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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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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.

W ERR At RS
AIST Open Research Facilities

a4 AIST

ERIT. INETEBLUTCERLE/ TN\ - RRELHARICERSEDEZ2BMIIC. BLWVLWDED
Simtges 7/ N\ EFEEEBICHARKRE U THRICRFEALULTVWET,

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

ANCF 2:Rit¥as & g

BREFTO—T T TOTFSAH — (PPMA) eoveeeveerreereemeesennienieennes + %27, P6
HBITEHEINE X FRIRINGHEEShRE (SC-XAFS) - ./ /FiEiE. EFIRRE P10
AR —EFRINETEIRIN D SEETRIERE (VITA) ooeeveeereeeeeeennens KRBT 1 FIT X P14
) P ILBRE T O — T TEEYEE (RSPM) ++-vovereoeerersrarssareorsasessesasessasases + ) =SS P18
BHA NMR ZEB (SSNIMR) «++vverererseseseresmsmssssssesesesssnnssssssesens BRI BFfES P22
RS S B T IIHIET (EUPS) ++erveverererrereresserassssssasnssasasnnsans + ) =EIE P26
BIREHE X RS HERRETIRMER (SC-SEM) -+---eeo BITERDIREDHT P30

ANCF Equipment and Analysis Targets

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

detector (SC-XAFS) cccrecerrererrecencececcercenrecenees 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) :cececececeeeeeeeececececeee. 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



ANCFO001

BEF70—731707F 51— (PPMA)

PPMA (3. EFHRINESE CRESBALBBEBEFVI70E—LA (E—ARK <100um) ZFIFH
LT. B8P OBREFSHOYY EVTAEZ{TOEERDGEFHMETI .

PPMA is a scanning positron microscope for mapping positron lifetimes in samples. The PPMA
uses an intense positron microbeam (beam diameter < 100 um) generated by an electron linear
accelerator.

FSRE  Equipment
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Positron Probe MicroAnalyzer (PPMA) [Z%8 7 P h

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 ; . _ e
annihilation lifetime spectroscopy (PALS). | |- g Re. m
£ ' ¢ (Mi thin I'Im]
Time resolution 200 ps - 300 ps
Implantation energy 1 keV - 30 keV
Beam diameter 0.01 mm -10 mm
wit 4 San.'l'p:lllvs;.f:-harnber
Pulse duration = 30ns d S e I A Objective lens

PPMA KENDEHE
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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o 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
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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.

(i) non-stressed
(ii) stressed
(iii) stressed and hydrogen charged
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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.
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Variation of o-Ps lifetime upon stretching (LDPE)




* a-Si:H/c-Si A7 DIES XIS T MO MIlESHER °

BEFY1700—-72AWNWTa-SiHEBEPDOHMNRA
RO XZAEL. ZOHA XEXZTERHE DBEEZANE
Lizo BBFHFGNOSBTELLAT R 1 X(E. MEREC
FOTEEL. THIC. REEHEHET B EADHDEL
1o

* 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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a-Si:H AR R4 1 XEAZEHORFRMNE
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

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

P RKEKES, BBEFRZAAR, 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.

BERE  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 [Z5% %lﬂukﬁﬁ)
SC-XAFS apparatus mounted on KEK-PF BL-11A

[AZRAETSH/TESHh?  Applications

OHETRDIBEEIRE - 7 /186 (Bl 1 SICHDOES 300 ppm)

o BTk K RS, BBEE L RN (100-1500 eV, Tx)LF—5fF8E 10-20 eV FWHM @ 1 keV)
o @R (BZED. /N —FERIK 15 mm ALLTF)

o NILTMRL (RS 100 nm ~ 1000 nm)

® Nanostructures of trace light elements

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

® L-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.

BIGE 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 Ga La 4,
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
T 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 ®

SE3Zk 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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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

EOREEmEHARE

Ps luminescence lifetime spectrometer

[AZRAETSH/TESHh?  Applications

RAFTERC. BHER (. 258, BE. T/\1 X5 E) AR
KRN TERT DEAF ¥ 7. MERECRICPEEDERS K UF OlEZEL 2510
B BEC. B FUSMHbEEE G ) DOFIFH % D

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

[FI2. 5%  Principle, Feature

TIALANPEOIVLBED/SIILAL —F—THBZMEL CBEREBEERSEET,
FIRREDISBN B Z L ZREXDIIN (XZEFEKL) EORER(ETEMLET,

BEF v 7 OEN. BE. BEG. DEHEEDRE Y. MEOMEREOERS LOHRRE. RILFEEDZE
FEEREBEHNDZENTEFT,

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

-~

Photodetectors

AAbsorbance = -log(//,)

Pump light

Probe light

Specimens

AAbsorbance

Delay time :
Ce— 0
\ ( pico to milli second ) 0 Delay time

BEIRIRD FED FIEEHIAR

Schematic diagram of transient absorption spectroscopy

Photodetectors

Time profiles of luminescence

-~

Pump light

Photoluminescence

Excited state —
A

Specimens

Light

o Generation
emission

Photoluminescence
o intensity

v

o

Delay time

Ground state _| F

EycEanstAlORESRIAR

Schematic diagram of photoluminescence lifetime spectroscopy
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* 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
decrease of the absorbance at the surface region
of the cells after degradation was confirmed by
using surface sensitive excitation light at shorter
wavelengths. This result indicates that the
degradation of Si solar cells occurs at their surface.

§tElfl ~ Examples

* Si KBZEE S 1 — L OF{LEERRTE DIRRESTE *

L Excitation light
400 nm

532 nm

1064 nm

Light intensity:
47 puJd/icm?

Si KIFEMEY 1 - LOSHRAIES
Transient absorption measurement of Si solar cell

Blue: Before aging  Red: After aging

| 400 ﬁm éxe. w_

0.1
0.1

AAbsorbance
AAbsorbance

0 20 40 60 80 0 0 20 40 60 80

Time (Ps)
Si KIFEHMT Y 1 — L 0% {LEXERATEZ OEEIRINETAI

Excitation wavelength dependence of transient absorption of Si
solar cell before and after degradation test

- 51 EL HEIOREIRIES 1 + X 7 R OFHE *
R EL BRI E LTSN BIEIHGEIEE (TADF) HEICS LT, BHE A SR LRSS
BICIUIA S SBRO B HBREATERSNET PSP E UL, CORRIZEY . B TADF HHORK X

NAZZXLDBESHTEY) F Uz,

* 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

New mechanism ——,

Hog — e

-
a

Charge resonant state

~— Conventional mechanism e T -

{Cniy AEzT value is considerad)
A

(AE sy and excited-state species are considered)

a
n - Excited Excited Excitad Excited
o a .-"’EE"\_...H} singlet slate RISC triplet state singlel state RISC Iripled shate
ER | .~ Local excitad stats
= r -] AEsT i
2 WO_m0 1000 1200 b0 eac | B . | AEsT~0.28V
E o = & ~25 ma\ e Y
[ 5 Resonance stabe
am f \'\Rﬂmanﬁe state
oo TADF TADF
onz
] i
BOJ BOD 1000 1200 1400 10 Ground stats Girgund state

Wavelength (nm)
=303 TADF #HOEERINZANRT ML OEFESHE () £ESNE#HL L TADF ZAHBORERAR ()

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.

TCSPC
F. == 40! |
= — 1
N — 2
=7 — 3 11
& & R CﬁHia T ~—— Filling curv
E 107} 1
E
< )
y T o
Re . Time (us)

EEEAMEOEREER () CEEBAOBEIO 771 (B)

Room-temperature phosphorescent materials (left) and their luminescence time profiles (right)

| ZDftaEtiHlFl,~ Other examples

F/RF. ROT AN NKRBED. AEM R, BEYFEER. KT 71 N\—#BL /K& EL
R RV EEEALEY. i, E8SF. £ O0—-THXDT. F
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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D7 I ERE 7 O—7 58MER (RSPM)

EER T O0— 7 5EHER (SPM) ADIRESREC H > F LN —KIEH#ES (FRELHCERE TR €859 5.
KIRIE (RPPEZEH) ML/ TO0-TRETYT . SEF/MERE RA9HE. BhI. iR
%) [CHHRLTVWET, {IFERIEE LT SPM ICREB(EL=HBRBEREZBLTVEY,

Scanning probe microscope system with calibration system and sample preparation facility,
such as reference material, laser interferometer and etc. The system includes functions, such as
KPFM, elastic modulus, spectroscopic images in various environment (in air, in vacuum, and in
liquid).

23FSRE . Equipment

RSPM 1

SOFIESEMIREEEFAL T 10nm DBEEDTRADYE FTIR) AIEATZA S SPMEETT . -/ 77—
IHHAETE. 700 ~ 3800 cm” OFEEICHIGELTLET,
RSPM 2

HRIE (KK, BEZE. AXAFHEI. BRP) T, BREF/PERTE (4R - RESM - FEEXE) N0
EBUSO—7THEHERETT .. BRI CTEIEREENTLETT .

RSPM 1
High resolution nearfield scanning optical

microscope. The optical resolution is 10nm
in FTIR mode.

RSPM 2

Scanning probe microscope(SPM) system
for nano material characterization (KPFM,
SNDM, elastic modulus, and spectroscopic
images) in various environment, such as in
air, in liquid, and in vacuum.

RSPM2 NEE
Photograph of RSPM2

[AZRAETSH/TESH?  Applications

KEF /R GRETERAER D7 S LH)
HMER (Ry S —F5FEHCR D EREMRER)
7T/ AT IIREBN - HETE

KREEM - [LHVWIEFRAIE

BRPORISTARKEE (87 1 ~ 10 BRESIEE)
WIE(FRY P RELIED 12 Do iRE

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 is available in liquid environment (10 flames/second).

Surface preparation system is available such as ion beam polisher, plasma cleaning equipment, laser marking
system.



(5

><:>Real Surface Probe Microscope

[FI2. 458  Principle and Features

o/ EHRAIRESRIE R (CRAZE L 1R E R P RIEK B D IHRIBEHF I 2RRENIDO S / TO—-TEKETT . BR
PTOEREECH > FLN—DL—f - (ERGMBGROEHE) €BLTVET,

O 1EAESR] | BREHIREHM. FEAhF v ) TEE
ERDICAITER I E SR

ORIFHSE HYFLN—DEREHRE (Bl —H'—
R 7S5 —TF#Et) SEM (3B&tD 3 othedk)

o (TR | RS, MEEmRT 4> 3 V&R,
XK@ (FTRAV) J)—ZTHE.
L —tf—Y—F > JEE

©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 SO
is possible. The dynamic mode with laser excitation
system produces accurate phase images. L—H—FiBEIC & 2> 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 3

© Calibration system
* Laser doppler interferometer for calibrating normal e
FEEOF v ) 7RERERY > 7L O

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

S0 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)

TIARITV—ZUJHE
Plasma cleaning system for SPM
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- LY X MRIGBETE

RiEETO/NY - ENDRREZ RS
HIC. FBEDOU YT ST+ —TFERAITZLY
ANDRGEIZEZBRPTZDHEBRELEL
fzo BE(F. BFE—LBHINEL YA
BgKEaERL. 50 nm 72 AD/89—2h
BBRINTO<HEFZ 10 ROBEBERT. U
TILIALAERUEERT—9ITT. £EHS
GTICEFT. NI—2DIREMNETLTLD
ZENTHYET,

. FBFL X MORBBREOZDIBHR (RIFBKRD)
¢ 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.

« AL F D RIRE DT

Force when the poly-Si pattern collapsed
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Removal force on Si substrate (nN)
3

A 1480 nN

Particle diameter (nm)

FEHEIR EOMITTF ORBAAEDE RREEFE. NT—2PENZHEOLE)

Measurement of removal force of nano-particles with scanning probe microscope

HEARE L OBFPEREDIZOOER T —9 & LT, MKFORBAEEZTVELRE S FEFIALT,
30 ~ 300 nm DRIFERBSEDHITHBEREAE L. RIS /INT—HEIZET D HEDOERETVE
L7z,

* 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.




| Z0fthstAlf,~ Other examples

o F/MEIEEDEHAl (BRI CNT)

® £ 1AK 1 DNA DB RP THERR

o REEAL. T/N\1ZADF+ ) 7RESH
o RetEmEFIA Le T /N1 XEHA

e SEE (~200V) FEBMIEHE

o F~RZ > REHAI (KPFM. Phase image)

() CNT %> DNA R e R FRNDBEHMRER
(B) FN1REBE (MRTRA M2 TFI) ORFRESETA (20 um 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

SEVHR 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 5Ri& (SSNMR)

BEiFEEEIZR/RE L. BEFHMFORAE>Z2TO0-7 LT, BAABESRUIIFITRZREF -
DFLANLTHAETIEECTY

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.

BERE  Equipment

B NMR 5 (600 MH2) — - I
D1 RRTBEEWES 1 7. BEERED £ J' geRwEE
. SRS (H~PAg). SRITICHIIS _

Bl NMR2%£E (200 MHz)

D1 KRRV BEEWES 1 7. EHEES R
BIE. 2RESL ('H~"PN). Z&XTICH
EfF NMRZ£E (20 MHz)

XATGS LR, ERSEARE. IEEEAE.
HeA

L—

HUTILE ‘_/

# 1 Sample tube

7 I 5T AR/ Spectrometer
SUFIRERE

RF transmission and reception

R H 28 /Detector

SUF KBS KIEFTRE
RF irradiation and signal
detection

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

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

Ef{F NMR %&£E (600 MHz) EHEAEE
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

o @Rl zEREE: (0 ~ 60,000 Bl#: /sec) B TEDHEE NMRBEIENTEE T,

O BIRICANT EEER(LT BWE (D F - JA - EQE etc) TH. ZOFFEFDRETHNTEET,

oA - BiE - FEREHBOD FIRGREZBT TS E I,

® 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.



{8 Solid-State Nuclear Magnetic Resonance Spectrometer

[FI2. 458  Principle and Features

BMAE > o DYEICHIBPI T A RERF T E. T = _:}: w 7 ﬁ @Eiﬁ - MAS
SABOMBAES ) ET . = DRRERFHL TEEPIC

B BRTPATFOMECENEAND EATEET, _
WERALEIOFIN TR+ — (bps7h) a1 PagcHL ool BurgpeumclT
ELT. HF - EFEIOBEREEETLET, *7o,
2T ML ORERAED 5. WEOS 1372

EEHELET 9
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(Magic Angle Spinning)

- iﬁ% -

z
H

BAEDOEFAEL THED T/ LN OEGEZEFHI TE &
To BEADRF. 174> D FDOESNE IR - IFE -
R CEHETETE T,

e

Materials that possess nuclear spins in a strong magnetic YOy IATOOEICKY. WET - REFHEERZ LD,
field absorb radio-frequency (RF) waves. By using this ~ EABETNTLSE &Ick D NMR HIBROLIEEORE

o ) ) PERYERDN, FEHRBEIART MLEBOSNET,
phenomenon, it is possible to observe the spectrum in ) o
) . 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.

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.

BE{EMAS-NMRAIERY » 7 LE

LRI OBEHENMRT —5

1fz a3 s s i{. 7 & [o [oo[ia[izliz1ais]is [17 18
NMR spectra: 958 e

L & B [c [N o [F|x

‘ NMR parameter: 418 ! 2

o | ug |n| silp [s lei|ar

K co [sc[1i [cr [un [Fe [BRNi ﬂ'|zn Go |Ge |As |SERIEEY K-
RS- |v |Zr [MBMo |Tc |Ru |Rh |Pd |Ag |Cd | In [ S0 [TedlE JREl

1'.'3"[1'.5' rs 4 |7 | B850 [Lo (W7 1o v [re [os [1r Bl A wa |11 [B8T i [Po |t o
ke B M- 0 3 — |
Lol {LL 67 (42 (35 (15 |7 e

SEOREEER NMR OEER T}, ERONESHBIILIZTHO
HREZERALET . RAEGHE. HAREOHRICEI>TR
FWET,

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.

BlfE NMR ZR7T b L F—IR—RICTRHP DORIE—EELTH
TAELE. BFEBNOZZNMR IXT MLZIREELTWVET,

A table of nuclides in "Solid-State NMR Spectral Database". It
contains multi-nuclear NMR spectra of solid samples measured
in AIST.

ElfF NMR D45 /Features of SSNMR
NMVR EDHFEZEZAE CEEY, FEIESHRAICT,
FIENICERENMEVD . SiBLICL)SRELLEZZERLTVETD,
Wi rE SOEEOREE. PL#HLWTT,
Direct detection of the existence of the NMR active nucleus Non-invasive method for all materials

In principle, NMR is not a sensitive method, but high sensitivity is achieved by applying a strong magnetic field.
It is difficult to conduct NMR experiments for magnetic samples.
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- AR FOIBERER (°C CP/MAS NMR)

GEOE#KD S I MAEEYHABERRETCEALZRT EEHITBRPTHRALHI
TA A= avERZENDH)ELE, BEICHITEZI> T4 A—2a>E
bZFARDZ 0. "CEESHBEENMR 27 NLZAELE U, AIERRY
(Z150.97 MHz 9o AR 4 mm O I=Z7O0—-9—%RAL. ¥y JEO%H
(MAS) #FE% 8 kHz ELE U, /SILARBGE. 7ORR—FUE—>3> (CP)
SEEAVE U,

B(Z. *C CP/MAS NMR 27T K LD A FILEDED DBEZE(LERLET. &
BED ARDEAEASNE Ulc, BENRRZ 2BEDXFILENEFEL. 200
FATIVROBE(CE > T2EBEDIIAREREARNE ) . BEH GV 4 ADHIE
BEHAERSINET . AERIE. BREPTEI T+ A= a>EepRETVaEnC
EERULTWVWETD,

FIFSEE | BfF NMR #E (600 MHz) (SSNVR)

* Structure of light emitting materials (°C)

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 NMVR AR
7 NLO—8R

Molecular structure of organic

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

- BURDEMSEISMSTEE C'P MAS NMR)

MABELEATZR BN) FAR—ILINDEBTZET Z MOV R—
WIS T 2 —RNFTTIBERISSEEERUET, xEICEEE 00—
TDFe NUXFIVKRRAT 4> AFF2 R (TMPO) ZIRESHE. °'P MAS
NMR IR NLZAIEL TBHEEZANE Uk, AEBKEHIE. 161.98
MHz THhl) . BRTRAFELUE. StzNR4 mm o)L= 770—-9—I(C
FHEL. 8 kHz CEESEE L. /NILARINES > FILISILRIC. 'HW

M

BFThy P TeHEALE L,

ALY
——

T T T vTT T

KIZ. *'P MAS NMR 27 NLERLET, 63 ppm & 43 ppm (23 00 &0 60 40 20 0
. s . - L Shitt (p
FFIHEREN, L2 7 MBS, BB IWEEE L~ TMPO. BIZ e

- _ S TMPO ZBA L. K—JL 3 LALEED
[FEEAICIE L= TMPO ERBENET . LA o s
MAEE : B NMREE (600 MHz) (SSNMR) P 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), ¢'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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®(Z °C CP/MAS NMR D#sRETRLE T, SiPs (CHWVT. KFERE _JL - ‘AA -
(Z TEOS [CRRET BT RFEDEL—IH 19 ppm & 59 ppm (CHER m

X7z, SiPs-nitiator ICHVT. AP BCRET 3 E— 74 131 ‘
ppm & 135 ppm (CEAIS N, EGHBEE TOENEE LERERD | X
E—2% 124 ppm [CRRBI N1z, BSRBENEAERRLEL [ o T
fo SiPs-initiator-HMDS (L5 T. HMDS O kU X FIL LS5 > (ciem 100 125 100075 5025 0
THE—TERRLE L. EROFVILEDF vy IHEINTUNS b

pponipher Wb o EMI%M

SiPs-inin ator

. SUPKT. EEEBEEEALLS Y Ak
DBEOR)ET o Z. BRIEARICRET S RO+ RS
FIFRSEE © B NMRESE (600 MH2) (SSNMR) RELAH0 C BE NMR

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.

| Z01thEHAIF, Other examples

° BRKREYDOESENFHI. KREBAEHIH T DKRDY 1 b CHREIEE)
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°* BROBEKFIESE % 5l

© Structural analysis of metal hydrate, hydrogen sites and the diffusion process in hydrogen storage materials

@ Interfacial 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

SEk References
B NMR AT MLTF—=IN—=X (@ERBED)  https://ssnmr-sd.db.aist.go.jp/SSNMR/Top.php
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EimR NI EF 3 IERE (EUPS)

EUPS FERHACRIEZZRELEAL LR TH—DEETT ', L—F—4ERTSATHE5HB
INILA EUV ¥ (255.17 eV. /VJL A1 3 nsec) ‘Gﬁbtbﬁtﬁﬂ%ﬁf’ﬁ;?ﬁi’éh KEDEFIK
BEDHULET. (COXKBIERTIHNESEDATORRELWET.)

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. )

YNEET

{EmEN B F 2 /E5RE (EUPS)

BEIE/NILAL - —% BN IET —7 v NMIERE L.
ERUIE ST AIHEDRIFRA F > DIERR (255.17 eV)
MR B LICENLET, iﬁ*#b‘?)ﬁﬁltlj*ﬂé%?
ERITECELESE. 8F0OREREZEH I F—
ZHUTINF—IART NLERET,

./ Equipment

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

EUPS ¥ X7 LADER

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

into kinetic energy to obtain the energy spectrum.

HElRILI—

458 (10 mm x 3 mm) =&

BB ENTRE

#JJEEnit*JrO) AIEH TR
—REHEERA 20 mmx20 mm

FEHNS 400 CETOREKE

BIETIRE, BLEE LT, ANy I )7 HRAFHET

M 1,000 CHOEAHTIAE,

Overview of the EUPS
system

Sample holder

4 samples (10 mm x 3 mm) can be loaded. Powder
samples can be measured. Maximum size of sample:
20 mm x 20 mm. Temperature dependence from RT
to 400 °C. Pre-treatment: sputtering, heating up to
1,000 °C in gas atmosphere

Az ETSH/TESH ? . Applications

S CERHBORERERTE (0.5 nmEE) O
BFIREE D

7/ EEAD NEROTTEROILEDFHE

ISR, AfERETEI TS o AETEE
BRSRZEFL DS

Analysis of the electronic states of the outermost
atomic layer (about 0.5 nm) of a solid sample
including a powder sample

Evaluation of the diffusion of elements from the lower
layer to a nanometer-thin film

Measurement of insulating and organic thin films
while suppressing charging

FBAD /N> REA) % 5Tl

TIREBTFANRT NI EFEST. g DTEEH. ¥
FABNDEBER, EFOIRINF—IENRE. EEHE
ELOE %75

Evaluation of oxygen vacancies

Evaluation of the band bending of semiconductors
Evaluation of the work function of insulators, the
conductivity of powder samples, the electron energy
relaxation time, and the amount of charge trap
centers using a secondary electron spectrum
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>C>Photoelectron Spectroscopy with a Pulsed EUV Source

[FI2. 458  Principle and Features
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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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« ZIREBFANT ML OFIA.” Analyses using a secondary el
TOF Tl 133y NCLLWIR)ILF—BHDIART NLAESNET, 10000

ectron spectrum

‘Porous TiOZ‘
In TOF, a spectrum in a wide energy region is obtained with only one- Ozone cleaning
shot EUV irradiation. 1000 Shcondary - [ No ozone
z
BIROA Y &3 TIO, T/ MFOMEEL DR/ g
Detection of changes of the properties of TiO, nanocrystals by g $300%(x.2.35) |, Photoclectron
ozone cleaning of the Si substrate @ 10 (2 3;0 s %ﬁ.
S S EIRE SV LR L RS LB E L BS0E—5 2 TIO, 1 W#W%
10 100

BLUBE TIO, BD 47858

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

- EERHEDLEADEE  Effect to the density of charge traps

Kinetic Energy (eV)

EH B2 EUV BEZRE<T 5. ZRBFANRT MUMEIRLF—(CTRUEL,

B HEAZART NLDT T K8, BEAE—T TOESEBETT,

EROBEH SIEANKE N T, ERETOMMBEIFIDARES SN S, BEHHEDPODENKEIFT,
R—=FZTIO, TlI. EANKESVC & AV VIHSTEEHEDON 1/35 (THBD MDA E L,

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

. . . . . 0
time of excited electrons. In porous TiO,, ozone cleaning increased 2
the lifetime, indicating that the density of defects was reduced.
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- REBEREMOFIA, Applications using high surface sensitivity
TSR T 1 A7 L 1 AEERERRIROTE

Evaluation of contamination on a protective
oxide for a plasma display

EUPS (3. XEBFOBRIESA 0.5 nm 2ETH S =
. HTEETEOMENIRETEET, ERHO 2,
XPS ClFRIERE 72 o 7= < MEFRYH EUPS T 2 ;
RIHTE, BRROBECBONSE., FIAYT 1 2 AN
7L 1 BB RERRREOESE T O ANURTEE e
L7z, .Ki"l"_".ti": cr.e-g:.- Le‘.;].

Sub-monolayer organic molecule on MgO

EUPS has high surface sensitivity for detecting

sub-mono atomic-layer contamination owing to a :i H2O® oz 02p =
E Rl L

small photoelectron escape depth of about 0.5 nm. T2 \ .c’ \ X

. - Hag,
Detectpn by EUPS of a yery ;mall amount of Em; f jx‘ u.un: J,. MeO
contaminants on a protective oxide of a plasma L 0 ML._/" \ ) g
display panel, which was difficult to measure 2 g \'\‘”” ;
with ordinary XPS, led to identification of the a2 ‘L
contamination source, and the manufacturing o S

40 30 20 10 o -10

process was improved. Binding Energy (eV)

Removal of contamination on MgO by heating

| ZDfthstiAIFl,~ Other examples

O SIiTIN—D/INY READ ZRIELE Ui,

O AT R TN F G EMEBEME DA BREMOBEREFEZAELFE U,

o TaN, W 7/ BRRP(Z Si (ZILEL LB WA TIN [CIEFKEB(CILENT B Z &0 TINAD Hf OILEA O /=% Al DR
NMTARELEDDEEFEZBHUE U,

° B AR EMKARDBBLRANAE < B 2BE LM EEN S < B EREN —HIT D EZRBHUFE UL,

o MERAEXREDEFEDERA M EE BN DI 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.

® It 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.

ot 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.

SEXk References
'BRARTEZNNT DHBEFHHESE EUPS DBIR
—L =W TS AT HREORALEIFEF & EUPS AR E 2MRRERE DB I—
'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




ANCF015

(LS X iR EERE ST (SC-SEM)

BIEEE N X RS EERE FIEMEE (SC-SEM) [F38(F X HFRHBOoFR -y k (107
Sr) ERRIEE X SRHBOBIRILF—SHEEE (<10 eV) ZMILT HEILE MY RILES X
IR Z1EE U Jc SEM-EDX STRETY . SEM THEREZHELEH S, ZOXRADERD
BFICRET S XBRZERBRETAET D EICKY . TRIMZEITIZENTEBZRETT,

Scanning electron microscope with a superconducting tunnel junction X-ray detector (SC-
SEM) is a SEM-EDX analyzer utilizing the superconducting X-ray detector which is realized a
high throughput (10 Sr) of semiconductor X-ray detectors and a high energy resolution (<10
eV) of wave-dispersive X-ray detectors (WDS). The SC-SEM is suitable to obtain spatial
information on the elemental composition of a sample nondestructively.

2XFSRE ~ Equipment

BEEsr X sabaransrEys | memonducnng X ra',r n::fetecmr

(SC-SEM) " " o Y

o X #RIRHES | BEE N > )L X i@
B+HRIFYES)—XEEEXL VX

® SEM : JSM-IT800SHLs (JEOL)

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: JSM-IT800SHLs (JEOL)

SC-SEM EESHIAEE
Picture of SC-SEM equipment

[OZzRAETSH/TESHh?  Applications

o /N —EEK, BEMEREICEEND 100 ppm LI EDOHERETRD
o )F A (L) D 2 RITHDTDHT

o &% (Fe) ¥ (Cu) & & DBEEEDBLIREDHT

© nm AT — )L COITTERDM

® Trace light element analysis 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 scaled elemental mapping



><:> Scanning Electron Microscope with a

Superconducting tunnel junction X-ray detector

[FI2. 458  Principle and Features

CEHL TV IR —DEBLERHES FFER X IRRESRICILE T 2 X — 7y N ERRDBEMRHIEE S F
ZEOIRNF—DREZERLTVBIcH. BILHRD KIFEPEWITED L, M RO X RZBEEIBEL. THROTE
TDOENTEET, Floo BEIXNF—XBRICBVWREZIFE. UFTA (L) OFEXRERET S ENT
BECT . BRERDBEWRHEE TITO L D EFREBON e EEBOMETIT O ENTRETT . RERKER. HFRN
[CHEREBDHTI,

o X fRHTBIERE
- Y X SRTRILF—EF 1 50 eV - 4 keV
- ITRILX—DRAE - 97 eV@400 eV X-ray
- BT84 1 200 keps
o EEBEFIEMEE : JSM-IT800SHLs (JEOL)
- JOEREBEEH - 10 V - 30 kV
- BFE—LYCR (BEMB) : 0.6 nmat 15kV, 1.1 nm at 1 kV.
cBAT LI 100 mm (BER)

Energy dispersive X-ray detector based on the STJs exhibits both the high throughputs 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 the light elements from the L- and M-lines of various elements and
can detect Li-Ka (54 eV) due to the high sensitivity for low energy.
® X-ray Detection Performances

« X-ray detection energy range: 50 eV - 4 keV

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

+ Maximum counting rate: 200 kcps
® Scanning electron microscope: JSSM-IT800SHLs (JEOL)

« Accelerating voltage range: 10V - 30 kV

+ Electron beam spot size: 0.6 nm at 15 kV, 1.1 nm at 1 kV.

+ Maximum sample size: 100 mm (diameter)
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Energy (ke Energy (eV]

ERKaABFOIRLF—ART ML’

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

MR E DT UEEBO IR F—ZART KL 2

Energy spectra for PPS acquired using the STJ detector (red line) and
Si(Li)-SSD (blue line).
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- (k7R3 (BN) OTEDHR '

2L RIR BN) 0/ — &N LIEEDRRT N sp00 | BN sample N-Ko

L (K), BEOFEBE X RREELY 10 BEESVLT V.:3kV (10eV)
FINF—DEEEEZFRFD X IFBRHB TH D1z, BITHRD 1 500 C-Ka
ROR. KR, BFR. BROFUEXBREZHEICOB TS - (12eV)
£ >

£ 1000 B-Kux

- (10 eV)

500 O-Ka

* Elemental analysis of boron nitride (BN)' ' (14 eV)
X-ray spectrum acquired by using the SC-SEM for a BN L_l/ll\
powder is displayed in the figure. Separate B-Ka (188 0
eV), C-Kat (277 eV), N-Kat (393 eV), and O-Kar (525 eV) 0 200 400 600
peaks can be clearly observed due to the high energy Energy (eV)
resolution. The C-Kaw and O-Ka: peaks originated from E{LHRIRD XIRART ML
carbon compound materials and an oxidized layer on the X-ray spectrum for pure BN.

surface of the BN, respectively.

300
» 7LV FI 4 (LiF) DTHRDHR >
7vEUFIL (LIF) DEERZDH. BEOFEHEX

RESIBEIRILF—XRICBVREZRD X i#gH 2 200 Li-Kao
@ CHBIH. L-KafReBREAETETET, £/ Li-Ka % \ FWHM ~ 8 eV
BOLBEBEH 8 eV TUT. £ W

g 1(W) *
« Elemental analysis of a lithium fluoride (LiF)* ~ \__‘_‘N
X-ray spectrum acquired by using the SC-SEM for a LiF i
crystal is displayed in the figure. Li-Ka (54 eV) peaks can 0
be detected due to the high sensitivity for low energy. The 20 A0 @ 0 60 T N
energy resolution of Li-Kot was approximately 8 eV. Energy (eV)

TIEVFILD XEFART ML
X-ray spectrum for LiF.
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BLEIE27EHICEF. BITROZEEDHZFHET D2 ENIERICEETHET. B (@) (9% 7 OLMHD SEM
A=V RUET. REPHEOY T mm OTERNHD NI FT. BOTEYOEEDITEITDIZ6H.
Point1 & 2 MIFHE X IR ANRT ML SCSEM TRIELE L (B (D). Point1 TlE. 25 eV UABENTLVEL)
Cr-la& O-KazBREEICH B T=. —5 T, Point2 Tld. N-Kazstil. E/=. Pointl (LA 3 BEED O-Ka%z
SHRILE Uze SNOSDRBRNSRBONMEMHNAEDER. MEOERZSTIVOLMICHEOTLBZENFHY
FU7

* Elemental analysis and chemical state analysis of precipitates in heat resistant steel 24

Light elements (B, C, N, O ...) have a big influence on performances of structural materials, such as high-resistance
steels. To understand the effects of the light elements in the steels and to improve those properties, it is very
important to evaluate amounts of each light element and their spatial distribution. Fig. (a) shows a SEM image
of a 9% Cr steel. Black and white inclusions of sub-micrometer size can be seen. To evaluate the elemental
composition of the black inclusion, X-ray spectra of point 1 and 2 in the SEM image were measured by using the
SC-SEM (Fig. (b)). Inthe spectrum of point 1, Cr-LI (500 eV) and O-Ka (525 eV) peaks can be clearly separated. 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 O-Ka peak was about 3 times higher than that in the spectrum of point 1. As a
result of comparison with the two spectra, it is supposed that the black inclusion is the steel containing a lot of
oxygen and a little nitrogen.

SEM image i Fe-La —Fan 3
. g

(a)

(@) SEM & (b) 9% 70O LD X #RAXRT ML
(a) SEM image and (b) X-ray spectra for the 9% Cr steel.

| ZDftastiRlFl,~ Other examples

® GaN d#9 100 ppm M Mg K—/¥> N7 © Trace Mg dopant analysis in GaN

o SiICHhm# 100 ppm B Al R—/¥> M3 ® Trace Al dopant analysis in SiC

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

® 7\ DAL © ® Analysis of impurity elements in devices ©
SE Wk References

' G. Fujii, et. al., X-ray spectrometry, 46, 325 (2017).

? G. Fujii, et. al., Journal of the Japan Society for Precision Engineering, 197 (2020).

* M. Ukibe, et. al., Microscopy and Microanalysis, 24, 1036 (2018).

* G. Fujii, et. al,, Microscopy and Microanalysis, 23, 1088 (2017).

> Ukibe, et. al., 75th Annual Meeting of The Japanese Society of Microscopy, abstract (2019).
©T. Irimatsugawa, et. al., IEEE Transactions on Applied Superconductivity, 29 (2019).
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[FIRMSRAR] F2@ [F—9R#] ATELRBEEYTUT7ILERIT—F 1> 775 (ARIM) BEE LT,

[FIFRFESRIENR] DOBEEERMOBIERE LU THEWELET,

If your use or research results can be disclosed or if your data can be publicly 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.

EROBEER
Self-sponsored projects of AIST
(ARIM) Program

IFUT NSRRI —F 1> TSEE
Advanced Research Infrastructure for
Materials and Nanotechnology

510001 EA

Technical consultation

CEPRIRMT DS T A>T
Measurement technology consulting

FRERIERH Fl Eﬁ%%;;fﬁﬁ
T—IEH
Confidential -
research @BHHLIT Disclosable research
Technical surrogate Data sharing

- ERRIIAMRAT U CERIBE BRI
AIST staff operate the equipment on your behalf

©); 5305 :1:

Technical support

- ERTIOEENIEE L. FIRE KR T RE
AIST staff assist and guide users to operate the equipment

@27 F

Common use

@OFAREFEAE

- FIAE DR = RIE HFELA.
User operates the equipment on own Case @ is quite rare.
GOHEHF

Collaborative study

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

N (= wmcES<ZE @)

k Contract-based support (charged) J




FIFA®MAE Access procedure

STEP

STEP

STEP

REEREI—H—EER Member registration and user registration

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

EERIIEE%  Prior consultation
EBHEYUEBZCHENUEITOT. ERS. TEEREGE(ICDVTIERCES L,

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

FlFAEREE  Application
ROBEE IS NS, BFEFmRSZHRVBLET,
If it is judged that support is possible, please apply.

ZENOXENE Implementation of support

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

fIAmEE. F—9B8R. 7> 7—bMa& Usage report, registration of data, questionnaire etc.
ARIMBZEDHIZIC X BFIATE. BETRICAPARSE. T —9&R. 77— hziRHBL LR
TET,

For use under the ARIM, you will be required to submit a usage report, register data, and
complete the questionnaire form after the support ends.

tIF—&RBESR Seminars & Lab tours

gt IS —. BEFABERPHEREZRLBET. RHEBELEDBNPRZZT>TVET. BTSN

<IZEL

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



srmnser Web voscrxn | ERH ANCF # %

Please see the latest information on the WEb !

AIST ANCF Search

ANCF i

AIST Nanocharacterization Facility httpS://unit.aist.go.jp/rima/nanotech/

RULWahHtsk Contact

National Institute of Advanced Industrial

ESTTHRMSSEA ERRATI Nationa) _instiiute_pt_2
Seim7 / eHAlNESE ANCF 55 AIST Nanocharacterization Facility (ANCF)

Secretariat
T 305-8568 ZME D (EMHHBE 1-1-1 HREBZFAT 2 BF AIST Tsukuba Central 2, 1-1-1 Umezono,
Tsukuba, Ibaraki 305-8568 Japan

E-mail: ancf-contact-ml@aist.go.jp
E-mail: ancf-contact-ml@aist.go.jp

2024.3




