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NewSUBARU Light Source Accelerator and Beamline BLO01

Satoshi Hashimoto

Laboratory of Advanced Science and Technology for Industry, University of Hyogo

This report outlines the activities of the NewSUBARU light source accelerator and the light source
development beamline BLO1 in FY2025. Stable operation of the aging storage ring was maintained, and
the renewal of power supply systems was carried out. At the end of FY2025, the bending magnet power
supplies of the storage ring were replaced, and operation has proceeded smoothly since April 2026. In
the development of a gamma-ray source based on laser Compton scattering, the gamma-ray intensity was
successfully improved through optimization of the laser optical system and the introduction of a high-

power laser.
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BLO03 Extreme ultraviolet beamline
Shinji Yamakawa, Tetsuo Harada
Laboratory of Advanced Science and Technology for Industry, University of Hyogo

BLO03 is extreme ultraviolet (EUV) beamline for EUV dose estimation, outgas measurement and out
of band (OoB) reflectometer.
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BLO05C X-ray absorption spectroscopy beamline for industrial applications
Koji Nakanishi
Laboratory of Advanced Science and Technology for Industry, University of Hyogo

BLO5C, an X-ray absorption spectroscopy beamline at the NewSUBARU Synchrotron Radiation
Facility, was constructed in 2021 for industrial applications of synchrotron radiation analysis. Initially,
the beamline covered photon energies of 1-4 keV, commonly referred to as the tender X-ray region.
Subsequent upgrades extended the accessible photon-energy range to approximately 11 keV. BLO5SC
primarily supports the characterization of rechargeable batteries and hydrogen-related energy
materials. Ongoing developments aim to expand its capabilities for analyzing next-generation energy

devices, particularly through operando measurements.
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Fig. 1. Measurable X-ray absorption edges at the BLO5C.
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Fig. 2. The schematic configuration of the BLOSC.
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Fig. 3. S K-edge XAS spectra of Fig. 4. Comparison of Cu K-edge XAS spectra and EXAFS
various sulfides. oscillations of Cu foil measured at SPring-8 BL14B2(red) [1]
and NS BL05C(black).

15



[ 1] MDR XAFS Database, DOI: https://doi.org/10.48505/nims.1759
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Current status of EUV lithography beamline BLO7A
Satoru Suzuki

Laboratory of Advanced Science and Technology for Industry, University of Hyogo

BLO7A was originally constructed as a beamline for creating functional surfaces using high-
brightness monochromatic X-ray irradiation obtained by a multilayer monochromator. Currently, it
is being remodeled into a beamline for EUV lithography. However, at the same time, the original
beamline functions are being retained. This report introduces the current status of BLO7A.
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NG E— 230 CH D ERImEE (MO L 0 A SN AT S5, BRI S~ A5 41X
3° THD, AL ST IR EESN SRR E S N BEFE O L BIEEE ) g EA SN D, ZD%
e E 3 S EO L@ L 3FEHO 7 4 VX —EY VR D52 EI2E D, 50~800eV DJAV
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IYNERD TR EUV EAOBE AR O L@ A a2 ikiE 5 2 & & L, Hic/emtasix
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Figure 1. Schematic of the current layout of BLO7A (sideview).
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Figure 3. Simulation of the reflectivity of the
. double-multilayer monochromator.

Figure 2. Structure of the multilayer monochromator.
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BL09C Beamline

BL-9C B — AT A Y FE  JFUH % /Tetsuo Harada
S BN K - 1 B SR E AR JE AT /LASTI, University of Hyogo

BL-9C is the high-power EUV irradiation beamline for EUV durability evaluation with hydrogen
gas. The EUV pellicle durability and the Mo/Si multilayer durability were evaluated.
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Tetsuo Harada, Shinji Yamakawa, Mitsunori Toyoda, and Takeo Watanabe, “Development of a High-
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BL10 Beamline

BL-10 B —2ATA 403 J5 35 5 /Tetsuo Harada
S N7 R « 1 PE R S R AR ST AT /LASTI, University of Hyogo

BL-10 is the general-purpose beamline for EUV reflectometer and soft X-ray measurements. The
energy region is 60 — 950 eV, which includes EUV, BEUV, CK, and OK regions. At the EUV
reflectometry, the high-order-suppression unit is installed to measure absolute
reflectance/transmittance. The resonant soft X-ray reflectance and scattering can be used for the
resist/polymer film analysis.
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Integration of MADOCA 4.0 and LabVIEW Control System for the NewSUBARU
Screen Monitor

Koki Shibamoto!, Takahiro Ushizawa?, Shotaro Nakata® and Satoshi Hashimoto*

Graduate School of Engineering, University of Hyogo!, JASRI?, SES?3,
Laboratory of Advanced Science and Technology for Industry, University of Hyogo*

Screen monitors (SCM) installed in the beam transport system at synchrotron radiation facilities are one
of the key beam diagnostic instruments. At NewSUBARU, acquiring electron beam profiles (such as beam
shape and centroid) using conventional SCM required operations spanning two control systems. Therefore,
the objective of this research is to establish an operational platform that enables the integrated operation of
existing control systems. This will reduce work time, minimize operational errors, and standardize
operational procedures, thereby improving the efficiency of accelerator operations.
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Figure 1.0verview of SCM.
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Figure 2. Processes within the program for
automatically acquiring electron beam profiles
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Figure 3.Screenshot of the Developed GUI.
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Table 1.Measurement method.

Table 2 F5JL TN Figure 4 [ZFHAFE RZA2 R T, 7235, bt 05 D SCM TIXNT 7 AR A LT 7o FHl%
IR, M3%T — 1T Figure 4 DEARNZ AMERIZHE L TR,

With GUI Without GUI
(times) bt 02 (5) bt_03 (5) bt 04 (5) bt_05 (5) (imes) bt 02 (5) bt_03 (5) bt_ 04 (5) bt_05 (5)
1 219 2098 23.65 203 1 458 456 4539
2 2155 22.63 2.77 2 46.49 4359 447
3 22.88 22.63 214 Rleasuement 3 4479 44.15 4705 | Measurement
stopped stopped
4 21.05 23.68 22,65 4 4287 4247 44.49
5 2113 21.88 2.42 5 42.15 41.85 4284

Table 2.Measurement Result with and without GUIL
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2 = BEN
[1] T. Sugimoto et al., ”Status of the control system for fully integrated SACLA/SPring-8
accelerator complex and new 3 GeV light source being constructed at Tohoku, Japan”, in Proc.
ICALEPCS’19, New York, NY, USA, pp. 905 (2019).
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Response Evaluation of Commercial Dosimeters for High-Energy Gamma Rays
Yoske Sumitomo!

!College of Science and Technology, Nihon University

In Nihon University, we have an electron accelerator that reaches the energy of 100 MeV and
creates a high-dose environment. We are now constructing an irradiation environment that helps to
develop material technologies used in space where influences by high-energy and high-dose
radiations are unavoidable. In order to lower the threshold of irradiation tests and enhance space
development activities, the cost of dose evaluations must be low. Hence we perform irradiation
experiments of high-energy gamma rays to commercially available dosimeters, whose responses of
high-energy radiations are not clearly understood. In this report, we illustrate our project briefly and
show the current results of irradiation experiments.
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KN DTHDHN, ZORKKUTEIEL TR BRI LA IESH EIE TEXRWRETH D, NED T
TATELT, TATIAFHBEO I A mICEMIMHELBRE A To QWK ZEEBET DL, BiiEL72D K
KD H EHICBITAHIEIT 1 A2 THI 420 mSv EH EIZH AT 200 552V EREILZ0 (113 /) .
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Development of an operation assistance system for the
NewSUBARU synchrotron radiation facility using a local RAG
environment powered by SLMs

Nao Kajiwara, Satoshi Hashimoto
Laboratory of Advanced Science and Technology for Industry, University of Hyogo

We developed an offline, conversational operation assistance system using a local Retrieval
Augmented Generation (RAG) environment to support accelerator operations at NewSUBARU. As a
result, the RAG framework effectively eliminated model hallucinations, confirming accurate and facility-
specific knowledge retrieval. Although the processing latency increased due to the vector search overhead,

this system demonstrates clear potential for knowledge leveling and reducing operator workloads.
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Generation and Observation of Ultraviolet Pulses
in a Femtosecond Laser-Seeded Free-Electron Laser

A. Gocho', Y. Tanaka?, Y. Kida’, K. Imamura®, K. Kaneshima?, S. Hashimoto' and T. Tanaka*

Laboratory of Advanced Science and Technology for Industry, University of Hyogo
2 Graduate School of Science, University of Hyogo
3 Japan Synchrotron Radiation Research Institute (JASRI)
“RIKEN SPring-8 Center

Ultrashort-pulse light sources are important tools for time-resolved measurements of ultrafast
phenomena, nonlinear optics research, and industrial applications. At the NewSUBARU BLO1, we
have developed a femtosecond laser-seeded free-electron laser (FEL) system and demonstrated the
fundamental principle of a single-cycle FEL. We also performed temporal waveform measurements
of chirped radiation wavepackets using the SPIDER technique. In this study, we successfully
generated and observed coherent ultraviolet radiation at a wavelength of 266 nm, corresponding to
the third harmonic of an 800 nm seed laser. Time-resolved spectral measurements were performed
using a streak camera equipped with a spectrometer. A distinct coherent radiation peak was observed
only under laser-seeding conditions, confirming that the radiation originated from the laser-induced
microbunching process. The measured spectral bandwidth was approximately 7 nm (FWHM),
corresponding to a Fourier-transform-limited pulse duration of about 15 fs. Furthermore, the
observation of coherent radiation at the third harmonic indicates that a microbunching structure
sufficient for generating the third harmonic component was formed in the electron bunch. These
results demonstrate that the femtosecond laser seeding enables the generation of ultrashort coherent
ultraviolet radiation in our experimental setup.
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Figure 1. Schematic of the experimental setup for the femtosecond laser-seeded FEL
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Measurement of Electron Beam Orbit Fluctuations During Injection in NewSUBARU
Using a High-Speed Camera

Yoshito Omae', Yasuyuki Minagawa?, Hideyuki Hirayama?, Shotaro Nakata?, Kiminori Ito?
Kunihiko Morisato?, Yoshiki Takeno? and Satoshi Hashimoto?

!Graduate School of Engineering, University of Hyogo
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Orbit oscillations of the stored electron beam are induced by mismatches in the bump orbit during
beam injection in the NewSUBARU storage ring. In this study, a quantitative observation method
for these oscillations was investigated by observing synchrotron radiation images with a high-speed
camera and evaluating the temporal variation of the beam size. It was confirmed that the injection-
induced orbit oscillations and their damping process can be observed using the high-speed camera.
It was also found that the beam size increased with increasing bump height.
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TOWARDS HIGH-POWER OPERATION OF THE BL01
GAMMA-RAY BEAMLINE AT NewSUBARU
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The BLO1 beamline at the NewSUBARU Synchrotron Radiation Facility (University of Hyogo)
is one of the few Laser Compton Scattering (LCS) gamma-ray sources worldwide. Because LCS
gamma rays are tunable, highly directional, quasi-monochromatic, and polarized, they are used in
a wide range of applications.

A key requirement from users is higher gamma-ray intensity, which reduces measurement time
and improves the signal-to-noise ratio. At BLO1, the intensity is primarily governed by the electron
beam current, laser power, and critically the spatial and temporal overlap between the electron beam
and the incident laser.

In this study, we demonstrate gamma-ray intensity enhancement at BLO1 through the introduction
of a high-power laser system and optimization of the laser transport optics. A 70 W laser was
installed to increase the photon density at the interaction point. However, at higher laser powers,
increased beam divergence degraded the spatial overlap with the electron beam, resulting in a
reduction in gamma-ray intensity. To address this issue, the laser transport optics were redesigned
to improve beam propagation and maintain effective overlap at the collision point.

As a result, the proportional relationship between laser power and gamma-ray intensity was
recovered, and the gamma-ray intensity increased by approximately a factor of four compared with
the conventional optical system.

These improvements increase experimental throughput and broaden the applicability of LCS
gamma rays, including nuclear physics, non-destructive inspection, and medical isotope production.
This work was supported by JSPS KAKENHI Grant Number JP24K03207.
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Figure 1. Schematic diagram of Laser Compton Scattering

2.2 LCS H <t T+ GRE)
AL =W —LE T — LB OUEST J7 10 HEEE_ECIEMm 22 L TRAT W -~ O THN,
TR TERSNLD[10],

N,=c(1+ )I P
y=¢ ﬁevEc

Utoth(Z)dZ 1)
p Z
ZITC, e W, BTG CTHIMSAL LT R 1 IXE R E IR, e 1XREM ., vIZEFORHE P
FAIL =P =T — B I AT T RNF = 0o IRELWTEFE, 2 (AT T MR TdD, L(z)
(TA—R=Fy T LTI, AR — Y —LBFE—LOEREGERL, B AN —F -0
WRERDS— L CQUODEE, kT REND,
1

L) = 210, (2)% + w(z)?\/0,(2)? + w(z)? )

ZZ T 0x(2), 0y (D) IFEFE—LOKFEBIOEE S Y AR w@) T AFT L —F —Dr—2o0 1
AThD, —H, BEFZRAX =L —F = ENRELE, X()OFES LISMIERIZ DT, T
~VHRREE I L) DFEMEIZ BT 22803005,

3. —a—ZAN V< #E— AT A BLO1
47



Za— A VLYERBIF HE — AT 1 BLO1 O o~ A OfX] & SpectraPhysics . Talon L
—H%— (70 W) D% Figure 2 1”7, AE—LA7 A4 Tid, Nd:YVO4 L —#— (1064 nm) , CO2 L
—4— (10 um) . Talon L —H%— (Nd:YAG, 532 nm) 72E % Fi&ITIGE U TREWOT, o~ e A S
TWD, WEDERLIL —F—FHNWLHZE T BETLIT v~ T —b BT D, AR TIE,
Talon L —Y —ZXo TRATIHH <RI HONWTIRARD,

AL —F =%, MEZRHE BRI RN RV NICRES NI T — RV REO N FR B LOEZE
WAL, BV BLEEL TNNERA~ET O AR END, SHI2, BZEX 7MNO Ag a2—FRT7—
IZEVIEEE 90 FERRIT, FHREY 7 EARTIC B W CE FE — AL IEmE 22 T 501 EShA,

BRI ARSI~ RE — AT, E— AT AV BZE KO BZE 8 2@ L2 %, £ 3m DK
KPZABHL TAM B — L vy Z— (MBS) Bl AL, #HiEU 7 b RSMIRE S 2 D
D=~y F ~AFEND, T 11EE0 S em BT 27U —k 45 cm OMlEficEE THEbDIL, Ny T
2 I OIER 2 V) — N THERIL TN D, T, B~ X —IBEHIR T 5802 A—Z &
FNNBIOT o~y T 1ITRELTND,

RV EREROm) 7oy A—4
NYF-1 INIF2
\MBS
Ho<
$ea . £y

3m 4

HEm !

Nal(TDZ o FL—iav ikt
WELVZ T AL ——

> v,

N
RELX BELX
Laser pmmm

Y

Figure 2. Schematic diagram of the BLO1 gamma-ray generation section and Talon laser
beam path
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E T T P F S BT RN IC I I b L, ARG P Sl = AR —EH T 598 F L7
(Table 4.1),

KPERUAFIC WL IR
L X 1 418 m) {i[#[m]
L X 02 6.84
R X 0.5 7.144
EAEE S m] 2241
7 A bt A X[mm) 0.46
7 A bR {m] 2203
KPRBABOHL IR
L X 46 S8 m) {ir [ [m]
BRM L 0.09 1
Ry 0.5 1.41
Ry x 14 9.202
FUREE 9y m] 23.202
72 A bt A Z[mm] 0.38
7= A i {m] 23.353

Table 4.1. Laser optical systems before and after optimization
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Figure 4.1 Lens position and laser beam radius
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Figure 4.2. Gamma-ray intensity as
a function of laser power
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with twice the divergence angle
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Heating-induced changes in Si L:,s-edge XAFS spectra of
obsidian: Implications for thermal-history indicators in volcanic
glass

Kyohei Sano! , Tetsuo Harada?, and Shinji Yamakawa®

!Graduate School of Regional Resource Management, University of Hyogo
?Laboratory of Advanced Science and Technology for Industry, University of Hyogo

Cooling rate is an important parameter in volcanic processes and affects processes such as
crystallization, bubble growth and development of glass structure during volcanic eruption.
Therefore, establishing a method to infer cooling rates from glass structure would provide a
powerful tool for understanding the volcanic processes. In this study, we conducted synchrotron-
based Si L,3-edge XAFS analyses of obsidian samples from the Horoka-Yubetsu lava, Shirataki,
Hokkaido, Japan. We performed heating experiment on the obsidian samples and examined the Si
L 3-edge spectra before and after heating to evaluate changes in glass structure. Our results suggest
that the Si L, 3-edge spectra, particularly the peak around 115 eV, reflects the structural changes in
silicate glasses.

1. Introduction

Volcanic products experience decompression and cooling during eruptions. Therefore, they record these
processes in rock textures and chemical compositions. Previous studies have estimated decompression rates,
thermal histories and cooling rates using diffusion profiles (Nakamura, 1995; Costa et al., 2020), bubble
number density (Toramaru, 2006), crystal size distribution (CSD:Marsh,1988; Cashman and Marsh,1988)
microlite number density (MND: Toramaru et al., 2008) and H,O species in glass (Zhang et al., 2000) .
However, the relationship between cooling rate and volcanic glass structure remains poorly understood. In
glass science, glass structure is known to change depending on cooling rate and thermal history, and
parameters such as fictive temperature and structural relaxation are commonly used to evaluate glass
structure (e.g. Tool,1946; Hodge, 1994). Therefore, establishing a method to infer thermal histories and
cooling rates from volcanic glass structure would provide a key tool for understanding volcanic processes.
In this study, we conducted heating experiments on obsidian samples from Shirataki, Hokkaido, Japan and
analyzed the Si L,3-edge XAFS spectra of the samples and discuss the possibility that the Si L, 3-edge
spectra, particularly the peak around 115 eV, reflects structural changes in silicate glasses.

2. Samples

An obsidian sample from Horoka-Yubetsu (HY) lava, Shirataki, Hokkaido, Japan was used for the heating
experiments and analyzed by soft X ray synchrotron radiation. The chemical composition of the HY lava
obsidian is as follows ([10]Wada and Sano, 2011) : SiO; = 77.92, TiO, = 0.04, ALL,O3 = 12.84, FeO* = 0.32,
MnO = 0.05, MgO = 0.02, CaO = 0.47, NaxO = 3.77, KO = 4.51, C1 = 0.07 in wt.%. No phenocrysts are
observed, whereas minor amounts of oxide microlites smaller than 70 pm and plagioclase microlites smaller
than a few tens of micrometers are present (Wada and Sano, 2011). The water concentration determined by
Karl Fischer coulometric titration following the procedure of Sano et al. (2015), indicate that the unheated
obsidian contains 0.2 - 0.3 wt.% H>O.

3. Method

3-1. Heating experiment for structural relaxation

Heating experiments were conducted to investigate the relationship between structural relaxation and Si
L, 3-edge spectra. Centimeter-scale obsidian flakes were prepared from the HY lava obsidian and heated at
900°C for 1 h in muffle furnace, followed by quenching in air. For synchrotron radiation analysis, the heated
and unheated samples were first crushed using a tungsten carbide mortar and then finely ground using an
agate mortar.
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3-2. Soft X-ray synchrotron analysis
The Si Lz,3-edge spectra probe transitions from Si 2p . , , : :
core states to unoccupied electronic states and are L ‘ + unheated obsidian| |

* heated obsidian

sensitive to the local electronic environment associated A
with  Si-O bonding, including the degree of :
polymerization, Si—O-Si bond-angle distribution,
neighboring cations, and Si coordination environment
(e.g. Garvie and Buseck, 1999). Therefore, analysis of
the Si L.,-edge spectra may provide information on
differences in the local electronic structure and the short-
to medium-range structure of the glass. Powder samples
were mounted on an aluminum alloy plate using carbon r
tape, and synchrotron radiation measurements were o p- prs s e s s
carried out at BL-10 of the NewSUBARU synchrotron energy [eV]

facility, Laboratory of Advanced Science and Fig.1 Si L2,3-edge spectra for unheated (blue)
Technology for Industry, University of Hyogo, Japan. and heated (red) obsidian samples.

The Si L.,5-edge spectra were obtained using the total

electron yield (TEY) method. The spectra were processed over the energy range of 95-125 eV using
OriginPro (LightStone Corp.). Background removal was performed using the XPS Tougaard method.

Intensity
T

4. Results

Fig. 1 shows the Si L»,3-edge spectra of the heated and unheated obsidian samples from the HY lava.
Comparison of the spectra shows clear differences in the position and shape of the peak around 115 eV. For
a quantitative evaluation, we calculated the centroid energy of the 115 eV peak. The centroid energy of the
unheated obsidian is 115.25 e, whereas that of the heated obsidian is 115.55 eV.

5. Discussion and Summary

The obsidian heated at 900°C for 1 h shows a marked change in the shape of the Si L,3-edge spectrum
around 115 eV. The centroid energies of the heated and unheated obsidian samples also indicate that the
heated obsidian has a higher centroid energy than the unheated sample (Fig.1). These spectral differences
may reflect changes in H>O content, crystallinity, and the short- to medium-range structure of the glass. No
apparent change in crystallinity was observed between the heated and unheated obsidian samples under
polarized-light microscopy, although further analyses, such as electron microscopy and X-ray diffraction,
are needed. The theoretical water concentration of the HY lava obsidian at 900°C and 1 bar is 0.07 wt.%
under Xmo in vapor = 1 condition, as calculated using the model of Moore et al. (1998). Therefore, some
amount of water may have been lost by diffusion during the heating experiment, and such dehydration may
have affected the peak characteristics. Alternatively, oxidation and/or relaxation of the silicate network
during the heating experiment may also have contributed to the spectral differences. Although further studies
are required, the Si L»,;-edge spectra may provide a useful tool for revealing the cooling processed and
thermal histories of volcanic products.
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Development of Soft X-ray XANES Analysis for POM Wear Debris
and Local Electronic Structure Analysis
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In this study, soft X-ray XANES measurements were performed to establish an evaluation method for the
local electronic structure of wear debris generated during friction of polyacetal (POM). First, C-K edge
XANES measurements of bulk POM were carried out at NewSUBARU BL09 to evaluate the reproducibility
of the spectra and the influence of X-ray irradiation during repeated measurements. Based on these
measurement conditions, XANES spectra of wear debris generated by friction between POM and PMMA
were measured and compared with those of bulk POM and PMMA. As a result, slight spectral differences
were observed around 287-288 eV in the wear debris, suggesting that friction-induced structural or chemical
changes may be reflected in the local electronic structure.

1. IXLHIT

RUT 22— VR (POM) 1T, BETAEMARRTER SOV BN E 2 9 D2 800, il 728 0
AR EZ AL E L TLSHIIESNTUWA[1], — T, POM D EEER « BEFERENIC OV T, FEBURECORE
P, BRSO~ af Il BT AN ZATh T DL D0, BEREIZ L0 - AR
I L BEFEZEEN L D BRI O W TR A S 30,

FEERERNIL, BRSNS CTAEUT AW T -CBR B B, S it St D JE IR & S35 £ i) T
HEEZ DI, B B A PR 5 L CHEEREWRE G A TWD AR DD, EEDITINET
12, X B0 6 (XPS) BLUVREERAENIE (DSC) 2 T, POM EEFERNZ I D L2k
AARFEORE SR MED AL AT L, LB EE 10 Lo TR OGS N (LD ATREMEZ R L TET2[2],
L2vL, XPS (33 nm FBEORRIKEZ AT L TIETHY, DSC 1TEH2IRD FHEI 72 B 25 F
M2 FIETHDHI=0, BEFEIC AU RFTHI L IR RE LA SN R 32 I I AR 722 /047 T
ERBETHD,

ZOXHE FOLE, JTLHRIBINIICFFTE TIRREZ FEAMN AT HE72#R X ) XAFS (X-ray Absorption Fine
Structure) 1%, EEFEM DAL FIRERCHE S IRIEAMENT 328 N7r kLU CTIf NS, — T, A
B> C-K WU XANES JlE Tk, B EIREHZ L DEHAS (B — 22X A—) O EEZI1T0T7Y,
HE SR LA TAT MUIBIR DAL T DI EDN BN TWD[3], T D728, BEFEMREmIZ e,
ERMEOZ LB OHIM AR T2 ENEETHD,

FEZTCTAMETIE, =2—A73L BL09 28T, £773L7 POM ik V2 C-K WX i XANES
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HEEITV, IR URAEIZED AT MVEBINERS T OSBRSS O B A S L=, 3512, JIES:
ALz BT, POM-PMMA (ZRU AZ 7V VIR AT )V RHIE) BRI K0 AL L 72 BERE R O C-K WX i
XANES HIEZFEHL, 2317 POM BLO PMMA ED HERZ1To7-, ZAUTEY, BRI RFrE+-
WRBEA LD EARFTL, R OREETHmIZ M 7o R Ra R0 2 L2 RS LT,

2. ERFGHE

1 BRI L OB E R

FEEGAER L, POM EKE PMMA T A AV ERLAG ORI A 0T ¢ A7 ARG 2 T
L7z BBHZIZ TR POM EK (2R ~—, EAE 4 mm) BL 0 PMMA Hibf % A=, 18 10N, L)
I 0.84 m/s DERFTHRBREZIT, BMLOIBIFEEE 900 m B I AR LI BEREM A B LT,
BB e LT, LoBEhEio /3127 POM BL T PMMA b illlEIC it L7=,

2.2 #R X #E XAFS JI7E

C-K WIS AEIk Dk X # XAFS JIE 1, =2 — A2 U YEMEaR BLO9 B — AT AT e &
EIZEVFEREL 72, JE =L —EiHI 1 275-330eV &L, WU (280-295eV) TiX 0.1eV, ZD
fLDFE T 0.2-0.5 eV DTRNF =27y P TREZAT T2, B A ICE 03 EHAE (B —2%
A=) D E UM 5728, 23127 POM T O TC IR — 5k [7— I E A & TR URIEZ 2 [B]%
MEL7o, £z, WIERMF O EBLZHERTLIHNT, A X #8EE2 2 ST ELI T o7z, BfFLIZ
XAFS AT NUIIFRENTY 78 =7 Athena % FHVNTHLBEL, pre-edge % 0, post-edge % 1 L7251 H EH]
{b&21T>7=%%, XANES (X-ray Absorption Near Edge Structure) A7 kL EL THEE - MG LT,

3. BRBIUEZE

3.1 7NV7 POM 21T H480 i UJIES K4 5 Bl R A
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Figure 1. Repeated C-K edge XANES spectra of bulk
POM measured at the same sample position.
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AR MUTEREL TNV POM IZIEVWEIRZ 7R LTS, WSS, R 287-288 eV Tz
TR A IS ED B SNz, — T, PMMA (2RI 72 AT VIR EIZ 52 21— L T 6
T, BEFER DN HAAZR PMMA B9 D A TRERLS AL TND DT TIERN D kﬁxrﬂ*ﬂéhto

C-K WUt XANES 1% C 1s #EALD D B L o*BE ~DEB 2 LT 52N LI TEY[3], K
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Figure 2. C-K edge XANES spectra of bulk POM, PMMA,
and wear debris generated during POM—-PMMA friction at 0.84
m/s.

4. FE®

AWFFETIE, ==2—A3L BL09 (28T, POM EEFERY Ok X #t XANES SFAfh (a1 72 1) i Fas
BB I OVR AT EIRREART 21T o7, 7317 POM % =40 U E Tk, KRERAT VAL

IERBOLINT, RYPESFRMFICE W TR B AR BEERGONLZEE MR LT, 72, POM-
PMMA PRI X0 A R U2 BERERY O C-K WU XANES A7 ML RIELTZREE, 7317 POM ST
B DWW CE RS DSBS, BRI R AT 2 b P R D W IREIE 2L 3 AE U TV D ATRE
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X #R
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Trial of Circular Polarized Light Generation from
the Linearly Polarized Source of NewSUBARU

Kensho Amano!? Yusuke Fukui'*? Hiroki Wadati® and Takuo Ohkochi?

!Graduate School of Engineering, University of Hyogo
Laboratory of Advanced Science and Technology for Industry, University of Hyogo
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The utilization of circularly polarized synchrotron radiation is crucial for analysis of distinctive magnetic
states, as exemplified by X-ray magnetic circular dichroism (XMCD). However, insertion devices capable
of generating circularly polarized light in the soft X-ray region—where transitions to electron shells directly
responsible for magnetism occur—are limited to large facilities such as SPring-8 and NanoTerasu. On the
other hand, Japan hosts numerous small- and medium-sized synchrotron radiation facilities. Enabling the use
of circularly polarized light at these facilities is expected to further advance magnetism research. Therefore,
we have attempted to introduce a simple elliptically polarized light generating element for XMCD imaging.
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Fig.2 (a) Fe L, 3-edge XAS spectra with and without the Fe thin film. (b) XMCD contrast image
at the Fe L,3-edge peak energy for the Fe (001) single crystal.
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Fig.3 (a) Schematic drawings of permalloy yoke and Fe thin film. (b) Experimental geometry
of ellintical polarization generation.

[1] B. Pfau ef al. Opt. Express 18, 13608 (2010).
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Evaluation of the Effective Detection Depth of Electron Signals in XAS-PEEM
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X-ray absorption spectroscopy—photoemission electron microscopy (XAS-PEEM) is an element-selective
imaging technique that enables chemical-state analysis with nanometer-scale spatial resolution. We aim to
apply XAS-PEEM to liquid observation using a liquid cell with an ultrathin SINx membrane window. In this
study, we investigated the effective detection depth of Auger-electron-derived signals by measuring the
electron signal from a Cr layer buried beneath SiNx films of different thicknesses. XAS-PEEM
measurements were performed at the BL-09A beamline using an incident X-ray energy of 576 eV, which
corresponds to the Cr absorption edge. Even through an 18-nm-thick SiNx film, approximately 25% of the
electron signal intensity relative to the reference Cr was detected, demonstrating that Cr-derived information
can be obtained through the membrane. These results indicate that relatively thick SINx membranes can be
used while maintaining detectable signals, providing a useful guideline for the design of XAS-PEEM liquid
cells.

X-ray absorption spectroscopy—photoemission electron microscopy (XAS-PEEM) %, #k X o> x/L
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Attempts at Electron Energy Loss Spectroscopy Using Hard X-ray Photoelectron
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The response of a material to light is described by the complex dielectric function €. Therefore,
determining ¢(E) at various photon energies E is crucial for the development of photosensitive and
optical materials. Valence-band excitation electron energy loss spectroscopy (EELS) is a powerful
analytical technique for determining & (E) from visible light to the vacuum ultraviolet. EELS is
primarily used in conjunction with a transmission electron microscope and can achieve atomic-level
spatial resolution. However, EELS generally requires thin-film processing of the sample, making it
impossible to analyze a thin film supported on a substrate. In this study, we attempted EELS
measurements using hard X-ray photoelectron spectroscopy (HAXPES). Here, we use core level
photoelectrons as the electron source. First, the validity of the measurement was verified by
analyzing Ar gas using Ar 1s photoelectrons as the electron source. Next, a thin film of ZEP520A
resist on a Si substrate was analyzed using Si 1s photoelectrons from the Si substrate as the electron
source. This enabled us to obtain EELS data for a thin film sample on a substrate without the thin-
film processing.
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Figure 1. Schematic diagram of EELS measurements of Ar.
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Figure 2. Schematic diagram of EELS measurements of a ZEP520A thin film on a Si substrate.

0.0 e L
ZEP520A
0.5 =
A=16 nm
= -1.04 E=6160eV [~
o
-
-1.5 - n
2.0 =

0 5 10 15 20 25
thickness (hm)

Figure 3. Relationship between ZEP520A film thickness and Si 1s photoelectron intensity.
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Figure 4. EELS of Ar obtained by HAXPES and TEM.
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Table 1. Measurement parameters for EELS in TEM and HAXPES.
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Figure 5. Si 1s inelastic scattering spectra obtained from ZEP520A/Si samples with several ZEP520A
thicknesses.
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Figure 6. Difference spectrum of EELS of 3 nm and 0 nm thick samples, the background for the
difference spectrum, and the ultimately obtained single scattering spectrum (SSS).
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The electrical charging of insulating samples is a common problem in photoelectron
spectroscopy. Although heating has been suggested as a way to minimize surface charging,
systematic studies of this are scarce. We have found that during 8 keV photoelectron spectroscopy
using a synchrotron, the extent of charging of three highly insulating materials could be significantly
reduced with increasing temperature. The charging of glass and LiNbO3 samples could be almost
completely compensated at a moderate temperature of ~400°C. Based on the temperature
dependence of charging-induced binding energy shift, the activation energies of the charge
compensation were evaluated to be about 0.73, 0.65, and 0.21 eV for a glass slide, cover glass, and
LiNDbO3, respectively. Furthermore, charge compensation was achieved by surface conduction
rather than bulk conduction.

1. Introduction

Photoelectron spectroscopy is a powerful tool for analyzing the composition, chemical state, and
electronic structure of materials - 2. However, charging problems often occur in the insulating samples 3.
When the sample surface is charged, the apparent binding energy shifts significantly. Furthermore,
nonuniform charging significantly distorts the shape of the spectrum. To solve the charging problem, an
electron flood gun or electron flood gun combined with a low energy ion source is often used *°. However,
it is not always easy to completely neutralize the surface. Ion irradiation can sometimes damage samples *°.
Another typical method is to coat the sample surface with a thin film of a metal, such as gold or osmium ',
However, even if the thickness is only a few nanometers, the photoelectron intensity is severely attenuated
because of the typical nanometer-scale inelastic mean free path of a photoelectron 13, We previously
proposed a method to deposit one-atom-thick graphene on a sample surface '*. This method minimizes the
attenuation of photoelectrons due to scattering. However, this is only applicable if graphene adheres to the
sample surface without peeling off. We also proposed a method to increase the efficiency of the
environmental charge compensation effect in a gas '>. However, the environmental charge compensation
effect cannot be applied to the measurements in a vacuum. Therefore, each method has disadvantages.

The electrical conductivity of an insulator is expected to exhibit temperature dependent conductivity
and heating of samples has been shown as a possible way to minimize charging during photoelectron
spectroscopy measurements ' 17, In this case, the electrical conductivity may change over a wide range,
depending on the temperature. Although the electrical conductivity is negligible at room temperature, it
increases appreciably at elevated temperatures. However, to the best of our knowledge, there have been few
systematic reports on the temperature dependence of the charging effects in the photoelectron spectroscopy
of highly insulating materials.
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In this study, we systematically investigated the temperature dependence of the charging effect in hard
X-ray photoelectron spectroscopy (HAXPES) of glass and LiNbO;3; samples. Charging of these highly
insulating materials can be almost completely eliminated at moderate temperatures. The surface potential
due to charging exhibited a thermal-activation-type temperature dependence, and the activation energies
were evaluated. We also discuss pathways for charge compensation.

2. Experiments

A glass slide (thickness: 1 mm, Matsunami Glass Ind., Ltd.), cover glass (0.15 mm, Matsunami Glass
Ind., Ltd.), and LiNbO3(0001) wafer (0.5 mm, Furuuchi Chemical Corp.) were used as samples. Each sample
was ~1x1 cm?. In energy dispersive X-ray measurements using a scanning electron microscope (JEOL, JSM-
6700F), in addition to the main component Si0,, 9 at% Na and 1 at% K and Ca were observed from the glass
slide. The cover glass contained 5% Na and 1% Al and K.

HAXPES measurements were performed at the undulator beamline BL24XU at SPring-8 using a HiPP-2
electron energy analyzer (Scienta Omicron) '> 82! The acceptance angle through a 0.3 mm-diameter
aperture cone was +13°. The distance between the sample surface and the aperture cone was set to 0.3 mm.
The excitation photon energy was set at 8 keV using a Si (333) channel-cut monochromator. The X-ray
beam was focused on an area of 30x30 um? at the sample position by using a Kirkpatrick-Baez (KB)
mirror. The photon flux was ~2.5 x 10'? photons/s. The axis of the electron lens was set perpendicular to
the X-rays (parallel to the X-ray polarization vector) to maximize photoelectron intensity ?2. The angle of
incidence of the X-rays relative to the sample surface was set to 2°. This oblique incidence angle elongates
the lateral spot size on the sample surface to approximately 860 um. The sample was heated using an
electric heater installed in the manipulator, and it was considered that the sample was heated mainly by
heat conduction through the sample holder. For measuring photoelectron spectra at various temperatures,
the sample was first heated to 600 °C, and then the sample temperature was gradually decreased to room
temperature overnight. The total energy resolution is approximately 270 meV. All the measurements were

performed in a vacuum of ~107¢ Pa.
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Figure 1. (a) Si 1s and (b) O 1s spectra of a glass slide obtained at various temperatures.
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Figure 2. Energy shift versus temperature of a glass slide obtained from Fig. 1.

3. Results and Discussion

3.1 Temperature dependence of charging

Si 1s and O 1s spectra of the glass slides measured at various temperatures are shown in Figs. 1(a) and
(b), respectively. Here, X-rays were irradiated near the center of a 1 x 1 ¢m? sample. Binding energy
measurements were measured as a function of temperature starting after heating the sample to 600 °C and
dropping in sequence to the temperatures noted. At room temperature (27°C), no spectrum was observed in
the range shown in the figure because of severe charging. At 150°C, a spectrum appeared, but the apparent
binding energy shifted significantly (~100 eV) because of charging. In addition, the spectrum was
significantly broadened owing to nonuniform charging. However, upon further temperature increase, at
higher temperatures the charging was rapidly alleviated, as shown in the figures. In other words, the spectral
shift and broadening were reduced at the elevated temperatures. Fig. 2 summarizes the relationship between
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the sample temperature and the charging-induced peak shift. The origin of the shift was set to the peak
energies (~1844.5 and 533.5 eV for Si 1s and O 1s) at 600°C, which are close to those of Si0>?* 24 No peak
shift was observed at 400°C or higher. Therefore, the charging was considered to have been almost
completely compensated at 400°C. Below 200°C, the shift increases rapidly as the temperature decreases.
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Figure 3. (a) O 1s and (b) Nb 3d spectra of a LiNbO3 wafer obtained at various temperatures.

Figs. 3(a) and (b) show the O 1s and Nb 3d spectra of the LiNbO; wafer obtained at various temperatures.
The doublet structure observed in (b) is due to the spin-orbit splitting of the Nb 3ds,» and 3ds. orbitals. It can
be seen again that the charging is decreased at higher temperatures. The shift and broadening at low
temperatures were not as significant as those in the case of the glass slides. However, below 100°C, the shift
is very sensitive to the temperature. The binding energy shifts observed in Fig. 3 are summarized in Fig. 4.
The O 1s and Nb 3ds2 binding energies converge to ~530. 4 and 207.2 eV at 400°C, which were very close
to the original values 2> 2°. Thus, the charging was almost completely compensated at 400°C again.

These results show that even highly insulating materials such as glass slide and LiNbO3 can be measured
without charging at a moderate temperature of ~400°C. For materials with lower insulating properties, it is
expected that charging can be compensated at even lower temperatures. This technique is likely to be
applicable to photoelectron spectroscopy of other thermally stable insulating materials. It may also be useful
for other techniques involving the emission of electrons, such as Auger electron spectroscopy and X-ray
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absorption spectroscopy, which use total electron yield or partial electron yield methods.
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Figure 4. Energy shift versus temperature of a LiNbO3 wafer obtained from Fig. 3.

3.2 Evaluation of activation energies

The shift in the binding energy corresponds to the electric potential (V) created by positive charging of the
observed region. In steady state, Ohm’s law was assumed to hold.

V=I"R, @)
where [/ is the current flowing from the observed region to the ground and R is the resistance of the current
path. R of an insulator is expected to exhibit a thermally activated temperature dependence '°.

R o exp ( kiaT), ()
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where F, is the activation energy, kg is Boltzmann’s constant, 7 is the temperature. In eq. (1), / must be
balanced by the number of electrons emitted from the surface of the sample. The number of secondary
electrons emitted would depend on the charging at each temperature. Therefore, / was also considered to
depend on temperature. However, this temperature dependence is considered insignificant compared with
the thermally activated temperature dependence of Eq. (2). In fact, the Arrhenius plots of V" obtained from
the binding energy shifts are nearly straight lines, as shown in Fig. 5. The figure shows data obtained at
temperatures below 300°C. The data for the cover glass were obtained from the spectra shown below. From
the slopes of the lines, the E, values in Eq. (2) were evaluated to be 0.73, 0.65, and 0.21 eV for the glass
slides, cover glass, and LiNbOs3, respectively. In previous electrical conductivity measurements, activation
energies of silica glasses have been reported to be 0.71 to 0.81 eV ¢, and 0.8 (15Na,0-85Si0,) and 0.6 eV
(33.3Na,0-66.7Si0,) ?7. A value of 0.28 eV was reported for LiNbOs at relatively low temperatures ranging
from 240 to 353°C 28, The activation energies obtained in this study are close to previously reported values.
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Figure 5. Arrhenius plots of the binding energy shifts (V) of the glass slide, cover glass, and
LiNbOs.
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Figure 6. Schematic of the sample and its surroundings showing the two charge compensation
paths. The oblique incidence causes the X-ray spot to elongate in the direction perpendicular to
the d direction. The fixing plate was always present and was not prepared for these specific
experiments. Although the screws are omitted in the figure, the fixing plate was screwed to the
sample holder, keeping the sample tightly attached to the sample holder to maintain good thermal
conductivity.

Photoelectron spectroscopy can be used to determine the activation energy of the conductivity of a highly
insulating material.
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Fig. 7 (a) Si 1s spectra of the glass slide at 180°C obtained at various d values. The vertical dotted
line denotes the original binding energy without charging. (b) The binding energy shift vs d
obtained from (a).

If the current is due to bulk electric conduction caused by electrons and holes in the conduction and
valence bands, E, is expected to be about half the band gap E; (SiO2: ~9 eV 24 2°, LiNbO3:3.7 €V 28). The E,
values obtained in this study are much smaller. The electrical conductivity of these highly insulating materials
is believed to be due to the movement of ions %27,
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Figure 9. (a) Si 1s spectra of the cover glass at 120°C obtained at various d values. (b) The binding
energy shift vs d obtained from (a).

3.3 Pathway of the charge compensation

There are two possible pathways for charge compensation from the observation region to the ground:
bulk and surface conduction, as schematically shown in Fig. 6. The Si 1s spectra of the glass slide (= 1 mm)
obtained by varying the distance d between the fixing plate and the X-ray irradiation region are shown in
Fig. 7(a). The temperature was set at 180°C, where moderate quantities of charging were observed. If charge
compensation is dominated by bulk conduction, the quantity of charging is considered to be independent of
d. However, the quantity of charging clearly depends on d, and the larger d, the larger the charging quantity.
The relationship between the binding energy shift and d is illustrated in Fig. 7(b). The data points fell
approximately along a straight line. This strongly suggests that charge compensation is achieved by surface
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conduction because the resistance R in Eq. (1), is proportional to d at a given temperature. One question is
why the line does not pass through the origin. We believe that this is due to the increase in the slope of the
line near the fixing plate (d < 0.3 mm) caused by the temperature drop.

A linear increase in the binding-energy shift with respect to d was also observed for the cover glass
sample (= 0.15 mm), as shown in Figs. 8(a) and (b). In this case, charge compensation is also achieved via
surface conduction. In Fig. 8(b), relationships between the binding energy shift and d obtained at 180 and
160°C are shown. The increase in the slope at 160°C indicates an increase in the surface resistance at the
lower temperature. A similar trend was observed at lower temperatures, where charging was more intense.
Fig. 9(a) shows the Si 1s spectra of the cover glass at 120°C at various d values. At d = 2.4 mm, owing to
severe charging and its inhomogeneity, a binding energy shift of over 80 eV and broadening of the peak are
observed. As shown in Fig. 9(b), the data points fall on a straight line even at this temperature. Thus, all the
results shown in Figs. 7-9 indicate that the charge compensation pathway is at the surface and not in the bulk.

The activation energies evaluated above, which are close to those reported in previous electrical studies
16,2728 are thus those of surface conduction. However, previous studies aimed to measure bulk conduction
rather than surface conduction. This may indicate that the activation energies of the surface and bulk ionic
conduction of highly insulating materials are similar. However, further details are beyond the scope of this
study.

4. Conclusion

The effect of temperature on charging during HAXPES measurements of highly insulating materials,
such as glass and LiNbOs wafers, was systematically investigated. The quantity of charge decreased
significantly with increasing sample temperature. We demonstrated that the charging could be almost fully
compensated by heating the samples at a moderate temperature of 400°C. This charge compensation
technique can also be applied to the photoelectron spectroscopy of other thermally stable insulating materials.
This may be applicable to other analytical techniques involving electron emission, such as Auger electron
spectroscopy and X-ray absorption spectroscopy.

The activation energies of the charge compensation were evaluated to be 0.73, 0.65, and 0.21 eV for the
glass slide, cover glass, and LiNbOs, respectively, which are close to those reported in the previous electrical
measurements. Charge compensation was considered to be achieved through surface conduction.
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Detection of a small amount of oxygen vacancies is often difficult. In this study, using near-ambient
pressure hard X-ray photoelectron spectroscopy, oxygen vacancies were formed in situ in SnO».x and
WOs.y under a reducing gas atmosphere. The number of oxygen vacancies was so small that they could
not be detected in the core-level photoelectron spectra. However, the effects of the vacancies were
observed in the valence band spectra. This is because under the measurement conditions, the relative
sensitivity of the metal outer orbitals (Sn 5s and W 5d) occupied when the oxygen vacancies are formed
is significantly higher than that of the O 2p orbital predominantly forming the valence band. The x and
y values were estimated to be ~0.007 to 0.01 and ~0.008 to 0.02, respectively, which correspond to
vacancy ratios of sub-percent.

1. Introduction

Metal-oxide semiconductors such as SnO, and WOs are often used as gas sensors,'™ transparent
electrodes,® 7 catalyst supports,® and electron transfer layers in solar cells. > !9 The formation of oxygen
vacancies is a common phenomenon in these materials. Oxygen vacancies affect the physical and chemical
properties such as the electrical conductivity ' 12 and the absorption efficiency of gas molecules.'?
Therefore, oxygen vacancies are important for their applications.” > ¥ Oxygen vacancies have been
qualitatively analyzed by several techniques, such as ultraviolet-visible/near-infrared spcectroscopy,'®
electron paramagnetic resonance,'® cathode luminescence,'¥ and photoluminescence.'® However,
quantitative analysis using these techniques remains difficult.

Photoelectron spectroscopy is a powerful tool to analyze the chemical state and electronic structure.'”
1% The composition can also be directly evaluated from the peak intensity ratio of each element. In principle,
changes in valence states caused by deviations from stoichiometry can be detected by photoelectron
spectroscopy using chemical shifts. However, it is often difficult to detect slight changes in the composition
such as a small amount (~1% or less) of oxygen vacancies in metal oxides.

Recently, near-ambient pressure X-ray photoelectron spectroscopy (NAP-XPS), which can analyze
chemical reaction in a gas in situ, has become popular.'” In NAP-XPS, the decrease in the photoelectron
intensity due to scattering in the gas is unavoidable. However, the intensity decrease can be significantly
suppressed in hard X-ray photoelectron spectroscopy (HAXPES), which uses hard X-rays as the light source,
since the mean free path of the photoelectrons in the gas increases with the photoelectron energy.?% 2D
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The excitation cross section of an electron orbital generally decreases with photon energy, and the
detailed photon energy dependence varies depending on the element and orbital.”?? Therefore, the relative
sensitivity to each orbital can be significantly different between conventional XPS (using soft X-ray) and
HAXPES. In this study, oxygen vacancies were formed in situ in SnO; and WOs3 using near-ambient pressure
hard X-ray photoelectron spectroscopy (NAP-HAXPES). A small number of oxygen vacancies appeared in
the valence band spectra rather than in the core-level spectra. The reason for the sensitivity of valence-band
HAXPES to oxygen vacancies in these oxides was discussed. The number of vacancies was also estimated.

2. Experiments

NAP-HAXPES measurements were performed at the undulator beamline BL24XU in SPring-8 using a
HiPP-2 electron energy analyzer (Scienta Omicron).?>2® The aperture cone, which served as both the
electron and gas intake, had a diameter of 0.3 mm. The differential pumping system of the analyzer enabled
photoelectron spectroscopy measurements at pressures up to ~5000 Pa. The distance between the sample
surface and the aperture cone was set to the aperture size of 0.3 mm or larger. The electron acceptance angle
of the analyzer was £13°. Fluid dynamics simulations suggested that little pressure drop occurred on the
sample surface under such conditions.?* 2" The excitation photon energy was set at 8 keV using a Si (333)
channel-cut monochromator. The X-ray beam was focused to an area of 30x30 pum? at the sample position
using a Kirkpatrick-Baez (KB) mirror. The axis of the electron lens was set perpendicular to the X-rays
(parallel to the X-ray polarization vector) to maximize the photoelectron intensity.?®) The angle of incidence
of the X-rays was set to 2° from the sample surface. The total energy resolution was approximately 270 meV.

SnO; and WO3 powders (Kojundo Chemical Laboratory) were dispersed in pure water and dropped
onto Si wafers or Cu foil. The samples were naturally dried. O» and 1% H» (N»-based) were used as oxidizing
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Figure 1. Sn 3ds; spectra of SnO; obtained in Hz and O2 atmospheres. The solid and dotted lines are the
curve-fitting results and backgrounds, respectively.

and reducing gases, respectively. H, gas was diluted with N> because of safety concerns. These gases were
introduced into the analysis chamber at pressures of 1000 —1200 Pa to study the changes in the electronic
states of the samples using NAP-HAXPES. In our experimental conditions, the decrease in photoelectron
intensity due to the gas was about half.?¥
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3. Results and Discussion

3.1 Sn0O2

Oxygen vacancies are considered to form in a reducing atmosphere (H») and are expected to produce
SnO components in core-level spectra. The Sn 3dsy spectra obtained at 300°C in O, (1000 Pa) and 1% H»
(1200 Pa, H» partial pressure: 12 Pa) atmospheres are shown in Fig. 1. No significant differences were
observed between the shapes of the two spectra. If there was an SnO component, it would appear at
approximately 0.7 eV lower binding energy?® 39 of the SnO, component at ~487 eV. However, attempts to
fit these two components were unsuccessful. Both spectra were adequately fitted with a single SnO»
component, as depicted in the figure. Figure 2 shows the Sn 4d spectra collected in the H» and O, atmosphere.
The broad hump at around 22 eV is the O 2s band.3!3» The doublet structure is due to the Sn 4d spin-orbit
splitting of about 1.1 eV. Again, both the spectra were well-fitted with a single SiO, component, and the SnO
component, which would appear at approximately 0.7 eV lower binding energy of the SnO, component,*3
was below the detection limit. These results indicate that the amount of the SnO component was too small
to be observed in the core-level spectra, even in the H, atmosphere.

However, the valence band spectra clearly show changes owing to the difference in gas, as shown in
Fig. 3. The two spectra were normalized at the upper part of the valence band around 5 eV. In the O,
atmosphere, the valence band rises at around 3.5 eV, which is consistent with SnO, being an n-type
semiconductor with a band gap of 3.6 ¢V.3%3% In contrast, in the H, atmosphere, the spectral intensity is
observed just above the valence band (at ~3 eV), which is absent in the O, atmosphere. The appearance and
disappearance of this feature reversed as the gas was changed. This feature is attributed to the Sn 5s peak,'!:
35 observed for Sn?" (electron configuration of 5s? in the ionic model), but absent for Sn** (5s%). The
appearance of this peak indicates that oxygen vacancies form in the H, atmosphere. The Sn 5s peak is more
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easily observed in HAXPES than in soft X-ray PES (see below).
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Figure 2. Sn 4d spectra of SnO; obtained in H, and O, atmospheres. The solid and dotted lines are the
curve-fitting results and backgrounds, respectively.
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Figure 3. Valence band spectra of SnO; obtained in H, and O, atmospheres.
As mentioned previously, the divalent Sn component in the H, atmosphere was too small to be detected

in the core-level spectra. We estimated the value x in SnO,. from the Sn 5s peak observed in the valence
band. The intensities of Sn 5s (Iss) and Sn 3d (/34) are given by>®

Iss = XnFTDAAss <22, (1)
_ d0'3d
Isq = NFTDAAQL ;-2 @)

Where, 7 is the density of Sn atoms, F is the flux of X-ray, T is the transmission function on analyzer, D is
the detector efficiency, 4 is the analysis area, AL is the solid acceptance angle of the analyzer, A is the
inelastic mean free path of the photoelectron, and o is the excitation cross-section of an atomic subshell. The
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product TDAAQ is called spectrometer function and is kinetic energy dependent. However, in this study,
the kinetic energy is in a relatively narrow range from ~7500 to 8000 eV, so the kinetic energy dependence
is ignored in the following discussion. In eqgs. (1) and (2), the differential cross section do/d(2is approximated
by

do

_ o 3cos?y—1
E) T am (1 T ﬁ

), 3)

where, B is the asymmetry parameter of the orbital and y is the angle between the polarization vector and
photoelectron direction.>” From the measurement geometry, y is approximated to 0°. Then, from Egs. (1)-
(3), x is calculated as

Iss  A3a  03d(1+B3a)

E . /1_55 . 05s(1+Pss)” “)

The Is5; value was obtained by subtracting the two spectra shown in Fig. 2. Multiple subtraction attempts with
different normalizations showed that the distribution of the /5, value was within a range of £5%. Simply
taking the difference between the two spectra divided by the number of scans without normalization also
yielded a value within this range. The A values were calculated using the TPP-2M formula.*®4? The ¢ and 3
values at the photon energy of 8047.8 €V were adapted from the calculation results by Yeh et al.>” Hence,
the x value was estimated to be ~0.007 from Eq. (4). This result was cross-checked using Sn 4d spectrum
instead of Sn 3d. Substituting 4d for 3d in eq. (4) also gave a value of ~0.007.

In the above discussion, the values of ¢ and B were taken from Yeh et al.'s paper.3” Next, we estimated
the x value using the o and g values at the photon energy of 8000 eV calculated more recently by
Trzhaskovskaya et al.*D In the calculation, ¢ and B values are obtained for each branch of the spin-orbit
splitting. Accordingly, the x values were also obtained for each branch. The photoelectron intensities of each
branch were obtained assuming las/2 : Ig32= 3 : 2. The x values of ~0.01, 0.01, 0.009 and 0.01 were obtained
using 3ds., 3ds2, 4ds, and 4ds, intensities, respectively, which are relatively close to 0.007 obtained above.

The x values and the corresponding vacancy ratios (g X 100 %) are summarized in Table 1 along with the /,

o, f, and A values used in eq. (4). The vacancy ratios are within the range of ~0.3 to 0.6%. Thus, valence-
band HAXPES enabled to characterize such sub-percent oxygen vacancies.
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Table 1. The /, o, fand A values used to obtain x in eq. (4), and the resulting x values and vacancy
ratios. * from ref. 37. ** from ref. 41.

photoe%ectron c B A . vacancy

intensity (J) (1028 m?) (nm) ratio (%)
s |1 sore | s |74 | - -
Sn 3d 1680 1200% 0.7666% 7.0 0.0067 0.33
Sn 3ds), 1008 699%* 0.706%* 7.0 0.010 0.51
Sn 3dz, 672 505%* 0.722%* 7.0 0.011 0.56
Sn 4d 257 180* 0.7309% 74 0.0068 0.34
Sn 4ds, 154 88.6%* 0.687%* 74 0.0088 0.44
Sndds, 103 64.2%* 0.702%* 74 0.010 0.48
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Figure 4. W 4f and W 5p3,2 spectrum of WOj3 obtained in H> and O, atmosphere. The solid and dotted
lines are the curve-fitting results and backgrounds, respectively.

3.2 WO;

The WO3 powder sample was also analyzed. The W 4f spectra obtained in H, (sample temperature:
300°C) and O (150°C) atmosphere at 1000 Pa are shown in Fig. 4. The W 5ps3,» peak, which is weakly
observed in conventional XPS, is strongly observed. This is because osp/0ar (0.09 at 1253.6 eV, 2.5 at 8047.8
eV)*?) becomes large at a high photon energy. The peaks at approximately 35.5 and 37.6 €V are assigned to
W 417, and 4fs, of WO (5d° in the ionic limit) in WOs;. Oxygen vacancies create reduced W components
such as W3* (5d') and W** (5d?), which are expected to appear at about 1.0 and 2.0 eV lower binding energy
side of W 42 4) However, these components were not explicitly observed, indicating that the oxygen
vacancies were below the detection limits.
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Fig. 5 shows the valence band spectra of WO3 obtained in the O, and H, atmospheres. The two spectra
were normalized at the upper part of the valence band around 3.5 eV. The overall spectra are similar. The
valence band starts to rise at a binding energy of ~2.5 eV, which is consistent with WO3 being an n-type
semiconductor with a band gap of 2.6-2.7 eV.> *4) However, in the H, atmosphere, a small hump appears
at approximately 0.5 eV. Similar spectral features were observed in previous XPS studies on WO3 %42, which
contained a large number of oxygen vacancies, and were assigned to W 5d states. We, thus, conclude that the
small hump corresponds to the W 5d states occupied by electrons owing to oxygen vacancies.

We estimated the value of y in WOs,, from the peak intensities of W 5d (/5¢) and W 4f (45). Similar to
Eq. (4), y was calculated as:

_H2
_02

Intensity (arb. units)

I LI B | I LI | LI | LI | LI | LI I-l L] I T 1
14 12 10 8 6 4 2 0
Binding energy (eV)

Figure 5. Valence band spectra of WO3 obtained at in H» and O atmosphere.

Isq Aar  04r(1+Bay)
y=2 E . 1_5; . 052(1*'/352)' ©)
The factor 2 on the right-hand side accounts for the four 5d (and two 6s) electrons in a W atom and two in
W4 in WO, (y=1), and the calculated o value is for an atom. The /5, value was obtained by subtracting the
two spectra shown in Fig. 5. In this case, the /54 value was in a relatively wide range of £20% depending on
the details of the normalization. /4s was obtained by subtracting the background and fitted W 5p3/» component
from the spectrum shown in Fig. 4.

By using o and f values of Yeh et al., the value of y was estimated to be ~0.008 from eq. (5). When we
used Isp instead of s, the y value of ~0.01 was obtained [/sp (=Is5p32 + Isp12) Was obtained from /sp3» by
assuming Isp = 3/sp32 / 2.]. When we used the 6 and [ values of Trzhaskovskaya et al. instead of Yeh et al.,
eq. (5) yielded the y values of ~0.008 for both W4fs/, and 4f3,. The y values of ~0.02 were obtained for both
W5ps32 and 5pi. The results are summarized in Table 2. The x value varies considerably depending on
whether 4f or 5p orbital is used. One of the reason for this is that the tails of the 4f and 5p spectra overlap
significantly, as shown in Fig. 4, which may lead to a large amount of error in /sr and /sp. Nonetheless, the

vacancy ratio (% X 100 %) is in a sub-percent range of ~0.3 to 0.7%. Again, we could characterize such a
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small number of oxygen vacancies by utilizing valence band HAXPES.

Table 2. The 1, o, fand A values used to obtain y in eq. (5), and the resulting y values and vacancy ratios.

* from ref. 37. ** from ref. 41.

ppotoe%ecn'on c i A , vacancy
intensity (/) (1028 m?) (nm) - ratio (%)
wa | e [ || - -
W4t 550 240% 0.6823* 7.1 0.0076 0.25
W af;)) 314 122%* 0.591%* 7.1 0.0078 0.26
W 4fs)) 235 98.8%* 0.587%* 7.1 0.0084 0.28
W 5p 1068 600* 1.503* 7.1 0.014 0.49
W Spsp 712 361%* 1.707** 7.1 0.017 0.58
W 5pi» 356 214%* 1.595%% 7.1 0.019 0.66

3.3 Sensitivity of valence band HAXPES to oxygen vacancies
Now, we discuss the reason why such a small number of oxygen vacancies was detected in valence-band
HAXPES. As in most oxides, the valence band of SnO, and WOj; consists predominantly of O 2p orbitals.?!:
32,44-46) In particular, the top of the valence band is composed almost entirely of O 2p orbitals. When oxygen
vacancies form in SnO, and WOs3, the Sn 5s and W 5d orbitals accommodate electrons, which appear above
the top of the valence bands in the photoemission spectra. Fig. 6 shows the photon energy dependences ¢ of
Sn 5s, W 5d, and O 2p obtained from the previous calculations by Yeh et al.3”) In all three cases, o decreases
with increasing photon energy. However, the decrease in co 2, is the most significant. Consequently, at a
photon energy of ~8 keV, osn 55 and ow sq are approximately 150 and 240 times larger than o 2p.
As evident in Eq. (3), the photoelectron intensity also depends on B and y. Fig. 7 shows the ydependence

3cos?y—1

of photoelectron emission intensity, 1 + -+ of Sn 5s, and W 5d, and O 2p orbitals at the photon

energy of 8047.8 eV. Again, the £ values for Sn 5s (2.0), W 5d (1.014), and O 2p (-0.828) were obtained
from the calculations by Yeh et al.’” For Sn 5s and W 5d, whose £ values are positive, photoelectrons are
strongly emitted in the direction of y=0°. However, for O 2p with a negative 3 value, emission in the direction
of y=0° is largely suppressed. As a result, the angle factors at y=0°, 1+fs, ss and 1+Pw sq are approximately

17 and 12 times larger than 1+ 2p. Finally, Z—Z values for Sn 5s and W 5d are estimated to be approximately
2700 and 2800 times larger than that for O 2p in our experiments. The Sn 5s and W 5d states are considered

to be visible without being buried in the valence band HAXPES owing to the relative magnitude of Z—Z. In

. . . - . . do .
the soft X-ray region, as the difference in o decreases as shown in Fig. 5, the difference in ﬁz is not so large.

In fact, in a previous study on a SnO; single crystal, the Sn 5s state observed in hard X-rays was not observed
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in soft X-rays.>

4. Conclusion
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Figure 6. Photon energy dependence of 6 of Sn 5s,  Figure 7. y dependence of photoelectron emission
W 5d, and O 2p. intensities of Sn 5s, W 5d, and O 2p at 8047.8 eV.

Oxygen vacancies in SnO».x and WOs.y were formed in situ in a H, atmosphere using NAP-HAXPES.
The number of oxygen vacancies was so small that they were not detected in the Sn 3d or W 4f spectra.
Instead, the Sn 5s and W 5d peaks created by oxygen vacancies were observed above the top of the valence
bands. Based on the intensities of these peaks, the x and y values were estimated to be ~0.007 to 0.01
(vacancy ratio: 0.3 to 0.6%) and ~0.008 to 0.02 (0.3 to 0.7%), respectively. The relative sensitivity of the Sn
5d and W 5d orbitals to O 2p made valence band HAXPES very sensitive to oxygen vacancies in these
materials.
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Hard X-ray Photoelectron Spectroscopy of a Multilayer Mirror Material, Mo:N
Taishi Tsutsui!, Naoki Hayase', Tetsuo Harada', Hirosuke Sumida?, Satoru Suzuki !

"Laboratory of Advanced Science and Technology for Industry, University of Hyogo
Mazda Motor Corp.

Mo and its nitrides are used as constituent materials for multilayer mirrors, such as those for EUV
light. By the way, in photoelectron spectroscopy of Mo nitrides, there is a problem in which the
binding energy positions of Mo 3ps3» and N 1s almost overlap. For this reason, even in past reports
on Mo:N, a representative Mo nitride, there are instances where the assignment of these peaks does
not match. Furthermore, in these studies, Al or Mg Ka X-rays, which are a common light source,
have been used. In this study, we investigated a Mo.N powder sample using hard X-ray
photoelectron spectroscopy, which has a greater detection depth. We were able to clearly resolve
the Mo 3ps» and N 1s peaks. The composition ratio of Mo and N was also estimated based on the
photoelectron intensities.
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Figure 2. (a) N 1s, Mo 3p, HAXPES, (b) Mo 3pi2, HAXPES, (c) Mo 3ps2, N1s, HAXPES, (d) Mo 3d3,

HAXPES, (e) Mo 3ds2, HAXPES.
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Figure 4. Top view of the measurement section

Table 1. Calculation results

Protoeeinn o (1028 m2) B /Mo
N 1s 1 150.7 1.923 Photoelectron -2 2
Mo3p,, | 5.037 701 1173 | 0.686 Wy |0 (1020m%) | B "v/ato
Mo 3ps, | 10.02 1246 1225 | 0.628 N8 1 = 2
Mo3d,, | 0.841 132.7 0556 0.561 Mo 3p 15.06 1800 1.193 0.582
Mo 3ds, | 1.145 185.2 0562 | 0578 Mo 3d 1.986 330 0.639 | 0.605

M. B. Trzhaskovskaya and V. G. Yarzhemsky, At. Data Nucl. Data Tables 119, 99 (2018).

J.J. Yeh and I. Lindau, At. Data Nucl. Data Tables 32, 1 (1985).

4-[810> HAXPES I CIXiE i OV E 10 Ve TIXHIE TERWEWIEN DO AT ML TR L
=D THAET D, Figure 5 1A D HAXPES A~ ML
TdhD, KD LEHIZ HAXPES Cld— I C R HERT 23 30< S B EEE——
BRSNS, ECHBEICHEHALZ Mo 3p, 3d #LiELDY 2p
Mo 2s, 2p HLIEEV S TZIRWBLTE D AT ML LD 5 2s
ETHRHIIL TS, o TRWIEN Z T HWD
NERTHD, —HREELTIE, BWEMDOZEFLIT—
WRIZHFMMEL o T —rDr—L VIR R LT
LSEO_J: B REART LT — 2B O Sk o
ICHFEAELRRNWZEM BN L oRBD R FLE S 561 23 3d
RNZE, REBFIT D, =St ¥
Figure 6 1% Mo 2p3p AXZ ML ThD, 3p, 3d EFRIEEIC 3000 2000 1000 0
AL DRy % E = AN — 2528 T B —7 Binding energy (eV)
Tk BT 5oL C& 5, %7~ Figure 7 |- Mo,N  Figure 5. Wide range HAXPES of Mo>N.

98

Intensity (arb. units)




LHDMD B IRFELD Mo 2psp A7 MVERT, &8 Mo BL O MooN =& ted B L &ML, iRk
WORNITARE LS 7 MBS TERY MoSiy D & i e =¥ — ot — 271 3R m g bwic
FOEHEESND) | ZBIRWERL A WAL AIRIED AT O FIREMEA R L TND, A1 ZHLH DN
YENL D AT NV OFERRI) 727G A2 RETL T,

| T T N T AN TN TN TN SN [N SN Y TN N AN N

® experiment
—— Mo 2pj;, (Mo,N)
Mo 2p,, (oxide)
—— background
— sum

Intensity (arb.units)

T T T T T | T T T T T T T T T T T T

2530 2525 2520 2515
Binding Energy (eV)

Figure 6. Mo 2p3;» HAXPES of Mo:N.
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Figure 7. Mo 2p3;» HAXPES of Mo;N and some reference samples.
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Reconstruction of BLO7A for EUV Lithography Experiments
Kowa Hirano, Tomoki Ishikawa, Taishi Tsutsui, Shinji Yamakawa, Tetsuo Harada and Satoru Suzuki

Laboratory of Advanced Science and Technology for Industry, University of Hyogo

To establish an experimental environment for EUV lithography, an exposure system and an EUV
spectrometer were installed at BLO7A. Following the modifications, EUV radiation was
successfully delivered to the exposure system, enabling EUV exposure experiments. These
developments are expected to facilitate the development of high-performance photoresists through
future EUV exposure studies.

1. %%
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Figure 1. Schematic diagram of the BLO7A optics.
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Figure 2. Newly installed EUV
multilayer mirror monochromators.
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Figure 9. Results of EUV exposure on ZEP520A/Si.
103



3. BAER

=720 WHERC E DI DR - BUB FZER DA% J % Figure 9 (2787, #EHTIZ, ZEP520A (90 nm)%
WA LT Si A W, 7oyl —2—X %y 713 Figure 7 CTHMiKZ7R9 40 mm SL7=, #4232 s
R CHRREHA N BB S TND I LD 7D, Figure 8 331 O Figure 9 25, EUV DA 5 (V)x10
(H) mm? F2 £ & BAEL Bz,

4. &
BLO7A (ZHT72IC#E N EEES° EUV Rtz E AL, EUV B FEBRAITORKEEZEX -, 514,
K — AT DEMERET EUV YL U ARERITE TAZENHIFIS A,

il

X Bk
(1] JREEH | BB, (L) REEEZE 68, 656 (2025).

104



B —RF ) Fa—TBRRIZEBIT5 Ni ikt o st

Futln BEIE ' EFE CRAE L FRIL

VAR TR
2 TR W ST RS B PE SR A BRI ZE P

Single-walled carbon nanotube growth with Ni catalysts

Takahiro Maruyama!, Ayaka Koda' and Yuichi Haruyama?

"Meijo University
Laboratory of Advanced Science and Technology for Industry, University of Hyogo

Single-walled carbon nanotube (SWCNT) growth was performed by chemical vapor deposition
(CVD) with Ni catalysts. Compared with Ni catalysts on SiO,/Si substrates, SWCNT yield was
enhanced on Al,Os layers, and vertically aligned SWCNTs were grown from Ni catalysts on A1LO3
layer. Resonant photoelectron spectroscopy measurements showed that d band center of Ni catalyst
particles became closer on Al,O3 layers, suggesting that reactivity with feedstock gas was enhanced.
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(LSRR (CVD) VEIC LA HE I — AR F ) F 2—7 (SWCNT) DA R, Fe < Co 72E Dk
TEFDFEES —RIZ OBV TWD[L, 2], ZAUE, Fe X° Co F Rl F N2 T, vosh=R 1<
SWCNT &R TE L1280 ThDH, Fe X° Co It HWAZET, W CHREERM L7- SWCNT 23
ERLTHZEDN, ZHETIZELDIZ NV —T b MESI TS, L, 8IEILED—D>ThD Ni fililf
EHWTH—RF ) F2—7 (CNT) G R LTc #5130 72K, Lnt, Z<O54, ZEh—Rr 7/
F2—7 (MWCNT) 55 TEY[3, 4], BEE T SWONT AR LIZ S IXIFEAE 720, AR
ZECIE, Ni fillitz Fv 72 SWCNT OARRIZDOWT, 2D AREMEZ A ~5720, FHEBrE{T-o72,

2. EBRFE

Si R OFENCEPRLIZ L VB LIEAZTERR LT-DH, RE~Z % b 2%y ZEIZ LD ALO;
AR ST, SHIC, ALOsE LI/ VAT — 27 75 X< KA 2 L) Ni ik 7 2 HEfE S8
oo ZOXEMEHNT, Tha— b FEEHMEE (CVD) JEICE YD, SWONT iR Z1T->7-, 4K
L72 SWCNT (2% L, T~ 46l & RS IS (SEM) BRI L v iz iT o7z, HEk
D728, ALO; 8 &2 HEFE L T ey Si0x/Si #M 1T Ni il 2 HERE U 72 B lo 3 L C b [RIARIC
SWCNT fkE%1T7-7-, £72, NiflifOMEFHFHO d Ny R X —Z2RET HID, =a—
AN DE— LT A 2 BLOTB IZB W TEZEENEE 70 (UPS) MEEIT- 7, WEDEE, J]
FARAFEZ AN RHETEE (LR 21T 706, UPS 227 "MLV ORIEEIT -T2,

3. EBRER

i S CH R EAT - 723 UBHI %95 SEM BIE2 DOfESR, SiOy/Si Fofi EICHERF L 72 Ni filli 2 H
T SWONT R Z1T o 72dt, ARG ELERAO RS FE Tk D BLfRIZ SWCNT 2342R% L 72 D
W2 L, ALO; BT Ni il 2 $0EF U 72 FobR Cldma B CH\EIZALM L7 SWONT 23k L=, 2
LY, Fe filifiii<c Co it & [FIAE[1, 2], Ni fillEDGAH ALO; BICHHEFT 5 573, SWCNT JilF
WCARITHDL Z Enbrolz, £z, 7~ U REEZITV, 7~ AT FLHO RBM (Radial

105



Breathing Mode) t'— 7 ORENIE 75 SWCNT EAEZ RAEH o7& 25, ALOs RIZHE; L7- Ni fil
BEDIE 9 DY, LREAAD KU SWONT 23 L TV BB A STz,

Ni filli 2 ALOs (ZHHFF L7=alEHo kL CTIr o 728
B AT KL% Figure 1 \ZRT, i 7 HiE _EIC
Ni ® d ¥EAZIZEINT 5 B — 27 BN S iz, bk
FNX =" B SRR, HETFAT MvEH
FELZEZA, il kL X¥—hv=90eV {115 T d %

Ni/Al,O; UPS spectra

AL & — 7 BREEAHIIN U7=, Ni filit 2 HERE L 72 Hopi hv=
EHERE L TR WK LT, hv=90eV THllliE L

THBAFART MVEREL, TOESEESTZA 96 eV
~ 27 ~)V% Figure 2 \ZRd, RO, KHFIZIX 90 eV
SiO; HAR BT Ni filili 2 HEFE < W 725 UBt D L7 & _

N7 RV & SiO, R DD IE T AT RV DFESY
AT MVHRLTH D, fE =RV F—0 2~6eV
FITIZ A BN HAEE Ni ikl d #EALIZH kT 5
By T Do AT Mnb d ANy R — 58 eV
DONLEE RS 72 & 25, ALOs Ed Ni fitlftod d 56 eV
Ny REVZ—DIEH N7 =V IERITTVN 2 &M
Dinote, —IZ, d Ny R X —R7 =)L I HE[L
IZIEWEE, JFUBEH 2 (=& ) —)L) DA FRNHRMN
B RDHEEZBND Z LNB[5], ALOs LIZHHES

80 eV

60 eV

Intensity [Arb. Units]

i

-30 -20 -10 0

9% Z LT SWONT DA LA A b L7z R o — o
S, ZoXHR AR Ry —L T RREEL Binding Energy [eV]
ToFREMED B 5 Figure 1. Resonant UPS spectra of

Ni/Al,O3 samples.
4. ¥

Ni filit 2 v 72 SWCNT Az 217> 72, Fe X° Co
EAIEE, Ni 2l W 235E S, Sio) ICHFF L
TG AT, ALO; IZHEFT 5 Z & T SWCNT @
CEENHEMN U, SEEFHHRAEICELY d v
K& —EZ AL 72 & 2 A, ALO; ITHHE;
L7ZIEIMNIF S RiFDANRN R 2 —NT =
IV YERLIZAT K, FURET A D43 iRZh D S < TR o
Tb‘éﬁfﬁﬁ‘ﬁiﬁ%é: &zﬁj’)z})/)f:o I ! ! ! | |

Ni/SiO,

Intensity [a. u.]
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NewSUBARU YtIREDOBEEIRE—RIZBITA
TIREMF TR XAS AT DO D RNV — R IEEDR 3
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RS ta L =B
2 TR W ST RS B PE SR A BRI ZE P

Development of an Energy Calibration Method for Operando XAS Analysis of Secondary
Batteries during Decay-Mode Operation at NewSUBARU

Yuki Tobita!, Risa Sogo!, Takuya Mori!, Takayuki Tsubota' and Koji Nakanishi?

'Kobelco Research Institute, Inc.

Laboratory of Advanced Science and Technology for Industry (LASTI), University of Hyogo

During 1.5 GeV decay-mode operation at NewSUBARU, the decreasing stored beam current changes the
thermal load on beamline optics and can cause photon-energy drift during long-duration operando X-ray
absorption spectroscopy (XAS). We developed an autosampler-based energy calibration method at BLOSC
to track and correct this time-dependent drift. Sodium-ion battery cells and Mn, Fe, Co, and Ni reference
foils were measured alternately. The centers of the lowest-energy peaks in the first-derivative spectra of the
foils were determined visually, and their temporal variations were fitted with quadratic functions. The
estimated energy offsets were converted into equivalent Bragg-angle corrections to recalibrate the energy
axis of each battery spectrum. The apparent reference-edge positions varied by up to approximately 0.4 eV
during the measurement. The calibrated Ni K-edge spectra of a NaNiisFeisMni302 positive electrode
shifted to higher energy during charging, consistent with Ni oxidation. Although several spectral crossings
appeared to be isosbestic points over a broad energy range, magnified views revealed slight differences in
their positions. These observations alone do not establish the abundance of Ni** or a specific reaction pathway.
This method reduces the influence of instrumental drift and supports detailed evaluation of electrode redox
behavior during operando XAS under decay-mode operation.

1. IIC®IZ

X #RIZ U 435t (X-ray absorption spectroscopy : XAS) Id, 5B D IL R DL IR EEZE JLFIRINAIITHF
i 92 X BRI FIETHD[1], XAS AT VO BFFHTHEASNIZAS X TR — D523
WETHDHID | RNV —FEFHO X #R2F A TR YRR — BRI H WD, T, K
FHE W IR R ATIZER W T, EEHMUIEE BRI RD— DL/ o TN D, &L EllTIEM, A&
Wi, B B L — 2 E OB O E RO/ 573, XAS JIE T, A RFerEIC B 5358
WG E DR, 18 IC IS 2 FEREE D ST FIRINIIBIEZ TED, FRZ B EICE ENAEEOCHE
IZOWTC, ZNENDALFEIREEE RN FH TEHI LMD, XAS HIEILE B O T I 1T
B FEL 25T D,
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JA K LB YT AA A EE i (lithium-ion battery: LIB) O IERMM EHI 1L, @22, B2
YAV, BEFFf R AN M I+ 24V E U LiFePOy IEFR[2]. 3L OV KA LiCo0a[3]
DFEARMEIEZHIZ, Co D—H% Mn X° Ni [ZEHRTIETEARE EKaAMEER -7 =585k
LiNi,Co,Mn, 0, (NCM, x+y+z=1) EM[4]72E BNHNLIN TS, ZEHD XAS /30 Tl EHIEY)
B CEICEMMEZIS 3d EBSBOIBLBITRICEBIZEL, BEL — MR, SAH
HEBA, B, WSINAI7eE OEWZED OGS FEB OB ER DL b2, LB AR OB %
Pl AL A TR BRE TS,

— 7 BRSO Z AR Lo AMEN, BREE A DR A~OEFHE A 7L LT, VF U2 Hnen
TIREBHOMFZEBFES R AIED BTN D, 2025 FITIET N T LA Bl (sodium-ion battery :
SIB) [5]&8H LT ANy T U =3 IRGESIT[6], F72. 2026 4 2 H1Zi%, HE CATL thEEZHA
B SIB #Ef R H AR L, FE L IEO G R AGHEZ AR LIZ[7], SIB TIIREA 72 BmbT kR
LCA—RI =R BHWLNDH[5]— . EMAMEH T E R BRI A (6] 2 1E . NaCoOs .
NaFe12C01,02. NaNij;sFe1sMni 302, NaNiisFe4Co14Mni402) [5]. 7 7 7 /0 —FA LR (B 21X,

Na,Fe,Mni.,[Fe(CN)] * nH,0, NasFe[Fe(CN)q]) [8, 9], RV T =L R L& (il 213, NasVa(PO4)s.
NayFe3(PO4):P207) [10]72E . 5 Db B 03 S 5, SIB OBFFERIFE N R 359 Bl
BIZRE 592 3d BB EIRONIGE XAS Trlli+ 2 EEME N EE->TWD,

NewSUBARU e BLOSC (DL F . fiiZh % NS, B — AT A% NS BLOSC LHEE) Tl —fEdh

SYIEERICED 1~12 keV FEEDHK X ﬁfvﬁﬁ X #HAEFHATRETHY, 2O/ —HiFHATE H LTC
XAS \Wﬁ:;aﬁmbﬂ B, HITE FTREZ2 W Sl d . ANFESE — [NewSUBARU Beamline OELK |12~
X912, Na~As £TO K W B IO Zn~Au FTO Ly Wi THY , EMEHNCE ENHELDILHE
R G THZENAIHETH D, NSBLOSC Tl XAS S O TN EWE B B A oM ge L, M3
7R MR IR L QD B — AT A URRIII R IRE T V A T ATEB SN 0 —T Ry 7 A% 7%
L. # X #1 XAS HICIXH O BET U7 R FEZR BBV DS BERE[ 1], 8 X #7 XAS HIZ 732/\)
TIA4IVBEDEE L BLOT AI=T LTI % — bwzm%ﬂﬂu\tﬂﬁzﬁzumﬁaﬁc-%uﬂﬂ 23 ATHE
Thbd, Fie, FHEIEFD O ISZ BN 5 operando XAS I E XTIt 3 D TR HE &S 1 EFi i .
EQA%H

NS BLO5C (& NS (ZFW Tl X # XAS HIEN AIREZRME—DE — LT A4 ThHY, 1.5 GeV HEIRRFIZ
ﬁ&é X e W= B EMEM T O 3d BREA RO XAS JIEE T L T\ D, —J . operando XAS HIE

ZINeIROE R H AR K T 23RN H D, LEHD operando XAS HE T, BIHEL —MIH LD
753‘%1&1#?%75 FTHREBEFIILEEITV, TOMICH ST 2R IURD XAS JIEZBED IR TARIML
EACEBERT 5, NS SEIROD 1.5GeV # sl I by 77 v 7 %A T B EE ThHY . EREEMRMEIIFA A
BRAGIREDRT 400 mA 2>DRFIRE S EHITHCD L, & TRFIZIZH 200 mA 705,

NS BLO5C TliE. NS HENHD At a i EROYATLI T —CTRA L, ZO TR TRIID AfE%E
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Fig. 1. Autosampler system developed for operando XAS measurements at NS BLOSC.

RS TR - S NE R E LT, R AR I AN SE TS, i Tl X # I
T ANZEPATICE B SV 2 #D 4 ektdaz ., Bragg S51F 2D sinf = nk(n = 1, D: 1R, 6:
Bragg £, M I &) \ZE o THUN A B b3 2, RO EREEIEORU 1X, Rl B L E RS
SNDHE 1 FEROBEMEZSED, B 1 TRV =2 L TRBENTHDLOD, R
FHZ X DBA R L > TR RN A LD, — 5, 8 2 FEERICIEE 1 s CTHAlLShE X OB F
sl BVERBIOBIZIRITE 1 A5 TREW, 20728, NS OFHBAERCITE 1
FEERETE 2 AR OBEIRZZNRKEL ENENOHEMIRE D1 & Dy ICHENELD, EEEOFIE T, 77
SEHRE DN RERD IRl E & i b (F2—=0 ) 5720, F 1 fEGES 2 Fid O Bragg f
O, DT NITTHLTND, L, EEEBIAEDORI - CEEIREB LN D) & Dy DENET
D728, 01, 0, ZEEL TWTH i fh bR SN2 B X fRIZIE= 3L —T A LD,
SIIETRES AL T DAY, BmIE TIIAST - 1F il X BRERE D DRI EZ RO D70 | TREL B DR
BT NSV, — T L T RLF =P UE XAS AT ML DR X — DO FER AR TS5, &
B EMOBRL, & ITIRAEIL, XAS AT MLOWIG T RLF —D L 7 Mt U CRHii 35729
DT PR R N —F I THEEMITICRE B KX T AR B D,

AR O W IR 2 SEHE L T D = R — IR IEICED . AS X O =X —FNEMIETED, 72
720, B OMRIE T, MIEB MBI ORIES T TIXZFOH ORI 7 M BEFC&E RV, ABFFE T, B
BB S EATO A — b 7T — R LR RN LA = R VR — K IE A A b T, EEME
CREAESURL 2 A2 FAZHIE L | BEVERUEL D LN T O WG = L X — DIF R A RIC HE DN T, & E il
AR NV DT RVF — iz ff (E 5 FIEERRF LI,

2. EB

A=’ 77— E OB R B LU XAS HIE X NS BLOSC TEMiL7-, A — 77 —#EE LT,
i X HRIAE Ny F IS X il Z s O B 8h 27— (7~ ek S OSMS33-300(2)-M6) & 3% E L
JEZ 3 mm D7 VI=0 LRIZHEELD X SR sl =B WA A DR W S AN R e UL B A 2w S A )
SNCHT —7 AW TRERR A Z —IZEE LTz (Fig. 1), A7 —YOBRENZ T, AT vE 7T —4—F
FTANWBEDH AT —Varte—7— (7~ SHOT-304GS) 2 v iz, £7z, HAT—T DE)
#E XAS HEZHI ST D720 operando XAS BT 7 07T L& FHFE LT,

operando XAS O FHMHIE A EE L T, IEMIE ¥ E IZ NaNijsFesMn 30, (Na-NFM) 3 KO0
NaNi;3Co13Mni30; (Na-NCM) . BWIEE I N—R D —R 2 HW =388 SIB 2 L7=, Fi7-.
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~UH o R TV, = VA R R R A R O L — R IE AR HERUELE LT W, ITE
PhRE@OLHID, 2 D SIB 4 — MU 77— AL DD operando XAS I EZ F L7z,

BEBBTED XAS AT MO — RN B T DR — O — 7 dulg | WIS AL E O
FELUTz, HUET 2L — (2%, XAS fi#HTY 7 7 =7 Demeter (Zf))& 9% Hephaestus[12]DfEZ VY,
MnK, FeK, CoK, NiK WULiHZ 2\ T, EE 4 6539, 7112, 7709, 8333 eV L7, 2HEK T .
ZNHDOHIEEZ O THEANT ML DO TR — A IE LTz, 40 R s ITIE Ge(311) & FHV>, HIEBA
BERTIZ 8300 eV (R ERTOFEENE) TFa—=2 T %A Tolo, NS X BRIEEE 1o B L OWER X R 14
AT S TREL , FRIEIZEY XAS AT WVERAGLIZ,

SIB /L SAEHERUEL Tl X SRR KERENDHY, Fifl X BIEE 1 2 E T DA 4T v D
T T IO A THERT 5720 SR EICEYREEOT A =0 MEEERCER X fRE i
Tz, K4 B ERE IR O 10 eV OFPHZHIEL . HIERFEIEL 1 AT L 472055 1.5
min L7, SIB 3UEHZ DWW TIE, BRI ORIHE 25 050 600~850 eV DOHiHZ 1| ALY 7-h
10~13 min THITE L7z, operando XAS HIED FIEELL TIZRT,

O A= 7T TR LD, w8k VL = VR TEIZ DN T,
Mn K. Fe K. Co K. Ni K WU 50D =)L — T BRI ST 55 D A 2 AR I E 55

(2) Na-NFM 1EA8 SIB £/WIZAHL . Mn, Fe, Ni K W XAS ZHIE T 5,

(3) Na-NCM 1EA#D SIB &/LZAHL , Mn, Co, Ni K WL XAS ZHI7ET 5,

@) AT —VEEMIF ISR L, B EEEZ LS5,

6 EiRO)~@&KBEITLEIK T THETHIRT,

e BT, FEESBLOER I, FEHEAE L CHBEIKEE (OCV) 2 E T DRI R EE (Rest) T
FEOTFINET XAS ATV EEFR LT,

3. EBRRERLER

= VB RTED Ni K R XAS AT MLE | ED— RIS AT MV Fig. 2 (R, — IR
ATV DFAR =R — o —27 (LLF, WIURE—2) OHLS 8333 eV L5 IR /L ¥ —
RIELT, B =2 Hubd, B =2 R R 3 E R Tl =2 IIRICE SV THE TR ELTZ,
D4 JE 5 2h R D J7 15458 H LTz, operando XAS R E R I HEREL O ) E B A48 57
B WIIITEEOK) 10 eV OAHERE LT,

Fig. 3 |2, operando XAS JEH AR IR LIS L=y 7 /L@@ TED Ni K BRI — IR AT~
NS, ARIERTO Fig. 3(a) Tl WIEGE — 7 H0% 8334 eV FHTICLEL | HERFZNIZ K> TEH)
L7z, thil 3 2R KO IE A58 F L7z Fig. 3(b) CTld, B — 27 H T ILHE(E O 8333 eV LI E Ao
oo 2T IO =R —F 72y MM, JIE R ORUKAFR) 7 A IEL T /5 R Th D,
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Fig. 2. Ni K-edge XAS spectrum of a nickel metal foil and its first derivative.

AN D~ T JEBTERIE DRI Z R E L, FBEORIER M E TOMRBERER t & KRIE
AT BT ORI R X —EORRERD - (LT, T-E 71y h), SIB £EIBRIZIH TS T-E 7
b Fig. 4 1O T, FWIURO R 28 bA —IREIECCUTElL |, DUl B2 BB Az, 3Tl
FREUI/ IR LU T 12 HTETHRAFLTZDY, ZAUTRE D IRAFHTE THY | I EDOWERAIRE AR THD
TR\, AT ML OBFZN I E B MG 2 R =, FEBRO I O E 1, #0EHS J ORI
Uil Lo THAED AT 40 s~3 min % &705, AT TlE, ZORRIZEDORIZA UL R FTHIZRRY 7 hodFE
BT CELEME LT,

SIB JAlE I TAE HEREL 2 [FI R I I E L TRz | ST ELEh AR S | Z D REZN 1T DR HERUR)
D RNF OWI = R F —ZHEE LTz, YTEUTIE, /A XM R U E S LD % DEDIEH>E%
Wi b2 EbL DD, FIZIX, v H o RETED 2 [BIH OWE (BHIARFZ] t = 6017 s) T, WIUmHE
—Z7HLOFERNEIL 6539.32 eV ThHo7=DIZXL, TP IR LA HEEME X 6539.40 eV Tholz, A
EAT TlE, A2 iR b L= % B A T FEYE(E 6539 eV LD FEEREEIC ML=,

(b)

~~~
[
p—

Initial

1st Derivative / a.u.
1st Derivative / a.u.

Charged

Charged
1
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Fig. 3. First derivatives of Ni K-edge XAS spectra of a nickel metal foil (a) before and (b) after time-

dependent energy calibration.
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Fig. 4. Apparent absorption-edge energies of the reference metal foils as a function of elapsed time during

operando XAS measurements of Na-NFM and Na-NCM SIB cells during charging. Lines represent

quadratic fits.

N ¢

RETRVF—IL, e O MR d &2 —EL L, moa—Z Db~ Ho72 Bragg 4

6 % Bragg Z&MHIRALTRDS, M HOBILEIC LD D O EHNET 5 LERETHH 7
i, AT CIE, MEAZ BIRLT 2 F 1T % — 1572 Bragg fOMIERLEL THTE,
FLAREIZIZ, 4 DRI #5757 R O WIS L — B . — T B 1512, d %
LTz EE M FEA IE R AL AT ML O T3V — il BRI, 2o BT IE AT Lo
BELCHY, JIE ISR EBRBIL THTOMIIE Tz,
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Fig. 5. Calibrated operando Ni K-edge XAS spectra of a sodium-ion battery cell with a Na-NFM positive
electrode during charging. The upper panel shows the absorption-edge shift to higher energy and apparent
spectral crossings marked by downward arrows. The lower panels show magnified views of selected
regions, where the crossing positions do not coincide exactly.

Fig. 4 TliX, WO WG THEE A AT OWRIG =L F—2ME L, 2HEZEU-A
FhE X KK 0.4 eV Tdh-o7-, Mn. Fe., Ni K Wi CTlrIfg Y412 EFH-~RCAHB 235317253, Co K
W Y Si 0D ATfEL R 30 E%ﬁlp‘\iﬂ&ﬂtﬁrﬂ%ﬁbko ZNHDOEAITIE, SHAER DT 2—=0 70k
RE, AU R OO YRR B2 LD A YO BRET S, f bRV 2 — D R EBIC L DM HI R &
W E N ST AR REM 35, LTz o T, RUZhORFRIZL 3B ORIE CTHHEBINA LIRS0,
L7223, BIORE TG L T-E 7'y "MLl = f v X —F N EHEE - IR IETHZ LI IR EETHY |
% operando XAS | E HITAEHEGUEL 2420 I LIFEL . £ DR ZEIZE SN TE=RAX — IR EEZTTH
VERHD,

Fig. 52, FFEMETE = 1L —#IE A1 H L7 Na-NFM 1EA6 SIB 2L 0 operando Ni K WX XAS
AT MV ERT, FTEBITHES TR B =R L — i~ 7 L (R RH], F2 DH7R) . Na i
Zﬁéi Ni DL RIBI NIz, BNV —HHD AT NV ClE, TR RHIONEIZER

ﬁﬁ)fﬁ*ﬁﬁi? THRZ 5, LU, TEOILKRETIIRZEZMBEIZDOT R TADREO LI, B IC

BT DEWRIAITHETR TER, DD RERAT MV D RO NG T D56 Wiy
@x«&bzmﬁcz}oé:ﬂzw% TR IS N END, 12720 TOF D T L RO FER
FE AL AR A T E T A2 LI TEAR, Na-NFM A% 5 L L7228 TIFZE Tl Nizt, NiB L
Niv DB 5328 L, R ITC DY operando XAS (ZXVHAE SV TWD[13], AHIEIZOWTH, NizHZ
BTREEND NitZE TRIE~OZRIT A, D ED NP AR - FRTFT 5, HDHOIE N ZfEHE LT
AL ETe FTREMEDN B 2 DD, —F REMBEO T IUIIL, A THTRNLF—RITZIRHIE /A X
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SRS b E b 155, AHIETIE NIFOFERLZEELTEOT ., 2O RO LNHZFDE|
AR AR E T HIEITTE R0,

ZDIHRART VDR ENLEZ i T DICIE, FANT LD R F —ih 2l O I A %
BHLEINDD, HE RO TR — R T MRS EI AT MVEAGIZE /2Dl WIS 7 hOS
WS R DA BED TR T LD, ARFEI, FEEREIO BT ORI =L — ORFH 2 ki
SKIEIZEY , ZO BRI 20D ThD, Na-NFM O FEEIEFE T, AW T /L ¥ —#iJH Tl 4
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“Best Academic Poster Presentation”
Takumi Nukisato
Photomask Japan 2025 (PMJ2025), Yokohama, Japan, 2025/5.
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“Photoneutron emission process on nuclei around A =200 for giant dipole resonance energies based
on neutron energy and angular distribution”

Nguyen Thi Hong Thuong, Toshiya Sanami, Hirohito Yamazaki, Nobuyuki Iwamoto, Toshiro Itoga,
Yoichi Kirihara, Eunji Lee, Kenta Sugihara, Shuji Miyamoto, Satoshi Hashimoto, Yoshihiro Asano,
Physics Letters B 870 139900 (2025).

“Spectral phase interferometry for direct electric field reconstruction of chirped wavepackets
generated from a tapered undulator”

Takao Fuji, Takashi Tanaka, Tatsuo Kaneyasu, Yuichiro Kida, Kei Imamura, Satoshi Hashimoto, Aoi
Gocho, Keisuke Kaneshima, Yoshihito Tanaka, Masahiro Katoh

Optics Letters 50(24) 7604-7607 (2025).

“Investigation of solvent effects on the distribution of resist compositions using resonant soft X-ray
scattering”

Kouji Kuramoto, Yuri Ebuchi, Shinji Yamakawa, Tetsuo Harada, Takeo Watanabe, Jpn. J. Appl. Phys. 64
(2025) addfs9.

“Nanoscale Resist-Pattern Defects Clustered in the Micron Region Found by Soft X-ray
Microscopy” Takeharu Motokawa, Shuhei Iguchi, Shinji Yamakawa, Tetsuo Harada, Takeo Watanabe, J.
Photopolym. Sci. Technol. 38 (2025) 145.

“In situ formation and characterization of oxygen vacancies in SnO; and WO3 in near-ambient
pressure hard X-ray photoelectron spectroscopy”

Masaki Nakamura, Hirosuke Sumida, Satoru Suzuki, Jpn. J. Appl. Phys. 64, 055505 (2025).
“Examples of thermally induced charge compensation in photoelectron spectroscopy of insulators”
Daisuke Fujiki, Hirosuke Sumida, Satoru Suzuki, J. Appl. Phys. 139, 065301 (2026).

“Attempts at Electron Energy Loss Spectroscopy Using Hard X-ray Photoelectron Spectroscopy”
Satoru Suzuki, Hirosuke Sumida, Adv. X-Ray Chem. Anal., Jpn. 57, 95-102 (2026).
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https://researchmap.jp/00393744/published_papers/50009199
https://researchmap.jp/00393744/published_papers/50009199
https://researchmap.jp/00393744/published_papers/52175922

“Highly efficient synthesis of small-diameter single-walled carbon nanowires through
transformation of polyyne molecules into long linear carbon chains inside single-walled carbon
nanotubes”

Takahiro Maruyama, Haruma Sunako, Chen Zhao, Takahiro Saida, Yuichi Haruyama, Shu Morita, Minoru
Osada, Xinluo Zhao

Chemical Physics Letters, 877, pp. 142308, 2025.

https://doi.org/10.1016/j.cplett.2025.142308

“Evaluation of sp? content distribution of hydrogenated diamond-like carbon film after atomic
hydrogen irradiation investigated by using photoelectron, NEXAFS and Raman spectroscopy”
Y. Haruyama, A. Heya, K. Sumitomo, S. Ito, M. Yotsumoto, T. Maruyama

Diamond & Related Materials 162, pp. 113260, 2026.
https://doi.org/10.1016/j.diamond.2025.113260

“Ultra-High-Capacity of Earth-Abundant Cathodes Enabled by Excess Fluoride-Ion
Insertion/Extraction”

Yanchang Wang, Kentaro Yamamoto, Yuki Sakaguchi, Jun Miyawaki, Toshiyuki Matsunaga, Datong Zhang,
Hisao Kiuchi, Zulai Cao, Koji Nakanishi, Toshiki Watanabe, Neha Thakur, Mukesh Kumar, Hidenori Miki,
Hideki Iba, Kazuhiko Maeda, Yoshihisa Harada, Hiroshi Kageyama, Yoshiharu Uchimoto, Adv. Energy
Mater. 15, 2406131 (2025).

“Fast Solid-State Defluorination/Fluorination of FeFx (x = 3—0) as Fluoride-Ion Battery Cathode”
Akira Yano, So Fujinami, Tomotaka Nakatani, Hiroki Yamamoto, Yuta Maeyoshi, Koji Nakanishi, Masahiro
Shikano, Hikari Sakaebe, Kazuki Yoshii, ACS Appl. Mater. Interfaces 17, 56119 (2025).

“Analysis of the charge/discharge mechanism of an Fe-containing Li 2 S positive electrode material
and its visualization by computational simulation”

Tomonari Takeuchi, Yoyo Hinuma, Koji Ohara, Hiroyuki Kageyama, Koji Nakanishi, Toshiaki Ohta, So
Fujinami, Hisao Kiuchi, Hikari Sakaebe, Dalton Trans. 55, 4128 (2026).

“X BRI IR LD EEIRT AL AF L BT R~ R BB D T 0B R SRS AT
A1E MY, sEE IR, FEA BB, ME U, TE R, X RO HTOHEHR 57, 261 (2026).

"Comprehensive characterization of DLC films: Comparative insights from NEXAFS and SXES"
Thitikorn Chamchuang, Tsuneo Suzuki, Sarayut Tunmee, Praphaphon Silawong, Peng Guo, Aiying Wang,
Kazuhiro Kanda, Keiji Komatsu, Hidetoshi Saitoh, Diam. Relat. Mater. 159, 112762 (2025).

"An electronic cam control technology for maintaining the output beam height from a symmetrical
layout type double crystal monochromator

Masato Okui, Naoki Yato, Atsushi Shimoguchi, Akinobu Watanabe, Ichiro Tsuboki, Hironobu Fukuzawa,
Hiroyuki Yamane, Junya Yoshida, Tetsuya Nakamura, J. Phys.: Conf. Ser. 3010, 012091 (2025).

"Formation of nitrogen-doped graphene by soft X-ray irradiation and atomic hydrogen and atomic

nitrogen"

Misora Ueshimo, Junichi Inamoto, Yoshiaki Matsuo, Kazuhiro Kanda, Koji Sumitomo, and Akira Heya, Jpn.
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J. Appl. Phys. 64, 11SP22 (2025).

"Parallel Microwave Heating at Different Temperature in Multiple Microchannels Using a Post-Wall
Waveguide for Combinatorial Synthesis"

Kaito Fujitani, Hiroshi Nakamura, Taki Watanabe, Mitsuyoshi Kishihara, Yoshiaki Ukita, Kazuhiro Kanda,
and Yuichi Utsumi, Microfluid. Nanofluidics 30, 4 (2026).

“Non-Volatile Electric-Field Control of Ferro- and Antiferroelectric States in Multiferroic Oxides”
Xiaoyu Jiang, Yujun Zhang, Di Yi, Xingyu Yan, Xiaofu Qiu, Qinghua Zhang, Jing Chen, Hetian Chen,
Takuo Ohkochi, Jing Ma, Tianxiang Nan, Pu Yu, Qing He, Yuanhua Lin, Ce-Wen Nan, Adv. Funct. Mater.
€29056 (2026), in press.

“Tuning Anisotropic Magnon Transport in Multiferroic Oxides by Crystal Symmetry”

Xiaofu Qiu, Hetian Chen, Yujun Zhang, Ji Ma, Yiming Yang, Xingyu Yan, Xiaoyu Jiang, Zenghui Jin,
Yuhan Liang, Takuo Ohkochi, Jing Ma, Fangyuan Zhu, Pu Yu, Yuanhua Lin, Tianxiang Nan, Di Yi, Adv.
Funct. Mater. 36, ¢18681 (2026).

“Control of Covalent Bond Enables Efficient Magnetic Cooling”

Xin Tang, Yoshio Miura, Noriki Terada, Enda Xiao, Shintaro Kobayashi, Allan Doring, Terumasa Tadano,
Andres Martin-Cid, Takuo Ohkochi, Shogo Kawaguchi, Yoshitaka Matsushita, Tadakatsu Ohkubo,
Tetsuya Nakamura, Konstantin Skokov, Oliver Gutfleisch, Kazuhiro Hono, Hossein Sepehri-Amin, Adv.
Mater. 38, 14295 (2026).

“Visualization of heated latent fingerprints by synchrotron radiation soft X-ray photoemission
electron microscopy”

Satoru Hamamoto, Masahisa Takatsu, Hiroyuki Fujiwara, Hideya Okada, Takuo Ohkochi, Shimpei
Watanabe, Masaki Oura, Y. Seto, Analyst 151. 1163 (2026).

“Topological Aspect of Magnetic Structures in Paramagnetic Liquid Crystal”
Yoshiaki Uchida, Takuya Akita, Takuo Ohkochi, Xiao-Qian Ma, Norikazu Nishiyama, e-J. Surf. Sci.
Nanotechnol. 23, 368 (2025).

“Pure spin current polarizer enabled by antiferromagnetic insulator”

Hetian Chen, Dingsong Jiang, Yujun Zhang, Xiaofu Qiu, Yuhan Liang, Qinghua Zhang, Fangyuan Zhu,
Takuo Ohkochi, Mingfeng Chen, Yue Wang, Jingchun Liu, Qing He, Jing Ma, Pu Yu, Yuanhua Lin,
Tianxiang Nan, Di Yi, Nat. Commun. 16, 6257 (2025).

“Uncovering the origin of magnetic moment enhancement in Fe—Co-Ir alloys via high-throughput
XMCD”

Takahiro Yamazaki, Takahiro Kawasaki, Alexandre Lira Foggiatto, Ryo Toyama, Kentaro Fuku, Varun
Kumar Kushwaha, Yoshinori Kotani, Takuo Ohkochi, Kotaro Higashi, Naomi Kawamura, Yuya Sakuraba,
Yuma Iwasaki, and Masato Kotsugi, Phys. Rev. Materials 9, 034408 (2025).

“Synchrotron Radiation Photoemission Electron Microscopy Study on Radioactive Cesium-bearing
Microparticle Collected in Fukushima”
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Akitaka Yoshigoe, Yasutaka Tsuda, Masaaki Kobata, Tetsuo Okane, Yukihiko Satou, Takuo Ohkochi, e-J.
Surf. Sci. Nanotechnol. 23,16(2025).

T —F AT A

“=a— ROV EHERR T < HRE — LT A BLO1 O HiFME”
Keita Fujimoto, Yuuki Yoshikane, Toshiya Sanami , Satoshi Hashimoto, Proceedings of the 40th
Workshop on Radiation Detectors and Their Uses (2026).

“Evaluation of hydrogen plasma and ion injection to the EUV photomask using high power irradiation
tool at NewSUBARU”
Hayato Ishida, Shinji Yamakawa, Tetsuo Harada, Proc. SPIE 13655 (2025) 136550X.

“Mo-based multilayer for beyond EUV lithography”
Naoki Hayase, Masashi Yoshimura, Satoru Suzuki, Shinji Yamakawa, Tetsuo Harada, Proc. SPIE 13983
(2026) 139830R.
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“Spectral phase interferometry for direct electric-field reconstruction of synchrotron light from
tapered undulators”

T. Fuji,1, T. Tanaka, T. Kaneyasu, Y. Kida, K. Imamura, S. Hashimoto, A. Gocho, K. Kaneshima, Y.
Tanaka, M. Katoh, UltrafastOptics2025 (2025).

“Evaluation of hydrogen plasma and ion injection to the EUV photomask using high power irradiation
tool at NewSUBARU”

Hayato Ishida, Shinji Yamakawa, Tetsuo Harada

Photomask Japan 2025 (PMJ2025), Y okohama, Japan, 2025/04.

“Out of Band Reflectometer for EUV Lithography at NewSUBARU BL-3 Beamline”
Takumi Nukisato, Shinji Yamakawa, Tetsuo Harada
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Photomask Japan 2025 (PMJ2025), Yokohama, Japan, 2025/04.

“Background level theory for EUV multilayer deposition”
Naoki Hayase, Tetsuo Harada
Photomask Japan 2025 (PMJ2025), Yokohama, Japan, 2025/04.

“Development of Beyond EUV Interference Lithography tool at NewSUBARU”

Ryuta Shiga, Shinji Yamakawa, Tetsuo Harada

The 42nd International Conference of Photopolymer Science and Technology (ICPST-42), Himeji, Japan,
2025/6

“Evaluation of Resists Exposed using sub-200 eV Electron Beam towards Beyond-EUV
Lithography”

Ryuichi Yamasaki, Shinji Yamakawa, Tetsuo Harada

The 42nd International Conference of Photopolymer Science and Technology (ICPST-42), Himeji, Japan,
2025/6

“Acquisition of micron-scale chemical mapping image of resist by PEEM”

Shinji Yamakawa, Tsukasa Sasakura, Tetsuo Harada

The 42nd International Conference of Photopolymer Science and Technology (ICPST-42), Himeji, Japan,
2025/6

“Nanoscale resist pattern defects clustered in the micron region found by soft X-ray microscopy”
Takeharu Motokawa, Shuhei Iguchi, Shinji Yamakawa, Tetsuo Harada, Takeo Watanabe

The 42nd International Conference of Photopolymer Science and Technology (ICPST-42), Himeji, Japan,
2025/6

“Evaluation of blister formation condition on EUV photomask using high power irradiation tool at
NewSUBARU”

Hayato Ishida, Tetsuo Harada, Naoki Hayase, Shinji Yamakawa

SPIE Photomask Technology 2025, Monterey, USA, 2025/9.

“Evaluation of thinner resist film in beyond EUV interference lithography tool at NewSUBARU”
Ryuta Shiga, Shinji Yamakawa, Tetsuo Harada, Naoki Hayase
SPIE International Conference on Extreme Ultraviolet Lithography 2025, Monterey, USA, 2025/9.

“Reflection-mode resonant soft-x-ray scattering for the spatial distribution analysis in chemically
amplified resist film”

Yuri Ebuchi, Shinji Yamakawa, Tetsuo Harada, Naoki Hayase

SPIE International Conference on Extreme Ultraviolet Lithography 2025, Monterey, USA, 2025/9.

"Development of Electron Exposure Tool (LEEFET) for EUV Resist Evaluation"
Ryuichi Yamasaki, Shinji Yamakawa, Naoki Hayase, Tetsuo Harada
38th International Microprocesses and Nanotechnology Conference (MNC2025), Tokyo, Japan, 2025/11.

""Mo-based multilayer for beyond EUV lithography"
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Naoki Hayase, Satoru Suzuki, Shinji Yamakawa, Tetsuo Harada
SPIE Advances in Patterning Materials and Processes XLIII, San Jose, USA, 2026/2.

“Development of a liquid cell for X-ray PEEM and its demonstration of imaging and spectroscopy
using pure water”

Masaya Takeuchi, Noriaki Toyoda, Satoru Suzuki

38th International Microprocesses and Nanotechnology Conference (MNC2025), Tokyo, Japan, 2025/11.

“Depth Distribution of Carbon Bond in Atomic Hydrogen Exposed Diamond-like Carbon Film
Investigated by Using Ar Ion Bombardment”

Y. Haruyama, A. Heya, K. Sumitomo, S. Ito, M. Yotsumoto, and T. Maruyama

18th International Conference on New Diamond and Nano Carbons (NDNC2025), B-Con Plaza, Beppu,
Oita, Japan, 2025/5.

“Effect of AL,O3 buffer layer on Ni-catalyzed SWCNT growth”

Ayaka Koda, Mana Selva Raji, Takahiro Saida, Yuichi Haruyama, Takahiro Maruyama
The 70th Commemorative Fullerenes-Nanotubes-Graphene General Symposium,
Noyori Conference Hall, Nagoya University, Nagoya, Japan, 2026/3.

“Thermal decomposition processes of highly hydrogenated diamond-like carbon film by temperature
increase”

K. Kazuhiro, D. Niwa, T. Mishima, K. Nakanishi, N. Fukumuro, M. Takeuchi, T. Suzuki, H. Akasaka, F.Hori,
A. Yabuuchi, and A. Kinomura

35th International Conference on Diamond and Carbon Materials (DIAM2025), 2025.8.31-9.4, Hilton
Glasgow, Glasgow, UK.

“Properties and Classification of Diamond-Like Carbon Films”

Kazuhiro Kanda (Invited)

4th International Conference on Chemistry and Chemical Engineering (ICCCE-2025), 2025.7.21-22, Van
der Valk Hotel Paris CDG Airport, Paris, France.

“Photon Energy Dependence of Reduction of Graphene Oxide by Soft X-ray Irradiation and Nitrogen
doping using NHj; gas”

Misora Ueshimo, Junichi Inamoto, Yoshiaki Matsuo, Kazuhiro Kanda, Koji Sumitomo, Akira Heya

The 10th International Symposium on Organic and Inorganic Electronic Materials and Related
Nanotechnologies (EM-NANO2025), 2025.6.11-14, Fukui Prefectural Hall, Fukui.

“Energy dependence of soft X-ray irradiation effects on hydrogenated DLC and Si-containing
hydrogenated DLC films”

K. Kanda, T. Mishima, K. Morita, K. Nakanishi, T. Suzuki, H. Akasaka

18th International Conference on New Diamond and Nano Carbon (NDNC2025), 2025.5.11-15, B-Con Plaza,
Beppu

“Development of Submicron mist generating nebulizer”
Taki Watanabe, Sho Amano, Yuichi Utsumi, and Kazuhiro Kanda
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51st International Micro and Nano Engineering Conference (MNE2025), 2025.9.15-18, Leonardo Royal
Hotel Southampton Grand Harbour, Southampton, UK.

“First observation of y-ray beam production via Compton scattering of undulator X-rays in an
electron storage ring”

Norihito Muramatsu, Atsushi Tokiyasu, Hajime Shimizu, Haruo Ohkuma, Kazuhiro Kanda, Manabu Miyabe,
Masahiro Okabe, Schin Date, Shinsuke Suzuki, Shuji Miyamoto, Tetsuo Harada

The 5th Nuclear Photonics Conference (Nuclear Photonics 2025), 2025.10.6-10, Technische Universitat
Darmstadt, Darmstdt, Germany.
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