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AIST Nanocharacterization Facility (ANCF), one of AIST’s Open Research Facilities, participates
in both TIA, an open innovation hub, and the Advanced Research Infrastructure for Materials
and Nanotechnology (ARIM) in Japan sponsored by the Ministry of Education, Culture, Sports,
Science and Technology (MEXT). Through these two channels, we respond to a wide range of
measurement requests from all over the country.
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ARIM Japan

Advanced Research Infrastructure for Materials and Nanotechnology (ARIM) is one of the research
projects by Japan’s Ministry of Education, Culture, Sports, Science and Technology (MEXT), which
started in FY 2021 under the 10-year-long plan. ARIM is devoted to construct and maintain state-of-the-
art open facilities for materials processing, measurement and analysis as well as their data collection and
utilization system for public share-use, thus playing a key role in "Materials DX Platform" so as to promote
Japan's materials innovations. This project utilizes nationwide network of both R&D facilities and highly
skilled technical professionals, which was established under the Nanotechnology Platform Project. AIST
Nanocharactreization Facility (ANCF) is a member of ARIM, together with AIST Nanoprocessing Facility
(NPF), for data acquisition, analysis, and collection of cutting-edge nanometer-scale materials including
quantum and electronic materials.
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TIA is an open innovation hub operated in cooperation with AIST, NIMS, the University of Tsukuba, KEK,
the University of Tokyo and Tohoku University. We will comprehensively bring together our R&D capabilities
(human resources, facilities, intellectual property, etc.) to provide consistent support, from knowledge
creation to industrialization.
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AIST provides access to a wide range of advanced equipment and know-how for shared use, with the aim
of widely disseminating such know-how and findings that have been accumulated so far.
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Development and disclosure of advanced
measurement and analysis technology by AIST
Nanocharacterization Facility (ANCF)
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AIST is developing advanced measurement and analysis technology with the aim of strengthening domestic
industries, leading the creation of new industries, and contributing to social innovation. Our mission is to
create measurement technologies that make the invisible visible, and then to apply such technologies to
various fields to refine them as formed analytical methods. To achieve this mission, we are trying to solve
problems in society by sharing the equipment and technology that we have developed.

At ANCF, we mainly offer our proprietary measuring equipment and technologies for common use that are
not commercially available. For example, one of AIST’s unique devices, the positron probe microanalyzer,
uses a positron microbeam generated from an electron accelerator; there is only one other similar device
in the world, in Germany. In addition, AIST has developed a superconducting detector for X-ray absorption
fine structure analyzers and scanning electron microscopes to achieve higher resolution and sensitivity than
existing devices. Even with transient absorption spectroscopes, real surface probe microscopes, and solido-
state NMR devices, we have achieved unsurpassed performance by precisely combining basic commercially-
available devices and applying highly skilled sample preparation methods and analytical methods.
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Supporting academic and commercial R&D
and material development
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ANCF Equipment and Analysis Targets

Positron probe microanalyzer (PPMA) «:ceeeeeeereseerneetiiii. nano vacancy P.6
X-ray absorption fine structure spectroscopy with a superconducting fluorescence

detector (SC-XAFS) ccereceerecenreceececcesecacccacennees nano local structure, electronic state P.10
Visible/near-infrared transient absorption spectrometer (VITA) =---- dynamics of photo-reaction P.14
Real surface probe microscope (RSPM) :cececececeeeeeeeececececeeee. nano surface structure P.18
Solid-state nuclear magnetic resonance spectrometer (SSNMR) =«---- local structure of solid-state materials P.22
Photoelectron spectroscopy with a pulse EUV source (EUPS) -:-:-- nano surface physical properties P.26

Superconducting scanning electron microscope (SC-SEM) «+«+-+-+ state analysis for light elements P.30
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PPMA is a scanning positron microscope for mapping positron lifetimes in samples. The PPMA
uses an intense positron microbeam (beam diameter < 30 pm) generated by an electron linear
accelerator.

BESRE . Equipment

BEFO0-731707F51%— (PPMA)
BFREIIESR CRES U BREBBETE — A%/ TR
fb- Y1 70— MELTHBAAS LET . BETEHEH - . - 5
ETBHET, BHPORF~F/ A= ML RT—LORFE 'El | IO e
fl - ZREFHIE TEE T, y .__";- .;' .' (;P;Z_pbrijer:,c er

ITE o R buncher)
Positron Probe MicroAnalyzer (PPMA) () ¥ % = m

An intense positron beam generated by an electron linear
accelerator is formed into a series of short pulses which are
focused to micrometer size, and are then directed onto a
sample. The structures of atomic and nanoscale vacancy-
type defects and voids are evaluated by employing positron
annihilation lifetime spectroscopy (PALS).

Re-rmad eramf [

["'II thin flm]
Time resolution 200 ps - 300 ps
Implantation energy 1 keV - 30 keV
Beam diameter 0.01 mm - 10 mm &
‘_-! Sa'1'|I|:I1echarnDEr
Pulse duration = 30ns :

PPMA £EBENDER
Overview of PPMA
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® Structural evaluation of atomic and nanoscale vacancy-type defects and voids in membranes, bulk and powder
materials

® Evaluation of free volume in polymeric materials

©® Mapping measurement of vacancy-type defect and void distributions
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® Structures of vacancy-type defects and nano-
pores can be evaluated by measuring the lifetimes
of positrons or positroniums (a bound state of an
electron and a positron) in materials

® Non-destructive and highly sensitive (ppm) detection
of atomic and nanoscale voids. Measurement with
different characteristic implantation depth by varying
the positron beam energy

® 2D mapping of the positron/positronium lifetime by
scanning the positron microbeam on samples

Positron micrabeam

>: Positron Probe MicroAnalyzer

BETHESFGAENEZ (ERMH)

Schematic of positron lifetime spectroscopy (crystalline materials)
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Positron annihilation lifetime mapping using a positron microbeam?
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¢ Evaluation of relationship between
hydrogen embrittlement and defects
in high-strength steels?

The relationship between hydrogen embrittlement and
defects in high-strength steels was investigated using
the positron probe microanalyzer. Since the positron
lifetime became longer in the vicinity of fracture surfaces
for the tensile-stressed and hydrogen-charged
specimen, it was found that vacancy-type defects and
defect clusters are formed in the specimen.
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Result of positron lifetime distributions
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¢ Evaluation of structural change of
stretched polymers*

The positron lifetimes of stretched low- and high-density
polyethylenes were measured at different positions. It
was found that the lifetime of the ortho-positronium (a
bound state of an electron and a positron with parallel
spins), which annihilates in amorphous regions of the
polyethylene, was shortened in the stretched part.
This indicates that the state of free volumes in the
amorphous region changes due to stretching.

0.2-0.3 mm
' Y \
r*-

Deformation

20 mm

L 3

—
2 mm

RUIFL ki

Stretched polyethylene specimen

A B

A A A A A A A A

o=Ps lfgbima | s
’ - m .
T
[
-
>
1

23| i i i i i i il

Ralsve postion | mm

EMICKDANYRI OZI A (0-Ps) FmDZ(L (LDPE)
Variation of o-Ps lifetime upon stretching (LDPE)
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¢ Structural analysis of a-Si:H/c-Si
heterojunction solar cell®

The size of micro voids in a-Si:H was measured using the
positron probe microanalyzer, and the relationship between
the void size and an optical parameter was investigated. It
was found that the void size as determined by the positron
lifetime changes depending on the film formation temperature,
and that the size is correlated with the optical parameter.
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Relationship between void size in a-Si:H and
optical parameter
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® Evaluation of pores in fullerene powders

® Elucidation of the mechanism of formation of vacancy-type defects and voids in the plastic deformation and fatigue

fracture processes of structural materials
® Evaluation of free volumes in reverse osmosis membranes
® Defect analysis of oxide semiconductor films

SEE References
! EEHATF TODAY, 14-9, (2014).

2 RKEKEDS, BEFRZAA®R, BEFYr7070-7, 1, 27-39 (2013).

*T. Doshida et al., ISIJ International, Enhanced Lattice Defect Formation Associated with Hydrogen and
Hydrogen Embrittlement under Elastic Stress of a Tempered Martensitic Steel, 52 (2), 198-207 (2012).

“T. Oka et al., Appl. Phys. Lett., Free volume change of elongated polyethylene films studied using a

positron probe microanalyzer, 101, 203108 (2012).

>N. Matsuki et al., ECS Transactions, A Novel Optical Characterization of a-Si:H/c-Si Interface
MicrostructuresBased on Data of Positron Annihilation Spectroscopy, 92(9), 21-24 (2019).
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SC-XAFS can measure the nanostructure of a light element dopant in a solid sample due to
the high flux of synchrotron radiation as X-ray source and precise energy resolution of the
superconducting detector.

BESRE  Equipment
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X-ray Absorption Fine

Structure Spectroscopy with a
Superconducting Fluorescence
Detector (SC-XAFS)

The apparatus provides partial
fluorescence yield X-ray absorption
spectroscopy using a synchrotron light
source and superconducting tunnel
junction X-ray spectrometer, achieving
an excellent X-ray energy resolution of =
10-20 eV.! SC-XAFS RENEE (KEK-PF BL-11A [ZE%E U /=IKEE)
SC-XAFS apparatus mounted on KEK-PF BL-11A

[AZRAETSH/TESH?  Applications

O HEBITLRDEEIRE - F /18E (fl : SICPDESR 300 ppm)

o B K RN, BBEE L NG (100-1500 eV, TxIILF—of#EeE 10-20 eV FWHM @ 1 keV)
o BRI (BZEd., /XU —FZ(EFRIK 15 mm BLT)

o /NILI#E (RS 100 nm ~ 1000 nm)

® Nanostructures of trace light elements

® K-edge X-ray absorption spectrum of light elements

® | -edge X-ray absorption spectrum of transition metals

® Solid samples (powder, substrate, etc., size less than 15 mm?)
@ Information about bulk (analysis depth of 100-1000 nm)
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® X-ray absorption spectroscopy provides information
about nanostructures, such as valence, electronic
state, bond length, etc., around a specific element.

®This apparatus measures the X-ray absorption
spectrum by measuring the fluorescence vyield of
a specific element as a function of incident X-ray
energy. The electron yield method is generally used
to measure the X-ray absorption spectrum in the
soft X-ray region, but it is difficult to measure the
spectrum of trace elements due to high background.
Since the background is small in the fluorescence
yield method, even trace elements can be measured.
However, in order to obtain the fluorescence vyield
of trace elements, it is necessary to separate the
fluorescence vyield of the target element from the
characteristic X-rays of many elements. By using
a superconducting detector with excellent energy
resolution, it is possible to select elements with high
accuracy.

® The soft X-ray beamlines BL-11A, BL-11B, BL-13A,
BL-16A of the Photon Factory of the High Energy
Accelerator Research Organization can be used as
the light source.

BInE bR ESRHEDBRRER
Microphotograph of a superconducting tunnel
junction detector
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Example of a fluorescent X-ray spectrum measured with a

superconducting detector. For reference, a fluorescent X-ray
spectrum measured by a silicon drift detector is also shown
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¢ Evaluation of SiC characteristics
for practical use of high-voltage
switch materials 2

SiC is a compound semiconductor that is used
as a high withstand voltage switch material.
Nitrogen is doped into SiC by high-temperature
ion implantation. It is necessary to reduce the
resistance in order to suppress the power
consumption. However, when nitrogen is doped at
a high concentration, the activation rate decreases
and the resistance value increases.

To clarify the location of nitrogen in the lattice after
ion implantation and annealing, the fluorescence
yield X-ray absorption spectrum at the nitrogen
K-edge was measured.

Comparison with the simulation revealed that
the doped nitrogen was replaced with carbon
immediately after ion implantation, and that the
structure was not changed by annealing.
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Fluorescent X-ray spectrum of nitrogen doped SiC obtained
with a superconducting detector. The characteristic X-ray of
N-K is clearly separated from that of C-K
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X-ray absorption spectrum of SiC at N-K edge
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* Measurement of GaN to reduce the
power consumption of luminescent 3 Gala q,
materials I <I3a LB 4

GaN is a compound semiconductor that is used
as a light emitting material. In order to reduce
power consumption, it is necessary to increase
the activation ratio by doping with Mg etc., but
the local structure of the doped Mg cannot be
measured due to the interference of the Ga-L line
adjacent to the Mg-K'line.

The fluorescence X-ray spectrum of Mg-doped
GaN was measured using the apparatus, and

Intensity (arb. Log.)

I I I I I I
800 900 1000 1100 1200 1300 1400 1500

it was found that Ga-L and Mg-K rays could be
s S Energy [eV]
clearly distinguished. The elimination of Ga-L
line interference is expected to help elucidate Mg K—=7U7= GaN OB X #EART ML
the local structure of Mg and reduce the power Fluorescent X-ray spectrum of Mg-doped GaN

consumption.
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® Analysis of Na in the solar cell material CIGS
® Analysis of trace elements (S, Cl, etc.) contained in glass
® Effect of chemical state of trace nitrogen on macroporous SiC catalyst activity ®

SEHR References
'S, Shiki, M. Ukibe, Y. Kitajima, M. Ohkubo, J. Low Temp. Phys. 167 (2012) 748-753.
> M. Ohkubo, S. Shiki, M. Ukibe, N. Matsubayashi, Y. Kitajima, S. Nagamachi, Sci. Rep. 2, 831 (2012) .

*Y. Maeda, A. Munoz-Noval, E. Suzuki, S. Kondo, A. Kitada, S. Shiki, M. Ohkubo, S. Hayakawa, K. Murase, K.
Fukami, J. Phys. Chem. C 124-20 (2020) 11032-11039
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VITA is a spectrometer to measure a transient absorption spectrum and luminescence lifetime

from the visible to infrared wavelength region.

BESRE  Equipment
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EIRBERINSCRE

Ps transient absorption spectrometer

Nano/picosecond transient absorption
spectrometer

Detection of transient absorption spectra and their
time profile of excited state, reaction intermediate, and
charge carrier produced by pulse laser irradiation

Nano/picosecond luminescence lifetime
spectrometer

Detection of luminescence spectra and lifetime by
pulse laser irradiation

| 5 _. Y
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Ps luminescence lifetime spectrometer

[AZAETSH/TESh?  Applications
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® Liquids, particles, single crystals, thin films, devices

® Dynamics of charge carrier, excited state, and reaction intermediate

@ Lifetime of fluorescence, phosphorescence and delayed fluorescence
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><:>Visible/near-lnfrared Transient Absorption Spectrometer

[RIE. %3  Principle, Feature
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@ Formation of the transient state of samples by irradiation with femto- or pico-second pulsed laser light
® Measurement of the time profile of absorbance or luminescence intensity of samples in the transient state

@ Detection of reaction intermediate, and evaluation of rate of charge carrier generation, transport, recombination
and dissociation processes, and evaluation of generation and decay rate of excited states and species
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Schematic diagram of transient absorption spectroscopy
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Schematic diagram of photoluminescence lifetime spectroscopy
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L Excitation light
400 nm
532 nm

Light intensity:
47 uJ/cm?

* Deterioration test of Si solar cell '

The amount of conduction carriers produced
in Si solar cells was determined from the time
dependence of light absorbance by the carriers. A

Si XBZEMTEY 21— IILOSHAIES
Transient absorption measurement of Si solar cell

Blue: Before aging  Red: After aging

decrease of the absorbance at the surface region 02 — B—
of the cells after degradation was confirmed by 3 400 nmexe. 8 1064 nm exel
using surface sensitive excitation light at shorter F s ]
wavelengths. This result indicates that the s ™ S
degradation of Si solar cells occurs at their surface. ij '2? o
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Si KIFEHMT Y 1 — L 0% {LEXERAT#Z OEEIRINETA
Excitation wavelength dependence of transient absorption of Si
solar cell before and after degradation test
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* Revealing the excited-state dynamics of organic electroluminescent materials ?
Highly efficient thermally activated delayed fluorescence (TADF) materials form specific species in the excited
state. Based on this information, a new mechanism of TADF is proposed.

AAbsorbance ~—— Conventional mechanism e o New mechanism ———
-‘ - : 3 : g g
. H g+ - {Only AEs value is considered) (AEgy and excited-stale species are considered)
8 Charge resonant state A
8l " Excited Excited Excitad Excitad
. a = singled slabe RISC triplet state singlel slabe RISC Iriphed sbate
g sl w i .~ Local axcitad stata
= - r -] AEsT i
o B0 B0 1000 1200 b teoct | B i # AEsT~028V
£ o 1 | g ~25 meV Resonance stabe i
= g:: w u\
T TADF TADF Resonance state
ooz
] e L
BOD 50O 1000 1200 1400 1602 Ground state Ground state

Wavelength (nm)

5,

& b, A

=303 TADF #HOEERINZANRT ML OESHE () £ESNE#HLL TADF #AHBORAR ()
Transient absorption spectral map of highly efficient TADF molecule (left) and new TADF mechanism (right)
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* Photoluminescence dynamics of room-temperature phosphorescent materials 3

The photophysical properties of room-temperature phosphorescent (RTP) materials were investigated using a
fluorescence lifetime spectrometer. For three kinds of benzil derivatives, mono benzil derivative 1 was revealed to
exhibit the most efficient RTP.
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Room-temperature phosphorescent materials (left) and their luminescence time profiles (right)

| ZDfthEHRIFI, Other examples
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Nanoparticles, perovskite materials, photocatalysts, metal-oxide semiconductors, optical light fiber materials,

nanocarbon materials, photosensitive materials, circular polarization materials, organometallic materials, cells,
proteins, fluorescence probe materials

SE\i#k References

' K. Hara, H. Matsuzaki, et al., Solar Energy Materials and Solar Cells 166, 132 (2017)
2 T. Hosokai, H. Matsuzaki, et al., Science Advances 3, e1603282 (2017)

K. Maduwantha, T. Hosokai, et al., Materials, 13, 3904 (2020)
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RSPM is a nanoprobing system used to characterize nano properties, including electric
potential, elastic modulus, and optical response, in various environments (air, liquid or vacuum).
It comes with reference materials, cantilever calibrators (spring constant, probe shape), and
sample surface preparation devices optimized for scanning probe microscopes (SPM).

BERE  Equipment

RSPM 1
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(DFM. KPFM. SEHAIE. FM-AFM %)
RSPM 2
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RSPM 1

A high-resolution scanning probe
microscope, which includes KPFM and
nano-manipulation functions.

RSPM 2

This scanning probe microscope is used
for characterizing nano-materials (KPFM,
SNDM, elastic modulus, and spectroscopic
images) in various environments such as in
air, liquid, and vacuum.

RSPM2 DEE
Appearance of RSPM2

[OZAETSH/TESH?  Applications
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® High-resolution surface morphology measurement with probe calibration system

® Elastic modulus measurement for compliant (DMT or JKR) and stiff materials

® Electrical SPM, such as KPFM, SCM, SNDM, SSRM, and C-AFM

® Fast scanning system in liquids (10 frames/second)

® Surface preparation devices include ion beam polisher, plasma cleaning equipment, laser marking system
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[FI2. 458  Principle and Features
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®RSPM is a scanning probe microscope with facilities for
characterizing nano-materials in various environments
such as air, liquid, and vacuum. Fast scanning in liquids

is possible. The dynamic mode with laser excitation
system produces accurate phase images. L—H—FiBEIC &3> F LN—FREHAE

Laser interferometer system for determining cantilever
spring constant

® Reference materials
* Probe shape (probe shank or 3D shape)
* Reference samples for carrier concentration
* Resolution test sample for various imaging techniques

® Calibration system
* Laser doppler interferometer for calibrating normal - .
HFEEOF v ) 7RERERY > 7L O

spring constant of a cantilever
. pring Reference material for calibrating carrier concentration in
SEM for probe shape silicon

S50 umx 12.5 um

® Sample preparation devices
* Mechanical polishing machine
* lon milling equipment for preparing cross-sections of
thin samples
* Laser marking system for aligning the field of view
* Plasma surface cleaning system (Ar, O, N)

TSIV -V THRE
Plasma cleaning system for SPM
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¢ Developlng process of Real-time observation of developing process of photoresist
photoresist

The developing process of photoresist on Si substrate was observed in a liquid. The origin of defects in the
electron beam lithography process was studied with a high-speed scanning system. Real-time AFM images were
obtained every ten seconds in the developer solution. The photoresist, which is designed as a 50-nm line, was
clearly observed as shown in the figures.
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Force when the poly-Si pattern collapsed
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Measurement of removal force of nano-particles with scanning probe microscope

HEARE L OBFPEREDIZHDOER T —9 & LT, MEFORBAEEZTVELRE S FeEFIALT.
30 ~ 300 nm QR F RSB Z7=HICHEBRAOERATEL. RUSD DD /NNI—2HEIRT 2 HEDEEZITVE
(0=

* Removal force of nano-particles on Si substrate

The removal force of nano-particles on Si substrate was measured with a scanning probe microscope. Forces
required to remove particles and nano-patterns were compared. The results will be useful for developing cleaning
equipment for semiconductor factories.
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® 1K1 DNA DB RPTHERR
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o F~RZ > REHAI (KPFM. Phase image)

() CNT %> DNA R HREERFRNDBEHMRER
(B) FN1 RBE (MRTR M FI) ORFRESETA (20 pm X 20 pm)

(Left) High resolution AFM images of CNT and DNA
(Right) Local electric-property measurement of semiconductor devices

® Surface morphology measurement of nano-materials such as CNT and DNA

® DNA or large molecules can be observed in liquid

® Surface potential and carrier concentration in silicon can be observed with KPFM, SCM and SSRM
® Nano-device measurement in contact mode (current, thermal property) is possible

® High-voltage surface charge can be measured with KPFM

® Nano-devices can be measured while in operation with a device analyzer

SEY#ER References
' M. Watanabe, T. Morimoto, H. Itoh, J. Micro/Nanolith. MEMS MOEMS 11(1), 011009 (Jan-Mar 2012)
? https://www.nanonet.go.jp/magazine/archive/?page=1315
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El{#% NMR =& (SSNMR)
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SSNMR is used to measure the local structure and motion of atoms and molecules in solid
materials by using atomic nuclear spin as a probe.

BESRE  Equipment

El{#A NMR2EE (600 MHz) [— - e Ty
SRR =LNERECH - 'y BinEEHA
VA RRYBEBUET 1T, E%Tﬁj AeReR U’ 5;-; r— I’ Superconducting magnet (SCM)
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Btk NMRZEE (200 MHz) | oTnE ab—
T4 RRTFRBEEWG Y 1 . B R | _Samele tube
AIE. ZENN ("H~Pb). ZAXATICH
PO
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KA AR LB EFEEAE. IhBRECRIE.
'HE5MA

" 5 AR/ Spectrometer
SUFKEZE

RF transmission and reception

&R H 88 /Detector
SUX KRB &IEERE
RF irradiation and signal
detection

Equipment 1
Solid-state NMR (600 MHz) for 'H-2°"Pb, Wide
bore SCM type, 1D and 2D experiments

Equipment 2
Solid-state NMR (200 MHz) for 'H-2"Pb, Wide
bore SCM type, 1D and 2D experiments

Efx NMR $£& (600 MHz) SHEAEH
Overview of SSNMR equipment (600 MHz)

Equipment 3
Solid-state NMR (20 MHz) for 'H only, Permanent magnet type, relaxation time measurement

[AZRAETSH/TESH?  Applications
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® Detects solid-state nuclear magnetic resonance with high resolution by circulating a solid sample at high speed
(0-60 kHz).

® Used for in-situ measurement of materials (polymer, rubber, protein) whose structures can change when solved
into a solvent.

® Analyzes the molecular bonding state of gaseous, solid, and semi-solid samples.



{% Solid-State Nuclear Magnetic Resonance Spectrometer

[RIE. 458  Principle and Features

O MRS EH OMEICHIED TS VA RERIHTHE, 5
SAROBIAES ) ET. & DRSEAFHL TEHEPDIC
B BT AT OMECEN AN EATEET, _
WERALEIOFINT NS — (ko7 h) &8 PagcHL ol BurgpemclT
ELT. 9T - RFBIOMSREEBIFLET. £,

<Y v 7 AEEEE - MAS

(Magic Angle Spinning)
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© Materials that possess nuclear spins in a strong magnetic
field absorb radio-frequency (RF) waves. By using this
henomenon, it is possible to observe the spectrum in
P ) P P . Magic Angle Spinning takes an average of phenomena such
the RF region and analyze the averaged energy (chemical as dipole-dipole interactions, so a narrower spectrum will
shifts) around nuclear spins. appear.
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® The solid-state NMR method can analyze the nanoscale structure of solid-state samples. It observes the
dynamics of atoms, ions and molecules in a non-invasive, non-contact manner in the solid state.
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In high-resolution solid-state NMR experiments, a special
small sample tube (ZrO,) is used, and the maximum sample
rotation speed depends on the diameter of the tube selected.

ElfF NMR D45 /Features of SSNMR
o NVMR BIEDEFEZEZATCTCEET,
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A table of nuclides in "Solid-State NMR Spectral Database". It
contains multi-nuclear NMR spectra of solid samples measured
in AIST.

o FEBURETRI T,

o RIBN(CFRENMEVA. BEISLICRBRELZERLTVET,

o @A E STHBOAEE. PRHELWLTT,

® Direct detection of the existence of the NMR active nucleus

® Non-invasive method for all materials

@ |n principle, NMR is not a sensitive method, but high sensitivity is achieved by applying a strong magnetic field.
@ |t is difficult to conduct NMR experiments for magnetic samples.
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FIFEEE | BfF NMR#E (600 MHz) (SSNIVIR)

¢ Structure of light emitting materials ('3C)

Organic di-silane molecules are synthesized, and show a light emitting property and
take various molecular conformations in the solution state. We have investigated
molecular conformations in the solid state using solid-state NMR measurements.
8C CP/MAS NMR was performed at 150.97 MHz using a 4 mm sample tube and
8 kHz rotation speed.

The figure shows the molecular structure of an organic di-silane compound and the
temperature dependence and part of the '3C SSNMR spectrum. This shows that no
conformation change occurs in solid-state samples.

BRI S ALEMDSFIE
& °C CP/MAS NMR AR
7 N LO—8R

Molecular structure of organic

di-silane compound and part
of the *C SSNMR spectrum

- PR DEMSEISMSEE (C'P MAS NMR)
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e ) — TMPO ZBA LT, R—JL 3 LAEERD
(gﬁﬁlu\\(un&%bfu TMPO tu'ﬁi‘%(_ngsa_o BN ® 31p MAS NMR Z~7 kL
*Uﬁﬁ%% . EHZ’S NMR %E (600 I\/\HZ) (SSNI\/\R) 1P MAS NMR spectrum of BN with TMPO

after ball-milling process

* Acid-base property of BN catalyst (°'P)

Hexagonal boron nitride (BN) exhibits nitro-aldol reaction and Knoevenagel condensation reaction activity after
the ball-milling process. Absorbing basic probe molecules, trimethylphosphineoxide (TMPO), 8'P MAS NMR was

performed at 161.98 MHz using a 4 mm sample tube and 8 kHz rotation speed.

The figure shows the 3'P MAS NMR spectrum: 63 ppm and 43 ppm signals were observed. The 43 ppm signal
is assigned to physiosorbed TMPO and the 63 ppm signal is assigned to adsorption on acidic sites, based on

chemical shift values.
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13C CP/MAS NMR spectra of SiPs,
SiPs-initiator and SiPs-initiator-HMDS
* Organic-inorganic hybrid materials (°C)
The development of grafted silica particles of electrically conductive polymers was investigated. The figure shows
the solid-state *C CP/MAS NMR spectrum of silica particles in preparing grafted silica particle components, SiPs,
SiPs-initiator and SiPs-initiator-HMDS. Capping of -OH was achieved by replacing -HMDS residue.

| ZDfthEHAIFI,~ Other examples
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® Structural analysis of metal hydrate, hydrogen sites and the diffusion process in hydrogen storage materials

@ |nterfacial structure and change of structure in the reversible melt-solidification reaction in inorganic and organic
hybrid materials

® Mechanisms of conduction of batteries, ionic diffusion, and ion conducting materials
© Quantification of solid fat included in meats

SEHER References
EfE NMR AT MLT—IN—R (#EIRFT)  https://ssnmr-sd.db.aist.go.jp/SSNMR/Top.php
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EimR NI EF I IERIE (EUPS)

EUPS FERHACRIEZZELEAL LR TH—DEETT ', L—F—4ERTSATHE5HB
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EUPS is a photoelectron spectroscopy system, in which an EUV pulse (255.17 eV, 3-ns
duration) emitted from a laser-produced plasma excites a sample and the energy spectrum of
electrons is analyzed with a time-of-flight (TOF) analyzer. The principle of EUPS was invented
and many technologies for implementing the EUPS were developed at AIST." (This equipment
is publicly open only under AIST-self-sponsored project. )

NBESRE  Equipment

{EimEN B F 2 /E5RE (EUPS)

BEIE/NILAL = —% BN IET —7 v NMIRE L.
ERUIE ST AIHEDRIFRA F > DIERR (255.17 eV)
ZREAR T LICEALLET. dBD SREESNDETF
ERITECEESE. 8FORERHZzESH T RILF—(C
ZHUTINF—IART NLERFET,

Photoelectron Spectroscopy with a Pulsed EUV Source (EUPS)

A high-power short-pulse laser is focused on a BN round
bar target to generate a high-temperature plasma. The
emission line at 255.17 eV from boron ions in the plasma
is focused on a sample with an elliptical mirror. The electrons emitted from the sample
travel in a flight tube, and the time taken to arrive at an electron detector is converted

EUPS A FLADES
Overview of the EUPS

system
into kinetic energy to obtain the energy spectrum.
HElRILI— Sample holder
AztE (10 mm x 3 mm) Z#H 4 samples (10 mm x 3 mm) can be loaded. Powder
B3 ENTJEE samples can be measured. Maximum size of sample:
*’nﬂinitﬂﬂ) AIESTIRE 20 mm x 20 mm. Temperature dependence from RT

—HAHIERA 20 mmx20 mm  to 400 °C. Pre-treatment: sputtering, heating up to
RN S 400 CEFTORERKE 1,000 °C in gas atmosphere
BIETTRE, AMEE LT, ANy I T HAFHS
M 1,000 CTHIENTIEE,

[@zflETSHh/TESH? . Applications
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® Analysis of the electronic states of the outermost ® Evaluation of oxygen vacancies
atomic layer (about 0.5 nm) of a solid sample ® Evaluation of the band bending of semiconductors

including a powder sample ® Evaluation of the work function of insulators, the
® Evaluation of the diffusion of elements from the lower conductivity of powder samples, the electron energy

layer to a nanometer-thin film relaxation time, and the amount of charge trap
® Measurement of insulating and organic thin films centers using a secondary electron spectrum

while suppressing charging
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® EUPS TlE. MEXDHFIXILF—H 250 eV THABEBFDOEFHIRILF—H. BEFORERENRE XL
0.5 nm O|FICHBWETDT. 1 RFEUTONMEYIMRE TS E T,

o NIV ZNREED U THRITREE (TOF &) TEBFOIRILF—DHETVET, 2IXLF—BHOEFHE
BHCRAETE 27126, DBVBSFHTLVWIRIILF—BEHEDOIART NLAESNET,

o FEERRICEN . BEMIFITE 3. BEFEMORENTTRETT .

O CRDIEE NS TR <BEIEFONXFBENIEEIC/EVO T, BEROEANTHH TS, £ MEXtaEkE» S
N RERA . S UBLITOFGOEEHEPOANTHI TS E T,

Photoelectron spectroscopy, which obtains the energy spectrum of photo-emitted electrons, provides information

on the electronic states of the surface.

® In EUPS, the photon energy of the excitation light is 250 eV and the kinetic energy of the photoelectrons is in
the energy region where the electron escape depth is the shallowest at 0.5 nm, so it has ultra-high sensitivity
for detecting impurities of one atomic layer or less.

® Utilizing the pulse nature of the light source, the electron energy is analyzed by the time-of-flight (TOF) method.
Since electrons in the entire energy region are measured at the same time, a wide spectrum can be obtained
with a small number of irradiations.

@ Thanks to this feature, the charging of insulators is minimized, and so the work function of insulators can be
measured.

® Since the brightness of the light source is extremely high and the instantaneous photon density on the surface
is very high, the resistance of an ultra-thin film can be evaluated. Band bending and charge trap centers having
a lifetime of milliseconds or less can also be evaluated from the dependence of the electron spectrum on the
excitation intensity.
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« ZREBEFANRT ML OFIE~ Analyses using a secondary electron spectrum

TOF TlF 123y NCLEWLWIRILF—FEHOZART NLHABSNET,

In TOF, a spectrum in a wide energy region is obtained with only one-
shot EUV irradiation.

BIROF YV 2iHBC KRB TIO, F/ RFOYMEE(LDEEH
Detection of changes of the properties of TiO, nanocrystals by
ozone cleaning of the Si substrate

S SIEREF VU RRELEBEEBERE LIEBEDAR—F X TIO,
BLUBE TIO, BD 47858

4 samples: Porous and compact TiO, with and without ozone cleaning
of the Si substrate

- BEERERLEADEE  Effect to the density of charge traps
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The shift of the cut-off position, as seen in the left figure, gives:

a) the resistivity of a sample from the slope, and b) the density of charge trap centers from the rapid saturation at
low intensity. The right figure shows that, in nano-porous TiO,, the number of charge trap centers was reduced by

0zone cleaning.
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- FIEEFNHFHADRE / Effect to lifetime of excited electrons
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The spectral shape near the cut-off reflects the energy relaxation

time of excited electrons. In porous TiO,, ozone cleaning increased
the lifetime, indicating that the density of defects was reduced.
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- REBEREMOFIA, Applications using high surface sensitivity
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Sub-monolayer organic molecule on MgO

EUPS has high surface sensitivity for detecting
1.5 HEORE  ops

sub-mono atomic-layer contamination owing to a 14 s 02p H
small photoelectron escape depth of about 0.5 nm. T2 \ \ e

) pr A Ha,
Detection by EUPS of a very small amount of = | Fas woz® 7
contaminants on a protective oxide of a plasma B E-? M #F_ /i H\ﬁl.l MgO
display panel, which was difficult to measure ﬁu:; 02s \'\:_’;/ L
with ordinary XPS, led to identification of the a2 "’:%_
contamination source, and the manufacturing o ' S
process was improved. 10 30 Bin dzif:g EnergI; V) . -1a

Removal of contamination on MgO by heating

| ZDfthEtiHlFl,~ Other examples

O SIiTIN—D/N> REA) ZRELE U,

O AT R TN F G EMEBEMEDHBREMOBEREFEEZAELFE U,

o TaN, W 7/ BRRP(Z Si (ZILEL LB WA TIN [CIEKEBICILENT B Z &0 TINA®D Hf OB O /=3 Al DR
NMTRKELEDDEEFEZBHUE U,

O BRI B EMAMEDBERANKE < B2 RELMEEUNE< B ZBEN KT EZ2BHUE L,

o MERAEXREOEFEDERA N MEEE BN H 2 E2BHEUFE L

© Band bending of Si wafer was measured.
® Temperature dependence of the work function of insulating materials such as glass and alumina was measured.

® |t was found that Si does not diffuse into TaN and W nano-thin films, but diffuses in large amounts in TiN, and
that the diffusion of Hf in TIN changes significantly with the addition of O or Al.

® |t was found that the temperature at which the conductivity of the exhaust gas purification powder catalyst
increases coincides with the temperature at which the catalytic activity increases.

® Correlation between the inclination angle of the electron cloud on the surface of the powder catalyst and the
catalytic activity was measured.

SEWHk References

'BRRARTEZHNT DHBEFHHESE EUPS DBIF

—L =W TS AT HFEORALEIFEF & EUPS AR E 2MRRRE DB 1—
'Development of EUPS for analyzing electronic states of topmost atomic layer

—Materialization of laser-produced plasma source application and EUPS observed fascinating surface—
https://www.aist.go.jp/pdf/aist_j/synthesiology/vol09_04/vol09_04_p216_p234.pdf
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EB(nEHE X iR EERE ST (SC-SEM)

BB X SR T EEREFIEMEE (SC-SEM) (F3E(X X f#RESnE X NL—Fy b (1072 sr)
CHERIEE X REHBOE IR —2RE (<10 eV) ZMILT HEBIGE M > R IIES X 7R
HHES ZE# U /= SEM-EDX S RETY . SEM TiBRIRAZHRLEHA S, ZOXRADEREDIHZR
TRETIXBREZERECATET I LICLY . TRIMMETOICENTEBZEETT .

The scanning electron microscope with a superconducting tunnel junction X-ray detector (SC-
SEM) is an SEM-EDX analyzer that features both the high throughput (10~ sr) of semiconductor
X-ray detectors and the high energy resolution (<10 eV) of wave-dispersive X-ray detectors

(WDS). The SC-SEM is useful for nondestructively obtaining spatial information on the
elemental composition of a sample.

23FSRE ~ Equipment

BIEEEXRRHBOEERY M

EFEEME (SC-SEM) # System controller

o X #R&es BB N 2L
X f&tes + R F v 55
) — X#REHXL > X

® SEM : 5-4500 (HiI)

™ FE-SEM
I |
' § Electron beam

1

Scanning electron

microscope with a

superconducting tunnel

junction X-ray detector

(SC-SEM)

® X-ray detector:
Superconducting tunnel
junction X-ray detector +
Polycapillary X-ray lens

© SEM: S-4500 (Hitachi)

SC-SEM EESHIAEE
Overview of SC-SEM equipment

[@zfETSHh/TESH? ., Applications

o /87— Ik, HSHEA SICZENS 100 ppm LLEOMEBETRAH
o )F I (L) D 2 RITHDTDHMT

o % (Fe) ¥ (CU) 75 & DBBSBOBLRE

o nm 27 — L TOTEAH

® Analysis of trace light elements contained (> 100 ppm) in semiconductor materials and structural materials
© 2D mapping of lithium (Li)

® Oxidation state analysis of transition metals such as iron (Fe) and copper (Cu)

©® Nanometer-scale elemental mapping



><:> Scanning Electron Microscope with a

Superconducting Tunnel Junction X-ray Detector
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O EFH L TLBAIXILF—DHEBGEREES FFER X RSB ICEH T 2RI -y M EREDEEMGHEE &
EEDIXINF—DEHREZRIEL TULWD 2. BILERD KIRPEWLWITERD L, MRZBRESBE L. TRzt
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o X #RIRHEBERE
- B XHR TR )LF—#F 1 100 eV - 2 keV
- TR F—DMREE 1 #9 7 eV@400 eV X-ray
- BT84 1 200 keps
o FEBREISFIRMER : S-4500 (HiI)
- JOREBEEH - 500 V - 30 kV
cBFE—-LYTR (BEE) : 3.5nmat 30 kV, 25 nm at 1 kV.
CcBAY NI 1A F

® The energy dispersive X-ray detector based on the STJ exhibits both the high throughput of semiconductor

X-ray detectors and the high energy resolution of wavelength-dispersive X-ray spectrometers (WDSs). The STJ
X-ray detector can clearly distinguish the K-lines of light elements from the L- and M-lines of various elements
and can detect Li-K a (54 eV) due to its high sensitivity for low energy.
® X-ray detection performance

« X-ray detection energy range: 100 eV - 2 keV

+ Energy resolution: approximately 7 eV at 400 eV X-ray

+ Maximum counting rate: 200 kcps
® Scanning electron microscope: S-4500 (Hitachi)

+ Accelerating voltage range: 500 V - 30 kV

+ Electron beam spot size: 3.5 nm at 30 kV, 25 nm at 1 kV.

+ Maximum sample size: 1 inch (diameter)
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BRKaEOIRLF—ZART ML [1]

Energy spectra in the vicinity of the N-Ka peak acquired
using the STJ detector (red solid), SDD (green dots), and
WDS (blue dashes).

BEEMRZ DM UEBOIRLF—ZANRT ML [2]

Energy spectra for PPS acquired using the STJ detector (red line) and
Si (Li) -SSD (blue line)
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HFZEbARo% BN) O/INTT - UREEO RN
I NILTT, BEOFER X igikHasds V) 10 SEESL)
IRIF—0REee (E—TJ7DHESDIE) =HFD X FEH
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eV). 5% (393 eV). Bx (525 eV) DHFE X R=HA
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* Elemental analysis of boron nitride (BN)'

The X-ray spectrum acquired by using the SC-SEM for a
BN powder is shown in the right figure. Separate B-Kat
(188 eV), C-Ka. (277 eV), N-Ka (393 eV), and O-K« (525
eV) peaks can be clearly observed due to the high energy
resolution. The C-Kar and O-Ka, peaks originated from
carbon compound materials and an oxidized layer on the
surface of the BN, respectively.
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X-ray spectrum for pure BN

« 7v{EJF I A (LiF) DTHEDH

Tyl )F oA (LIF) OBEEEZDIT. BEOFERK
XIRBHSE LWV EIZLF— XIRIIEVLWREEZFZE DX R
BHEETH DI, LKaiFZzBEAETCEEFT. £,
Li-K a R DHEMR(IZH 8 eV TUL =,

* Elemental analysis of a lithium fluoride (LiF)?

The X-ray spectrum acquired by using the SC-SEM for a
LiF crystal is shown in the right figure. Li-Ka. (54 eV) peaks
can be detected due to the high sensitivity for low energy.
The energy resolution of Li-KQ, was approximately 8 eV.
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X-ray spectrum for LiF
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8k B.CN,O ) (FMHEEH S & DEEM RO CIEFRICHEZNELUET. BITROEEZHAE L. MHEE

M EIEBHICE. BUROZEEDHZTET 2 ENIFRICEETHIET, (@) (29 % 7OLD SEM
A=V UET. REPHEOY T mm OERNHDZENDH ) FT. BOTEYOEEDI T EITDIZ6H.
Point1 & 2 MIFHE X IR ANRT ML SCSEM TRIELE LR (B (D). Point1 TlE. 25 eV UHABENTLVEL)
Cr-la& O-KazBREICHBt CE. —A T, Point2 Tld. N-Kazstl. £/, Pointl ICHA 3 BEED O-Ka %z
SHAILE Uze SNOSDRBRNSERBONMEMHNAEOER. MEOERZSTIVOLMICHEOTLBIENFMY
FU7

Light elements (B, C, N, O, etc.) have a large influence on the performance of structural materials, such as high-
resistance steels. To understand the effects of light elements in steels and to improve their properties, it is important
to evaluate the amounts of each light element and their spatial distribution. Figure (a) shows an SEM image of 9 %
Cr steel. Black and white inclusions of sub-micrometer size can be seen. To evaluate the elemental composition of
the black inclusions, X-ray spectra of point 1 and 2 in the SEM image were measured by using the SC-SEM (Fig.
(b)). In the spectrum of point 1, Cr-LI (500 eV) and O-Ka (625 eV) peaks can be clearly distinguished. In contrast,
in the spectrum of point 2, the N-Ka. peak was observed in addition to peaks observed in the spectrum of point 1,
and the intensity of the O-Ka. peak was about three times higher than that in the spectrum of point 1. As a result
of comparing the two spectra, it is supposed that the black inclusions are steel containing a lot of oxygen and a
little nitrogen.

(a) (b) som

cin =3

(@) SEM {8 & (b) 9 % 70L8D X EAXRT ML
(a) SEM image and (b) X-ray spectra for 9% Cr steel

| ZDftaEtHlFl,~ Other examples

® GaN M#9 100 ppm M Mg K—/¥> N ® Trace Mg dopant ( ~100 ppm) analysis in GaN

o SiICHhm# 100 ppm B Al R—/¥> M7 @ Trace Al dopant ( ~100 ppm) analysis in SiC

® AG )L L TO Li-Ka B ° @ Direct detection of Li Kot ®

® 7\ DAL © ® Analysis of impurity elements in devices ©
SE\ik  References
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FIFADOAHE Service mode

[FIFRERAR] £ [T—IDOFER] AusesizZal3~T U 7IILER ) —F 1> 75 (ARIM) BEE LT,
[FIFRFESRIENR] DOBEEERMOBEIERE U THEWELET,

If your use or research results can be disclosed or if your data can be publically shared, we will provide support
under the program of Advanced Research Infrastructure for Materials and Nanotechnology (ARIM); if confidentiality
is required, we will provide support as an independent operation of AIST.

IFUT NSRRI —F 1> TSEE
Advanced Research Infrastructure for
Materials and Nanotechnology
(ARIM) Program

EROBEERH
Self-sponsored projects of AIST

51001 B
Technical consultation
CEPRIEMT DI T A>T
FI R RIEN RS Measurement technology consulting
o
PRAFIFA DT TR

Confidential research Technical surrogate Disclosable research
In-house use

- EERREIAMRAT U CERIBE 1R
AIST staff operate the equipment on your behalf

GfftTtHEEn

Technical support

- ERITTOEBIEE L. MRS RE
AIST staff assist and guide users to operate the equipment

@t&asFIMA
Common use
- FIRE DS = RE
User operates the equipment on own

@OOFIAEFEFEEAL
GHEHE HELA.

Collaborative study Case @ is quite rare.

- FIRE S ERTH A HE TERR
Jointly implemented by users and AIST staff

©®©F—9FIA
Data Usage

- BELICT—YDRERA
Accumulated data to be utilized for pulic share

N (= wmcES<ZE @) )

k Contract-based support (charged) J




FIFA®MAE Access procedure

STEP

STEP

STEP

REEREI—H—EIR Member registration and user registration

Web 1 M SREEREI - —SHROE. BAERPFZHREOBLET. (BRFFERTY)
After registering as a member and user on the website, please apply for prior consultation
(registration is free).

ERIfEE%  Prior consultation
EBEELYEZCBNUEITDT. XEAS. XEFELE(CDVTIHERSETL,

We will introduce the person in charge of the equipment; please ask us about the details and
form of support.

FUREREE Application
ROBEEHIMIS NS, BFEFmSZHROBLET,
If it is judged that support is possible, please apply.

ZENOXENE Implementation of support

FlR#EN3  Billing
CHIFRZEFAREICIN U TREFEKR FIRAHOBN) 28 TVEEESET,
After use, you will be billed (collection of usage fee) according to the usage time.

FUFAmEE4E  Submission of usage report, etc.

NTUT7NERIG—F 1275 (ARIM) BREORIEICLZFATE. EETRICHBRSER 2R
HUTWELZEET,

For use under the Advanced Research Infrastructure for Materials and Nanotechnology (ARIM),
you will be required to submit a usage report, etc. after the support ends.

tIF—&RBESR Seminars & Lab tours

gt IS —. BEFABERPHEREFZRLET. RHEBELEDBNPRZZT>TVET. BTSN

<IEZEL

We provide facility traning, lab tours and seminars. Please join us.
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