interaction, surface barrier effect by
inner-potential, and scattering of photoelectrons by neighboring atoms or molecules [6].
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Quantitative Analysis of Photoelectron Angular Distribution
from Thin Films of Metal-Free Phthalocyanine
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The angular distribution of photoelectrons from thin films of organic crystals involves infor-
mation on the molecular orientation in the film as well as on the wave functions of valence elec—
tron. Therefore, the quantitative analysis of the photoelectron angular distribution from a valence
state gives a detailed information on the molecular orientation in ultrathin films of functional
organic molecule, when the initial-state wave function is known. An advantage of the angle—
resolved ultraviolet photoelectron spectroscopy (ARUPS) in determining the molecular orienta—
tion is that it introduces less radiation damages into the organic films in comparison with other
surface sensitive techniques with electron beams. However, the quantitative analysis of the
angular distribution from thin films of large organic molecules is very difficult, and no one has
performed the quantitative analysis of the angular distribution after a challenging work by
Permien et al. [1], which was reanalyzed by Richardson [2], on thin films of lead phthalocyanine.
In our work on ARUPS of thin films of large organic molecules, we have found that the angular
distribution calculated with the theoretical model used by Richardson [2] gave poor agreement
with our experimental results on thin films of copper phthalocyanine.

In the present study, metal free phthalocyanine (H,Pc) was selected as a sample, since (i)
MNDO molecular orbital calculation is possible for this molecule, (ii) the molecule is large
enough, (iii) phthalocyanine molecules were known to show flat-lie orientation on various single
crystal surfaces [3,4], and the valence electronic states can be well approximated by those of
isolated molecule because of the weak intermolecular interaction. For the calculation of the
photoelectron angular distribution we used the independent atomic center (IAC) approximation
presented by Grobman [5] and the initial-state wave function obtained by MNDO molecular
orbital calculation.

Take-of-angle (6) dependencies of the photoelectron spectra of H,Pc film (8.6;& thick) on
MoS, single crystal and HOPG graphite surfaces are shown in Figs. 1a and 1b for the normal
incidence condition (the incidence angle a=0°) at hv=40 eV. For both cases, the intensity of the

peak A, which originates in the HOMO band consisting of single m orbital, shows prominent 6
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dependence. In Figs. 2a and 2b, 8 dependence of the intensity of the peak A is plotted for H,Pc
on MoS, and H,Pc on HOPG, respectively. Sharp and similar angular distribution was obtained
for both samples. It is notable that the angular distribution is very sharp and the angle 6___giving
the highest intensity is 34-38°. These characteristics can not be explained by the model calcula-
tion used by Permicn et al. [1] and Richardson [2]. The angular distribution calculated by IAC
approximation and MNDO molecular orbital calculation is also shown in Figs. 2a and 2b. In the
calculation, the flat-lie orientation of the molecules and a complete polarization of the incidence
photons were assumed, and the scattering of photoelectrons by the substrate and other molecules
was neglected. An excellent agreement was obtained between the observed and calculated angu-
lar distributions, indicating that the analysis method using IAC approximation and molecular
orbital calculation is successfully applicable to the quantitative analysis of the angular distribu—
tion of photoelectrons from thin films of large organic molecules.
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Fig. 2 Take-off-angle (6) dependence of the
Fig. 1 Take-off-angle (8) dependence of ARUPS spectra of  intensity of HOMO band A. (a)H,Pc on MoS,.
thin films (8.6 A) of metal-free phthalocyanine (H,Pc) on  (b) H,Pc on HOPG graphite. The ca]culated
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Photoelectron Spectroscopy of Polysilanes, Polygermanes, and
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Polysilanes, which are polymers with Si backbones with organic
substituents, have attracted attention as a new class of conducting
polymers, photoresists, and also due to various interesting properties
such as thermochromism. Such functions of polysilanes are not found in
saturated organic polymers with C backbones. In this project, we have
measured the whole valence band of five polysilanes, two
polygermanes, and three Si-Ge copolymers by ultraviolet photoelectron
spectroscopy (UPS) to investigate their electronic structures.

The UPS spectra were measured at BL8B2 of UVSOR. The samples
were prepared by spin-coating on Cu substrates in a glove bag under N
flow. These films were transferred into the vacuum chamber without
exposing to air, evacuated, and measured. The obtained spectra are of
higher quality than those previously reported for several compounds!)
in showing fine structures and being free from charging.

The UPS spectra of a typical alkylpolysilane, PMPS
(Poly(methylpropylsilane)), is shown in Fig.1(a). The abscissa is the
binding energy relative to the vacuum level. To compare with the
spectrum of PMPS, in Fig.1(b)-(f) we show the UPS and XPS spectra of
propane?2)3) and methane4), and the UPS spectrum of Sig(CH3)1p7) as a
model compound of Si backbone. It is seen that the spectrum of PMPS
corresponds well to those of constituent parts; the electronic structure
of PMPS can be regarded as an overlap of those- of methane, propane,
and Si4(CH3)19. The UPS spectra of polygermanes and block copolymer
also correspond to those of Sig(CHs3)19 and Geq(CH3)106) as in the case of
polysilane, but the spectra of random polymers are not in so good
correspondence to Sig(CH3z)1g and Ges(CH3)1p because of the contribution
of Si-Ge bonding.
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The UPS spectra of PMo6¢S (Poly(methylphenylsilane)), which is a
typical arylpolysilane, is shown in Fig.2(a). Compared with PMPS, the
spectrum of PM¢S is not in so good correspondence to Si4(CH3)1g as for
PMPS in the uppermost part of the valence band. We suppose that this
is caused by o—m interaction between the tHOMO states of benzene and
the Si cHOVB states of the Si backbone. This result corresponds to that
of theoretical band calculation reported by Takeda et.al.7)
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TEMPERATURE DEPENDENCE ON THE FLUORESCENCE LIFETIMES OF HETEROGENEOUS
TRYPTOPHAN RESIDUES IN HEAVY MEROMYOSIN POWDERS

Mieko TANIGUCHI and Masaya KATO
Department of Physics, Faculty of Science, Nagoya University, Chikusa-
ku, Nagoya 464-01

Heavy meromyosin (HMM) is a subfragment of myosin which is one of
the main proteins of muscle. HMM has an ability of ATP hydrolysis and
interacts with actin filaments during muscle contraction. Therefore,
it is important to get information whether any conformational changes
take place in HMM. In most studies of protein conformation, tempera-
ture is a good indicator for monitoring their dynamical properties.
The static and dynamic properties of tryptophan luminescence in HMM
powders were investigated over wide temperature ranges under high
vacuum conditions using synchrotron radiation from UVSOR. HMM was
prepared from rabbit muscle. The apparatus was set up, as illustrated
schematically in Fig. 1. A cryostat chamber was connected to a exci-
tation monochromator in BL7B beam line. The vacuum pressure was about
1% 10_7 torr. The samples were placed in a cryostat. A copper-cons-
tantan thermocouple was connected to the cell holder. The excitation
and emission lights were focused by UV lens, respectively.
Fluorescence decay times were measured by using the technique of
time-correlated single photon counting under the single bunch
operation. The signals from a microchannel plate photomultiplier were
received by multichannel analyzer and then sent to microcomputer.
Data were analyzed by a least-squares iterative convolution method.
The fluorescence emission spectrum has a peak at 330 nm, when excited
at 295 nm. The result means short-wavelength fluorescence from buried
tryptophan residues. The decay times have three components ( comp. 1
= 4.3-5.2 ns, comp. 2 = 2.5 ns and comp. 3 = 0.2 ns ) and these values
are independent of temperature. The fraction of these components
depend on temperature. Fig. 2 show temperature dependence on the
total and components of decay-associated emissions, respectively. The

results show that the component 1 depends on temperature.
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Coadsorption of K and CI on the Si(100)(2x1) surface
Shin-ichiro TANAKA, Masao KAMADA and Yukihiro TAGUCHI*

Institute for Molecular Science, Okazaki 444
* College of Engineering, University of Osaka Prefecture, Mozu, Sakai, Osaka 591

Coadsorption of K and Cl on the Si(100)(2x1) surface has been studied by the use of
core-level photoemission and absorption spectroscopy. All experiments were performed in an UHV
chamber equipped with a double-pass CMA, a LEED optics etc, at BL2B1- where the
"grasshopper’ monochromator was installed. The sample was a Si(100) wafer ( p-type, B-doped,
10 Qcm ). Cleaning was achieved by heating the sample at >1350K, and was checked by LEED
and AES. A commercial getter was used for the evaporation of potassium, and an electrochemical
AgCl cell was used for the exposure to chlorine. All spectra were recorded at room temperature.
The surface-sensitive absorption spectra were recorded in the Auger electron yield mode with a
double-pass CMA, and divided by the photoelectron yield from a gold mesh positioned across
the incident light beam in order to eliminate effects due to the transmission function of the
monochromator.

Figures 1 show the Si-2p spectra of (a): the clean Si(100) surface, (b): the Si(100) surface
covered with a potassium monolayer [ denoted as Si(100)/K hereafter ], (c): the Si(100) surface
with a potassium monolayer and subsequently
exposed to chlorine [ Si(100)/K/Cl ], and (d): . : : .
the Si(100) surface exposed to chlorine ( Si(100)/Cl Sigl Sibuik (d)

without a potassium layer ) [ Si(100)/Cl ].
The photon energy was 130 eV and the /\/
overall resolution was 0.3 eV. It is noted that Ry

both coverages of potassium on Si(100)/K and .
chlorine on Si(100)/Cl are estimated to be 1 SI(1OO)/K]CI
according to previous references. Dots are
experimental data, lines are least square fits,
and dotted lines are backgrounds. Each
component has two peaks due to the spin-
orbit splitting. All spectra have components at
similar binding energies, which are ascribed to
the ’bulk’ Si atoms ( Si,, ). [ Figs. I(a)-
1(d) ] Other components are ascribed to the
"surface’ Si atoms, and they have different K—deposit
binding energie.s and shal?es. The components Si(100)(2x1)
denoted as Si,, and Si,,, for the clean =
surface are assigned to the emissions from the 10'2' B 100 - '5'38
upper atoms and the lower atoms, Binding Energy (eV
respectively, of the buckled dimers on the Figure 1. Si-2p CO“’%&VBI Slge{tﬁa Oi)r (a): clean
reconstructed Si(100)(2x1) surface [ Fig. 1(a) Si(100)(2x1), (b): Si(100)/K, (c): Si(100)/K/ClL

1. The shift of the binding energies from the (d): Si(100)/CL Photon energy was 130 eV.

Intensity ( Arb. Units )
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"bulk’ components are ascribed to the charge transfer associated with the reconstruction. The Sig
and Siy, components for Si(100)/K and Si(100)/Cl are ascribed to the Si atoms bonded to the
potassium and chlorine atoms, respectively [ Figs. 1(b) and 1(d) ]. The shifts of the binding
energies for these surface atoms are interpreted to indicate the charge transfer between the
substrate atoms ( Si ) and the adsorbate atoms ( K and CI ), which is caused by their different
electronegativity. It is noted that the intensity ratio of the surface components to the bulk
components observed for Si(100)/Cl is similar to that for Si(100)/K/Cl. Therefore, the coverage
of atoms is estimated to be 1 on Si(100)/K/Cl.

For the Si(100)/K/Cl system, the Sip component which is observed for Si(100)/K is
extinguished. The binding energy of the surface components for Si(100)/K/Cl is similar to that
of Siy component observed for Si(100)/CL. Thus, it is considered that the configuration of the
chemical bond between the Si atom and the Cl atom in the Si(100)/K/Cl system is similar to
that in the Si(100)/Cl system, where the atom is bonded to the Si atom via a partially ionized
covalent bond.

Figures 2 show K L,, core-level absorption spectra of (a): Si(100)/K, (b): 8i(100)/K/Cl, and
(c): plolicrystalline KCI film evaporated on an Au substrate ( recorded in the total electron yield
mode ). The splitting of the main two peaks ( 2.8 eV ) observed in all spectra are ascribed to
the spin-orbit interaction, These doublets are ascribed to the transition 2p® — 2p*4s and 2p° —
2p*3d ( not resolved ). The peaks observed for Si(100)/K are broad. [ Fig. 2(a) ] It may be
related to the metallic character of the Si(100)/K surface and the formation of 4s and 3d bands
on the surface. These peaks are sharpened for
Si(100)/K/Cl and are very similar to those of K L—edge XANES
the KCl film. This indicates that the chemical 1 —_—
nature of K on Si(100)/K/Cl is similar to that ll \
in KCI crystal. Thus, it is considered that K A | \
is ionized in the Si(100)/K/Cl system.

These results show that Cl atoms are
partially ionized and bonded to Si atoms, and
K atoms are ionized in the Si(100)/K/Cl
system. The coverages of K and Cl are
estimated to be 1:1. It is noted that the (2x1)
LEED pattern was observed for Si(100)/K/Cl,
indicating that there is a ordered structure on
this surface. These results are consistent with
the other results of the core-level
photoemission spectra ( Cl2p, K2p and K3p o
) , and the Si L,, absorption spectra. ( not 290 300
shown ) Thus, it is concluded that a quasi Photon Energy (eV)
two-dimensional alkali halide layer is produced Figure 2. Absorption spectra of K-L,, core

on the Si(100)(2x1) surface. levels for (a): Si(100Y/K, (b): Si(100)/K/Cl, and
(c): KCl film. (a) and (b) were recorded in the

Auger electron yield mode, and (c) were

Si(100)/K/Cl

Si(100)/K

Absorption ( Arb. Units )
i

recorded in the total electron yield mode.
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DESORPTION OF METASTABLE Ne FROM THE SURFACE OF RARE
GAS SOLID BY PHOTON IMPACT

Takato HIRAYAMA®, Akira Hoshino*, Daniel E. WEIBEL*, Ichiro
ARAKAWA™ and Makoto SAKURAI™"

*Department of Physics, Gakushuin University, Mejiro, Tokyo 171
**National Institute for Fusion Science, Chikusaku, Nagoya 464

We have studied the desorption of metastable Ne atoms from thin Ne film
on solid Ar, Kr, and Xe by photon impact (photon stimulated desorption:
PSD) to reveal the mechanism of the desorption induced by electronic
transitions (DIET). Experiments have been carried out using a synchrotron
radiation at the beam line BL5B in UVSOR, Institute for Molecular Science.
Details of the experimental setup and procedure have been previously
described.!

Kloiber and Zimmerer? have proposed two types of models to describe
the desorption of excited neutral atoms; "cavity-ejection (CE)" and "excimer-
dissociation (ED)" mechanisms. Because the CE process, where the excited
atom is desorbed due to the repulsive force from the surrounding atoms in
ground state, strongly depends on the electron affinity (EA) of the matrix, the
desorption via CE mechanism is expected to take place in solid Ne and Ar (EA
< 0), which was experimentally observed3,4, but not in solid Kr and Xe (EA >
0). We have investigated the desorption of metastable Ne atoms from thin Ne
film on solid Ar, Kr, and Xe to clarify the cavity ejection mechanism.

7y T T T——— T
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Fig.1. Typical TOFspectrum of Ne metastables desorbed from solid Ne by photon impact.
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Figure 1 shows a typical time-of-flight spectrum of desorbed metastable
Ne (Ne*) from the surface of solid Ne by photon excitation. Two peaks due to
the CE and ED mechanisms are clearly shown in the spectrum together with a
photon peak, which is used as an origin of the flight time.

Figure 2 shows a dependence of kinetic energies of Ne* desorbed by the
CE mechanism on the thickness of the Ne film on solid Ar, Kr, and Xe at the
photon energy corresponding to the 1st order surface exiton. The kinetic ener-
gies of the Ne metastables are calculated from the flight time and the flight
length. The gradual shift of the kinetic energy to the CE peak energy of pure
Ne (0.18 eV) shows that Ne* in the Kr and Xe matrix, whose electron
affinities are positive, can desorb from the surface via the CE mechanism.

0.20
- ®
0.18 pPure-Ng. ————= A0 K
> : = 3 0
20.16 | 5] A
* - ® @ B
O L
— 0.14 A A NI O
i p A A
:}0.12:- A . m O Ne/Xe
010 F o o A Ne/Kr
) B ® Ne/Ar
0'08 -1 lllll' L 1 1 llllll Il L L
1 10

Thickness of Ne Film (atomic layers)

Fig.2. Dependence of kinetic energies of Ne* desorbed through the CE mechanism on the
thickness of a Nefilm on solid Ar, Kr, and Xe.
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Time Response of Exited-State Na Desorption from SR-Irradiated Na-Halides

Sayumi Hirose and Masao Kamada
Institute for Molecular Science, Myodaiji, Okazaki 444

Bombardment of solids by energetic electron- or photon-beams causes the ejection
of constituent species from the surface. There are numerous studies of the electron-
stimulated desorption (ESD) from alkali halides. However few groups have studied the
photon-stimulated desorption (PSD) of excited species.” The purpose of present study
is to get a better understanding of the PSD mechanism. Time response of excited-state
Na desorption from SR-irradiated Na-halides has been investigated by using a method of
time-correlated single photon counting.

Experiments were performed at a PGM beam line 6A2. The interval of successive
SR pulses was 178 ns and the full-width at half-maximum of a bunch was 500 ps.
Time response measurements were carried out with a time-correlated single photon
counting method. Single crystals were cleaved with a knife edge in sample chamber and
were excited with the zeroth-order light through the aluminum film,

Emission spectra of Na halides are composed of the atomic emission (so-called Na
D-line) at about 2.1 eV due to the transition from desorbed excited-state Na atoms and
broad bands.? Therefore, in order to obtain the time response of the excited-state Na
desorption, atomic line was separated from the broad band with using the time response
data observed at 2.07, 2.10 and 2.14 eV. The results obtained after the separation are
shown in figure 1. These time responses are composed of fast and slow components.
The fast component is in the time scale of nano-second and the slow component is
between 178 ns and 3 ms. The slowest limit was determined with the mechanical
chopper method. The time response of ground-state Na atoms has been regarded to be
in the scale of ps to ms by Kanzaki et al.® and Loubriel et al.”. Kanzaki et al.” have
observed the decay time and the temperature dependence of PSD of neutrals from alkali
halides, and proposed that the desorption process of ground-state alkali atoms is related
to the diffusion of Vk centers and the surface reaction of F centers and alkali ions.
Loubriel et al.¥ have studied the time dependence of ESD of ground-state Li from LiF,
and explained the persistence of the Li emission in terms of the slow diffusion of bulk
F centers. From the comparison between the time response of excited- and ground-state

alkali desorption, the slow component of excited-state alkali desorption is seemed to be
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in the time scale of ground-state alkali desorption. Therefore, the slow desorption of
excited-state alkali atoms may be due to the same mechanism as that of ground-state
alkali atoms. On the other hand, the fast component of excited-state alkali desorption
is in the time scale of nano-second, and so the fast desorption may be related to the
lattice defect formation (for example STE, F-H pair formation, and so on) due to the
electronic excitation in the surface layer and the charge transfer to alkali ioﬁs.

It should be noted that the time response of NaF (Fig. la) is much different from
that of NaCl (Fig. 1b). That is, the ratio of fast and slow components is about 1.5 and
3 for NaF and NaCl, respectively. The decay time of fast component of NaCl is 1.2
times larger than that of NaF. These differences may be related with the substance

dependence rteported previously.?
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THERMAL AND PHOTODECOMPOSITION OF IRON
PENTACARBONYL ADSORBED ON TITANIUM AND OXIDIZED
TITANIUM SURFACES

Masahiko MOROOKA*, Sadao HASEGAWA™, Tadashi HASEGAWA™, Shosuke
TERATANI®, Shinri SATO**, and Yuji UKISU™*

*Department of Chemisiry, Tokyo Gakugei University, Koganei, Tokyo 184, Japan
**Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

Irradiation of iron pentacarbonyl, Fe(CO)s, adsorbed on solid surfaces leads to formation
of a variety of products depending on the type of surface.l’ On insulator surfaces, a dimer or a
trimer of Fe(CO)s is formed depending on acid-base property of the surface, while complete
photodecomposition occurs at room temperature on semiconductor or metal surfaces. To
study a detailed mechanism of the photolysis of Fe(CO)s; adsorbed on metal surfaces, a
reaction intermediate has been investigated by a low-temperature adsorption method using IR
reflection absorption spectroscopy (IRAS), X-ray photoelectron spectroscopy (XPS), and
temperature programmed desorption (TPD) technique.

In the present study a Ti polycrystal plate was used as a substrate. Since Ti oxides show
the property of semiconductor, the Ti sample was oxidized in oxygen at 1000K and then used
as another substrate to examine a difference in a reaction mechanism between metal and
semiconductor surfaces. All the experiments were conducted in the UHV chamber of BL-4A,
which had been constructed for the study of surface photochemistry?). Because surface
impurities give crucial effects on the adsorption state of Fe(CO)s, the sample surface was
cleaned by repeating Ar ion sputtering at 673K for 1 hr followed by annealing at 900K for 5
min. SOR light was passed through a sapphire filter which cutoff wavelength is ca. 150 nm,
The coverage of Fe(CO); on the surface is about monolayer unless otherwise stated.

It is very important to examine adsorption states of reactants in surface photochemistry,
since electronic states as well as geometrical structure of adsorbed molecules are often quite
different from those observed in the gas phase. Fig. 1 shows the C1g XPS spectra of Fe(CO);

adsorbed on a clean Ti surface at 100K: The peaks at the binding energies of 282, 286, and
288eV are assigned to the carbons of carbide, carbonyl in subcarbonyl species, and carbonyl
in Fe(CO)s, respectively.® This result indicates that Fe(CO); adsorbed directly on Ti

undergoes thermal decomposition even at 100K to form partially decarbonylated species,
Fe(CO)s (x = 1 - 4), and carbide. The formation of carbide implies thermal dissociation of

CO released from Fe(CO)s and therefore remarkable reactivity of a Ti surface. Fig. 1 also
shows temperature dependence of the Cyg spectrum; adsorbed Fe(CO); decomposes further
with rise in temperature. Fig. 2 shows the thermal desorption spectra recorded after the
adsorption of Fe(CO); on the clean Ti sample. The solid line denotes CO* produced from
Fe(CO)s and CO in a quadrupole mass spectrometer, and the dotted line Fet exclusively from
Fe(CO)s. The peaks below 120K is due to the desorption from a heater of the sample holder.

Because these spectra involve contribution from the back of sample, which was not cleaned
by Ar ion sputtering, the desorption peak of Fe(CO)s; at ca. 150K is attributable to the
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Fig. 1. Cls XPS spectra of Fe(CO)s adsorbed Fig. 2. Thermal desorption spectra of Fe(CO)s
on the Ti sample. adsorbed on the Ti sample.

uncleaned surface, on which Fe(CO)s physisorbs. The Fe(CO); desorption peak at ca. 180K is
ascribable to physisorbed Fe(CO)s which may exist on a carbided surface produced by
thermal dissociation of carbonyl. The multiple desorption peaks of CO at temperatures above
200K arise from decomposition of decarbonylated (intermediate) species, and suggest that
various states of the intermediate species are yielded. The IRAS spectrum of adsorbed
Fe(CO)s (not shown here) exhibits a single CO stretching band, suggesting that a trigonal-
bipyramidal form in the gas phase is changed to a square pyramidal form on the surface, and
the broad shoulder in lower frequencies is indicative of the presence of decarbonylated
species. With rise in temperature the main band assignable to physisorbed Fe(CO)s
disappears below 180K in agreement with the result of TPD.

Irradiation of the adsorbed Fe(CO)s with SOR (>150 nm) light leads to evolution of CO,
but no photodesorption of Fe(CO)s was observed. XPS, IRAS, and TPD spectra show that
physisorbed Fe(CO)s; rapidly undergoes photo-decarbonylation to form partially
decarbonylated intermediate. When the substrate is heated, the intermediate species shows
similar behaviors to the thermally decarbonylated species. Neither composition nor geometry
of the photo-product, however, has been determined since the decarbonylated species
produced by thermal decomposition already presents too much on the surface. To avoid the
thermal decomposition of Fe(CO)s, the Ti sample was oxidized. After the oxidation, TPD
analysis shows that the thermal decarbonylation is greatly suppressed, while IRAS indicates
that the adsorption state of Fe(CO)s is quite different from that observed for metal surfaces.
Further investigation is under progress.
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Photodecomposition of Iron Pentacarbonyl Adsorbed
on Silver Surfaces

Yuji UKISU, Hisashi OGAWA, and Shinri SATO
Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

Surface photochemistry of organometallic compounds has
received increasing attention because of its application to
producticon of a variety of functional materials. For a deeper
understanding of a mechanism of surface photochemical reactions,
information on structure and geometry of adsorbed molecules
becomes indispensable. This paper reports observation of the
photolysis of iron pentacarbonyl adsorbed on silver surfaces
using IR reflection absorption spectroscopy (IRAS), temperature-
programmed desorption (TPD) technique and X-ray photoelectron
spectroscopy (XPS).

Experiments were done with a UHV chamber at BL-4A.!) Silver
samples used were a polycrystalline plate and cleaned by Ar ion
sputtering. Monolayer coverage was achieved by 6-8 L dosing of
Fe(CO); (L = Langmuir, 107® torr/sec). SOR light was irradiated
to the sample through a sapphire or glass cutoff filter.

Figure 1 shows the IRAS spectra of Fe(CO); adsorbed on Ag
surface at 100 K before and after irradiation of SOR (>150 nm)
light at different coverages. In the spectrum after irradiation
at coverages below monolayer, a new C-0 stretching band due to
subcarbonyl species assignable to Fe{CO}, or Fe(CO)3 is observed
at lower frequencies. In multilayer Fe(CO)5, the photolysis leads
to appearance of a broad band at higher frequencies, indicating
formation of oligomers such as Fez(CO)9 and Fe, (CO) ,,.

Figure 2 shows TPD spectra of CO"(m/e=28) before and after
the photolysis. A desorption peak at around 180 K is due to the
desorption of physisorbed Fe(CO). in multilayer and peaks above
200 K are attributable to the thermal decarbonylation of adsorbed
species bound strongly to the surface and photoproducts. The
average composition of photoproducts can be estimated from a
change in peak areas between the low and high temperature peaks,
and the result shows that the CO/Fe ratio is about 4 at nearly
monolayer coverage and decreases to less than 3 with further
increase in coverage, indicating the extent of photo-
decarbonylation depends upon coverages.
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XPS spectra of C, ., O,  and Fezp (Fig.3) show that their
binding energies shift to lower energies after irradiation. This
indicates again formation of subcarbonyl species. From the
comparison of peak areas of C,s and Fezp, the photoproduct is
assumed to be Fe(CO),. After heating up to 330 K, C and O
signals disappear and deposition of Fe metal is observed.

We conclude that an intermediate of the photolysis is
Fe(CO)4 stabilized due to strong interaction between the carbonyl
ligands and the surface, and the intermediate undergoes further
photo-decarbonylation to form oligomers at multilayer coverages.
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SYNCHROTRON RADIATION EXCITED ETCHING OF SILICON SURFACE
STUDIED BY VELOCITY DISTRIBUTION MEASUREMENTS OF
DESORBED SPECIES

Haruhiko OHASHI, Kiyohiko TABAYASHI and Kosuke SHOBATAKE
Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

The neutral species desorbed from the surface in the etching reaction of
crystalline Si(100) have been identified from the measurements of their velocity
distributions using a time-of-flight (TOF) technique combined with an electron
bombardment ionization mass spectrometry. The preliminary measurements of the
velocity distributions indicate that the desorbed species formed in the etching reactions
of Si with XeF, are essentially identical for the undulator on and off although
irradiation of synchrotron radiation (SR) promotes the etching reaction.

In the present study very reactive etchant XeF, gas was used to avoid the etchant
gas pressure to exceed 1.0x10* Torr in the reaction chamber and yet to supply enough
F atoms to the surface. The schematics of the apparatus is shown in Fig. 1.
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detected by an electron bombardment ionization quadrupole mass spectrometer. Since
the ion energy is much larger than the thermal translational energy of the neutral
species, the time spent from the moment of a neutral species passing the chopper to
that of ion detection is essentially equal to the neutral flight time (from the chopper to
the ionizer). The flight length from the chopper to the ionizer was 31.0cm.

The velocity distributions of the desorbed species from the substrate surface were
measured at masses m/e = 47, 66, 75, and 85 with the undulator beam on and off.
From the TOF distributions of the desorbed species we conclude that the only products
with relatively heavy masses M > 100 are desorbed. The typical TOF spectra measured
at ion mass m/e = 85 (SF;) with SR on and off are illustrated in Fig. 2. The

substrate was kept at room
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300 K and a neutral mass M =

104 which corresponds to SiF,. If a mass of the desorbed species M = 85 (SiF;) is
assumed the calculated distribution does not fit well to the observed one. From the
results mentioned above we conclude that the parent molecule detected at m/e = 85 is
not SiF; but SiF, even for the beam on. This is an important observation since the
species desorbed from the surface on a repulsive potential energy surface or kept at a
higher temperatures than room temperature just after photoexcitation, can exhibit a
velocity distribution for T higher than the room temperature. In fact from Fig. 2 one
finds that 1) the distributions for the beam on and off are basically identical with each
other except for the higher intensity for the SR beam on, and 2) the product intensity

is higher for the SR beam on than for the beam off within the experimental error.
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Synchrotron radiation assisted epitaxial growth of compound
semiconductor using metalorganic sources

Hiroshi OGAWA, Mitsuhiro NISHIO, Makoto I[KEJIRI,
Toshihiro OGATA, and Akira YOSHIDA~

Department of Electronic Engineering, Faculty of Science and
Engineering, Saga University, 1 Honjo, Saga 840, Japan
"Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

The synchrotron radiation ( SR ) seems to provide a new light source
in low-temperature growth process. In order to demonstrate its useful-
ness, we have investigated the growth of ZnTe, which is a I[1-VI
compound semiconductor. In this report, we describe the first success-
ful growth of compound semiconductor using metalorganic sources by the
SR irradiation.

The apparatus used in the present experiment is illustrated schemati-
cally in fig. 1. This apparatus was connected with the differential
pumping chamber system in the beam line BL-84 of UVSOR facility at
Institute for Molecular Secience. Diethylzinc and diethyltelluride were
used as source materials. As a carrier gas, hydrogen was employed. The
substrate was (100) oriented GaAs. The growth was carried out in the
same manner as previously reported'’ except that the substrate holder
was not heated. That is, the introduction of source gases into the
chamber, formation of adsorbed layer and decomposition of adsorbed
source molecules by the SR iradiation ( one cycle for growth ) were
repeated.

Figure 2 shows the microphotograph of the film deposited on the sub-
strate and the corresponding result measured with a surface-roughness
meter. The film has a relatively smooth and featureless surface mor-
phology. The boundary between the film is estimated to be 1000 to 1500
A. This value corresponds to 5 to 8 A/cycle in average, implying the
surprising slow growth of atomic layer order.

Both the Zn 2p core level XPS signal and the Te 3d signal were dis-
tinctly observed in the grown layer, showing that the film is ZnTe.

Until the growth exceeds 15 cycles, the RHEED pattern of the film
exhibits streak pattern. The pattern changes to the spotty one after
15 cycles and then retains it through the experiment. Figure 8 shows
the RHEED pattern (20 keV, [011] azimuth) of ZnTe film on {(100) GaAs
substrate when the number of growth cycles is 190. The distinet and
clear spot pattern clearly shows the single crystalline film and excel
-lent crystallinity. Furthermore, as shown in fig.3b, the array of di-
ffraction spots confirms the epitaxial layer.

The substrate temperature rise due to the SR irradiation itself is
probably negligible because of the use of low power less than 0.3W and
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the intermittent introduction of SR light. Hence, it can be concluded
that the SR irradiation offers the epitaxial growth at room or low

temperature using metalorganic sources.
1)H. 0gawa, M.Nishio and M. lkejiri, UVSOR activity report (1992).
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OPTICAL CHARACTERIZATION OF Si SURFACE
BY HIGH-SENSITIVITY INFRARED REFLECTANCE SPECTROSCOPY

Masanori OKUYAMA, Masahiro NISHIDA, Junko IZUMITANI, Takeshi KANASHIMA

Deparmment of Electrical Engineering, Faculty of Engineering
Science, Osaka University, Toyonaka, Osaka 560, Japan

Atomic bondings and morphology on the Si surface have attracted much attention with
respect of microfabrication of Si integrated devices, because Si atomic layer steps and/or oxide
on the Si surface change the electrical properties of the prepared Si or SiO2 film, and affect
basic characteristics of the fabricated devices. High-sensitivity infrared reflection spectroscopy
has a sufficient sensitivity to give detailed information about the chemical state of the substrate
and deposited film during in-situ deposition. We investigated Si(111) surface in-situ using
high-sensitivity infrared reflection spectroscopy, and studied the surface reaction and atomic
condition of Si wreated with O2 or H2 gas and wet etching with and without irradiation in a
vacuum chamber.D)

A Si wafer of 4-inch diameter was supported in a vacuum chamber of 500 mm ¢
diameter and 400 mm length. An infrared beam from a fourier-transformation infrared (FT-IR)
spectrometer was concentrated by a concave mirror and applied to the Si wafer through a
window plate in a vacuum chamber. The reflected infrared beam exited through the other
window, was concentrated by a focusing mirror, and was detected by an IR detector. The
absorption induced by species and molecules on the Si substrate can be obtained by dividing the
spectrum measured after the treatment by that obtained before the treatment. A Si(111) wafer
was etched with 5% HF solution or BHF(NH4F:HF:H20:NH40H=7:1:6:1) solution after
RCA cleaning. Reflectance spectrum of the Si(111) wafer was measured in the film treated at
2000C in 5Torr O2 ambience for 100min after 5% HF and BHF etching.

Three main absorption peaks are found in the spectrum, and are attributed to
absorptions corresponding to SiO stretching (~1080cm-1), SiOH deformation (~950cm-1) or
Si0 bending (~84(}cm'1). Intensities of the three peaks as a function of O2 treatment time are
shown for the film etched by BHF in Fig.1. Obvious steplike increases in the absorption
intensities may indicate a process of layer-by-layer oxidation. The plateaus in the steplike
behavior are seen more clearly and their values are smaller in the sample etched with BHF in
comparison to that with 5%HF. It is considered that there are many atomic steps on the Si
(111) substrate surface after 5%HF or BHF solution etching. The terraces on the Si surface are
well passivated with strong chemical Si-H bonds. Although a part of the Si on the terrace can
be oxidized vertical to the substrate surface, it is difficult to oxidize Si on the terrace because of
formation of monohydrides. Oxygen can attack reactive sites, such as step edges and
dislocations, whose chemical bondings are weak. The nearest neighbor atoms to the oxidized
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atom are also attacked easily by oxygen due to the stress. The surface layers of Si parallel to
the substrate surface suffer stress from oxidized neighbor atoms and are oxidized more easily
than those vertical to the substrate surface. Deeper Si layers require more time for oxidation
than shallower layers due to the difficulty of oxygen diffusion. Then, one layer of the substrate
surface is oxidized and becomes quasi-stable till oxygen's next attack. A consequent delay in
oxidation occurs, and causes the plateaus shown in Fig.1. Moreover, Fig.1 indicates that the
plateaus obtained in the surface etched by BHF are longer than those etched by 5%HF; thus,
the surface treated by the BHF etching is flatter atomically than that by the 5%HF.

Si wafers were irradiated by UVSR to study photochemical reaction for hydrogen
termination and Si oxidation. Absorption peaks of Si-O(~1080cm-1) was not changed by
irradiation of UVSOR light in Op or Hp ambient. Figure 2 shows spectral change induced by
UVSOR irradiation in Hp ambient. Si-H absorption on Si(~ 2070cm-1) and Si-H absorption in
Si05 film(~2270cm-1) increase with inceasing irradiation time in Hy ambient. Hj is dissolved
by the UVSOR irradiation and becomes to proton(hydrogen ion). This proton might increase
hydrogen terminating Si, and also get into SiO» layer easily.

References

1) M. Nishida, Y. Matsui, M. Okuyama and Y. Hamakawa: to be published in Jpn. J. Appl.
Phys.
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FABRICATION OF SILICON FILMS USING UNDULATOR RADIATION

Masahiro TOMIDA, and Akira YOSHIDA®

Toyohashi University of Technology, Toyohashi 441
“Institute for Molecular Science, Okazaki 444

Undulator radiation(UR) emitted from a mulipole wiggler is qusi-
monochromatic and contains vacuum-ultraviolet light whiech is suitable
to decompose the material gases in semiconductor industry. Therefore,
it is a promising light source in phto-CVD(chemical vapor deposition)
for future LS] processing. However, there are few reports on phto-CVD
utilizing UR. We have fabricated silicon films for the first time using
UR as a light source. In this report,the experimental results of UR-CVD

of silicon thin films are presented.

<EXPERIMENTAL>

The experiments were carried out at BL3A1 in UVSOR. The wundulator
gap was adjusted to 45, 60, and 75 mm :the fundamental lines of photon
energy are 19,836,850 eV, respectively.The experimental apparatus consists
of a differential pumping system that prevents any gases from flowing
into the beam line, and of a growth chamber. A nickel mesh was installed
10 mm away over the substrate. Substrates were §i wafers and glass.
Disilane gas was introduced to the growth chamber. The flow rate was 2
scem through a mass flow controller and the growth pressure was kept at
15 mTorr. The substrate temperature was varied from room temperature to
100 °C.

<RESULTS>

The photograph of the film is shown in Fig. 1. The film was deposited
only at the irradiated areas, suggesting that surface reactions
dominant. Moreover, some small fringes were found inside each squares.
This is due to Fresnel diffraction in which the mesh acts as a slit.

A typical result of Auger electron spectroscopy(AES) is given 1in Fig.
2. The Si(LVV) peak at 92 eV and Si(KLL) peak at 1619 eV are observed.
The contamination due to carbon and oxygen 1is not found.

Fig. 3 shows the temperature dependence of the growth rate. From this
result, the growth rate decreases as the substrate temperature
increases:i.e., the actviation energy is apparently negative. This fact

suggests that the depositon is due to adsorption-controlled process
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Fig.1l. Photograph of
silicon film deposited
on glass.The substrate
temperature was 25°C,
and UR gap was 45 mm.

Fig. 2. AES spectra of
the specimen deposited
on Si at room tempe-
rature. UR gap was

60 mm.

Fig. 3. Substrate tem-
perature dependence of

growth rate
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Reflectance of Multilayer Gratings in the Soft X-ray Region

Eiji ISHIGURO, Tsutomu KAWASHIMA, Koujun YAMASHITA', Hideyo KUNIEDA',
Yuzuru TAWARA', Takashi YAMAZAKI', Hidenori YOSHIOKA', Akihiro FURUSAWA,
Kuninori SATO?, Masaru KOEDA®, Tetsuya NAGANO® and Kazuo SANO®

Department of Applied Physics, Osaka City University, Sumiyoshiku, Osaka 558
*Department of Physics, Nagoya University, Chikusaku, Nagoya 464-01
#*National Institute for Fusion Science, Chikusaku, Nagoya 464-01
SOptical Devices Dept., Shimadzu Corporation, Kyoto 604

The reflectance for a laminar Pt/C multilayer grating has been measured in the region from
1.2 keV to 2.8 keV by using monochromatized light from a crystal monochromator in the
BL7A beamline of UVSOR. The grating comprises 10 layers of Pt and C with 2d=100 A on
a Si0, laminar grating which was produced by means of a holographic exposure and reactive
ion-beam etching. The groove density was 1200 I/mm and the groove depth 100 A.

Examples of angular distributions of diffracted light for various incident angle at the photon
energy of 1.2 keV are shown in Fig.1. It can be seen that the intensities of the m=0,+1, and
~1 spectral orders vary depending on the incident glancing angle. In Fig.2(a), the reflectance
of each order are plotted as a function of the glancing angle, together with the total reflectance
measured with a detector having a large acceptance angle and that of a multilayer mirror which
was fabricated at the same time when the multilayer was deposited on the grating. A high
total reflectance at the glancing angle less than 2 deg. are due to the total reflection of Pt, and
a peak around the glancing angle of 5.8 deg. to Bragg reflection of the multilayer.

The dependence of the reflectance of the spectral orders in the Bragg peak on the glancing
angle can be qualitatively interpreted by a kinematical theory of multilayer gratings”;

o sin’{NntD/McosB—cos8)} , 1 sin’{Mmd/M(R,sin6-Rysinf)}
N? sin*{mD/A(cosB-cosf')} M? sin*{md/AMRgsinB-R,sind)}

2
X

L rL : ,
o f chp{me(cosB—cosﬂ)ﬁL}dx )

The symbols in this formula are referred to the reference (1). Fig.2(b) shows a comparison
of the experimental results in the Brag region with those calculated from eq.(1).

The maximum reflectance of m=0, +1 and -1 order in the Bragg region were 6.4 % (5.8),
1.8 %(5.7°) and 1.6 %(6.2"), respectively, at E=1.2 keV, 9.0 % (4.1°),2.1 %(4.3") and 1.6
% (4.3") at E=1.7 keV, 6.4 %(3.5"), 1.2 %(3.3") and 1.3 %(3.2") at E=2.0 keV, and 8.8
% (2.5%), 1.5 %(2.2") and 1.4 % (2.0°) at E=2.8 keV.

Reference
1)W.K.Warburton, Nucl.Instrum. and Methods A291, 278 (1990)
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Heat Load Resistivity of SiC Gratings for High-Power Synchrotron Radiation

Eiji ISHIGURO, Makoto SAKURALI!, Hideki MAEZAWAZ, Mihiro YANAGIHARA3,
Makoto WATANABE#, Masaru KOEDAS, Tetsuya NAGANOS3, Kazuo SANOS,
Yasuhiro AKUNES and Kichiya TANINO®
Department of Applied Physics, Osaka City University, Osaka 558
IDepartment of Physics, Kobe University, Kobe 657
2National Laboratory for High Energy Physics, Ibaraki 305
3Research Institute for Scientific Measurements, Tohoku University, Sendai 980
4Institute for Melecular Science, Okazaki 444
SShimadzu Corporation, Kyoto 604
6Nippon Pillar Packing Co., LTD., Hyogo 669-13

High resistivity against the heat load of synchrotron radiation is required for diffraction
elements in grating monochromators which will be installed in VUV and soft x-ray beam lines of a
high-brilliance next-generation storage ring. It has been reported that SiC gratings withstand high
power beam emitted from an undulator.

We fabricated ion-beam etched SiC gratings and examined them about the resistivity against
radiation from a multipole wiggler (EMPW #28) installed on the Photon Factory storage ring. High
quality of surface finish is essential, and CVD-b SiC is considered to be one of the best mirror
materials. We have developed CVD-SiC in which individual grains are strongly oriented to the
(220) plane. For the fabrication methods, crystallographic orientation, polishability and etching
characteristics of CVD-8iC, we described in detail elsewhere!.

Diffraction efficiencies of two SiC gratings with groove density of 1200 I/mm were
measured by using monochromatized lights in the region of 17-300 A from a plane grating
monochromator installed at the BL5B of UVSOR. One (#1) has a groove depth of 75 Aanda
width-to-spacing ratio of 0.33 and the other (#2) a groove depth of 100 A and a width-to-spacing
ratio of 0.45. Through the wavelength region in the present experiment, the maximum efficiencies
of the +1 order are 5-20 % for the gratings coated with Au.

The grating #1 without coating and the grating #2 coated with Au of 200 A thickness were
tested for the radiation of EMPW #28. The comparison of diffraction efficiency between Au coated
and without coating revealed that the coating improves it especially just over C-K and Si-L edges.
The total power which the grating absorbed was 277 W and the power density at the center of the
wiggler beam was estimated to be 2.7 W/mm2. No visible damage was observed for the grating #1,
on the other hand a discoloration was observed in a limited portion around the center of irradiation
for the grating #2 (Fig. 1). SEM photographs of both gratings clearly show the difference in thermal
strength (Figs. 2 and 3). No deformation of the grooves was found for the grating #1, however, the
grooved pattern of the grating #2 can hardly be recognized after irradiation for 40 min.

Figure 4 shows angular distributions of the diffraction light for the both gratings. The
efficiencies of the grating #2 can be regarded to be unchanged after irradiation, as well as for the
grating #2. However, increase of the scattered light components was observed for the grating #2
irradiated for 40 min. This is due to the disappearance of the groove pattern in the central part and
relatively large deformation of the Au layer in the portion except the center.
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Figure 1

SiC gratings after irradiation of

wiggler beams; the right side is grating #1 and
the left grating #2. The left and right halves of
each grating were irradiated for 4 and 40 min,

respectively.
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Figure 2 SEM photographs
of the grating #1 (a) before
irradiation, (b) after irradiation
for 4 min and (c) after irradiation

for 40 min.

Figure 3 SEM photographs
of the grating #2 (a) before
irradiation, (b) after irradiation
for 4 min and (c) after irradiation

for 40 min.
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Performance Check of B-Alumina as a Soft X-ray Monochromator Crystal
Atsunari HIRAYA, Kazunori MATSUDA®, Yang HAI", and Makoto WATANABE

Institute for Molecular Science, Myodaiji, Okazaki 444, Japan
*Naruto University of Education, Naruto 772, Japan
“*Institute of High Energy Physics, Beijing, China

For double crystal monochromators (DXM) used in synchrotron radiation facilities,
only beryl crystal can be used steadily in the region below 1.5 keV. However beryl
has several disadvantages such as weakness to radiation damage and difficulty to obtain
a good natural specimen. Therefore, there are interest and need for crystals that can
be used below 1.5 keV, especially the lower energy region than that covered with beryl
crystal. We tried to use a synthesized inorganic crystal B-alumina (Na,0-(Al,05);;, 2d
= 22.53 A) as a monochromator crystal of DXM and compared the resolution and
intensity from [-alumina with those from beryl.

A pair of [(-alumina crystals were prepared from a block of re-crystallized
alumina firebrick (Toshiba Monoflux) by cleaving flat area (ca. 2 X 2 cm?) and used
without further polishing. Measurements were carried out by setting two [-alumina
crystals in the DXM at BL1A beamline equipped with a focusing pre-mirror: Figure 1
shows a throughput spectra of DXM obtained with B-alumina, beryl, quartz-Y, InSb, and
Ge-111 crystals with the same detection system (electron multiplier tube with Au first
dynode, high voltage = 1.5 kV). The B-alumina crystal covers the energy region from
580 to 1740 eV (Bragg angle 71.5° ~ 18.5%) with more than ten times higher intensity
than beryl crystal. Resolution of the pair of B-alumina crystals used is estimated to be
0.75 eV at about 900 eV which is enough narrow for some experiments such as
EXAFS, though broader than that of beryl (0.46 eV). No degradation in intensity and
resolution were observed even after 1 month exposure to synchrotron radiation under
normal operation conditions. Since this resolution was obtained for as-cleaved crystal,
improvement in both intensity and resolution are expected after proper treatment such
as polishing and annealing. As an example of measurement with using [-alumina,
figure 2 shows an absorption spectrum, obtained by a transmission method, of NaF film
(2000 A) deposited on a polyester film.
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Figure 1. Throughput spectra obtained with using Figure 2. F-K and Na-K absorption spectrum of
B-alumina, beryl, quartz-Y, InSb, Ge-111 crystals.  NaF thin film (20004).
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X-Ray Reflectivity of Thin Foil Mirrors for X-Ray Telescope
K. Yamashita, H. Kunieda, Y. Tawara, Y. Kamata, K. Iwasawa, T.
Yamazaki, A. Furusawa and H. Yoshioka

Department of Physics, Nagoya University, Nagoya 464-01

The grazing incidence X-ray telescope for ASTRO-D, the
fourth Japanese X-ray astronomy satellite, is made of two stages
multi-nested thin foil conical mirrors in order to reduce the
weight and to get high throughput in the energy region up to 10
keV. Conical mirrors are simulated to Wolter type I. The
telescope's specifications are: outer (and inner) diameter, 344
mm (and 120 mm); glancing angle of 0.25 deg at inner to 0.7 deg
at outer:; mirror length, 100(x2) mm; focal length, 3500 mm; total
number of mirrors, 120; mirror substrate, aluminum foil (0.15 mm
thick) coated with acrylic laquer and gold for the reflecting
surface; angular resolution, 3 arcmin (half power diameter, HPD});
and effective area of 300 cm2 at 1.5 keV, 180 cm2 at 4.5 keV and
100 cm2 at 8 keV. Aluminum foil substrates are bent in a proper
shape by wusing a hot-press method with vacuum chucking to a
conical mandrel. All the mirrors are precisely aligned at coaxial
and confocal positions by 1 mm pitch in average in order to
obtain sharp image at the focal plane.

The X-ray reflectivity of thin foil mirrors against glancing
angles was measured by using a double crystal monochromator at
BL-7A in the energy range of 0.8 - 2.3 keV with beryl and 1.7 - 4
keV with InSb. The glancing angle was changed in the range of 0.5

- 1.4 deg. A conical mirror was fixed at the sample holder
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keeping in right shape. The observed results are shown in figure
1. The degradation of the reflectivity was not recognized in
comparison with a standard gold mirror deposited on superpolished
1)

glass Therefore it turned out that the reflecting surface is

smooth enough for X-ray reflection, whereas the surface figure is
not flat enough for the image formation as expected.
This measurement is very important to derive the effective

area of the telescope against X-ray energies, especially around M

absorption edge of gold.

References
1. K. Yamashita et al., UVSOR Activity Report 1991, p.112.

1 T T T T T T T T T T T T T T T T
st 03deg
---"“"".'...".;O.Sdﬁg
] '"'""""‘."l'l' 0.7deg
o, e
Vs - N
. ; AN "w,‘,.-.‘.l\."..-_““.m.-»,. N
a 5 : Lttt b
~— K A
Q .
—-Q.i ! i
fale i i ’“""‘“I'-Ix" ' o ..""
L’@ P ', \-'~ ) " .l."ll'-" ‘1"';.“>l.|l,:tl:1 : ]-Odﬂg
m \I-/ . 1 L |II,:',0I' 7
Mi(3s) => 3425¢V iy
Mil(p, ) =>3148eV A
M]H(}pj!z) =>2743eY
MIY(3d,,,) =>2291eY *only Isigma statistical errors are shown .,
MV(}dm) =>2206eV i 1.2deg
0.1 PR e TN AR (SO (O U (NN SR IS NN R AN THN AR AN S0 U
2 2.5 3 35 4

Energy(keV)
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figure.
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Soft X-Ray Imaging Microscope with Sub-optical Resolution at UVSOR.
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4) Lawrence Berkeley Laboratory, Berkeley, CA
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7) Jichi Medical School, School of Nursing, Tochigi 329-04

A soflt x-ray imaging microscope with zone plates was set up at UVSOR BL8A, and
imaging tests were performed at 3.2nm. This microscope is basicaly the same with the last
type!), but with great improvements on resolution, as objective zone plates of high resolution
became available.

The system consists of an upstream pinhole (UPH; 100pm#-400um¢ or not used), a
filter (SiN, thickness: 100nm and Ti, thickness: 55nm), a condenser zone plate ((4.3mmé,
the outermost zone width: 0.25ume¢. The third order radiation was used for illumination.)
or (2.4mm¢, the outermost zone width: 0.44um¢. The first order radiation was used for
illumination.), a pinhole (SPH; 10um¢ or 30pumé), a specimen, an objective zone plate (OZP;
50ume, the outermost zone width: 45nm), a micro-channel plate (MCP) and a fluorescent
plate. The magnification ratio is 750-800. A photographic view of the microscope is shown
in Fig.1

The resolution was estimated to be 0.21pm from the edge profile of an image of a zone
plate used as a specimen (10%-90% of the total contrast). This is worse than the theoretical
one (55nm), which would be mainly due to low spatial resolution of MCP. A 78nm line and
78nm space pattern of a Ni zone plate (thickness: 135nm) was resolved as shown in Fig.2.
Experiments using photographic films instead of MCP are currently under way.

Dry biological specimens, such as diatoms (of which image is shown in Fig.3), rab-
bit and crab myofibrils (of which image is shown in Fig.4), collagen fibers, chromosomes,
sperms, Synechocystis, Porphyridium cruentum, Chlamydomonas, Euglena gracilis, and soy-
bean protoplasts, were observed.
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Fig.3 Image of a diatom at 3.2nm.

3.2nm.

==



Some Characteristics of a Solid State Detector at Soft X-ray Region

Hiroshi TSUNEMI, Kiyoshi HAYASHIDA, Keisuke TAMURA
Akira HIRANO and Hiroyuki MURAKAMI
Department of Earth and Space Science, Faculty of Science, Osaka University
1-1 Machikaneyama-cho, Toyonaka, Osaka, 560

We carried out a experiment to test a solid state detector, EG & G ORTEC
Si(Li) detector. The entrance window of the detector is about 4 mm in diameter
while we placed a pinhole of about 0.5 mm in diameter in front of the detector to
restrict the position of X-rays at the detector center. We also placed an X-ray shut-
ter to control the incident X-ray flux on the detector. All the measurements were
done at an intensity level about 2000 counts/sec.

Figure 1 shows pulse height distributions for various X-ray energies. They
can be well expressed with two gaussian profiles: one represents a main peak pro-
file while the other represents a tail next to the main peak. There is a clear differ-
ence in the shape of the pulse height distribution just below the Si-K edge energy
(1.84 keV) and that just above it. The ratio between the main peak and the tail part
is correlated not to the incident X-ray energy but to the mean absorption length of
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the X-ray in silicon. The mean absorption length just above the Si-K edge is only
1.2 um while that just above it is about 14 pm.

Taking into account the electric field applied inside the Si and the electron
mobility, some charge is lost at the earth electrode due to the diffusion process.
Therefore, the shorter the mean absorption length is, the bigger the tail part com-
pared to that of the main peak. Since the mean absorption length of the X-ray
below 0.7 keV becomes shorter than that at 1.84 keV, the tail part will grow until
we lose the main peak. The solid state detector may not work well at sub-keV
range even if we replace the beryllium window with other thin material.

Figure 2 shows the relation between the incident X-ray energy and the peak
position of the main peak. In general, the linearity of the detector is good. How-
ever, there is a clear jump at the Si-K edge energy. The discrepancy is about 8 eV.
The X-ray just above it is absorbed through the K-absorption while that below it is
absorbed through the L-absorption. The final charge state of the atom depends on
the absorption process. The average ionization degree of the atom after its K-
electron vacancy is bigger than that after its L-electron vacancy. The ionization
process of the photoelectron in the silicon is independent of the incident X-ray
energy. This means that the average ionization energy for the X-ray just above the
Si-K edge becomes bigger than that for the X-ray just below it.

We found the characteristics of Si SSD as follows.

(1) It will produce a deformed pulse height distribution when the X-ray mean
absorption length is short.

(2) There is a non linearity of about 8 eV at the Si-K edge energy.

Fig. 2. The linearity of the SSD between the incident X-ray energy and the peak position of

the main peak. A wide energy range is shown in the left while that around the Si-K edge is in
the right. There is a non-linearity effect about 8 eV at the Si-K edge energy seen.
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Calibration of the GIS Detectors on board the ASTRO-D Satellite

Kazuo MAKISHIMA, Yoshiki KOHMURA, Makoto TASHIRO, Yasushi IKEBE,
Takaya OHASHI*, Koujun YAMASHITA#, Yoshihiro UEDA#,
and the GIS Team

Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo 113.
* Department of Physics, Tokyo Metropolitan University, Hachioji, Tokyo 192-03.
# Institute of Space and Astronautical Science, Sagamihara, Kanagawa 229.

The cosmic X-ray satellite ASTRO-D, to be launched in February 1993, will carry
on board two sets of imaging gas scintillation proportional counters, called GIS (Gas
Imaging Spectrometer). The GIS detectors have a circular working area of 50 mm
diameter, a wide sensitivity range (0.7-15 keV), a moderate energy resolution (8%
FWHM at 6 keV), and a position resolution of 0.5 mm (FWHM) because they are used
as focal plane imaging X-ray detectors. The GIS detectors also have very low
background level suitable for observations of very faint cosmic X-ray sources.

Because of these superior but complex capability of the GIS, it is essential to
calibrate their pulse-height and position responses all over the sensitive energy range
in detail before launch. The calibration needs highly monochromatic and well
collimated X-ray beam of sufficient brightness. Furthermore calibration below about 4
keV is difficult to perform in the atmosphere.Therefore the UV SOR provides an ideal
mean of the GIS calibration.

We used the BL7A beam line of the UV SOR to calibrate a protomodel GIS
detector. Using a Ge(111) and a Beryl crystal spectrometers to cover energy ranges of
2.0-5.8 and 0.83-2.41 keV respectively, we performed detailed two-dimensional scans
over the sensitive area of the detector at various beam energies. We obtained the
following results. These results provide valuable contribution to the GIS project which
aims at a novel research in the high energy astrophysics.

(1) We measured relation between the GIS output pulse-height and the incident beam
energy (see Figure). In particular, we determined small jumps in the pulse-height
vs. energy relation at L-edges of Xenon, which is used as a working gas in the GIS.

(2) We obtained deteailed calibration data of the GIS down to about 0.8 keV, which
is close to its energy lower boundary.
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Figure: relation between the GIS output pulse height
and the incident beam energy.
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FAR-INFRARED REFLECTION SPECTRA OF MONOCLINIC Zan

Osamu ARIMOTO, Mitsuru SUGISAKI, Masaru EGUCHI,
Makoto WATANABE,* and Kaizo NAKAMURA
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*Institute for Molecular Science, Okazaki 404

Monoclinic zinec diphosphide ( B—Zan) shows a very clear
hydrogen-like exciton series near the fundamental absorption
edge. Recently we have observed +two closely separated resonant
Raman (RR) lines with energies of 260 and 252 (3mb1 under excita-

1)

From comparison
2)

tion into the exciton resonance region at 2 K.
with the infrared reflection spectra at room temperature (RT),
they are tentatively assigned to be due to the scattering of
exciton polaritons by the longitudinal optical (LO) phonons with
those energies. However, there is no data of infrared spectra at
low temperatures. The unit cell of 5—ZnP2 contains 8 zinc atoms
and 16 phosphorous atoms, giving rise to 72 phonon branches. O0f
these, 33 modes are infrared-active and 36 modes are Raman-active.

In the present study, we have measured far-infrared reflec-
tion spectra of [3—ZnP2 at temperatures 300, 80, and 10 K.
Experiments were performed at the beam line BL6A. A Si-disk was
used as the beam splitter of the interferometer, by which the
spectral region is extended up to ~ 300 cm—l. Figure 1 shows
reflection spectrum (solid curve) for the E//b polarization at
RT. Two prominent reflection bands labelled A and B of the Bu
mode are seen, whose reflection peaks locate at 214 and 245 cm-l.
For the E//c¢ polarization, one reflection band of the AU mode is
observed at 228 cm—l. The broken curve shows the calculated
spectrum obtained by using a many-oscillator model, in which the
dispersion of the complex dielectric constant 1is given by the

expression

& (w 2 _ w 2)
_ : _ o Lj TJj
5("’)‘51("’)+1£2("’)‘5m+ ZJ_ wz—wz—iwf )
TJ J

where & o is the high frequency dielectric constant. The param-

eters ﬂ)Tj and Q)Lj are the transverse (resonance) and longitudi-

nal frequencies of the j-th oscillator. The I‘j is the damping
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constant. Two oscillators are assumed for the calculation. The
measured spectrum is normalized to the calculated reflectivity at
their peaks. The agreement is fairly good.

In Fig. 2 is shown reflection spectrum (solid curve) for the
E//b polarization at 10 K. The reflection bands A and B are
shifted to the high energy side by about 5 cm_l, as compared with
those at RT (Fig. 1). The intensities of the bands become larger
and the widths become narrower as temperature is lowered. The
third band labelled C 1is recognized at 238 cm_1 as a shoulder of
the B band. Tha calculated spectrum (broken curve) was obtained
by assuming three oscillators in the energy range shown. The LO
phonon energies used in the calculation are 256 and 247 c:m_1 for
the B and C bands. These are in rough agreement with the ener-
gies of the scattering lines 260 and 252 cm_1 obtained from the
RR experiments. In the RR spectrum, the intensity ratio of the

1 to that of 252 cmm1 is about 2,1) SO

sacttering line of 260 cm
that ratio of the oscillator strength of the phonon modes corre-
sponding to the B and C bands was assumed to be 2 in the calcu-
lation. The calculated spectrum well reproduces the observed
spectrum. Thus it is considered that two LO phonons with nearly
equal energies of about 260 cm_1 are resolved also in the infra-

red reflection spectrum at low temperatures.
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Optical Phonon in YbB,
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Almost all rare—earth hexaborides (RB,'s) behave like monovalent metals because the
rare—earth ion is trivalent and the valence of B, molecule is —2. On the other hand, however,
YbB, becomes a narrow-gap semiconductor due to Yb? jon in YbB,. Therefore the infrared
active phonon modes, which are not seen in trivalent RB,, are expected to be observed in YbB,
because a strong Drude absorption which is seen in trivalent RB, may be much reduced due to
very low concentration of conduction electron in YbB,. Now, we measured the reflectivity spec—
trum of YbB in the photon energy range from 1 meV to 40 eV at 300 K and 9 K for the purpose
of obtaining the information of infrared active phonons.

The reflectivity was measured in the photon energy range from 1 meV to 40 eV. In the
far-infrared region from 1 meV to 30 meV, the measurement was done by two different meth-
ods. One is by using the beam line BL6A1 of UVSOR and the other using a normal far-infrared
spectrophotometer system. The same reflectivity spectrum was obtained by both methods.

YbB, becomes a narrow. gap semiconductor ideally as mentioned above. However this
material actually has a few number of conduction electrons because of the defect of Yb ion. This
fact was seen in the reflectivity spectrum in Fig. 1. The Drude like reflectivity spectrum was
observed in the energy range below 0.2 eV. From the fitting of the Drude model, the effective
number of conduction electron was estimated to be 0.87 % / f. u. at 300 K and 0.96 % /f. u. at 9
K. The result of the weak temperature dependence is consistent with the result of the Hall effect
qualitatively [1]. In the spectrum, two definite peaks indicated by A and B were observed. These
peaks are discussed below.

From the Kramers—Kronig transformation of the reflectivity spectrum, we obtained the
imaginary part of the dielectric constant (g,). Fig. 2 shows the €, spectra of peaks A and B. Both
of the peaks show simple Lorentzian shapes.
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[
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Fig.1 Reflectivity spectrum of YbB  in the photon energy range from 1 meV to 40 ¢V at 300 K
and 9 K. The peaks indicated by A and B are two kinds of optical phonons.
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The phonon dispersion curve of YbB, was calculated by Takegahara et al. [2] According
to the calculation result, the phonon energies of two kinds of ¢, ~modes at I'-point of Brillouin
zone were given as 18 meV and 108 meV. These theoretical values agree with the experimental
results qualitatively. Therefore it was seen that the peak A was the mode due to the relative
motion between Yb and B, and the peak B an intra-molecular vibration in B,. These two kinds
of ¢, ~modes are shown in Fig. 3 schematically. For the peak B, the experimentally obtained
phonon energy was quite indicated to the theoretical value which reproduced the result of Raman
measurement. On the other hand, however, the energy position of the peak A was about 30 %
lower than that of the calculation. This means that the actual second derivative of the binding
energy between Yb and B, is smaller than that estimated in the calculation. Since the bottom of
conduction band comnsists of bonding states between Yb-5d(e g) and B,~2p(z, ), the hybridization
between these states is considered to give an influence to the binding energy between Yb and B,.
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We have studied ionic motion in superionic conductors, which have very high
ionic conductivity at solid phase. Absorption structure due to translational motion of
mobile ions is expected to appear at the spectral range less than a few tens wave numbers
considering from the mass of conduction ion and the potential barrier for conduction ion.
The brilliance of the UVSOR light in this spectral region made it possible to measure the
reflectivity or absorption spectra of small superionic crystals precisely. We had measured
reflectivity spectra of some silver ion conductors of the form of MAg4l5 (M=Rb, K and
NH4). Shoulder peaks in energy loss function (imaginary part of dielectric constant)
were observed in the spectral region below 10 cm-1 in these crystals. We have assigned
these peaks as being due to jonic plasma oscillation.1) In this work we have investigated
copper ion conductors RbqCu16Cl1317 and CupHgl4 to compare the plasma frequency
with that of silver ion conductors. The former crystal has the same structure as MAg4l5
and has the highest ionic conductivity among all of the superionic conductors at room
temperature. It is expected that the plasma frequency is proportional to the inverse of the
root of the mass of conduction ion.

Reflectivity spectra were measured and transformed into optical constants by
Kramers-Kronig analysis.

Fig. 1 shows conductivity spectra of RbgCu16Cl1317 obtained from the
reflectivity spectra. One peak near 40 cm-1 at 300 K split into two peaks at 15 K. This
peaks seems to be due to the attempt vibration of copper ion in the cage of iodine ions and
chlorine ions. The splitting seems to be due to the different shape of the potential cage by
iodine ion from that by chlorine ion. The shoulder on the low energy side of this 40 el
peak grows when the temperature rises. This phenomenon was observed also in the case
of MAg415 and be due to translational motion of conduction ions. Fig. 2 shows energy
loss function spectra obtained from the reflectivity spectra. The dashed and dotted curves
show calculated one by the ionic Drude model. Parameters of curve fitting are listed in
table 1. The agreement is good at 300 K although it isnot good at 150 K. The
cooperative motion which is noted as "ionic plasmon" seems to be impossible at low
temperature because of strong scattering by immobile jons. Increase of dielectric constant
at high energy side (€) seems to be due to the relative increase of vibrational motion of
ions. Obtained plasma frequency is in good agreement with that estimated from mass and

number of conduction ions.
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Fig. 3 shows energy loss function of CupHgl4. The transition temperature to the

superionic phase is 340 K. These shoulders disappeared at 77 K. As shown in table 1.
plasma frequency is almost the same as that of Rb4Cu16Cl1317. Small difference of wy

and e»from those of Rb4Cu16Cl1317 scems to be due to the difference of potential

barriers and the number of conduction ion in both crystal.

1) T.Awano, T. Nanba and M. Tkezawa, Solid State Ionics, 53-56 (1992) 1269

Table 1. Parameters in the Drude curve fitting.

Rb4CupCl1317 Temp. wp Wy Eoo
(K) (cnrl) (em)
300 42 75 10
230 42 85 11
150 40 95 13
CupHgl4 Temp. wp @y €
(K) (em™) (enrh)
320 49 95 8
300 53 110 9

Fig. 2. Energy loss function spectra of

Fig. 1. Conductivity spectra of RbqCu1sCl1317,
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Far Infrared Absorption of NaCl Microcrystal under Pressure

T.Nanba,T.Matsuya and M.Motokawa

Department of Physics, Faculty of Science, Kobe University,
Nada-ku, Kobe 657

The far infrared absorption spectrum of the NaCl microcrystal
was measured at room temperature. As the crystal size decreases
to a microcrystal, a so-called surface phonon mode can be induced
because of the important role of the atoms which exist at the
surface. The absorption due to such surface phonon mode under
atmospheric pressure is known to be very sensitive to the shape
and the size of the microcrystal. Such phenomena has been well
explained by the continuum theory [1]. The purpose of the present
study is to make clear the behavior of the surface phonon mode of
the microcrystal under pressure.

The spherical NaCl microcrystal was obtained by a conventional
gas evaporation techniques and its shape and size distribution
were determined by an electron microscopic observation. The ave-
rage size of microcrystals was 0.5-2 um. On the other hand , the
cubic-shaped NaCl microcrystal was obtained by griding of the
bulk NaCl down to the powders. The size distribution was also
confirmed to be 1-3 um by the electron microscopic method. The
sizes of both spherical and cubic samples are much smaller than
the far infrared wavelength (40-400 um). A small amount of micro-
crystals were mixed with a transparent medium (apiezon grease-N)
in the far infrared region and enclosed in the diamond anvil cell
for the transmission measurement under high pressure at the BLBA1
of the UVSOR.

Observed peak positions of the absorption due to the surface
phonon of the microcrystals were plotted as the function of the
applied pressure to the sample and shown in Fig.l in comparison
with the peak positions of those absorption due to the bulk TO
phonon mode of NaCl which were measured independently with thin
films. We found that the energies of the surface phonons are
quite different even at P=0 between a spherical ( denoted as the
"spherical”™ 1in the figure ) and a cubic-like microcrystal (the
Yeubie!).

According to the continuum theory [1], the surface phonon mode
of the microcrystal in the spherical shape occurs at the fre-
quency (W s) which fills the equation

S(Ws) = -2 »Em .
Here, & is the dielectric function of the material comprising the
sphere and & m the dispersionless dielectric constant of the
medium surrounding the sphere. Similar theory was developed to
the case of the cubic-shaped microcrystal by Fuchs [2] and he
obtained that the energy of the dominant surface phonon mode in
the the cubic microcrystal is given by the equation of

E(Ws)= -3.68 = &m.
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The difference 1in the surface phonon energies of the micro-
crystals 1in both shapes seen at P=0 in the figure <can be ex-
plained by considering the difference in these two conditions.
The phonon modes of all samples showed a blue shift with the
applied pressure and the pressure dependences are different each
other. We extended the above continuum model which has been de-
veloped only at P=0 to the case of the microcrystals under high
pressure and revealed that the difference in the pressure depen-
dence of the phonon energies of the microcrystal on its shape can
be explained if we consider the increase of the dielectric con-
stant of the surrounding medium with the pressure.
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PROTON ORDER-DISORDER PHASE TRANSITION IN HIGH PRESSURE PHASE OF ICE
OBSERVED BY VIBRATIONAL SPECTRA
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Recently we reported far-infrared absorption spectra of high pressure
phases in ice for the first time by using a diamond anvil cell and the
synchrotron radiation [1]. We have extended the measurements by changing
sample thickness in order to determine more precise spectral shapes.

Ice VI and W have almost the same atomic structure regarding
arrangements of oxygen ions, while protons in VI and VI have disordered
and ordered structures, respectively. Figure 1 shows the absorption
spectra of H=0 and Dz0 ice in VI and Vi phases. In ice VI a broad

=]

absorption band whose peak locates at 140 cm ' is observed. We designate

this band as A. The band A disappears completely in ice Vil. Our former data
showed that a weak absorption band still remains near at 120 cm™' in ice VI
(cef. Fig. 1 of ref. [1]). This absorption turned out, however, to be only
apparent arising from the Fabry-Perot interference between both the sides
of sample, since the peak position changes depending on the sample
thickness, and when we used thick enough sample, the absorption
disappeared. On the other hand, another absorption band whose peak locates
at 200 cm™' appears in ice VI at 3 GPa. We designate this band as B.

We measured pressure dependence of the spectra in ice Vll. Figure 2 plots
the pressure dependence of the center position of the band B. When we
assume a linear relation between the energy and the pressure, it gives a
pressure coefficient of 18.2 cm™'/GPa. When the relationship is extrapolated

1

to the zero pressure, the energy of the band B becomes 153 cm™ . This value

', which was obtained in pressure quenched sample of

is comparable to 162 cm™
ice Vi by Tay et al. [2] and ascribed to the translational mode v TEu [2].
Taking into consideration of the restricted numbers of experimental points
and the experimental error, we conclude that the band B is ascribed to
v tEu mode. Our measurements correspond to the in situ observation of
v TE. mode at high pressures. The pressure quench is impossible for ice VI.

Therefore, the in situ observation is indispensable to elucidate the effect
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of proton ordering, because one should compare the spectra for both the
phases at high pressure.

The band A in ice VI is ascribed to the absorption induced by random
motion of protons. Ice VI and VIl have almost the same lattice constants and
densities. Therefore, both the phases show common elastic characteristics.
Since the atomic arrangements of oxygen ions are almost invariable during
the VI — Wl transition, the Brillouin zone itself is definite in ice VI. The
random motion of protons in ice VI breaks, however, the translational
symmetry, which results in the non-conservation of the crystal momentum.
Thus the whole phonon branches become optically active and therefore the
absorption spectra reflects the density of states [3]. The peak A is
presumably ascribed to the maximum of the density of states corresponding
to the zone boundaries.
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Fig.1 Far-infrared absorption spectra Fig.2 Pressure dependence of the
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Far-infrared absorption of non-polar liquids and liquid
C¢Hg - C¢F¢ mixtures

Yoshitaka FUJITA and Shun-ichi IKAWA

Department of Chemistry, Faculty of Science, Hokkaido University,
Sapporo 060

Previously, we measured the far-infrared collision-induced absorption(CIA)
of liquid CS,, CCl,, C¢Hg and C¢F¢ under pressure and observed that average
induced dipole moments of the system w/@ obtained from the zeroth moment
of the CIA bands decreased with increasing pressure, while the second
moments M increased!). In this study the CIA bands of liquid CgHg, C¢Fs and
CgHsF; have been measured in the pressure ranges 1 to 1250 bar, 540 bar and
890 bar, respectively, to further confirm the pressure dependence of w/@ In
addition, we have measured liquid mixture of CgHy and C¢Fg at temperatures
in the 13 ~ 45 °C range. '

The high-pressure cell and the method of the analysis were described
previouslyl)»2), For measurements of the liquid mixtures at ambient pressure,
a liquid cell with Si windows of 3mm and 4mm thicknesses was used, and the
sample thicknesses were 2 ~ 6.5mm. Fig.l shows the resulting xf(u—z) and Mo
plotted against pressure with the results for CS, and CCly. Obviously «/@
decrease while M5 increase with increasing pressure, and freezing strengthens
this tendency. Recently we have carried out the molecular dynamics
simulation of liquid CS, at higher pressures and found the similar decrease in
4/@ near the pressure of freezing, which is due to increase in the
intermolecular correlation of the induced dipole moments.

Fig.2 shows the observed spectra of the equimolar mixture of C¢Hg and CgFg.
All the spectra of the mixture were measured with an InSb detecter and w/{u—*?)

were obtained from the curves fitted to the spectral densities o(v) / v2 using a

—152—



function 1/(a+bv2+cvi+dv®). The resulting V{uz} values plotted against

temperature are shown in fig.3. The large value of v(;ﬂ) for the solid phase

indicates the strong interaction between these two molecules?).
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DEVELOPMENT OF THE VUV STORAGE RING AND PLANS FOR A UVFEL

Samuel Krinsky
National Synchrotron Light Source
Brookhaven National Laboratory
Upton, NY 11973

Abstract

The NSLS was initially funded in 1977 and VUV storage ring operations began in 1982. During the
Phase II upgrade program in 1986, two insertion devices and an infrared beamline were installed. In
1989, a prototype real time global orbit feedback system was commissioned, stabilizing the orbit for
all beamlines utilizing a single feedback system based upon harmonic analysis of the orbit fluctuations
and correction dipole magnetic fields. The orbit feedback is facilitated by new RF receivers for
processing the signals from the ring’s pick-up electrodes. These receivers have a noise level below
10 microns. In 1992, RF receivers had been installed for all of the VUV ring’s pick-up electrodes,
allowing a real time orbit display. Also, the prototype global orbit feedback system was replaced by
new horizontal and vertical orbit feedback systems with improved performance. Fast (5 Hz) and slow
(once every two minutes) orbit histories are now logged on the computer to help follow up on user
problems related to orbit stability.

The electron beam lifetime in the VUV ring, which operates at 750 MeV and is filled to 900 ma, is
limited by Touschek (intrabunch) scattering. The lifetime was doubled in 1990 by installing a fourth
harmonic RF cavity (211 MHz) and operating it passively in a manner to increase the electron bunch
length. In Spring 1993, we plan to power the harmonic cavity and obtain an additional 50% increase
in lifetime. We are also investigating the possibility that a further increase in lifetime can be achieved
by increasing the ring’s horizontal aperture.

Beamline development is continuing on the VUV ring. The success of the infrared beamline U4IR,
has led to the building of a second infrared line on U2. The instrument of choice for high resolution
soft x-ray spectroscopy is the spherical grating monochromator which was developed by AT&T Bell
Labs on U4, This year the new SGM on the U13 undulator is supporting an active scientific program.
Work has begun on the development of a beamline using the U13 undulator and standard normal
incidence optics, for high resolution angle resolved photoemission in the 5 to 30 eV photon energy
range. The normal bending magnet port on the VUV ring collects less than 50 milliradians of
radiation. Consideration is being given to the development at ports U5 and U6 of special optics to
collect and time focus close to 500 milliradians of radiation. This would provide an optimized source
for projection x-ray lithography, and could also be used as a universal ionizer for state-of-the-art
pump-probe experiments.

At the NSLS we are pursuing the development of a free electron laser operating in the wavelength
range of 75-300 nm. Nanocoulomb electron pulses will be generated at a laser photocathode RF gun.
The 6 ps pulses will be accelerated to 250 MeV in an s-band SLAC-type LINAC. We consider a
subharmonically seeded single pass FEL amplifier utilizing two wiggler magnets separated by a
dispersion section. To be specific, suppose the seed to be laser light at 300 nm. A first wiggler is
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used to energy modulate the electron beam. This is followed by a dispersion section to produce spatial
bunching, and a second wiggler resonant to 100 nm. Upon passing through the second wiggler the
prebunched electron beam first radiates coherently, and then this radiation is exponentially amplified.
Finally, a tapered section is used to extract additional power from the electron beam. In this manner
we can achieve radiation pulses of 6 ps duration with 1 mJ energy per pulse in 10 bandwidth, with
continuously tunable wavelength in the range 75-300 nm.

A proof-of-principle experiment in the infrared is presently in preparation to be carried out at the
Accelerator Test Facility at BNL. In this experiment we will triple the frequency of a CO, seed laser
by using two superconducting wigglers and a dispersion section. We plan to study the evolution of
the various growth mechanisms as well as the coherence of the tripled and amplified radiation.
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Present Status of the Photon Factory Storage Ring

Hisashi Kobayakawa
Photon Factory
National Laboratory for High Energy Physics
Oho, Tsukuba, Ibaraki 305, Japan

Abstract

The Photon Factory is a user-based facility for synchrotron-radiation research at
the National Laboratory for High Energy Physics (KEK). Accelerators consist of a
2.5-GeV linear accelerator and a 2.5-GeV storage ring. Operating beam is positron.
Initial stored current is 350-360 mA for user-runs and the beam lifetime is in excess
of 60 hours at 300 mA. The average current is about 300 mA in 24-hour fill lengths.
The injection rate of the positron beams is presently very high, 0.5-1.0 mA/sec. In
1991, 208 hours were provided for single-bunch users. The beam lifetime at 50 mA
is 10-20 hours, which is limited by the Touschek effect. By using this vertical tune

shifts, the beams in the neighboring buckets are cleaned to a factor of 10-3-10-6

Twenty-one beamports have been equipped with beamlines. Fifty-nine
experimental stations are now operational; thirty-two of these are for X-ray studies,
twenty-seven for VUV and soft X-rays and one for photon-beam position monitoring
for diagnosis. Four beamlines were built by private companies. Six insertion-device
beamlines have been operational.

Number of users is about 2300 including more than 500 users from industries.
69% of users is from universities, 7% is from national laboratories, and 24% is from
industries. Number of proposals submitted every year is about 250; 48% of which is
solid state physics and material science, 23% is chemistry and atomic or molecular
sciences, 15% is biology or biochemistry, 6% is for technology or industrial uses.

The storage ring has been operational since 1982. Major upgrades made on the
storage ring are (1) low emittance operation from 1987 in order to increase the
brightness of synchrotron radiation, and (2) positron operation from 1988. A product
of beam current and lifetime (/1) is a good standard of storage-ring performance. I7's
in present runs are very large more than 1000 Ampere-min.

An FEL-project using the Photon Factory storage ring is underway. This
project involves FEL-research for developing the shorter-wavelength region. A gain
measurement at 177-nm is our present goal.

We are planning to upgrade the storage ring with reducing the beam emittance
by a factor of 5 and increase the brightness of synchrotron radiation by a factor of
approximately 10. The present emittance is 130 nmrad, and new emittance will be 27
nmrad at 2.5 GeV. In this plan, we must add new quadrupole- and sextupole-
magnets, which have smaller bore radius of 40 mm (present bore radius 1s 55 mm),
and also their side-yokes are opened for the beamline ports. Since the bending
magnets will not be changed, source points and lines of the synchrotron light do not
change.
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Present Status of SOR-Ring
and Future Plans of a High-brilliant VUV Ring

Yukihide KAMIYA
ISSP, The University of Tokyo

Abstract

Presented in this talk are two subjects; SOR-Ring status and future project of a
high-brilliant light source. First I will give a talk about an overview of the SOR-
Ring, operational status of the ring, and some accelerator studies and problems.
Next I will report the future plans of a light source; an overview, accelerator
parameters and ongoing accelerator R&D.

The SOR-Ring is located in the site of the Institute for Nuclear Study (INS) in
the northwestern part of Tokyo Metropolitan, and operated by the Synchrotron
Radiation Laboratory of ISSP. The construction of the SOR-Ring began in 1971,
following productive activities of the INS-SOR, which utilized synchrotron light
extracted from the ES, 1.3-GeV Electron Synchrotron.  After the construction
completed, the operational time of the ring was gradually increased and became
up to about 2000 hours in the fiscal year of 1991. The ring is usually operated
from morning to night and the weekly schedule is from Tuesday to Friday. There
are five beamlines in the SOR-Ring, three of which are active ones: BL1 is for the
experiments of photon reflection and absorption, BL2 for photoelectron
spectroscopy, and BL5 is specifically dedicated to ultraviolet photobiology.

The injection energy and storage energy of the ring are 308 MeV and 380 MeV,
respectively. The ring with an RF frequency of 120.83 MHz has 17.4-m
circumference and consists of eight bending magnets and four quadrupole
triplets. At 380 MeV the beam emittance is around 320 nm-rad and the critical
photon energy 110 eV. In this summer shutdown, beam position monitors (BPM's)
along with beam steerings have been installed to measure the closed orbits and to
correct them. 1In this talk, T will present the BPM system, some results of orbit
correction and also recent measurement of other machine parameters. Further I
will talk about the accelerator problems in the SOR-Ring; ion-trapping
phenomena, vacuum pressure growth around the RF-cavity and longitudinal
instability presumably caused by a higher-order-mode in the RF-cavity. As every
component of the SOR-Ring is aging rapidly, we eagerly hope to construct a new
facility.

Our future project of a high-brilliant light source is one of the future plans
for the whole ISSP, which is expected to move to a new campus in Kashiwa located
northeast of Tokyo. The accelerator scheme of the new light source consists of a
50-MeV linac, a 1.5-GeV booster synchrotron and a 1.5-GeV storage ring that has a
circumference of about 240 m, twelve long straight sections and an emittance of
several nm-rad. Further presented in this talk are a plan view of the facility
buildings, a layout of beamlines, principal parameters of the accelerators, photon
brilliance and so forth. Because of the very small emittance and relatively low
energy of the beam, the beam lifetime will be mainly determined by the Touschek
effect even for muti-bunch operation. The lifetime is then estimated to be around
10 hours.

Two accelerator R&D's are now under way. One is a BPM system with PIN diodes
used as signal switching, being intended to be more high-speed and reliable than
ever. This BPM system is already working in SOR-Ring. Relative accuracy of the
system obtained so far is the order of a few microns, but large unevenness of BPM
data that would unexpectedly occur for mechanical switches has never been
observed. The other R&D is that for RF-cavities, the purposes of which are to find
out a suitable cavity structure not so as to cause coupled-bunch instabilities, and
to adopt a simple structure in order to get a reliable operation at high RF power.
The specific feature of the present design is that resistive material, SiC, is attached
on the beam pipes near a cavity to damp some higher-order-modes that are
propagated out of the cavity. A cold model of cavity has already been delivered
from a company and its test is about to begin this December. 1 will report some
details of these R&D's and beam instabilities related to this designed cavity.
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Present Status and Recent Developments
of the UVSOR Storage Ring

Goro ISOYAMA
UVSOR Facility, Institute for Molecular Science
Myodaiji, Okazaki 444

The accelerator system of the UVSOR facility is introduced,
and recent developments of the control system and a super-
conducting wiggler are described. The present status,
experiments of control of the bunch length and a free electron
laser on the storage ring are given in other parts of this report.

Construction of the accelerator system started in 1981, and
the first electron beam was stored on November 10, 1983. Since
then, the light source has been running for 9 years. The
accelerator system consists of a 750 MeV electron storage ring
and a 600 MeV injector synchrotron with a 15 MeV linac. The
magnetic lattice of the storage ring is the double bend achromat.
There are four long straight sections of 3.5 m long, where a
superconducting wiggler and two undulators are installed.

Recently, a new control system was installed for the
accelerator system. It is a distributed control system based on
two mini-computers as process computers. One of the computers
controls the storage ring and the other takes care of the beam
transport line from the synchrotron. The system was designed
with the emphasis on its reliability and flexibility. To ensure
reliability, the dual disk system was employed. Itis possible to
operate the accelerator system with one computer though
performance of the control system becomes slightly worse. To
ensure flexibility, we employed a file-operating system. In a
conduct file, names of data files are written, while names and
setting values of devices are written in data files.

A 4 T superconducting wiggler of the wavelength shifter
type was recently installed on the storage ring. Two thermal
shielding plates for the helium vessel are cooled with one of the
refrigerators equipped on the top, and evaporated helium gas is
liquefied again with the other refrigerator. Therefore, this
wiggler can be operated without adding liquid helium.
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Recent Instrumental Developments and Experimental Highlights at
BESSY I, Future Prospects for BESSY 11

W. Braun
Berliner Elektronenspeicherring-Gesellschaft fiir Synchrotronstrahlung m.b.H. (BESSY)
Lentzeallee 100, D(W)-1000 Berlin 33, Germany

The BESSY company was founded in 1979 after the federal government had decided to build
a dedicated 800 MeV XUV source in Berlin. The purpose of the company is the operation and
development of synchrotron radiation sources for basic and applied research as well as tech-
nology: in particular microlithography for microelectronics and micromechanics and radio-
metry for the federal governments standards institute. The first beam was stored in December
1981 and user operation started already in February 1982. From mid 1985 onwards the
storage ring was operated in the small emittance mode. About 130 user groups perform their
experiments at BESSY per year. These groups originate from national and international
(mainly European) universities, research institutes, industry and the national institutes of
standards. Presently BESSY operates 33 experimental stations with 25 monochromators and
2 X-ray microscopes in the basic research area, 5 experimental stations with 5 monochroma-
tors are operated by the Physikalisch-Technische Bundesanstalt (German standards institute)
and 4 white light beam lines are dedicated for X-ray lithography purposes.

In the following some recent developments and highlights will be discussed. After commis-
sioning in 1986, the first undulator (a 35 period device) was equipped with two toroidal gra-
ting monochromators. These instruments are now used for photoemission spectroscopy in
surface and solid state physics as well as for atomic and molecular physics. In particular two
photon experiments to determine the angular distributions of photoelectrons of laser excited
aligned atoms are performed with high count rates and high resolution (1000 cts/sec and
17.5 meV at 31 eV in the gas phase). In 1992 very high resolution (4 meV at 65 eV) was ob-
tained in first order with a plane grating monochromator (SX-700 II) at a dipole source using
a 2400 ¢/mm grating. Theoretically predicted but hitherto unseen Rydberg states of doubly
ionized He were observed [1]. Magnetic X-ray dichroism of deep core levels was observed
for the first time in photoelectron spectroscopy [2]. In 1991 the first crossed undulator (6.5
and 7.5 periods) of the Nikitin-Kim type [3] went into operation and its polarization charac-
teristics were determined. As expected, the quality of the circular polarization of this device is
determined by the emittance of the storage ring and also decreases as the wavelength de-
creases, as theoretically predicted. The spherical grating monochromator beam line optimized
for operation on this undulator showed its excellent performance. A resolving power in exess
of 17000 was obtained at 65 eV. The combination of these devices makes new experiments
like magnetic circular dichroism possible, not only in the solid state but also in the gas phase.
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Even spin resolved measurements will be possible for photon energies between 30 eV and
200 eV.

A special plane mirror device was developed by H. Petersen and M. Willmann of BESSY to
select right and left handed circular polarization from a dipole magnet source. This device
was combined with a standard SX-700 monochromator to produce circularly polarized light
up to 1000 eV. The degree of circular polarization as a function of off plane angle was deter-
mined at 265 eV using a multilayer polarimeter [4]. The measured Stokes parameter S3
clearly follows the theoretically expected curve. A commercial photoelectron microscope was
adapted to this beam line. With this instrument H-ion bombarded organic films as well as
magnetic domains of ion single crystals have been imaged. In the latter, topography effects
can be eliminated by measuring the domains with different helicities. Thus, photoelectron
microscopy will help to study magnetic domain properties. Recently, the X-ray microscopes
of Prof. Schmahl's group from Géttingen have been further developed. Now specimens can be
put in a special preparation chamber and brought into the light path in air. The implementa-
tion of a CCD camera helped to reduce the measuring time per picture to below 200 msec.
New developments at BESSY also include the test of new designs of monochromators such
as Rowland circle and variable line spacing monochromators. Test stations will be set up in
the near future.

In July 1992 the construction of the 1.7 GeV third generation synchrotron radiation source,
BESSY II, was approved. The project started already in September 1992 in Berlin-Adlershof
in the former GDR. New science will be possible in atomic and molecular physics, depth
lithography, high resolution X-ray microscopy and photoelectron microscopy for applications
in particular in material sciences, catalysis and biology. It will be a storage ring of double
achromate symmetry with two different length straight sections. The emittance of that new
storage ring will be about 6x10"9 m-rad, an order of magnitude smaller than that for the pre-
sent ring BESSY 1. The first beam is scheduled for end of 1997.

[1] M. Domke, G. Remmers and G. Kaindl, Phys. Rev. Lett. 69, 1171 (1992)

[2] L. Baumgarten, C.M. Schneider, H. Petersen, F. Schifers and J. Kirschner,
Phys. Rev. Lett. 65, 492 (1990)

[3] K.-J. Kim, Nucl. Instrum. Meth. 222, 11 (1984)
M.B. Moisev, M.M. Nikitin and N.I. Fedosov, Sov. Phys. Journal 21, 332 (1984)

[4] S.DiFonzo, W. Jark, F. Schifers, H. Petersen, A. Gaupp and J. Underwood,
SRN 6, 16 (1993)
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Soft-X-Ray Multilayers for the Uses with Synchrotron Radiation

Masaki Yamamoto and Mihiro Yanagihara

Research Institute for Scientific Measurements, Tohoku University,
2-1-1 Katahira, Aoba-ku, Sendai 980 Japan
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been used as novel optical clements G s - ]
such as a refection filter, a power = 80}
filter, a polarizer, and a phase shifter. < 1
With development of fabrication 8 sk o
technique, the multilayer structure is A ( \
made possible to realize constructive § a0l / \
interference of soft-x-ray[1]. ek / Vo

The multilayer differs from that B / \‘_..' , X
in visible region in two respects. L / \*/ |
Absorption of layer elements limits the ) e R

80

attainable reflectance leve and PHOTON ENERGY (eV)

interface roughness scatters light,
which necessitates a use of super- Figure 1 S-reflectance spectra of a Mo-Si
polished substrate. At present, we can multilayer at various angles of incidence

fabricate a multilayer mirror having a

high enough reflectance over 50% for various applications at a photon energy up to 100eV.

Figure 1 shows reflectance spectra of Mo-Si multilayer measured at various angles
of incidence with s—polarization. Such a multilayer can be used as a reflection filter with a
10eV FWHM pass band whose center is tunable by adjusting the angle of incidence. This has
been utilized at beamline 11A, PF-KEK, where a multilayer reflection filter delivers high flux
photon to a station of photo CVD experiments[2]. In these application with SR, multilayers
have been proved to be durable for irradiation of SR of a bending section at a power level
of 20W/cm®. For a power filter application to reduce heat load to beamline optics, irradiation
test was carried at BL-28 multipole wiggler, PF-KEK. A Mo/BN multilayer was found
survived after 10min exposure of 2.3W/mm? irradiation[3].

Another use of the multilayer is in polarization measurements. At near 45" angle of
incidence, a multilayer acts as a polarizer since p-reflectance is much smaller than s—
reflectance. At a photon energy of 97eV, polarizance of over 97% is easily obtained[4]. With
the polarizer, we cvaluated the state of polarization of SR coming out of a grasshopper
monochromator at BL11A, PF-KEK. It was found that the alignment of beamline optics to
the maximum intensity gave elliptical polarization whose axis was not horizontal[5]. This
demonstrated that for the best alignment to lincar polarization at the center of SR, polarization
should be observed.
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Review of Recent Progress in Soft X—Ray Monochromators and
Their Dispersive Elements

M. Watanabe
UVSOR, Institute for Molecular Science

The soft X—ray region from 40 A to 6 A had been somewhat dark. The
soft X-ray optics is now being developed from two sides, one of which is
long wavelength side using grating monochromators and, the other, short
wavelength side using crystal monochromators. It had been suggested that
grating monochromators can supply monochromatic light down to 6 AD
Recently, high resolution spectrum of K-absorption on condensed N, was
obtained with E/AE of 10* by the use of Dragon monochromator.”? The high
resolution has been achieved by the use of a grating with a large radius.
Further high resolution will be realized by the use of gratings with high
groove density or varied space.”

In Japan, two types of SiC gratings have been developed. One is the
mechanically ruled grating on Au film evaporated on SiC substrate.” The
other is the holographic grating with the grooves directly ruled on the SiC
substrate by ion-beam etching and coated with Au.” In both cases, the SiC
substrate is durable against the heat load of undulator radiation, but the Au
coating is not. Effective cooling system should be developed.

Usually, double crystal monochromators equipped with beryl crystals
have supplied monochromatic light with E/AE of 10° below 15 A. Since the
beryl is not strong against highly bright radiation, new crystals of
B-alumina® and YB,,” have been developed. However, it is a future subject
to grow large crystals with good crystallinity.
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VUV Photochemistry of Rare Gas-Dihalogen van der Waals Complexes
Studied by Absorption and Fluorescence Spectroscopy

Kiyohiko TABAYASHI, Atsunari HIRAYA, and Kosuke SHOBATAKE
Institute for Molecular Science, Myodaiji, Okazaki, 444 Japan

One of the merits for the application of SOR light to photochemistry of van der
Waals (vdW) complexes lies in that spectral measurements for both direct absorption and
fluorescence can be easily carried out in the wide vacuum UV energy regions. In the
VUV regions, however, not much work has been done for all a variety of the excited
states and opening of new reactive channels for the excited vdW complexes.

Present paper summarizes current VUV photochemical studies[1,2] of rare gas-
dihalogen Rg-Cl(Rg=XeKr) complexes made in UVSOR(BL2A) using both absorption
and fluorescence excitation spectroscopy. As the topics, two types of new vdW bands
for Rg-Cl, are presented and principal decay processes from the relevant excited states
are proposed on the basis of the fluorescence quantum yields determined.

Both bands observed are originated from (1:1)Rg-Cl, complex and are attributed to
the excitation in Cl, moiety. Broad absorption band in the 125-150nm region is assigned
to a transition to the excited state of ion-pair RgCI'Cl type. Low fluorescence quantum
yield € 0.05 for the band indicates predominant dissociation of the photoexcited vdW
complex to the non-fluorescent products,

XeCl, + hv --> XeCI'CI(v'=m) --> Xe + 2Cl
Another complex band in the fluorescence excitation spectrum in the 138-145nm region
has a vibrational structure (Av ~ 640 cm™) and can be assigned to the excitation to the
Cl," state of Rydberg character. We propose two kinds of excimer formation channels
contribute to the observed emission in the 230-400 nm region,
XeCl, + hv -> XeCl,’ --> XeCI'(B) + CI
-> Xe + Clz'(Ssl'Ig)

It should be complemented that BL2A was designed to conduct both absorption and
fluorescence measurements for gaseous samples such as molecules in a gas cell and
molecular complexes in free jets. Although a LiF window has been placed to eliminate
higher order of excitation light and isolate sample region from the vacuum systems,
fundamental but important spectroscopic data have been accumulated[2] in the energy
region below the LiF cut-off. Since detection efficiency of absorption measurements is
generally not so high, special precautions have been taken to cover the present
experiments, by increasing and controlling the concentration of the complexes and
clusters. In order to check directly on the complex size distribution, beam
characterization such as TOF photoion-mass analysis should be next programmed in the
separate measurements. lonization of the complexes and clusters without LiF window
might be required for the characterization of such kind. Users outside our Institute also
have a request to extend the energy range upward, then modification of the setup and
measurements without window are our next future projects for BL2A.
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APPLICATION OF VUV UNDULATOR BEAM LINE TO CHEMICAL DYNAMICS AT ALS

Andrew H. Kung and Yuan T. Lee
Department of Chemistry, University of California
and Chemical Sciences Division
Lawrence Berkeley Laboratory, Berkeley, California 94720 USA

Purpose

A new program will be initiated at the Lawrence Berkeley Laboratory (LBL) to explore
applications of synchrotron radiation at LBL’s Advanced Light Source (ALS) in chemical
dynamics, which encompasses all phenomena in which molecules undergo energetic or chemical
transformations and to provide the experimental facilities needed for the exploration. The ALS
will be used as a photo-analysis source to produce high yields of vacuum ultraviolet
photoionized products. If operated in conjunction with powerful lasers, the Light Source will
additionally be a powerful tool for the study of chemical processes induced by multiphoton
absorption. Its time structure permit the study of ultrafast processes. These studies will
culminate in research to determine the microscopic details of the mechanisms and dynamics of
primary dissociation processes and elementary chemical reactions, to explore the chemistry of
molecules excited to a Rydberg state or to other superexcited states, to study the structure,
energetics and chemical reactivity of highly reactive polyatomic radicals and unusual transient
species, to probe the nature of inter- and intra-molecular energy relaxation, and to search for
bond-selective means to modify and manipulate chemical reactivity.

Approach

The experimental approach involves combining a synchrotron radiation source, lasers, molecular
beams, and molecular and spectroscopic detection techniques to carry out the proposed
research. The ALS US8.0 undulator beamline will be modified and a new branchline
constructed to deliver a high intensity (10**) photons/sec), low resolution (2.5%) VUV beam for
selective photoionization and product detection in primary photodissociation and
photofragmentation studies. This branchline will feature a differentially pumped gas filter to
suppress unwanted orders of the undulator radiation, and torroidal mirrors that focuses the
synchrotron light to a spot of ~100 um. The ability to focus a small spot size is a special
characteristic of undulator radiation. It will lead to highly improved mass and energy resolution
in ion and electron detection in the proposed experiments.

Standard lasers in the IR, Visible, and UV, and specially fabricated high-power, high-resolution
lasers in the mid-IR and VUV will be used in conjunction with the undulator beamline to carry
out pump-probe and state-to-state selective dynamics experiments throughout the optical region
of the electromagnetic spectrum.

Projects of 1993

L. Design and fabrication of branchline at the ALS U8.0 undulator beamline. It is
necessary to modify the existing U8.0 beamline so that VUV photons can be deflected, filtered,
and refocused into the molecular beam chamber. A new torroidal mirror and associated

— 10—



vacuum chamber will be inserted as the deflector that also serves to squeeze the photon beam
through a differentially-pumped high-order suppressor. This high-order suppressor is used to
absorb unwanted high energy photons that are found in abundance in the undulator beam. A
second torroidal mirror then recollimates the beam to a cross-section of the order of 100 xm x
0.5 mm located at the detector ionization region or at the point where two molecular beams
cross in the sample chamber. The VUV beam is then sent through a normal incidence
monochromator to provide light for experiments that require higher resolution than the
undulator can produce.

2 Design and fabrication of molecular beam experimental station. Two stations are

planned. One will be designed for experiments requiring the highest available VUV fluxes and
one will be for experiments that need to utilize higher resolution than the 2.5% bandwidth that
the U8.0 undulator normally provides. It is anticipated that the majority of experiments will fall
in the former category.

The first station will be a universal rotating-source crossed-molecular-beam apparatus designed
to use the ALS as a photoanalysis source. The tunable output from the U8.0 undulator will be
used directly, without additional frequency filtering. The apparatus will be designed for
studying primary photochemical processes and the dynamics and reactivity of polyatomic
molecules, ions and clusters, using photofragmentation translational spectroscopy. The ALS
beam will be shaped and transmitted through the ionizer region of the conventional TOF mass
analyzer and serves to ionize photodissociation products. This unique approach is advantageous
for product detection because it provides both improved species selectivity and reduced
background detection. Alternatively, for certain experiments, the ALS beam will be directed to
the molecular-beams interaction region to be used as an excitation source. In this case, an
electron impact ionizer will be used in the same TOF apparatus. Differential pumping will be
employed extensively to protect against systematic and accidental contamination of the
synchrotron beamline and storage ring apparatus.

Experiments that require a higher resolution that the 2.5% bandwidth that the U8.0 undulator
can provide will be performed in a second station. The ALS beam exiting from the first station
will be passed through a 1-m normal incidence monochromator to obtain a 100-fold
improvement in wavelength resolution. This monochromatized beam will be collimated and
delivered to a molecular beam apparatus. The apparatus will be "conventional" in design,
equipped with a TOF mass spectrometer and a zero-electron-kinetic-energy (ZEKE)
spectrometer. Since this station will be located further downstream from the storage ring, the
vacuum protection requirements will be less stringent. This station will be particularly useful
for studying VUV and IR spectroscopy of superexcited molecules, free radicals, and other
transient species.

Molecular source chambers for generating radicals, ions and clusters, both CW and pulsed, will
be constructed to be used at both stations. Oil-free vacuum equipment will be employed for all
chambers. Tunable lasers for pump-probe experiments will be included.

This work was supported by the Director, Office of Energy Research, Office of Basic

Energy Sciences, Chemical Sciences Division, of the U.S. Department of Energy under Contract
No. DE-AC03-76SF00098.
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RESONANCE-AUGER-ELECTRON-PHOTOION COINCIDENCE
STUDIES ON STATE-TO-STATE DISSOCIATION DYNAMICS OF
INNER-SHELL-EXCITED MOLECULES

Yukinori Sato
Research Institute for Scientific Measurements, Tohoku University, Sendai 980, Japan

Decay of a core-excited molecule is a complex of a variety of processes including the
electronic processes as well as the relaxation in nuclear degrees of freedom. In most cases,
the primary decay of a core-excited molecule occurs electronically with the ejection of
Auger electrons, and the resultant cation may then be subject to dissociation processes.
We have started a series of coincidence experiments between the Auger electrons and the
photofragment ions of core-excited molecules, using the SR of the 2.5 GeV storage ring
at the Photon Factory of KEK in Tsukuba [1-3]. I present here the study on the decay of
the core-excited resonance of BF; produced by the photoexcitation of the B-K electron
into the lowest unoccupied 2a,(2p, z) orbital [3].

The time-of-flight mass-analysis of the fragment ions is performed in coincidence with
the energy analysis of the B:KVV normal- and resonance-Auger electrons as well as the
valence photoelectrons. The results are summarized as follows:

(a) Direct photoionization of the valence electrons or the participant-resonance-Auger
decay of the core-excited resonance results in the BF; states with one hole in an outer-
valence orbital. The resultant BFZ states dissociate to yield the BFJ ion.

(b) The spectator-resonance-Auger decay of the core-excited resonance results in the
excited BFY states having one excited (aj) electron and two outer-valence holes. The
resultant BF; states dissociate to yield the B* ion as the predominant ionic fragment.

The results (a) and (b) demonstrate a dramatic change of dissociation induced by one
electron excitation from an outer-valence orbital to the a orbital in the BF} states.

(c) The excited BF] states having one excited (a4) electron, one outer-valence hole,
and one inner-valence hole are energetically allowed to autoionize into the dicationic BFy ™
states but are subject to a primary fast dissociation before the autoionization.

(d) The spectator-resonance-Auger-final BF] states have been assigned to have two
types of two-hole locations; one is localized at a single F atomic site and the other at
different T atomic sites. However, no significant difference is observed in dissociation
between the two types of two-hole locations.

In conclusion, the coincidence measurements between the resonance-Auger electrons
and the fragment ions provide us with a new method to investigate the state-to-state
dissociation dynamics of various excited monocationic states.

1. E. Shigemasa, T. Koizumi, Y. Itoh, T. Hayaishi, K. Okuno, A. Danjo, Y. Sato, and A. Yagishita,
Rev. Sci. Instrum. 63, 1505 (1992).

2. Y. Sato, K. Ueda, H. Chiba, E. Shigemasa and A. Yagishita, Chem. Phys. Lett., 196, 475 (1992).
3. K. Ueda, H. Chiba, Y. Sato, E. Shigemasa, and A. Yagishita, Phys. Rev. A 46, R5 (1992).
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MULTIPHOTOIONISATION FOLLOWING INNERSHELL
EXCITATION

M.Simon, M.Lavollée, R.Thissen, D.Thomas, P.Morin and P.Lablanquie

LURE, Batiment 209D, Fac des Sciences, 91405 ORSAY Cédex FRANCE

Multiphotoionisation processes have recently become the subject of
many detailed investigations. Here we will just stress a part of this wide
field, and give a few examples to illustrate the special case where they are
produced through innershell excitation. As opposed to the "direct”
multiphotoionisation case in the valence region (where the dominent
process is single photoionisation), it is a very intense and effective way to
create multicharged ions.

As suggested in the title, a useful guide to describe the processes is
to use the time evolution of the system, which can be considered to occur
in the following successive steps: 1) photon absorption giving rise to the
excitation of an innershell electron 2) electronic relaxation -or "creation”
of a multicharged species- 3) nuclear motion -that is vibration, rotation
and possibly dissociation of the excited ion. Here are given some
examples extracted from the work performed in our laboratory, to
illustrate this description and its limits:

-1) the different kinds of innershell excitation processes can be
visualised through absorption measurement; due to the high energy range
(typically 100 to 1000eV) such high resolution experiment have only
recently been possiblel. In LURE, a high resolution plane grating
monochromator in the 20-200 eV photon energy range was constructed
recently. Its high resolving power (routinely 5000) enables to study the
broadening of these innershell resonances, and consequently gives us the
lifetime of the transient excited state; for H2S, the excited state vibrational
structures could also be resolved for the first time?2.

-2) The well known Auger effects (resonant or not) then give lead
to the formation of multicharged ions. Though studied since a long time,
we just begin to have a clear view ofthe branching ratios between the
different production mechanisms and ionisation degrees of the final state.
An example is the relaxation of the 3ds/ —> 5p transition in Krypton; we
showed3 that its relaxation gives dominently doubly charged ions,
produced in a 2 step electron emission.

Electronic relaxation in molecules is futhermore complicated by the
nuclear motion of the squeleton. However, in a good first approximation,
it can generally be considered that electronic relaxation occurs with
nuclei fixed, the subsequent motion of these ocurring later, in the
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multicharged environment. Caution is however essential: P.Morin et al4
showed that in HBr, rapid loss of an H atom can sometimes efficiently
compete with the electronic relaxation. Since then, other examples have
been found, usually envolving a rapid H release prior to electronic
relaxation.

-3) The multicharged molecule we then obtain is usually, (but not
always) unstable. It is precisely the mechanisms of these dissociations we
want to analyze. In order to visualize all ionization degrees and
dissociation paths, we developped a multidimension mass spectroscopy
experiment "EPICE" described in ref 5 whose advantage is to be able to
detect, in coincidence, all the ionic fragments from the same ionisation
event, and their time correlation. Analysis of these correlations is a very
powerful tool to observe the dissociation mechanisms, it was first
developped by John Eland, and deeper understanding is constantly
gained6

As an example we will mention here the case of the Fe(CO)2(NO)2
molecule. We were interested to see whether excitation of an innershell
electron from the metal Fe or from one of the ligands NO or CO gave
rise to a specific dissociation process, or in other terms whether some
selective fragmentation could be initiated. Our results? showed that
extensive fragmentation is experienced, that occurs through successive
evaporation of the ligands (charged or not); moreover whatever the
innershell electron we excite, the same final state is observed; it shows
that the memory of the excitation route is lost at the end; explanation is
that, after electronic relaxation, the multicharged ion has time to vibrate
and redistribute its internal energy in vibrational modes, prior to a
statistical dissociation.

As a conclusion, we showed that the innershell photoexcitation
mechanism is a powerful means to produce multicharged species in order
to investigate their dissociation mechanisms. Coincidence technique is
essential and will certainly be greatly developped in the future. One such
extension is the Auger electron / ion(s) coincidence experiment
developped in Tsukuba, USA and also in LURE.
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Spectroscopy and Dynamics of Superexcited Molecules

Yoshihiko HATANO
Department of Chemistry
Tokyo Institute of Technology
Meguro-ku, Tokyo 152, Japan

A survey 1is given of the entitled subject based mainly on the
author’s recent review articles and talks[1-4].

After introducing briefly a historical background of the entitled
subject such as the Platzman’'s theoretical idea of a scheme of the
formation and decay of superexcited states AB’,

AB + energy ABT + e~
(> Ip)
AB’ AB*T + e~
A+ B

and the electron impact studies of this scheme[5], recent advances in
synchrotron radiation studies of the spectroscopy and dynamics of
superexcited molecules are surveyed by choosing some typical examples
of molecules from the recent investigations by the author’s group
summarized as follows.

(1)Dissociation dynamics of doubly excited molecular hydrogen[6,7],

(2)Angular momentum population of excited hydrogen atoms produced by
the dissociation of H=z[8],

(3)Dissociation dynamics of N=z[9], 0=z[10], CO=[11], SiH.[12],
SizHe[13], and CzH=[14] in the superexcited states, and

(4)Absolute measurements of photoabsorption cross sections,
photoionization cross sections, photodissociation cross sections,
and photoionization quantum yields of hydrocarbons[14-17],
Si-containing molecules[12,13], ethers[17-19], and alcohols[17-19].

It is concluded from these investigations that the electronic
structure of superexcited molecules 1is characterized with their
decaying processes of the dissociation into neutral fragments in

competing with antoionization and 1is classified into the following
four types.

1)Vibrationally excited,

2)Doubly excited, or

3)Inner-core excited high Rydberg states converging to each ion
state, or

4)Inner-core excited non-Rydberg states.

Finally, comments on future prospects and problems as divided
into those of experimental techniques and research objectives are
presented from the viewpoint of the application of synchrotron
radiation to molecular science.
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Negative-Ion Formation from Molecules, Clusters, and Condensed-Gas Surfaces.

Koichiro Mitsuke
Department of Vacuum UV Photoscience,
Institute for Molecular Science, Myodaiji, Okazaki 444

Ion-pair formation is a very common process of highly-excited molecules in
the photon energy range of 10 - 50 eV. Negative—ion mass spectrometry (NIMS)
enables us to study ion-pair processes in various molecules:l) diatomic [0, Hy, CO, NOJ,
triatomic [NZO, QcCs, COZ, SOZ], saturated and unsaturated hydrocarbons
[CpHopss (1SnE5E), CoHy, CoHsl, and halogenides [SFg, CFy, CHgF, CH3Cl, CHBBr]. We
have measured the efficiency curves of negative ions using monochromatized
synchrotron radiation. A series of works demonstrates that NIMS provides a
sensitive probe to investigate the properties of Rydberg states lying in the vacuum
ultraviolet — not only their spectroscopy but also their dynamical behavior in
predissociation —— if the ion-pair continuum interacts strongly with these discrete
states. A great interest has also been taken in the dynamics of the ion-pair
formation as half-collisional version of the electron-transfer reaction. In the case
of clusters or condensed gas-surfaces, it is probable that the ion-pair formation
plays an important role in the vacuum UV photoscience, since the electronic
couplings with the neighboring molecules or substrate change the high-energy

relaxation dynamics in superexcited states. For example, the ot+0 production
from quasi-bound positive-energy excitons has been observed in the condensed
oxygen.z)

Last year, We developed a new coincidence technique, PINICO, which utilizes
the flight-time correlation of a pair of positive and negative ions produced by
single photon excitation.a) This method is likely to prove eminently useful to study
the ion-pair formation process. In this conference, we presented our molecular-beam
photoexcitation apparatus, recent results on NIMS and PINICO, discussion on the
spectroscopy and dynamics of molecular superexcited states, and future prospects
of applying these experimental methods to clusters and condensed-gas surfaces.
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SPECTROSCOPY OF MOLECULES IN GASEOUS AND
OF MOLECULAR CENTERS IN CONDENSED PHASE

Georg ZIMMERER

II. Institute of Exp. Physics, The University of Hamburg
2000 Hamburg 50, Germany

Very early luminescence experiments on rare gas solids (RGS) and rare gas
liquids yielded close similarities between the dense gaseous phase and the
condensed phases [1]. The similarities arise from the fact that an emitting
center in the condensed phases exists which corresponds to a rare gas dimer,
R,_, embedded into a matrix of the same kind of atoms. This was the starting
point for spectroscopic investigations of the emitting species with SR of
the storage ring DORIS at DESY, Hamburg. It turned out that time- and spec-
trally resolved luminescence spectroscopy under selective phogon excitation
is a powerful method to ipvestigate the properties of the R, molecules in
the gas phase and of the R, -type centers in the solid phase. After an ini-
tial period of experiments at the HIGITI station of HASYLAB, the experimen-
tal station SUPERLUMI was constructed for this purpose [2].

Another starting point was the unique contribution of Toyozawa at th
VUV-4 conference in 1974 [3]. In Toyozawa’'s theory, the formation of the R
centers was attributed to the peculiarities of exciton lattice interaction.
Moreover, the co-existence of free excitons (FE) in the unrelaxed lattice,
and of so-called selftrapped excitons (STE) like the R%* centers in a locally
distorted lattice was predicted. This co-existence sﬁould show up in the
luminescence spectra, and, indeed, was found lateron. The early work has
been described elsewhere [4]. Several examples of our gas-phase work have
been published in [5].

In this contribution, a few very recent solid-state results are presented
which are of great relevance for the fundamental properties of RGS-excitons.

(i) FE-spectroscopy: in the early work [4], an order-of-magnitude discre-
pancy between the intensity ratio of FE versus STE luminescence on one side,
and the measured FE-lifetime was reported. Very recently, it was possible to
prepare Xe samples in which the FE line is so intense that this discrepancy
can be removed [6]. Fig. 1 shows that the peak-to-peak ratio is 2 50, and
the ratio of the wavelength-integrated spectra is = 1. A typical decay curve
of the FE line is shown in the inset, together with a time-resolved spectrum
of the STE band. Superimposed to a background originating from the triplet
state, a signal with fast rise and decay is observed (singlet state of STE).
The temporal behaviour of the singlet emission can be quantitatively fitted
convoluting the temporal FE-spectrum with the exponential singlet decay. In
other words, in a high-quality Xe crystal, the STE precursor is indeed the
FE. Only then it is possible to deduce the self-trapping rates from the
intensity ratio and the FE decay rate [6].

(ii) Exciton-induced desorption: The microscopic mechanism of desorption
of neutral atoms from the surface of a pure or a rare gas doped RGS is
closely ralated to exciton-lattice interaction [7]. Luminescence spectrosco-
py is especially well suited to detect desorbed excited atoms which emit re-
sonance fluorescence after desorption. The SUPERLUMI station is so sensitive
that even desorption from doped systems can be investigated. Metastable and
neutral ground-state atoms have been detected as well [7]. It was even pos-
sible to measure the partial yield spectra of each desorption channel. First
theoretical calculations of the interaction potentials of an excited Kr sur-

—=178—




luminescence intensity [arb. units)

3 L
2 L
e
0
3
|2
1
0 : i £ J
0 10 20 30 L J
decay time [ns] - :
- 4 F 113.2
FE i
STE [
SE J13.0

Ir!lllllllll![!lll—

1450 1550 1650 1750 1850 ¢ 10 20 30 40

wavelength [4] . 5
1/R? [(100 A)7?]
Fig. 1 Luminescence of §olid Xe at T= Fig. 2 Energetic positions of ex-
4.7K, excited with 1400A-light. Note citons in Ar clusters. R = cluster
the logarithmic intensity scale of the radius

inset.

face atom with an Ar host have been carrried out leading to a microscopic
understanding of the sputtering process [8].

(iii) Confined excitons in rare-gas clusters: it is a fundamental quest-
ion, how the Wannier-type excitons of RGS develop as a function of particle
size starting from the atoms or molecules. A powerful cluster-beam apparatus
has been constructed in which the skimmed beam is crossed with monochroma-
tized SR. The emitted clusterluminescence is detected either wavelength-
integrated or spectrally and even time resolved [9]. Fig. 2 shows the ener-
getic positions of surface (n=2(s) and of Bulk Wannier-type excitons
(n=2,2";3) of Ar clusters as a function of 1/R” (R: cluster radius) [10].
The straight lines observed can be explained with confinement models. The
luminescence methods can be used as well to investigate fragmentation and
relaxation processes.
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ABSORBANCE

FIG. 1. Polarized absorption spectra of highly oriented films
of trans-planar PDHG (solid line) and PDHS (dashed line) at 77

K.

Polarized Absorption Spectroscopy on ¢ -Conjugated Polymers: Polysilanes and
Polygermanes
Y. Tokura

Department of Physics, University of Tokyo, Tokyo 113, Japan

Polysilanes (and polygermanes) are extended Si (Ge) polymers with organic
substituent in which ¢ electrons are considered to be delocalized on the Si
(Ge) backbones. Ideal polymer structures with regular sequences may be viewed
as ultimate quantum wires made of Si (Ge). To elucidate their overall
electronic structures, polarized absorption spectra on highly oriented films
of polysilanes and polygermanes have been investigated over a wide photon-
energy region by utilizing synchrotron radiation from the UV-SOR ring at IMS.

Polarized absorption spectra (77K) with polarization parallel (E//) and
perpendicular (EL ) are shown in Fig.1 for the trans planar forms of
polydihexylsilane (PDHS) and polydihexylgermane (PDHG). The both spectra show
very common features for spectral shapes, polarization dependence and energy
positions, indicating nearly identical electronic structures. The polarized
absorption spectra can be well compared with the theoretical band calculation,
as demonstrated in Fig. 2. The results indicated that the one-dimensional (1D)
band model works well in polysilanes and polygermanes. Detailed results and
discussion have been reported in the references listed below.

H. Tachibana, Y. Kawabata, S.Koshihara, T.Arima Y.Moritomo and Y. Tokura,
Phys. Rev. B 44, 5487 (1991)

H. Tachibana, K. Kawabata, A.Yamaguchi, Y.Moritomo, 8. Koshihara and Y. Tokura,
Phys. Rev. B 45, 8752 (1992).
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Molecular Orientation in Thin Films of Functional Molecules

by Means of Angle Resolved Photoemission

Nobuo UENO

Department of Materials Science, Faculty of Engineering, Chiba University
Yayoi-cho, Inage -ku, Chiba 263, Japan

The angular distribution of photoelectrons from thin films of organic crystals involves infor-
mation on the molecular orientation in the film as well as on the wave functions of valence elec—
trons. Therefore, the quantitative analysis of the photoelectron angular distribution from a va-
lence state gives a detailed information on the molecular orientation in ultrathin films of func-
tional organic molecule, when the initial-state wave function is known. An advantage of the
angle-resolved ultraviolet photoelectron spectroscopy (ARUPS) in determining the molecular
orientation is that it introduces much less radiation damages into the organic films than other sur-
face sensitive techniques with electron beams. However, the quantitative analysis of the angular
distribution from thin films of large organic molecules is very difficult, since the molecule con—
sists of many atoms. Hence the analysis has been mainly performed by a symmetry consideration
on the photoemission process with the dipole selection rule, and no one has performed the quan—
titative analysis of the angular distribution since a challenging work by Permien et al. [1] on thin
films of lead phthalocyanine and Richardson's successful analysis [2] on their ARUPS data. In
“our work on ARUPS of thin films of large organic molecules, however, we found that the angu-
lar distribution calculated with the theoretical model used by Richardson [2], where the molecule
was considered to be a point emitter of photoelectron, gave poor agreement with our experimen—
tal results on thin films of copper phthalocyanine [3] which showed a very sharp angular distribu-
tion.

In this talk, it is shown that the experimental ARUPS results on thin films of metal free
phthalocyanine on MoSz crystal surface, where the molecules lie flat on the surface, can be
quantitatively explained by a calculated photoelectron angular distribution using the independent
atomic center (IAC) approximation [4] combined with MNDO molecular orbital calculation. The
results indicate that IAC approximation combined with molecular orbital calculation is useful in
the quantitative analysis of photoelectron angular distribution from thin films of large organic
molecules. Further, an example of the determination of the molecular orientation with ARUPS is
presented for thin films of BTQBT [bis(1,2,5-thiadiazolo)-p—quinobis(1,3-dithiole)] evaporated
on graphite (HOPG) surface.
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Time-Resolved Spectroscopic Study on the Self-Trapped Excitons
in Alkali Halide Crystals

Ken-ichi Kan’no
Department of Physics, Kyoto University

In the last few years. a new stage has been brought to understanding self-trapped
exciton (STE) luminescence in alkali halide crystals with relation to the adiabatic insta-
bility of STE’s." The important point made clear is that the STE emission bands are
classified into three types. I, II and IIL, irrespective of the traditional classification into
two categories (o and 7 bands).? This suggests that there appear, at most, three distinct
local minima in the adiabatic potential energy surface (APES) of the lowest energy, cor-
responding to the on-center (I) and two different off-center (II,III) configurations. One
of the urgent topics to be studied is to see how the shape of the APES is, and how the
population is fed into each minimum.

We have studied the origin of the short lifetime singlet ¢ emission band, and its
relation to the longer lifetime triplet 7 luminescent state. Decay curves of the type I
emission bands. that is, o emission bands in NaCl, KBr, RbBr, KI and RbI and 7 emission
bands in NaBr and Nal, were measured using TAC method at UVSOR under single-bunch
operation.”> Counting photons over four orders of magnitude have revealed that every o
emission band involves a phosphorescent component with a lifetime longer than 100 ns.
in addition to the main fluorescent component. The phosphorescent component shows
almost the same emission and excitation spectra as those of the fluorescent one. This
evidences that the ¢ emission band originates from the lowest orbital state of the the STE.
Thus, it becomes clear that type I emission results, in general, from radiative decays of
nearly degenerate singlet-triplet manifolds of the on-center STE. Simultaneous detection
through two different time windows discloses a split in the peak energy of the singlet
and triplet components, suggesting a slight difference in the location of the minima in
the APES for the singlet-triplet STE pair. Based on these results, a new scheme for the
dynamics of exciton self-trapping are proposed.

1) W.B. Fowler and N. Itoh (editors). Rev. Solid State Sci. 4, 357-465 (1990).

2) K. Kan'no, K. Tanaka and T. Hayashi, Rev. Solid State Seci. 4. 383 (1990).
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Present and Future of Photoelectron and Photodesorption
Spectroscopic Studies at UVSOR
Masao Kamada
Institute for Molecular Science, UVSOR

Myodaiji, Okazaki 444, Japan

The photoelectron (UPS) experiments have been carried out at
three beam lines (2B1, 6A2, and 8B2), and photodesorption (PSD) has
been measured at three beam lines (3Al1, 5B, and 6A2).

UPS has been applied to many materials and surfaces in order to
know binding energy, p-DOS, k-dispersion, and so on. Now, UPS is
recognized +to be useful, standard, and powerful method for
Molecular Science. Tunability and polarization of SR are very
effective in UPS. Moreover, it is stressed that UPS presents new
concepts to optical and PSD spectroscopies, and also it is the other
way around. Therefore, new science is expected on the crossing
between UPS, optical, and PSD. As an example, UPS studies of core-
exciton decay on wide-band gap materials are presented.

Among lots of attractive subjects for future of UPS, spin-
resolved UPS with circular polarized SR on non-magnetic materials
is interesting and promising, since the spin-resolved electronic
states and the spin-dependent decay processes can be clearly
understood. The planning of the spin-resolved UPS studies is
presented with the design of a spin detector.

PSD is also a young and attractive spectroscopy, since it is
related with basic science and engineering. Tunability, high
intensity, and pulsive nature of SR are very powerful to PSD. The
interesting results of time-response of the excited-state alkali
desorption are shown on SR-irradiated sodium halides. The planning
of the high-sensitive detection system is proposed for one of the

future PSD experiments.
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Hich Resolution Photoelectron Spectroscopy on Solids: Past, Present and Future

I. Lindau

MAX-Laboratory, Lund University, Lund, Sweden
and
Stanford Synchrotron Radiation Laboratory, Stanford
University, Stanford, USA

ABSTRACT

In 1964 electron spectroscopy of inner core levels had reached sufficiently high energy
resolution that chemical shifts [1] were detected for the first time for sulphur in some sodium
compounds: the technique of electron spectroscopy for chemical analysis (ESCA) was born.
About ten years later, Gelius et al [2] published a paper where monochromatized Al Kot
radiation made it possible to resolve vibrational levels in the carbon s level of CHy. Since the
mid-1970°s, synchrotron radiation has played an increasingly important role in high resolution
core-level spectroscopy. The instrumental resolution has been improved to well below 100
meV for core levels with binding energies below about 200 eV. In this talk, we will review
some recent high resolution core level work at MAX-Lab, Lund University, Sweden, and we
will discuss future opportunities with the next generation of synchrotron radiation sources.

From an instrumental point of view it is argued that it is extremely important to have an
optimal match between the synchrotron radiation source, the monochromator/optical system,
the electron spectrometer and the detector. The system in its entirety will not perform better
than its weakest component. The centerpiece of MAX-Lab is a 550 MeV storage ring, with
fairly low emittance: 40 nm-rad horizontally. The beam current is typically 100-200 mA and
the lifetime 3-4 hours. The work reported here was done on a bending magnet beamline,
equipped with a modified SX-700 plane grating monochromator [3]. With a typical source size
of 100 microns (vertical) x 400 microns (horizontal), the photon spot on the sample is about
0.5 mm x 3 mm. This spot size is well matched to the acceptance of the energy analyzer which
is of the hemispherical type, developed and manufactured at the Institute of Physics at Uppsala
University (under the leadership of Prof. N. Mirtensson) in close collaboration with Scienta
[4,5].

The beam line covers the spectral region from 20 eV to 1000 eV. The resolving power of the
monochromator at for instance 240 eV is 4000. For core levels with binding energies below
100 eV extremely good resolution and intensity can be achieved, as demonstrated by the 2p
core level spectra from a single crystal of Al(100). With a total instrumental resolution of 50
meV and a data accumulation time of less than 20 minutes, a surface core-level shifted peak
can be determined with high accuracy,-96 = 5 meV [6]. On the (111) surface, no core-level
shifted peak is observed to within 15 meV. These observations are state-of-the-art
experimentally and pose challenges for future theoretical calculations.

Measurements of surface core level shifts play an important role in the understanding of both
the electronic and structural properties of surface layers. Furthermore, surface core level shifts
can be correlated with thermodynamical properties of the surface, like solution, segregation,
and adhesion energies. With the new experimental capabilities at MAX-Lab, it has been
possible to study the 3d core levels of the 4d transition metals with high resolution: 0.2-0.3 eV
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total instrumental resolution for photon energies 380-450 eV [7]. For a Pd (100) single crystal,
a surface core-level shift of 0.44 + 0.03 eV towards lower energy has been determined for the
Pd 3d core level (binding energy 335 eV). Adsorption of CO on the very same surface results
in three different ordered structures dependent on the CO coverage. High resolution spectra of
the Pd 3d and C 1s core levels (instrumental resolution of 270 meV and 220 meV,
respectively) make it possible to establish a direct relation between the detailed geometry of
the CO overlayer and differently shifted peaks in the Pd 3d spectra [8]. From the C 1s spectra,
it is furthermore possible to establish and confirm earlier reports that CO only occupies bridge
sites on Pd (100).

It has been commonly assumed that no intermixing occurs for alkali metal chemisorption onto
free-electron like metals: in all models, the alkali atoms have been thought to reside on top of
the surface. Recent work at MAX-Lab on the Al 2p [instrumental resolution AE= 40 meV] and

Na 2p [AE =60 meV] core levels for different ordered structures of Na/Al (11 1) clearly
demonstrates that intermixing does occur [9]. All previous models must therefore be discarded,
and a new picture is emerging for the surface structures of these prototypical systems.

A final example of high resolution core-level spectra is illustrated with recent work by
Landemark et al [10] on the clean Si(001) surface. Judged from the Si 2p core-level spectra
(total instrumental resolution better than 70 meV) the local structure appears very similar for
the two reconstructions 2x1 and c(4x2), respectively. Surface core-level components from
both the up and down Si surface atoms in the asymmetric dimers as well as the second-layer Si
atoms can be identified, removing some ambiguity in earlier work. The large chemical shift
(0.55 eV) between the two dimer-atom components further points to a substantial charge
transfer within the dimers.

Based on core-level spectroscopy with a total instrumental resolution of 40-250 meV, as
illustrated with a few examples above, it is argued that it makes sense to improve the
resolution another order of magnitude for the instrumentation being planned for the third
generation of synchrotron radiation sources. Even if the instrumental response function can be
deconvoluted (if it is known accurately enough) form the recorded core-line, it is highly
advantageous if it is sufficiently small, so that it can be neglected compared to other
broadening mechanisms. For investigations of small chemical shifts and subtle changes in line-
shapes it can be advantageous to have a total instrumental resolution which is only a small
fraction of the inherent line-width.
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Can We Obtain X-Ray Absorption Spectra beyond the
Core-Hole Lifetime Broadening?

A. Kotani

Institute for Solid State Physics, The University of Tokyo
Roppongi, Minato-ku, Tokyo 106, Japan

Recently, Himiliinen et al.l) observed experimentally the
excitation spectrum of L3Ms X-ray emission of Dy compounds in
the region of Dy L3 absorption edge, and found a dramatic
improvement in resolution far beyond the limit of the L3 core-
hole lifetime width. @ We analyze theoretically this excitation
spectrum on the basis of the coherent second order optical
formula with multiplet coupling effect.2? The width of the
calculated spectrum is determined by the Msjs core-hole lifetime,
instead of the shorter L3 lifetime. A fine pre-edge structure of
L3 edge due to L3Ng 7 quadrupole transition can be seen in the
excitation spectrum, while this structure is quite invisible in the
conventional XAS. We discuss the relationship between the
excitation spectrum and the conventional XAS, and possible
applications of this new technique.

1) K. Himildinen, D.P. Siddons, J.B. Hastings and L.E. Berman:
Phys. Rev. Lett. 67, 2850 (1991).

2) S. Tanaka, H. Ogasawara, K. Okada and A. Kotani: to be
published in Jpn. J. Appl. Phys. (Proc. of The 7th Intl. Conf. on
X-Ray Absorption Fine Structure, Kobe, 1992).
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Magnetic Circular Dichroism in Core-Level Absorption
of Magnetic Materials

T. Koide Photon Factory, National Laboratory for High Energy Physics

Magnetic circular dichroism (MCD) in core-level absorption is element
specific and site selective.  Thus it can provide wvaluable information about local
magnetic states in compounds and alloys as well as in metals. We present the
results of MCD studies around the Fe, Co, and Ni M;; core edge and Pt Ng; and O, ;
edges for Ni and Fe metals, and an Fesg Ptsg alloy, and two ferrites (FesO,4 and
CoFe,04).

The experiments were performed with a bulk-sensitive reflection method!2)
by utilizing circularly polarized synchrotron radiation from both a bending-
magnet source (BL-11D) and a helical undulator (BL-28U) at the Photon Factory.
The direction of the magnetic field was reversed with the photon helicity fixed.

The MCD spectrum of Ni showed a large negative peak followed by a small
positive one with photon energy around the M;; edge.!'2) A satellite feature in
MCD was also observed several ¢V above the edge. The MCD spectrum of Fe
exhibited a nearly antisymmetric shape at the M; 3 edge with no satellite
structure; this is in contrast to the MCD of Ni. The result for Ni could be favorably
compared with the calculations by Yoshida and Jo? and van der Laan and Thole.4)

The MCD spectrum of an ordered Fesg Ptsp alloy showed a clear negative peak
at the Fe M3 and Pt Ng edges and a positive peak at the Pt N; edge. Positive and
negative MCD signals were also observed at the Pt O; and O3 edges, respectively.
The observation of MCD at the Pt core edges indicates induced magnetic moment in
the 5d electron states in Pt.  Comparison with theoretical consideration of MCD for
the p—d and f—d transitions shows that the magnetic moment in Pt is parallel to
that in Fe; ie., the interaction between the 3d electrons in Fe and the 5d electrons
in Pt is ferromagnetic. Two causes can be responsible for no observation of a
positive MCD peak at the M, 3 edge. First, the negative broad MCD signal due to the
Pt O3 edge spreads over this region, resulting in a cancellation of the possible
positive MCD at the M, 3 edge. Sccond, the Fe 3d orbital angular momentum in the
alloy could be less quenched than in metal Fe.

For Fe;0, and CoFe,0,4, the MCD of multiplet structures in the Fe M, ;
prethreshold region was studied in detail using circularly palarized undulator
radiation.  Three high-lying MCD peaks are common to two compounds while two
low-lying MCD features are seen only in Fe;O,. This observation leads to the
assignment that the former is attributed to multiplet transitions in the Fe3* ions
and the latter is due o transitions in the Fe2+ ions. Abundance of features
observed in the MCD specira of Fe;O4 and CoFe,04 in the Fe M, ; prethreshold
region demonstrates the capability of MCD to reveal structures obscured in
unpolarized spectra.
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Far Infrared Spectroscopy of Rare Earth Hexaborides

T.Nanba
Department of Physics,Kobe University,Kobe 657

S.Kimura
Research Institute for Scientific Measurements,
Tohoku University, Sendai 980

S.Kunii and T.Kasuya
Department of Physics, Tohoku University, Sendai 980

Reflectivity spectra of trivalent rare earth (R=La, Ce, Pr, Nd,
Gd, Dy and Ho) hexaborides were systematically measured in the
wide energy region from lmeV to 40 eV. Optical conductivity
spectrum was obtained from the reflectivity spectrum by a
Kramers-Kronig transformation. A broad infrared absorption band
was found at 0.5-0.7 eV in common with the rare earth elements
except La which exhibits a normal metallic property The energy
position of the infrared absorption band was almost independent
of the kind of the rare earth element but its intensity strongly
depended on it. We found that the intensities are nearly propor-
tional to the occupied 4f electron numbers of the rare earth
element. This means that the infrared absorption 1is strongly
correlated with the total 4f-angular momentum of these materials.

Up to now, some models on the origin of the infrared absorption
have been proposed by other group. The first model was a sO-
called "f-d model" which suggests that the infrared absorption
band originates from the absorption due to the optical excitation
between the 4f and the 5d states of the rare earth element.
According to the XPS data of the some trivalent rare earth hexa-
borides, however, the position of the occupied 4f level of the
rare earth element below the Fermi level changes with the element
although the 5d state is almost unchangeable. This result means
that if the "f-d model” holds the energy position of the infrared
absorption should change with the element. But this is strictly
in contrast with the present results.

The other is the excitonic model. In this model the infrared
absorption was considered to be due to the optical transition
between the bonding and the antibonding states which are composed
of the boron 2p and 2s electrons. This prediction, however, can
not explain that the intensity is proportional to the occupied 4f
electron numbers of the rare earth element.

Then, considering our experimental results and also the results
of the recent band calculation on LaBé [1], we propose that the
infrared absorption is due to the optical excitation between the
saddle points, 1 of the valence band and 25 of the conduction
band of which transition is mediated by the exchange interaction
between the 4f-conduction electrons. The energy separation bet-
ween these points in the B.Z. coincides with the energy of the
observed infrared absorption.
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A Future Direction of Synchrotron-Radiation
Photoemission Study of Solid Surfaces

Shozo Kono
Research Institute for Scientific Measurements, Tohoku University
Sendai 980, Japan

It is known that the binding energies of core-levels in the selvedge region
of solid surfaces are shifted sightly from those of the bulk atoms (called
surface core-level shift: SCLS). This SCLS can be best detected by
synchrotron-radiation photoemission in the photoelectron energy region for the
shortest mean-free-path, which can be attained by tuning the energy of
synchrotron-radiation. Both clean and alkali-metal saturated Si(001) surfaces
were chosen as examples. For the clean Si(001)2x1 surface, the situation was
quite controversial until a recent high-resolution photoemission study of
Landemark et al.[l] appeared. Recent and unpublished results of
synchrotron-radiation photoemission study of the author’s group for both the
clean and potassium- saturated Si(001)2x1 surfaces were introduced[2]. It was
indicated that an interpretation of the our results following the result by
Landemark et al. [1] shows that the photoelectron intensity for the upper
dimer Si atoms is dependent on photoelectron emission-angle. This angular
dependence is indicative of photoelectron diffraction effect for the SCLS
component. A future direction of synchrotron-radiation photoemission study of
solid surface was raised, i.e. photoelectron diffraction of SCLS for
semiconductor surfaces.

There have been several studies of SCLS photoelectron diffraction for metal
surfaces but only a few attempts have been made for semiconductor surfaces. An
recent example by Gota et al.[3] was introduced. In their work, azimuthal
photoelectron diffraction patterns for In 4d SCLS of an InP(110)1x1 surface
were measured and analyzed based on the well-understood zigzag relaxation of
the (110) surface of III-V semiconductors. The analysis showed a promising
feature of the SCLS photoelectron diffraction as a means of surface structure-
analysis although it was too premature to be conclusive.

The key factors of SCLS photoelectron diffraction in future would be the
following.

(1) High photon flux and/or high efficiency in photoelectron detection.
(2) How easy or how difficult is the analysis of SCLS photoelectron
diffraction?
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XAFS Studies of Molecular Adsorbates on Metals

T.Ohta

Dept. of Chemistry, Fac.Science, The Univ. of Tokyo,Bunkyo-ku, Tokyo, 113,Japan

The adsorption behaviors of S-containing molecules, ,thiophenol(C6H5SH), and
thiophene(C4H4S) on clean Ni(100) have been studied by polarization dependent S K-
edge XANES and EXAFS at BL 11B soft X-ray double crystal monochromator station in
the Photon Factory. Clean Ni(100) surface was dosed with each molecule at 100 K and
heated up to some temperatures subsequently. S K-edge absorption spectra were
measured by the fluorescence and total electron yields at each stage.

(1)Thiophenol on Ni(100)
Heating up to 200 K, physisorbed molecules desorb and the surface is covered by only
monolayer, judging from the signal to background ratio. From the polarization

dependence of the XANES peak characteristic of the o*(S-C) transition , we found that
the S-H bond is cleaved and the remained phenyl thiolate (CgH5S-)stands on the surface
almost perpendicularly. Polarization dependence of S K-edge EXAFS shows that sulfur
atom of phenyl thiolate sits on the 4-fold hollow site. Heating the sample further, phenyl
rings are removed from the surface and S atoms remained on the 4-fold hollow sites.

On the other hand, it turned out that thiophenol at very low coverage(0.075 ML) lies
down flat on the surface and heating induced dissociation and left S atoms at the hollow
site without passing the process of phenyl thiolate formation.

(2)Thiophene on Ni(100)

Heating up to 145-160K, physisorbed molecules desorb and monolayer species remain
on the surface, which consist of thiophene and atomic S. Further increase of the
temperature induces the gradual dissociation and only atomic S exists on the surface at
180 K. On the other hand, remarkable polarization dependence appears in the XANES
spectra of submonolayer species at 100 K, suggesting the thiophene molecule lying
parallel to the surface.

High resolution spectra of S K-edge XANES from thiophene on O precovered Ni(100)
and clean Ni(100) were measured at the undulator beamline BL 2A in the Photon

Factory. It was revealed that the first prominent peak consists of 1 *and o™ transitions
with 0.6 eV splitting for thiophene on O-precovered surface, while the splitting is 1.4 eV

for thiophene on clean surface at low coverage(0.05 ML). The o™ peak remains at the

same energy. and the =™ peak shifts lower by 0.8 eV. This indicates that the charge
transfer occurs from nickel substrate to S in thiophene. At the slightly higher
coverage(0.1ML), additional peak appears at the grazing incidence spectrum, whose

position is almost same as that of ™ peak from thiophene on O precovered Ni(100). This
result suggests the second layer begins to adsorb at this coverage.

Above results demonstrate the usefulness of the XAFS technique for the investigation of
adsorption behavior of molecules on metal surfaces.
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New Directions in the Study of Electronic Structure
using Synchrotron Radiation.
P. Weightman
Physics Department and IRC in Surface Science, University Of Liverpool,
Oxford Street, Liverpool L69 3BX, UK.

A brief review will be given of some of the opportunities for the study
of electronic structure which are opening up as a result of recent and
future developments in synchrotron radiation. Of primary importance is
the construction of new sources of synchrotron radiation and an account
will be given of the new beamline constructed on the Daresbury
Synchrotron by the UK IRC in Surface Science. The construction of the
beamline is being organised by Dr G. Thornton of the Chemistry
Department of the University of Manchester in close collaboration with
staff at the SERC Daresbury Laboratory. The beamline will have two
stations; 4.1 with an energy range of 15 eV to 250 eV and which is
scheduled for completion in February 1993 and 4.3 covering the energy
range 640 eV to 1 keV and which is currently being commissioned.

Improvements in the resolution and sensitivity of monochromators of
synchrotron radiation offer obvious ways in which the study of electronic
structure will be advanced. It is suggested that the development of
monochromators capable of matching the resolution and sensitivity of the
best of current laboratory instruments should be a high priority. Current
commercial x-ray photoelectron spectrometers (XPS) have the sensitivity
to measure core level spectra with good signal to noise from significantly
less than 1% of a monolayer of adsorbates using monochromated Al Ko
radiation with a resolution of ~0.25 eV. The development of
monochromators of synchrotron radiation with equivalent performance
in the energy range of ~ 1 keV to 2 keV offers the possibility of obtaining
important new information on local electronic structure from the
linewidths and lineshapes of photoelectron lines. This would be
particularly important in the study of “shallow buried interfaces” which

are of technological importance in the semiconductor and magnetic
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recording industries and are difficult to study with other techniques. The
results of a recent study [1] of Cooper minimum photoemission from Ag
impurities in Cd and Al will be used to illustrate the potential of
improvements in sensitivity for the study of the wavefunctions of
adsorbates.

It will be argued that important advances in the study of electronic
structure are also likely to come from coordinated studies combining a
variety of synchrotron and laboratory based techniques. This will be
illustrated by a case study of a decade of research on the link between the
physical and electronic structure of CuPd alloys [2,3].

Finally it will be argued that there is always scope for the development
of new theoretical approaches which can advance the understanding of
electronic structure by offering new ways of interpreting the results of
standard experimental techniques. An example will be given of a new
approach to the interpretation of Auger parameter shifts which offers
insight into mechanisms of charge transfer and electron screening in

alloys [4], semiconductors [5] and interfaces [6].

1 "Solid state effects on Ag in dilute alloys revealed by Cooper minimum
photoemission."
J. Cole, J.A. Evans, L. Duo, A.D. Laine, P.S. Fowles, P. Weightman, G.
Mondio and D. Norman. Phys. Rev. B 46 3747 (1992).

2 "Experimental Determination of the Pd and Cu Densities of States in
CuysPdp5"
H. Wright, P. Weightman, P. Andrews, W. Folkerts, C.F.]J. Flipse, G.A.
Sawatzky, D. Norman and H. Padmore, Phys. Rev. B 35 519 (1987)

3 "Local Lattice Expansion Around Pd Impurities in Cu and its influence
on the Pd Density of States: An EXAFS and Auger Study"
P. Weightman, H. Wright, S.D. Waddington, D. van der Marel, G.A.
Sawatzky, G.P. Diakun and D. Norman, Phys. Rev. B 36 9098 (1987)

4 "Valence Electronic Structure of AuZn and AuMg Alloys Derived from
a new way of Analysing Auger parameter Shifts"
T.D. Thomas and P. Weightman, Phys. Rev. B, 33, 5406-13 (1986)

5 "Charge transfer and core-hole screening in PbTe."
S.D. Waddington, P. Weightman, J.A.D. Matthew and A.D.C. Grassie.
Phys. Rev. B 39 10,239 (1989).

6 "Charge transfer across the As/Si(100)-2x1 Interface.”
J.A. Evans, A.D. Laine, P. Weightman, ]J.A.D. Matthew, D.A. Woolf, D.I
Westwood and R.H. Williams. Phys. Rev. B 46 1513 (1992).
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PHOTON STIMULATED DESORPTION BY CORE ELECTRON EXCITATION

Kenichiro TANAKA™, Hiromi IKEURA", Tetsuhiro SEKIGUCHI'?,
Kinichi OB, Nobuo UENO* and Kenji HONMAS

1 Photon Factory, National Laboratory for High Energy Physics, Tsukuba, 305 Japan
2 Department of Chemistry, University of Tokyo, Hongo, Tokyo, 113 Japan

3 Department of Chemistry, Tokyo Institute of Technology, Meguro, Tokyo, 152 Japan
a Department of Materials Science, Chiba University, Chiba, 260 Japan

5 Department of Material Science, Himeji Institute of Technology, Akoh, Hyogo, 678-12 Japan

The photon stimulated ion desorption (PSID) from the adsorption system of H,0 on
the Si(100) surface has been studied in the range 500-700 eV. Experiments have been
carried out at the Photon Factory of the National Laboratory for High Energy Physics
using the grasshopper monochromator beamline (BL11A). Ions were detected and
analyzed by a time of flight (TOF) spectrometer utilizing pulsed synchrotron radiation
(turn time: 624ns, width: 100ps) from the Photon Factory storage ring in single bunch
mode operation.

H* ion is dominant in all investigated region and O* ion is also observed in the TOF
spectrum which is strongly energy-dependent. The relative ion yield curves of these ions
indicate characteristic behavior near and above the O K—edge (539.7 eV); H' ion exhibits
sharp rises at ca. 530 eV and two broad peaks below (ca. 535 eV) and above (ca. 555 eV)
the O K-edge, O* exhibits a delayed threshold at ca. 570 eV and gradual increase up to
700 eV.

To explain these experimental results and to elucidate the mechanism of PSID, the
0,,, auger electron yield (AEY) spectrum and the photoion-photoion coincidence
(PIPICO) spectrum between H* and O in this energy region have also been obtained.
The results are discussed in terms of the primary excitation followed by the Auger decay
and the modification of charge state of desorbing species. Our experimental results are
consistent with a mechanism of formation of multiple charged OH™ (m=3) ions followed
by reneutralization of the excess of charge with strong interactions with the substrate and

finally desorption as single charged H* and O ions.
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Science and Engineering in Synchrotron Radiation-Excited Semiconductor Process

Tsuneo Urisu
Institute for Molecular Science,
Yuichi Utsumi, Jun-ichi Takahashi, Housei Akazawa, and Hakaru Kyuragi
NTT LSI Laboratories

Abstract

Recent results of the Synchrotron Radiation excited Semiconductor process
experiments are reviewed. Unique material selectivity is observed both in the
etching and CVD reactions. As a possible explanation for these material selectivity,
a generation of reactive centers with certain lifetime is proposed.

1. Introduction

[t can be said that the surface photochemical reaction induced by the vacuum
ultraviolet light is started by the appearance of the synchrotron radiation (SR).
Since the first experiment of the SR etching(l) and CVD(2) are reported, studies of
this field have become more active vear by year. The study of the SR semiconductor
process contains not onty engineering interests of exploring the future new process
technologies, but also scientific interests of developing a new scientific field of
VUV surface photochemistry. In the present report, several interesting phenomena as
a problem of photochemistry observed in the SR etching and CVD experiments are
introduced and the reaction mechanisms are briefly discussed
2. Material selectivity observed in SR etching and CVD.

Under the reaction gas SF,t0, or without reaction gases, Si0,, Si,N, and poly-
or amorphous Si can be etchea. Eor evaporated) by electronicafly exciting the
substrate surface by SR irradiations. In this etching, the unique difference of the
etching rate among materials were found (l,3). The tendency of the material
selectivity is roughly similar between etching (with reaction gas) and evaporations
(without reaction gas). In a detailed comparison, however, it has been found that
the etching rate is significantly enhanced by the existence of the reaction gas in
the case of SiN, and poly-Si. The temperature dependence is also quite different
between etching and evaporations. The evaporation rate increases with increasing
temperature. But, the etching rate decreases with increasing temperature.

Concerning to the CVD, similar kind of material selectivity is observed. (4)
Silicon nitride film is deposited from the mixture gas SiHl, + NH, by the SR
irradiation. In this system, it has been found that while the film composition (N/Si)
increases in proportion to the partial pressure ratio of M,/8ill, (P) initially, it
rapidly increases nonlinearly at around 1 of P. The position (%alue of P) of this
sharp increase is slightly lower in insulating substrate than in c-Si substrate. This
phenomena indicates that the incorporation efficiency of nitrogen is larger in
insulating materials than in c-Si.

At the present stage, the reaction mechanisms for these etching and CVD
reactions are not explained clearly yet. A possible explanation is that a reactive
center resulting in the fluorination reaction or nitridation reaction is generated
by the SR irradiation on the substrate surface, and the material selectivity is due
to the difference of the lifetime of the reactive center
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DESIGN AND DEVELOPMENT OF SPECTROSCOPY BEAM LINES AT INDUS-I

P.MEENAKSH! RAJA RAO.B.N.RAJA SEKHAR.N.C.DAS.S.PADMANABHAN,
P.S.MURTY.G.D.SAKSENA.S.V.N.BHASKARA RAO0.,S.S.BHATTACHARYA
V.B.KARTHA ,A.K.SINHAX AND S.BHATX

SPECTROSCOPY DIVISION,.BHABHA ATOMIC RESEARCH CENTRE,TROMBAY.
BOMBAY -400085.INDIA

ABSTRACT: INDUS-1 IS THE FIRST SYNCHROTRON RADIATION SOURCE BEING
BUILT AT CENTRE FOR ADVANCED TECHNOLOGY(CAT).INDORE,INDIA.THIS
SOURCE.A STORAGE RING. OPERATES AT 450 M eV ENERGY AND HAS A
CRITICAL WAVELENGTH OF 61 A.THE CRITICAL WAVE LENGTH WILL BE 30 A

WITH THE USE OF A WIGGLER.THUS INDUS-1 IS AN INTENSE SOURCE OF
PHOTONS.THEIR ENERGIES RANGING FROM SOFT X-RAYS TO INFRA
RED.SEVERAL BEAM LINES ARE PLANNED AT INDUS-1 TO CARRY OUT

STUDIES OF INTERACTION OF RADIATION WITH MATTER.SPECTROSCOPY
DIVISION OF BARC.IS DESIGNING AND FABRICATING THREE OF THE BEAM
LINES AND THE REQUIRED EXPERIMENTAL FACILI(LES.ALL THE BEAM LINES
OPERATE UNDER UHV CONDITIONS (PRESSURE < 10" TORR.A BRIEF
DESCRIPTION OF THE WORK 1S GIVEN BELOW.

| .PHOTOPHYSICS BEAM LINE:THIS BEAM LINE MAKES USE OF PRE AND POST
FOCUSING TOROIDAL MIRRORS AND A 1 METRE SEYA-NAMIOKA TYPE
MONOCHROMATOR AS EXCITING MONOCHROMATOR AND 0.5 - 1 METRE
MONOCHROMATORS AS ANALYSING MONOCHROMATORS.THIS BEAM LINE IS
DESIGNED TO CARRY OUTATUDIES ON PHOTO ABSORPTION,PHOTO DISSCCIATION
AND FRAGMENTATION,CLUSTERS ETC.MOST OF THE BEAM LINE COMPOMENTS,
BARRING UHV SLITS., MIRRORS AND GRATINGS.ARE [INDEGENOUSLY BUILT.

2.HIGH RESOLUTION VUV BEAM LINE:THIS BEAM LINE HAS A FORE OPTICS
CONSISTING OF THREE CYLINDRICAL MIRRORS.THE HIGH RESOLUTION
INSTRUMENT IS A 6.65 METRE CONCAVE GRATING SPECROGRAPH/SPECTROMETER

IN OFF-PLANE EAGLE MOUNT.A HIGH TEMPERATURE FURNACE AND ABSORPTION
CELL ARE BEING FABRICATED TO CARRY 0OUT EXPERIMENTS ON SPECTRA OF ATCMS
AND MOLECULES INVOLVING RYDBERG STATES.MULTIPLY EXCITED STATES
AUTO IONIZING LEVELS ETC.MOST OF THE BEAM LINE COMPONENTS INCLUDINC
THE 6.65 M SPECTROGRAPH/SPECTROMETER IS BEING BUILT INDEGENOUSLY.
HOWEVER., THE GRATINGS .MIRRORS AND UHV SLITS WILL BE IMPORTED.

3.PHOTO ELECTRON SPECTROSCOPY BEAM LINE:THIS BEAM LINE MAKES USE
OF PRE AND POST FOCUSING TOROIDAL MIRRORS . A TOROIDAL GRATING
MONOCHROMATOR(TGM 1400) AND A SPHERICAL SECTOR ANALSER ELECTRON
SPECTROMETER AND A SAMPLE CHAMBER.THIS BEAM LINE 1S DESIGNED TO
CARRY QUT EXPERIMENTS ON HIGH T. MATERIALS,PARTIAL PHOTOIONIZATION
CROSS SECTIONS ETC.THE BEAM LINE COMPONENTS ARE BEING DESIGNED.

¥CENTRAL WORK SHOPS
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Present Status and Future Perspective of Synchrotron Radiation Research Center

Presented by Poh-Kun Tseng
Physics Department National Taiwan University
and
Synchrotron Radiation Research Center
Hsin-Chu, Taiwan, R. O. C.

The Synchrotron Radiation Research Center (SRRC) is the name of new
institute in Taiwan,R.O.C. for collaborative research center for scientific com-
munity in Taiwan area. Presently, the main facility of this center is, of course,
a dedicated electron storage ring for synchrotron radiation researches.

The project of the SRRC was initialed and proposed by a feasil;ility study
group in 1982. It was approved by authority in July,1983,and a task organiza-
tion for the construction of main fascility was organized and the construction
has been started.

The detailed parameters are shown in the table shown below.

The booster has been purchased from the Scantronix company and has
been put in operation resently. The transport line has been constructed suc-
cessfully. The main ring is almost having its shape. All magnet systems are
placed and pre-aligned. All aluminum vacuum chambers will be installed by
the end of this year. RF cavity has been installed and those high frequency
power station and power transmission circuits are on construction.

We expect to commission the system by the middle of next year and three
beam lines will be assembled by the end of next and start for research. By
that time our organizaton will be a National facility of our scientific commu-
nity. It will be welcomed international research collaborations in these variety
application of the synchrotron light.

Nominal energy 1.3 GeV
Nominal circulating current 200 mA
Number of stored electron 5x 101
Horizontal natural emittance 1.92x10-8 m-rad
Circumference 120 m
Revolution frequency 2498.27 klz
Radio frequency 499.654 Mz
IHarmonic number 200
Number of superperiods 6
Free long straight section length 6m
Bending field 1.24 T
Bending radius 3.495 m
Horizontal tunc 7.18
Vertical tune 4.13
Synchrotron tune 1.15x 102
Max. horizontal beta 18.43 m |
Max. vertical beta 12.06 m
Bunch length (rms) 0.74 cm
Bending Magnet Beam size

Horizontal oy, 0.14 mm

~ Vertical o, 0.131 mm

Critical photon wavelength (dipole) 8.89 A
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Present Status of HESYRL
C.Y. Xu

Hefei Synchrotron Radiation Laboratory, University of Science
and Technology of China, Hefei, Anhui 230026, P.R.China
(Scholar of the Spring-8 Team, RIKEN)

The Hefei synchrotron radiation laboratory (HESYRL) was completed and
passed a technical examination organized by the Chinese Academy in October
1991. The current intensity has got to over 200 mA under 800 McV and the beam
lifetime has been 6 hours at keeping the current intencity over 10 mA each
injecting. Now the HESYRL operates on schedule and 5 beamlines with stations are
available to users to do experiments.

The HESYRL
facility consists of
three major
systems: the 200
MeV electron Linac Injector
Linac, the 800 MeV 7 T
electron storage B et
ring and photon E L_ O ) U T
beamlines  with St - il
corresponding | L.l e _——
experimental
stations. Fig.1
shows the general (
layout of the
facility and Table
I summarized its
main
parameters.[1]
There are twelve

Control Center

dipoles, thirty two L
B
q uadru po les * Experimental Area
fourteen
sextupoles and

: Fig.1 L t of Hefei synchrotron radiation facility.
four long straight & A e ¥ 2

sections in  the

storage ring.

Three long straight sections will be used in the future for the installation of
wigglers, undulators and free electron lasers. The Linac injector consists of four
accelerating sectors and a preinjector. Each sector is composed of two 3 m long
accelerating sections and is powered by a klystron of 15 MW. The preinjector is
composed of a triode gun, a prebuncher and a 3 m long accelerating section and is
powered by a klystron of 10 MW [2]

The storage ring is installed in a hall 50 m in diameter and the experimental
area is the floor that surrounds it as shown in Fig.l. The Hefei synchrotron
radiation facility can produce a wide spectrum of radiation from the infrared to
the soft X-ray region. Every bending magnet has two beam ports whose opening
angles are 85 and 120 mrad in the horizontal direction, respectively. Therefore
light from 24 ports in total can be extracted from the storage ring. Each beamline
will be split two branch lines, so the storage ring can be equipped with about 50
beamlines, including ones from insertion devices, and corresponding stations.
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Tablel Parameters of Hefei
synchrotron radiation facility

Storage ring

Energy 800 MeV

Current intensity 100-300 mA i
Circumference 66.13 m

bending magnets 12

Bending field 1.2T

Bending radius 2222 m W

Critical wavelength 24 Ae°
Total radiation power 4.89 kW

Energy loss per turn  16.3 keV )

Working pressure 2% 1079 Torr

Linac injector

Energy 200 MeV ] 5 ,:T—l i

Peak current 130 mA LHD_' H1

Total length 35 m 3 r—m__l

_______ ng 7 ! Es

.............................................. o .

Five beamlines and W

corresponding  stations were
constructed at the first stage.
All of them were installed in the
experimental hall and open to users to do experiments on X-ray lithography,
photochemistry, time-resolved spectroscopy, soft X-ray microscopy and
photoelectron spectroscopy since the end of last year. Fig.2 and Table 2 show their

optical design and the main parameters.[3]

Fig.2 Optical layout of the beamlines.

Table 2 Main optical parameters of the beamlines

Beamline U1 Ul0A U10B Ul2A U20A
Monochromator none Im Seya Im Seya linear SGM
Grating(l/mm) 2400 2400 n=1506 1100
1200 1200 1082 600
600 600 770 500 200
Resolution(nm) 0.1 at 35 nm 0.1 at 35 nm 0.03 1/61=103
Wavelength range(nm) 0.5-2 35-600 35-600 2-5.4 1-110
Pre-mirror toroidal spherical spherical
ellipsoidal
Post-mirror toroidal cylindrical cylindrical
Accept. hxv(mrad) 15x0.6 25x%5 25x%5 0.27x0.27 20x2.5
Spot at sample hxv(mm) 2x1 3x0.2 0.2um Ix1
Flux at sample(phs/s) 0.1W/cm? 5x1011 2x101 1 5x105 1010
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BSRF Status and Research Opportunities

Dingchang Xian, Esheng Tang and Yang Hat
Institute of High Emnergy Physics, Chinese Academy of Sciences
P. O. Box 918, 100039 Beijing, China

The Beijing Synchrotron Radiation Facility (BSRF) is a partly dedicated Synchrotron
Radiation (SR) facility whose construction was started in 1985 and affiliated with the Bei-
jing Electron Positron Collider National Laboratory (BEPC). It is located at the Institute
of High Energy Physics (IHEP) in the west suburb of Beijing. BSRF is one of four con-
stituents of BEPC. The other three are a 1.55 GeV linac injector, a 1.55-2.8 GeV storage
ring (BEPC) and a particle spectrometer for high energy physics research. At present, most
shifts are run for high energy physics research. The dedicated mode was commissioned at
the end of 1989 and the storage ring energy is 2.2 GeV, and a horizontal emittance of 70
nm-rad was achieved[1]. The construction project of BSRF is divided into two phases. First
phase was from 1985 to 1990. The second one is from 1991 to 1995.

The first phase of BSRF construction project consists of three beam ports, seven beam-
lines and nine stations[2]. one beam port is a wiggler port and the other two are bending
magnet ports. The nine stations are the topography and microprobe fluorescence station
with white beamline (4W1A), XAFS station with monochromatic beamline (4W1B), gen-
eral purpose diffraction station with monochromatic and focusing beamline (4W1C), the
diffraction and small angle scattering station with a monochromatic and focusing beam-
line (4B9A), photoelectron spectroscopy station with VUV /soft X-ray compatible beam-
line (4B9B), lithography studies station with soft X-ray beamline (3B1A) and biology spec-
troscopy station with monochromatic and focusing beamline (3B1B).

The second phase of construction project of BSRF has being designed[3]. It consists
of two insertion devices, and four experiment stations. The first beam port is the wiggler
port 1W1. The permanent magnet wiggler in designing is a 16 pole wiggler (17 kG). Two
beamline 1W1A and 1WI1B will be from this port. The beamline 1W1A is a unfocusing
white and monochromatic beamline providing for diffraction at ultra-high pressure and
microprobe X-ray fluorescence station. The beamline 1W1B is planned to be designed for
nuclear resonance scattering station. The second is the undulator beam port 3Ul. The
insertion device is a 34 pole permanent magnetic undulator (5.2 kG). The preliminary
design of the optical system of beamline 3U1 includes a horizontal focus mirror and a SX-
700 type plane grating monochromator. The two stations will exploit this beamline. One is
the atomic and molecular physics station. The other is the soft X-ray optics station. The
third is a bending magnet beam port. The beamline 3BT is a general purpose beamline
which will be used for synchrotron radiation diagnostics and calibration of detectors etc.

Reference

1. D. C. Xian, Nucl. Instum. Methods, A282, 380(1989)
2. Esheng Tang and D. C. Xian, Rev. Sci. Instrum., 63, 1575(1992)
3. BSRF Activity Report, 1991
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Current Status of the PLS Project
Seung Yu Rah, Youngmin Chung and Tong-Nyong Lee

Pohang Accelerator Laboratory
P.O. Box 125, Pohang
Kyungbuk, 790-60C, KOREA

The Pohang Light Source (PLS) project, which was started on April 1, 1988, is
progressing smoothly. The PLS consists of a 2 GeV electron linear accelerator
and an electron storage ring optimized at 2 GeV. The synchrotron radiation will
cover from VUV to soft X-rays. The major parameters and the current status for
the storage ring and the linear accelerator are described bellow:

Storage Ring

The nominal electron energy is 2 GeV, and the initial goal for the electron beam
current is 100 mA for the multi-bunch mode and 7 mA for the single-bunch mode.
The circumference of the ring is 280.56 m and the natural beam emittance is 12
X 109 m-rad. The ring has 12 straight sections. Ten of them are for insertion
devices and other two sections are for injection system and RF system.

The prototype dipole and quadrupole magnets have been tested and approved for
production. All magnets including sextupoles and correctors are scheduled to be
completed by the end of 1993. Also, the test for the second prototype vacuum
chamber have been completed.

Initially there will be two bending magnet beam lines, one for VUV and another
for X-ray users. The monochromator for the VUV beam line will cover the energy
range of 12-1230 eV and will be used for ARUPS, XPS and XAS. The X-ray
beam line will provide the photons of energy 3-12 keV and will be used for X-ray
diffraction, XAFS and X-ray standing wave experiments.

Linear Accelerator

The 2 GeV full energy linear accelerator, which is 150 m long, has 42 acceler-
ating columns and are powered by 11 klystrons. The maximum output power of
the each klystron is 80 MW. A 200 MW modulator will be installed to operate
these klystrons.

The 60 MeV preinjector for the linac was commissioned in February, 1992. Eight
accelerating columns for the second and third modules were installed. The second
module was tested successfully at 200 MeV in December, 1992 and it is expected
that the test for the third module will be done by the end of February, 1993. The
installation of the linac system will be completed by the end of 1993.
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Synchrotron Radiation Sources in Japan

M. Watanabe
UVSOR, Institute for Molecular Science

Table I is a list of the synchrotron radiation sources in Japan operated
and under construction. The total number is 17. They are classified into
two, one of which is belonging to the public institutes widely opened for
scientific research (upper 6)V and the other, to the private companies used
closedly for industrial purposes (lower 11)(with one exception). The sources
in the planning stage are not given.

Table I Existing Synchrotron Radiation Sources in Japan

Machine Location Institution E(GeV) e(keV)
TERAS Tsukuba ETL 0.8 0.57
PF Tsukuba KEK 2.5 4.0
AR Tsukuba KEK 6.5 26.4
SOR-RING  Tanashi Univ.Tokyo 0.38 0.11
UVSOR Okazaki IMS 0.75 0.43
Spring—8" Nishiharima  JAREI-RIKEN 8 28.3
HITACHI-I  Hitachi HITACHI 0.2 0.026
JSR Tokai JAERI 0.3 0.072
NUI-II Tuskuba ETL-SEI 0.6 0.342
NIJI-III Tsukuba SEI-ETL 0.62 1.057
NUI-1V Tsukuba ETL-KHI 0.5 0.231
LUNA Tsukuba THI 0.8 0.568
SORTEC Tsukuba SORTEC-ETL 1.0 G792
AURORA Tanashi SHI 0.65 1,218
NAR Atsugi NTT-TOSHIBA 0.8 0.614
Super-ALIS  Atsugi NTT-HITACHI 0.6 0.715
MELCO-II [tami MELCO 0.8 1.893

*Under construction
References
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2) T. Tomimasu : Rev. Sci. Instrum. 63 (1992) 722.
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Linac

Energy

Frequency

Synchrotron

Energy

Beam Current
Circumference
Superperiodicity
Bending Radius
Harmonic Number
REF Fregquency
Repetition Rate

Storage Ring

Energy
Critical Energy of SR
Beam Current (Nominal)
Multi-Bunch
Single-Bunch
Beam Lifetime
Circumference
Superperiodicity
Bending Radius

Table 1. Main Parameters of the UVSOR Accelerator Complex

E = 15 MeV
frp = 2.856 GHz

E = 600 MeV
I =32 mA
C=26.6m

Nguperperiodicity = ©
p=1.8m

h =38

frp = 90.115 MHz

frep = 2.6 Hz

E=750 MeV
Ec = 425 eV

I = 200 mA
I = 50 mA
T= 200 min.at I=200 mA
C =53.2 m

Nsuperperiodicity = 4
p=2.2 m

Betatron Wave numbers

Horizontal Qx = 3.16
Vertical Qy = 2.65
Momentum Compaction Factor a= 0.032

RF Frequency frr = 90.115 MH=z

RF Voltage VrRr = 50 kV
Natural Emittance
Horizontal gx= 1.15 x 10-7 tm rad
Verticald) gy = 1.15 x 1078 nm rad
Beam Sizes
Horizontal Ox = 0.39 mm
Verticald) oy = 0.27 mm
Bunch Length 01 = 170 psec

a) 10 % coupling is assumed.
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Beam
Line

BLI1A
BL1B
BL2A
BL2B1
BL2B2
BL3Al
BL3A2

BL3B
BLA4AA
BLAB
BL5B
BL6A1
BL6A2
BL6B
BL7A

BL7B
BLSA

BLSB1

BL3B2

Table 2. Beam Lines at UVSOR

Monochromator,
Spectrometer

Double Crystal

Im Seya—-Namioka
Im Seya-Namioka
2m Grasshopper

Im Seya-Namioka
None (Filter, Mirror)
2.2m Constant Deviation
Grazing Incidence
3m Normal Incidence
None

None

Plane Grating
Martin-Pupplet

Plane Grating

FT-IR

Double Crystal

1 m Seya-Namioka
None (Filter)

2.2 m Rowland Circle
Grazing Incidence

Plane Grating

Wavelength Acceptance
Region Angle(mrad)
Horiz.  Vert.

15 - 8A 4 1
6500 - 300 A 60 6
4000 - 300 A 0 6
600 - 15 A 10 1.7
2000 - 300 A 20 6
Uy 03 03

1000 - 100 A 10 4
U 03 03

4000 - 300 A 20 6
6 6

83 6

2000 - 20 A 10 22
5000 - 50 um 80 60
6500 - 80 A 10 6
2500 - 1 um 70 25
15 - 8A 2 03
15 - 2A W) 0.15
6500 - 300 A 40 8
25 8

440 - 20 A 10 2
6500 - 80 A 10 6

Experiment

Solid

Gas &Solid
Gas

Gas & Solid
Gas

Gas & Solid
Gas & Solid

Gas
Irradiation
Irradiation
Calibration”
Solid

Solid

Solid

Solid

Solid

Gas & Solid
Irradiation,
User's Instrm.
Gas & Solid

Solid

# The BL5SB constructed and used by National Institute for Fusion Science, will belong to

UVSOR from the fiscal year 1993.

U: with an undulator (A,=85mm, N=25, A,=1500-235 A), W: with a wiggler (4T).
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LOCATION

Ultraviolet Synchrotron Orbital Radiation (UVSOR) Facility, Institute for Molecular
Science (IMS) is located at Okazaki. Okazaki (population 300,000) is 260 km southwest
of Tokyo, and can be reached by train in about 3 hours from Tokyo via New Tokaido Line
(Shinkansen) and Meitetsu Line.

o _ Okazaki

Address
UVSOR Facility, Institute for Molecular Science
Myodaiji, Okazaki 444, JAPAN

Telephone 0564-55-7402 (Secretary, UVSOR)
0564-52-6101 (UVSOR)
Fax 0564-54-7079 (UVSOR)
Telex 4537475 KOKKEN J (IMS)
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