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Topological insulators (TI) are a novel state of
quantum matter in three dimensions (3D) that have
been gaining increased attention. Along with its
two-dimensional (2D) counterpart, the quantum spin
Hall (QSH) phase, they are mathematically
characterized by the so-called Z, topological number
[1]. While the bulk is insulating with an inverted gap,
there is a metallic edge or surface state which is
topologically protected and hence robust against
weak perturbation or disorder.

While there have been a large number of reports on
3D TI, only few works have been done in terms of 2D
QSH. The most extensively studied system is the
HgTe/CdTe quantum well [2]. Another important
system predicted to be a 2D QSH is the single bilayer
(BL) Bi [3]. But since it is the thinnest limit for a 2D
system similar to graphene, it has not been realized
experimentally.

In the present research, we succeeded in fabricating
a single bilayer of Bi(111) on Bi,Te;(111) since they
both form in layers with a hexagonal lattice. We have
investigated how the surface Dirac cone of Bi,Te; is
affected by this Bi termination. Figures 1 (a) and (b)
show the band dispersion for the 18 QL (quintuple
layer, stack of Te-Bi-Te-Bi-Te) Bi,Tes(111) film on
silicon and a bilayer of Bi(111) on top of it,
respectively, measured by angle-resolved photo-
emission spectroscopy. The Dirac cone as well as the
bulk conduction/valence bands can be seen in Fig.
1(a). We should note that due to the overlap of the
bulk valence band and the Dirac cone near the Dirac
point, the photoemission intensity is strongly
suppressed near the I" point. The Dirac cone does not
vanish upon Bi adsorption as can be clearly seen in
Fig. 1(b), which is a direct evidence that the the Dirac
cone is actually robust against nonmagnetic
perturbations. However, the intensity at the Dirac
point is enhanced and it seems that the Dirac cone has
changed its nature. Comparison of the present
experimental data with ab initio calculations showed
that the electronic structure of the Bi/Bi,Te; system
can be understood as an overlap of the band
dispersions of bilayer Bi and Bi,Te;. But whereas the
Dirac cone of Bi,Te; is localized at the topmost QL,
the Dirac cone in Fig. 1(b) was mostly localized at the
topmost Bi and this change induced the change in the
experimental observation. Our results show a unique
situation where the topologically protected one- and
two-dimensional edge states are coexisting at the
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surface [4].
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Fig. 1. Band dispersion image of a 18 QL thick
Bi,Te; (a), and that for a single-bilayer Bi(111)
terminated Bi,Te; (b).
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Nitrogen doped TiO,, which is one of most
promising visible-light-response photocatalysts, has
been extensively studied to wunderstand the
mechanism of visible-light-response. Although many
structural studies on nitrogen dopants in TiO, have
been conducted with various techniques, neither site
nor chemical state of the nitrogen dopant is clear yet.
In this work, we measured polarized NEXAFS
spectra for nitrogen-doped rutile TiO,(110) to
elucidate the structure of the nitrogen dopants.

The samples were prepared by heating TiO,(110)
substrates under NH; atmosphere. Polarized
NEXAFS experiments were performed at BL3U with
using the partial electron yield method.

Figure 1 shows O-K edge NEXAFS spectra of
rutile TiO,(110) with different polarization angles.
For example, NI [001] indicates that x-ray incidence
angle is 90° from the surface parallel and its electric
vector is lying along [001] direction (see Fig. 2). In
the grazing incidence (GI) geometry, the incidence
angle was 30°. For the O-K NEXAFS spectra, we
observe seven peaks (a-g) depending on the
polarization. Considering the polarization dependence
and previous assignments for these peaks [1,2], peaks
a, b and d can be attributed to excitations to three
unoccupied states: (Ti 3d + O 2pn), (Ti 3d + O 2po)
and (Ti 4s + O 2p), respectively. Peaks e and f are
assigned to (Ti 4p + O 2pm and o). Peaks ¢ and g
seem to be associated with of a surface oxygen
species shown in Fig. 2. The peak c is attributed to
the combination of Ti 3d orbital and O 2p orbital of
the surface oxygen species bridging two titanium
atoms. Similarly, Peak g is attributed to the
combination of Ti 4sp orbitals and O 2p orbital of the
same oxygen species.

Figure 3 shows N-K edge NEXAFS spectra of the
nitrogen dopants in the rutile TiO,(110). Here the
incidence angle was 15° for GI and 90° for NI. As a
result, seven peaks (a’-f” and X) were observed and
the peaks a’-f” well correspond to a-f in the O-K
NEXAFS with respect to both polarization
dependence and the order in energy. The counterpart
of peak g is not clearly discernible due to a poor S/N
ratio. From these results, the nitrogen dopants in
rutile TiO, are likely to occupy the lattice oxygen
sites via substitution.

It should be noted that peak X appears exclusive in
the N-K edge spectra. Based on the results of XPS
measured at BL6U and a previous report [3], it is
proposed that the nitrogen dopants are in the form of
NH. Thus, peak X might be attributed to an excitation
to a NH-relating unoccupied orbital. The fact that
peak X is enhanced in the GI geometry suggests that
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the N-H bond is aligned closely along the surface
normal.
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Fig. 1. O-K NEXAFS spectra of rutile TiO,(110).
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Fig. 2. Rutile TiO,(110) surface (K. Momma et al., J.
Appl. Crystallogr. 44 (2011) 1272.)
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Fig. 3. N-K NEXAFS spectra of nitrogen dopant in
rutile TiO,(110) .
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Ionic liquids are rapidly expanding topics of
research because of their fovorable properties such as
high ionic conductivity, negligible vapor pressure,
and controllable hydrophobicity. Much effort has
been made to understand the unique physical
properties of ionic liquids. The dielectric constant is
one of them because many theoretical approaches rely
on dielectric continuum models.

Recently, some authors reported on bulk dielectric
constants of various ionic liquids [1, 2]. However,
interfacial property is also important to understand
the characteristics of ionic liquid since that is related
to many applications such as solvent extraction and
batteries. Until now little is known on the interfacial
dielectric properties of ionic liquids. Photoionization
is a suitable technique for studying interfacial
dielectric state because given threshold reflects the
solvation energy at the surface. In this report,
ionization threshold energies of polyaromotic
molecules on various ionic liquids were measured and
interfacial properties of ionic liquids are discussed.

Ionic liquids used: I-butyl-3-methylimidazolium
tetrafluoroborate, hexafluorophosphate ([bmim][BF,]
and [bmim][PF¢]), ethylammonium nitrate, and
protonated betain bistrifluoromethane sulfonylimide
([Hbet][Tf,N]) were synthesized as a usual method.
Pure water and formamide was used as reference
solvents. In a typical photoionization measurement,
the light was emitted from the chamber to a
He-purged cell through an MgF, window. The range
of light energy was in 4-8 eV. The emitted light was
reflected with an Al mirror and vertically irradiated
on the sample surface. High voltage (400V) was
applied between the mesh electrode that was 5 mm
above the liquid surface and a Pt cell with 25 mm in
diameter. Hexane solutions of aromatic molecules
(naphthacene, perylene, pyrene) were prepared at the
concentration of 10 M and added dropwisely on the
surface of ionic liquids by 200 pL. After evaporation
of hexane, the photoinduced current (~ 0.1 pA) was
measured by a picoammeter (Keithley model 428).

Measured photoionization spectra were analyzed
and threshold values were determined by fitting the
spectra to the empirical formula of I = (E - Ey)™.
Figure 1 shows the obtained photoionization
threshold plotted against (1-1/¢), where eis the
relative permittibity of the liquid. The threshold
energy lies higher in a vacuum for each aromatic
carbon (naphthacene: 6.97 eV; perylene: 6.96 eV;
pyrene: 7.43 eV) than in any other solvents because
the threshold energy (Ey,) satisfy the formula in the
case of emitting electron into the air,

Ew = I, + P" and P where I, and P" are the
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ionization potential and polarization energy of the
. . . + .

photoionized molecule, respectively and P is always

negative since the polarization is exothermic.
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Fig. 1. Measured photoionization threshold plotted
against a function of relative permitivity of each
solvent. Round, triangle, and square plots are the
results for perylene, pyrene, and naphtacene,
respectively. Error bars are standard deviation for the
measurement (n = 5).
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Using Born’s theory and making an assumption
that each ionized molecule is spherically coordinated
by surrounding solvent molecules, the polarization
energy has a linear relationship with the value
(1-1/¢). However, for some polyaromatic molecules
and solvents, the linearity cannot be applied and the
absolute polarization energy is far smaller than the
value estimated by complete solvation. The result
imply that surface polyaromatic molecule is not fully
solvated by surrounding ionic liquids. Furthermore,
the photoionization threshold of pyrene shows the
weakest dependence on the changes of bulk relative
permittibity. This result coinsides with our previous
report using ionic liquid/water mixture [3] where the
photoionization threshold of pyrene has a small
dependence on solvent composition. The analysis of
the different behavior of polyaromatic molecules at
the ionic liquid surfaces are now in progress.
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Magnetic nanostructures have been an important
subject both for application and fundamental
researches. Materials with large coercivity and
magnetic anisotropy are highly demanded for
industrial uses. Single atomic layers, where magnetic
features such as anisotropy, coercivity diverse from
its bulk materials, give rise to extraordinary magnetic
properties. Among magnetic single layers, Fe/W(110)
has been one of the most extensively studied systems
owing to its pseudomorphic growth mode, which
results in 1x1 registry despite their large lattice
mismatch (auwyage~1.1). The large expansion of Fe
lattice has been inferred to generate a large magnetic
anisotropy. However, due to its extremely large value,
the anisotropy energy has not been directly
determined in spite of huge accumulation of
experimental results on Fe/W(110) [1].

We have investigated magnetic anisotropy energy
and coercivity of Fe nanoislands on W(110) (Fig.1(a))
using x-ray circular dichroism (XMCD). The
experiment was done at BL4B using a low
temperature cryostat and a split pair superconductive
magnet. The spectra were taken at 7, = 5K under
magnetic field up to 6 T. The samples were prepared
in situ with thermal deposition of Fe onto W single
crystals.

Figure 1 (b) shows magnetization curves taken
along three directions (see Fig.1 (c) for the
configurations) by measuring the Fe Ls-edge
white-line intensity. Using a first order anisotropy
formula, A0,d)=c,cos’0 +c,sin’0 sin” p—M, we fits the
magnetization curves. ¢; and ¢, are the magnetization
anisotropy energies for [110] (out-of-plane) and [001]

(in-plane) directions, respectively. The obtained
anisotropy constants are plotted in Fig. 1 (d). The
anisotropy energy is ~1 meV per Fe atom for the
in-plane and out-of-plane directions as determined
from magnetization curves, almost constant for the
nanoisland below one monolayer. This anisotropy
energy corresponds to an anisotropy field of 17 T.
The coercivity, H,, for the nanoislands at 0.25 ML is
very large, ~5 T. With increasing the Fe coverage,
giving larger island size, it rapidly decreases to 1 T at
0.6 ML, which follows H. ~ 1/r (radius of island).

The obtained largest coercivity is 1/3 of the
anisotropy field, suggesting that the magnetization
reversal process is via a domain wall creation, not a
coherent rotation. In case of the coherent rotation at
low temperature (~5 K), the coercivity should be
close to the anisotropy energy.

Coercivity is limited by the smaller anisotropy
energy since the magnetization reversal proceeds
along the lower energy potential. Therefore, the large
anisotropy both for the in-plane and out-of-plane
directions is the origin of the huge coercivity on
Fe/W(110).

[1] M. Pratzer, et al., Phys. Rev. Lett. 87 (2001)
127201.

Fig. 1. (a) Scanning tunneling microscopy image of
Fe 0.3 ML deposited on W(110). (b) Magnetization
curves on 0.4 ML Fe/W(110) for three directions (see
(c)). (c) Experimental configurations for the XMCD
measurements. (d) Anisotropy energies constant, c;
and ¢, (see text) and (e) coercivity as a function of Fe
coverage.
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It is important to understand the interactions of
phthalocyanine compounds containing transition
metals (TMPcs) with semiconductor substrates as
well as metal ones for realizing molecular devices.
Vanadyl phthalocyanine (VOPc) is one of TMPcs
formed non-planer structure although TMPcs (M=Mn,
Fe, Co, Ni, Cu and Zn) are planar structure. For
non-planar structure, it is possible to adsorb on
substrates with oxygen pointing up or down in a case
of adsorption parallel to the surface. Actually, VOPc
in the first layer adsorbs on HOPG [1] and Au [2]
substrates with oxygen pointing up and a GaAs
substrate [3] with oxygen pointing down to the
surface. In this study, we investigated the molecular
orientation and magnetic properties of vanadyl
phthalocyanine (VOPc) deposited on a clean
Si(111)-(7%7) surface by using x-ray absorption
spectroscopy (XAS) and x-ray magnetic circular
dichroism (XMCD).

Purified VOPc was deposited on Si(111)-(7%7)
from homemade Knudsen cell at 570K under 3x107
Torr. During the sublimation deposition, the substrate
was kept at room temperature. The deposition rate
estimated by a quartz crystal oscillator was 0.1
ML/min. XAS and XMCD measurements were
performed at 5 K by means of total electron yield
(TEY) detect. In the XMCD measurement, the
helicity of the circularly polarized x-ray was fixed
positively while the magnetic field was reversed.

Figure 1 shows the n* resonance intensities of N
K-edge x-ray absorption spectra for 0.9 and 15 ML
VOPc deposited on clean Si(111) as a function of
x-ray incident angle. It is found that the tilt angles of
the phthalocyanine framework are about 26 deg and
37 deg for 0.9 ML and 15 ML VOPc, respectively. It
is found that 15 ML VOPc does not form a molecular
configuration with stand-up in comparison with a
case of CuPc (f=66 deg) on Si(111) [4].

Figure 2 shows V L-edge and O K-edge XAS and
XMCD spectra at the incident angle of 0 deg. The
spectrum for 0.9 ML is broader than that for 15 ML
because the energy resolution of the spectra for 0.9
ML was worse than that for 15 ML. However, it is
clear that no additional peak is observed at V L-edge
and the o* resonance intensity of O K-edge is
increased for 0.9 ML VOPc as compared with that for
15 ML VOPec. 1t is found that VOPc molecules of the
first layer on the surface are absorbed with oxygen
pointing down to the surface and interacted
chemically with Si atoms.

For the magnetic properties of VOPc films, XMCD
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signals are obtained for 0.9 ML VOPc as well as 15
ML VOPc. The XMCD spectra for both 0.9 ML and
15 ML are similar shape although the intensities are
different. It is found that the electron of central
vanadium atom in d-orbital does not be lost for 0.9

ML VOPc.
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The magnetic properties of molecules have
attracted interest in recent years. The spin states of
the magnetic metal-complex molecules containing 3d
transition metal can be changed by an adsorbed
molecule and a substrate under the molecular films.
Iron (II) phthalocyanine (FePc) is one of interesting
and fundamental compounds, because it takes an
unusual intermediate triplet spin state and has a large
orbital moment. In this study, we report on the
magnetic property of FePc on nitrogen saturated
Cu(001) surface [Cu(001)-c(2x2)N] by means of
X-ray magnetic circular dichroism (XMCD) at BL4B,
which equipped with a super conducting magnet
system.

Sample preparation and XMCD measurement were
carried out in UHV chambers. A Cu(001) single
crystal was cleaned by repeated cycles of Ar'
sputtering and annealing. The N adsorbed surface was
made by N* bombardment and annealing at 520 K.
Purified FePc was deposited on the substrate at room
temperature (RT) by sublimation and the thicknesses
of the films were monitored by a quartz crystal
oscillator. The X-ray absorption spectra (XAS) and
XMCD spectra were taken at 5 K and the XMCD
spectra were recorded with reversal of the magnetic
field.

Figure 1 (a) shows Fe L-edge XMCD spectra of 25
ML FePc on clean Cu(001) and 1 ML FePc on
Cu(001)-c(2x2)N at incident angle & = 0° from the
surface normal at H = £5 T. The spectra of FePc on
Cu(001)-¢(2x2)N is almost the same as that of 25 ML
FePc. It seems that the inactivity of Cu(001)-c(2x2)N
surface keep the same electronic state as FePc
molecule in molecular plane. This result is different
from the case of 1 ML FePc on the Co film [1]. The
electronic state of FePc on Co films is modified by
strong interaction between the FePc molecule and the
Co layer.

In contrast to the result at & = 0°, the spectrum of
FePc film on Cu(001)-c(2x2)N at 6 = 55° s
different from that of 25 ML FePc [Fig. 1 (b)]. The
peak at 707 eV in FePc film on Cu(001)-c(2x2)N is
weak compare with that in 25 ML FePc. The peak at
707 eV in XAS spectra originates from the 3d,
orbital of the Fe ion. Because the 3d, orbital is
oriented perpendicular to molecular plane, it is
affected by the substrate under the molecule.
Therefore, the decrease of the peak is caused by the
interaction between the Fe 3d,. orbital and the
Cu(001)-c(2x2)N substrate under the FePc molecule.
These results indicate that the electronic state of
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metal-complex molecules is modified only out of
plane while that in in-plane is preserved the same
electronic state of molecular.
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Fig. 1. Fe L-edge XMCD spectra of 25 ML FePc on
clean Cu(001) and 1 ML FePc on Cu(001)-c(2x2)N
at incident angle (a) 6=0° (b) € =55° from the
surface normal at /= +5T.
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(2011) 67.
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High-intensity high-order harmonics have been
investigated intensively in recent years. In the
construction of a beam line for the high-intensity
high-order harmonics, however, use of a conventional
beam splitter (BS) (Si or SiC) that absorbs the
fundamental laser light has caused serious problems
such as its thermal distortion. To solve these problems,
we proposed and investigated a novel BS with
transparent oxide materials that transmitted the
fundamental laser light and then reflected the
high-order harmonics. In BS for the high-order
harmonics, reflection of the fundamental laser light
should be minimized by entering the p-polarized
fundamental light at the Brewster’s angle, which
could improve the separation between the
fundamental laser light and the high-order harmonics
at the same Brewster’s angle.

We have fabricated WO3/TiO, bilayers on c-plane
sapphire substrates by controlled growth with
sequential surface chemical reactions (SSCR) using
sequentially fast pressurized pulses of the vapor
sources. Our previous experimental results revealed
that WO; (221) and rutile TiO; (200) thin films could
be grown epitaxially on c-plane sapphire substrates
by SSCRs. Then, in this study, we proposed a
WO,/TiO, bilayer grown on c-plane sapphire
substrates, which could be utilized as a BS for the
high-order harmonics. Reflectance characteristics
were also investigated at the same Brewster’s angle
using monochromatized synchrotron radiation (SR)
located at Ultraviolet Synchrotron Radiation Facility
(UVSOR), Institute for Molecular Science, Okazaki,
Japan.

Reflectivities for x-rays were measured with the
beamline BL5B at UVSOR, and the current from a Si
photodiode was used to determine the beam intensity
reflected from the fabricated BS. The reflectivity was
obtained dividing the intensity of the reflected beam
by that of the incident. Figure 1 shows theoretical
(dashed line) and measured (solid line) reflectivities
of WO3/TiO,/c-plane sapphire BS at the Brewster
angle for TiO, at the pump pulse at the wavelength
range from 7 nm to 40 nm. The measured peak
reflectivity was 37.0% at a wavelength of
approximately 16.8 nm, which corresponded to the
47th-order harmonics of the 800-nm pump pulse,
while theoretical peak reflectivity was 45.2% at a
wavelength of approximately 16.1 nm, which
corresponded to the 49th-order harmonics of the

800-nm pump pulse. Figure 2 also shows high
reflectivity of WO5/TiO,/c-plane sapphire BS at the
Brewster angle for TiO, at the pump pulse at the
wavelength range from 30 nm to 100 nm.
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Fig. 1. Theoretical (dashed line) and measured (solid
line) reflectivities of WO3/TiO,/c-plane sapphire BS at
the Brewster angle for TiO, at the pump pulse at the
wavelength range from 7 nm to 40 nm.
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Fig. 2. Measured reflectivity of WO;/TiO,/c-plane
sapphire BS at the Brewster angle for TiO, at the pump
pulse at the wavelength range from 30 nm to 100 nm.
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Thanks to advances in free electron laser (FEL)
technology, a high power coherent light source has
been recently available in the extreme ultraviolet
(EUV) region. This new light source makes it
possible to investigate nonlinear optical phenomena
induced by intense EUV laser fields. When atoms
interact with EUV FEL, they undergo multiphoton
multiple ionization as a typical nonlinear response to
the EUV laser fields, but details of the ionization
mechanism have remained to be clarified. Recently,
we have carried out photoelectron measurements with
EUV FEL pulses at the SCSS facility of the RIKEN
HARIMA institute, and have revealed importance of
resonance effects in three-photon double ionization of
Ar [1] as well as double excitation of He [2] in
intense EUV laser fields, demonstrating that
single-shot photoelectron spectroscopy is a powerful
tool for studies of multiphoton multiple ionization. In
these experiments, the FEL field intensity available
by using the Kirkpatrick-Baez optics installed at the
SCSS facility was an order of ~10'> W/cm? due to the
long focal length (~1 m), producing ions with at most
doubly charged states. Therefore, to investigate the
nonlinear response of atoms with highly charged
states, mirrors with a high reflectivity as well as short
focal length have to be employed for the focusing,
thereby giving sufficiently large field intensities. Here,
we investigate the reflectance property of a concave
mirror (f= 75 mm) coated with silicon carbide (SiC)
for the focusing of EUV FEL pules in the wavelength
region of 50-61 nm.

The reflectance of a SiC coated concave mirror
was measured at BL5B. The synchrotron radiation
(SR) was dispersed by a grating and filtered in a
confined region of 40-90 nm by a tin (Sn) foil (Fig.
1(a)) to suppress contributions from the higher order
light due to the diffraction of the grating. The
transmitted SR was detected at the normal angle by a
Si photodiode (PD) suitable for the EUV region
(AXUV100), which was used as a reference light.
The SR light reflected by the SiC mirror at the angle
of incidence of 7.5 degrees was measured with the
same PD detector.

Figure 1 (b) shows a part of the reflectance of the
SiC coated concave mirror. The reflectance increases
from 40 nm and reaches the maximum of ~13 %
around 65 nm. The wavelength region available for
FEL at the SCSS facility is indicated by a
double-headed arrrow. At 60 nm the reflectance is
about 10 %, which is smaller than the throughput
(30 %) of the focusing system at the SCSS, but the
focal spot size of the SiC concave mirror is expected
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to be >10-times smaller. Therefore, based on
comparisons of the focal areas, field intensities of
EUV FEL pulses are expected to be improved by two
orders of magnitudes, which results in intensities with
an order of 10" W/cm?.

The present study strongly suggests that the SiC
coated concave mirror with a short focal length is
suitable for generating intense EUV laser fields with
~10'* W/cm®. Such large field intensities allow us to
investigate how multiple ionization takes place to
produce highly charged ions by using EUV FEL
pulses.

We are very grateful to the staff of the UVSOR
facility.
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Fig. 1. (a) Synchrotron radiation dispersed by a
grating and transmitted through a thin Sn filter, which
is used as a reference light in the region of 40-90 nm.
(b) Reflectance of a SiC coated concave mirror. The

FEL wavelength region available at the SCSS facility
is indicated by a double-headed arrrow.
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Organic molecules adsorbed on solid substrates are
potentially useful for sensors and electronic devices.
Charge transfer from the molecules to the substrate is
one of key factors which determine the electronic
property of such devices [1]. However, the relation
between adsorption structure and charge transfer has
been unclear. The core-hole clock spectroscopy is a
powerful technique to estimate charge transfer time
scale from molecule to substrate. The metal-thiolate
bond is often used as a covalent-bond linker between
organic moiety and substrate. In this work we studied
charge transfer time scale of methylthiolate (CH;S)
adsorbed on Ag(111) and Cu(111), which exhibit
largely different adsorption structures, using the
core-hole clock spectroscopy.

The experiments were carried out at beamline
BL6U of UVSOR. Ag(111) and Cu(l111) surfaces
were cleaned by Ar” ion spattering and annealing.
The methylthiolate monolayers were prepared by
evaporation of dimethyldisulfide (CH;S-SCH;) onto
the metal substrates at room temperature. These
samples were irradiated by soft x rays with photon
energies of 220-245eV, and we measured intensities
of electrons emitted in the decay process of S2s—3p
excitation by an electron energy analyzer. Obtained S
LiL,sM;;3 Coster-Kronig autoionization spectra
exhibit delocalized and localized final states, where
exited electrons are transferring to the substrate and
remaining within the molecule, respectively.
Comparison between the intensities of the two final
states enables to estimate the charge-transfer time
constant [2].

Figure 1 shows intensities as a function of
incoming photon energy and kinetic energy of the
emitted electrons taken for the methylthiolate
monolayer on Cu(111). Four different final states
appear on the spectra: delocalized final states with
constant kinetic energies D (2p'3p’'deloc’) and d
(2p'3s™'deloc') and localized final states with linear
dispersion L (2p™'3p™3p") and / (2p'3s7'3p"). A single
spectrum taken with a photon energy of 235.0 eV is
shown in Fig. 2. The spectrum was de-convoluted
into the four components to estimate the charge-
transfer time constant. Since the L final state is
contributed from another decay channel (shake-up
photoionization), we used d and / components for the
estimation. Referring the S 2s core-hole life time
(t.-0.5 fs), the charge transfer time constant Tcr was
obtained using a simple equation tcr = T xX1()/1(d). As
a result, Ter(Cu(111)) is estimated to be 1.6 fs. In case
of Ag(111), the component / was not clearly observed,
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and hence the charge transfer for CH;S/Ag(111) is
extremely fast. Considering the previous result
(ter(Au(111)) 1.2 fs), it is concluded that
ter(Ag(111) << ter(Au(111)) < ter(Cu(111)).

In the CH;S/Ag(111) system, the S atoms are
buried in the Ag adatom layer, while in the case of
Cu(111), CH;S molecules are simply adsorbed on the
surface. The CH3S/Au(111) system shows formation
of a surface complex consisting of a Au adatom and
CH;S. Therefore, the metal adatoms generated on the
surface may play a significant role in formation of
strong bonding between the S atom of methyelthiolate
and the surface metal atoms, leading to faster charge
transfer.
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Fig. 1. Intensities of the emitted electrons taken for
the methylthiolate monolayer on Cu(111).
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Fig. 2. Peak fitting of the spectrum at the photon
energy of 235.0 eV.
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The Rashba effect is one of important physical
mechanisms to realize spintronic devices, where the
spin degeneracy of conduction channels is lifted
without an external magnetic field [1,2]. This effect is
caused by breaking space inversion symmetry at
crystal surfaces. Recent researches found a few
systems with very large Rashba effect [3,4,5], called
giant Rashba splitting and revealed unusual spin
textures of Rashba bands [3,4]. Moreover, an
one-dimensional conductor formed on a silicon
surface was found to exhibit Rashba spin splitting,
which has a great potential in spintronics applications
[8].

In the present study, we performed angle-resolved
photoelectron spectroscopy (ARPES) measurements,
using BL6U of UVSOR, for a newly found nanowire

system formed on a silicon surface, Si (110)-“6"x5-Pt.

This nanowire structure was previously studied by
scanning tunneling microscopy (STM) [6]. As shown
in Fig. 1, well ordered wires are formed along [1 -1 0]
on the Si(110) substrate [6]. Our own STM study
showed a x3 periodic structure on the bright part of
the wires along [1 -1 0], which is mixed with a x2
periodic structure on the dark valleys between wires.
Since this structure is formed with the heavy element
Pt, we expected a substantial spin-orbit interaction on
its band structure.

Figure 2 shows the ARPES data along [1 -1 0]
direction taken at 15 K with 46 eV photon. Two
parabolic bands (at binding energy of ~ 0.2 eV) are
split at the T" point with symmetric dispersions. This
band was shown to have one-dimensional dispersion
along the wires and its periodicity along the wires is
consistent with that observed in STM. Its dispersion
is further consistent with the Rashba splitting picture
with a Rashba energy of about 130 meV and a Rashba
parameter of about 0.93 eVA. This Rashba splitting is
much larger than that on the two dimensional system
of Si(lll)-"-.-‘?x ¥3-Bi [5,7] or the one dimensional
system of Si(557)-Au [8], belonging to the category
of giant Rashba systems. The spin structure of this
system needs to be further confirmed by
spin-polarized ARPES experiments and the atomistic
origin of the Rashba band needs to be clarified in the
forthcoming works including theoretical calculation.
In any case, we believe that this is the first one
dimensional system with a giant Rashba effect.
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Fig. 1. STM topography of Si(110)-“6"x5-Pt taken
from ref. [6]. (a) Wide region (300x150 nm” at filled
state) and detailed images at (b) filled and (c) empty
states.
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Fig. 2. Measured band dispersion of Si(110)-
“67”x5-Pt along the wire ([1 -1 0]) direction. Red and
blue solid lines indicate the major surface state band
dispersions, which show Rashba type band splitting.
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The data from Bi,Se; shows a large circular
dichroism (CD), which stems from the existence of
orbital angular momentum (OAM) [1]. It was found
that the OAM is also locked to the electron
momentum and its direction is antiparallel to the spin
direction. Therefore, CD ARPES data may provide a
way to measure the spin direction.

We report on our attempt to investigate the warping
effect on the spin structures of the surface Dirac states
of Bi,Te; [2]. Our main goal was to obtain the
systematic change in the OAM structure in the
momentum space at a constant binding energy as a
function of the energy from the Dirac point.
Therefore, we performed ARPES experiments with
circularly polarized light and obtained CD data. We
observe the OAM direction from the dichroic ARPES
data and find the spin structures. The results are
consistent with the theoretical prediction, even in the
high warping region.

To see how such a warping effect plays a role in
the dichroism, we need to inspect the CD in the
momentum space at a constant binding energy. Figure
1(b) plots constant energy CD data taken with 50
meV steps between 0 and 250 meV as marked by the
dashed lines in Fig. 1(a). The plots show that the sign
of the CD on a constant energy contour has binding
energy dependence. Figure 1(c) shows CD data at 0,
100, and 250 meV binding energies. At 250 meV,
which is close to the Dirac point, the shape of the
constant energy contour is almost a circle. For 150
meV binding energy, the constant energy contour has
a hexagonal shape. The Fermi contour at 0 meV
binding energy has a strong warping effect, as
manifested by its star shape. It is obvious that CD is
also affected by the warping effect in Bi2Te3 and has
a complex pattern.

CD plotted in Fig. 2 is very strong similar to CD
results from Bi,Se;. We find that CD due to OAM is
severely affected by the warping effect in the band
structure. The OAM close to the Dirac point has an
ideal chiral structure (sinf) without the out-of-plane
component. The CD shows a sin36 effect in the weak
warping effect region around 150 meV binding
energy. Such 0 dependence is compatible with the
theoretically predicted spin structure for the case
when the out-of-plane OAM component has a strong
contribution to the 6 dependence. In addition, CD
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gets an extra sin60 term from modulation in the
in-plane OAM component when the warping effect
becomes very strong near the Fermi energy. This
result is consistent with theoretical prediction, which
considers higher order terms in our modified kip
perturbation theory that incorporates OAM.
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Fig. 1. (a) Illustration of Dirac cone of Bi,Tes. (b)
Dichroism in the momentum space at various binding
energies. (c) Constant dichroism map at selected
binding energies of 0, 100, and 250 meV.
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Fig. 2. CD and OAM direction along the constant
energy contour at (a) 0 meV, (b) 100 meV, and (c) 250
meV.
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KTN (KTa;4Nb,O;) is a transparent optical crystal
that is made of K, Ta, Nb, and O and exists as
amorphous, pyrochlore, and perovskite crystal
structures. Interestingly, it does not undergo a
structural phase transition below its melting point
temperature [1]. Furthermore, KTN having a
perovskite crystal structure exhibits a very large
electro-optic effect, wherein the refractive index
changes by twice the magnitude of the applied
voltage. The purpose of this study was to achieve
optical responses for KTN thin film over a wide

Reflectance (a.u)

range of photon energies, and to investigate the 10 thcgton ener 3(86\7) 40
electronic structures by comparing experimental data &y
with theoretical calculations. <=0

Thin films of KTa; NbO; (0 < x < 0.7) were x=0.10
deposited by radio frequency (RF) reactive sputtering x=0.16
onto fused quartz at a temperature of 500 °C. KTaO; x=047

and Nb plates were used as the target, and the
sputtering was conducted in a mixture of argon and
oxygen gases. The film thickness was about 150 nm.
The chemical bonding states and crystallinity of the
films were investigated by X-ray photoelectron
spectroscopy (XPS) and X-ray diffraction (XRD) )
analyses. Reflection spectra of the films were 5 10 15
measured in the vacuum ultraviolet region up to 40 Photon energy (eV)
eV with a 3 m normal incidence monochromator
(gratings: G1, G2, and G3) using the BL7B beamline Fig. 1. Measurement results using the BL7B
at UVSOR-IL. A silicon photodiode sensor was used beamline at UVSOR
as the detector for the reflected light.

According to the analyses, all thin films are
composed of polycrystalline KTN. When the
impression electric power of Nb was measured at 0, Energy (eV)
25, 50, 100, and 125 W, the value of x was set to 0, 15 15
0.10, 0.16, 0.47, and 0.59, respectively. The reflective -
measurement results using the beamline at UVSOR
are shown in Fig. 1. As the value of x increased, the
peaks at 5 eV and 10 eV shifted to the low energy 0
side. To analyze the differences, a DV-Xa molecular
orbital calculation was performed. The calculation
results and the experimental measurements are in 15
good agreement. The results of the calculation are =
shown in Figs 2 and 3, which are the energy level B
diagrams qf [M;KgOs3] (M = Ta, Nb) clusters 0 K Ta O2s K "
embedded in Madelung potential is represented by 0 45,[. 5d 0, Nb,,
the formal charges. In each oxide, the O,, band » A ’
comprises the valence band. The calculation results Fig. 2. KTaO; Fig. 3. KNbO;
show that the peak shifts as x increases is the peak for
the Nbyq orbital.

x=0.59

Reflectance (a.u)
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Over the past decade, organic electronic devices
have increased considerable attentions due to their
potential applications. The adsorption of large
n-conjugated organic molecules on metal surfaces is
one of the key targets to understand the variety of
peculiar interface properties. The molecule-substrate
interaction crucially influences electronic and
geometric properties at the interface.

Diindenoperylene (DIP: Cs;,H ¢) (inset in Figure 1)
is a typical organic semiconductor. The DIP
monolayer films are prepared on graphite (HOPG)
and Ag(111) substrate to reveal the interface
electronic  structure by using angle-resolved
ultraviolet photoelectron spectroscopy (ARUPS).

ARUPS spectra were measured at photon incidence
angle a=45°, hv=28 and 40 eV and T=295 K. The
molecules were evaporated onto the graphite and
Ag(111). The coverage/thickness of the monolayer
was confirmed by the work function of the
densely-packed monolayer (ML) film which shows a
clear LEED pattern.

Figure 1 shows the UPS of DIP thin films on
Ag(111) together with DIP monolayer (ML) on
HOPG for the comparison. The DIP/HOPG spectrum
(4) can be considered for the representative of
physisorbed interface. The peaks A, B and C are
ascribed to HOMO(wt), HOMO-1(n) and HOMO-2(7),
respectively. These valence features are appeared at
high-binding energy (E,) side by 0.35¢V for
DIP/Ag(111) (3). The peaks are suppressed and
shifted to low-E, side with decreasing the coverage.
For the thinner films, the additional features are
observed especially at band-gap region, which is

denoted by I, — I;. One may find other valence band
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Fig. 1. Thickness dependence of DIP film prepared
on a clean Ag(111), DIP(as-grown ML: 0.3 nm) (1),
DIP(island film 0.6 nm) (2), and DIP(1 nm) (3)
together with DIP(as-grown ML)/HOPG (4). UPS for
each substrate are also shown. Work function shift
(0.44 eV) is found for the secondary cut-off region.
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features at around peak I; and at deeper E, region,
though it is hard to discuss the characteristics of each
state due to coexistence a couple of orbital states. The
features I, and I, would be related to the former
LUMO and former HOMO of DIP as reported
similarly in PTCDA/Ag(111), respectively [1].
Shockley surface state is completely disappeared for
the film (1). The work function of the
DIP(ML)/Ag(111) is decreased by 0.44 eV from
Ag(111) and slightly recovered for other thicker films
(2) and (3) by 0.leV. The spectrum (1) is also
obtained upon annealing the thicker films.

Figure 2 shows ARUPS result for DIP(ML)
/Ag(111) along I'-K direction measured at hv=28 eV.
The photoelectron angular distributions (PADs) of
features I; and I, are slightly different each other. The
PAD for molecular solids gives a momentum view of
molecular orbital spread [2]. To reveal each orbital
character beyond the energy resolution, a momentum
map of the PAD is requested to be measured [3]. The
adsorption distance evaluated by x-ray standing wave
measurements remarks a closer distance for DIP than
PTCDA on Ag(111). The relation between the
adsorption distance and the degree of orbital
hybridization to the metal, which may be appeared in
the present UPS results, will be considered.

[1] J. Ziroff et al., Phys. Rev. Lett. 104 (2010)
233004.

[2] S. Kera et al., Chem. Phys. 325 (2006) 113.

[3] M. Dauth et al., Phys. Rev. Lett. 107 (2011)
193002.
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Fig. 2. ARUPS along I'-K direction for
DIP(as-grown ML)/Ag(111). HOMO and LUMO
distribution on gas-phase are also shown.
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Recent progress in the field of organic thin-film
transistors receives significant attention underscoring
its importance for the microelectronic industry. In
organic electronic devices, the electrical behavior is
governed by not only the electronic states of the
semiconducting molecules but also the morphology
of their thin films. In-plane orientation of pentacene
films has been performed in order to improve the
transport properties in OFETs. Fabrication of oriented
structure such as uniaxially oriented crystallites is
important to obtain the oriented growth of materials
as a substrate. In-plane orientation of pentacene films
has been performed in order to improve the transport
properties in OFETs. Fabrication of oriented structure
such as uniaxially oriented crystallites is important to
obtain the oriented growth of materials as a substrate.
It has been shown that the uniaxially film growth of
pentacene can be achieved by using micrsotructured
substrate. In this study we show that a highly
anisotropic growth of pentacene film on the
uniaxially oriented poly (tetrafluoroethylene) (PTFE)
onto the grating which have well-defined
microstructure (such as groove period and depth).

ARUPS measurements were performed at the
beamline BL8B of the UVSOR storage ring at the
Institute for Molecular Science. The take-off angle
(0) dependencies of photoelectron spectra were
measured at incident angle of photon (o) = 45° with
the photon energy (hv) of 40 eV. All measurements
were performed at room temperature. PTFE was
deposited on brazed grating with different groove
period (300line/mm (line space is 3.3 um) and 1200
line/mm (line space is 830 nm) on which Cu has been
deposited in advance. Pentacene thin film was
obtained by deposition on PTFE film onto the grating
(Pn/PTFE/grating).

We observed take-off angle (0) dependence of
HOMO peak in UPS of pentacene thin film (thickness
of about 10 nm) on PTFE film deposited on grating
Pn/PTFE/grating (300 lines/mm) and (1200 lines/
mm) with parallel and perpendicular condition
[Fig.1(a) and (b)]. In the parallel condition, the
electrical vector of incidence photon is parallel to the
direction of the groove. Photoelectron intensities
from HOMO band show a sharp 6 dependence with a
maximum at 0 = 50~60°. On the contrary, with
parallel condition they show broader 6 dependence.
0 dependence for the pentacene thin film on grating
(1200 lines/mm) is sharper than that on grating (300
lines/mm). They indicate that the anisotropy of
molecular orientation of pentacene on the grating
(1200 lines/mm) is higher than that on the grating
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(300 lines/mm). The narrower line space (below 800
nm) needs for the higher anisotropic molecular
orientation of pentacene film.

(@)

(b)

Fig.1. Take-off angle (8) dependences of photoelectron
intensities of HOMO peak of Pn/PTFE/grating (300
lines/mm) (a) and Pn/PTFE/grating (1200 lines/mm) (b)

with parallel (@) and perpendicular condition (@).





