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Ib+2~1r) v 7 2ROEEL KX
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MVEEDRYVBRDEE—T RE— % [;:j;ggﬁ
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Z ﬁ‘ﬁ@ﬁ TEHI LD %l/ Xus 7_\— A ﬁ@ 1) Alternative database (anyone can understand)
&R DORIR S K5 TR,

% Z T. TOF-SIMS EM4DMFFRE K]
DEIZHAALLTWHEBREEICL S
TOF-SIMS A7 hVFRIRS 2T LDt

New data

All peaks are identified

(molecular and fragment ions)
(qualitative & quantitative analysis)

2) Interpretation of extremely complex data (images and spectra)
4 2

Data sets for learning (universal data format)
€ Huge number of appropriate data from all over the world

Fig. 1 Machine learning for spectrum analysis

LERABL TS, BEIL, Fig. 1 IZRT T I |
£ 912, %< D TOF-SIMS A7 b Lz 11.999-  90.700- 90.999-

s ) 12.300 90.999  91.300
WFE S RRMOAXT PLIZEEND 0.0007 ..  0.000110.000863
WE TR A TH S, EfERT 0.0007 ..  0.00009 0.000906
X Sy = 0.0000 ..  0.00000 0
BOTDITIE, 7V EFRRFRDRDT 00013 ..  0.000190.001060
— 2 EXDBY AR ENEETHS, h 0.0012 ..  0.000070.000185

T, ®OF. XTFFalexgi LT
1T-> CETEBRAZHRET D,

o, MFECLDFE-AEORMBRIENAIRERBRIX. 722G ([ A—VT—F7
2—Var) LT, WELFERREZESL TN TS 2208 TE D, £20BRKITIE. A A=Y T —
S ONBREREORER S D, A A—V T —F 72—V a VIZET 2 EERFHIOWTHHE
" e

Fig. 2 Data format for TOF-SIMS spectra
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Multivariate analysis to the 4D-STEM data
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Exhaustive Data Analysis of Amorphous Structure
with Virtual Angstrom Beam Electron Diffraction Imaging
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3. &0
AWETIE, ¥ Ial— 328\ T, ABED AV -GBS DBRAT OH At % m e
oo Ak, EFHAC & o THRA RIEREBEORITICRY MO TETH D,

BE R
1) A.Hirata, et al .Nat ur dat er ial () (1), 28 -33,2011.
2) S.R.Elliot, Nat ur &54, 445- 452]991.
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In-situ TEM Observation of Catalytic Materials by using Specimen Holders
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1) S. Shoji, X. Peng, S. Ueda, Y. Yamamoto, T. Tokunaga, S. Arai,
A. Hashimoto, N. Tsubaki, M. Miyauchi, T. Fujita, H. Abe,
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[1] Teague M R, J. Opt. Soc. Am. 73 (1983) 1434.
[2] Paganin D and Nugent K A, Phys. Rev. Lett. 80 (1998) 2586.
[3] Zuo C, et al. Optics Express 22 (2014) 9220.
[4] A. Ishizuka et. al., Ultramicroscopy 194 (2018) 7-14.
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Dynamic observation of electrical potential distribution using scanning probe microscopy:
Characterization of all-solid-state lithium ion battery
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1) N. Ohta, K. Takada, L. Zhang, R. Ma, M. Osada, and T. Sasaki, Adv. Mater. 18, (2006) 2226.
2) M. Haruta, S. Shiraki, T. Suzuki, A. Kumatani, T. Ohsawa, Y. Takagi, R. Shimizu and T. Hitosugi,
Nano Lett. 15, (2015) 1498.
3) H.Masuda, N. Ishida, Y. Ogata, D. Ito, and D. Fujita, Nanoscale 9, (2017) 893.
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Multi-scale characterization of structural materials for airplanes using x-ray microscopes
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1) htt p://ww. j4.g0.jp/sip/k03/smdi/index.html, 2) http://sip-smdi kek.jp/, M. Kimura, Synch. Rad. News 30, 23(2017),

3) T. Watanabe et al., Microsc. Microanal. 24, 432 (2018), 4) Y. Takeichi et al., Microsc. Microanal. 24, 484 (2018),

5) K. Kimijima et al., Radiat. Phys. Chem. (2019) (submitted), 6) Y. Niwa et al., ATP Conf. Proc., 2054, 050003 (2019}

7) 1 %1% M. Kimura et al, Sci. Rep. 8, 3553 (2018).
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In Situ Observation of Intermediate Oxygen Species during Oxygen Reduction Reaction
tm Eﬂé& LY
" ME - MR RESE IR EHRAT IR RE(LFEST SN —T
> E - SRR EHE T SRR FRER R BRI s —7
3 AbiEE RY RFEERE(LFER T/ b EHE R =
MASUDA.Takuya@nims.go.j p

1. ITC®IT

BERETRINIBEEBRIZB TS Y- FREE LTRIAINTWS, Biftiltt LTRE%
WL E LS EIERELBRMENFAIN TSN, 4BF - 470 o PREAETEH,
WEREZBECETT220, IGEENRBVEWVWIBEZBL TR, R cHEEMELE L Al
MEIORIIZL & LV CHEOMEIAZ BR0E LI EBEOMESKHEICEY TSN TS
AR TIX, Tl X BEELE (SXS) BLO X RBUSHIEEE (XAFS) #FIA LT, Ef
AR R EICRT DBERE TGP REAZII LD TEDOBRBETLHZ LIZRII L,

2. EBR

FEINEIEIC L > CHRAR L 72EE 2 P DEESRREAB L OBRILET v F—RT ¥ UiE
Lo TCPdEBEFEZITH IV Au(l1)ERREFEREZOAABRILFRERAEVITRFL, BBXR
BIERGEMBIZEB VT SXS BL UK XAFS £ DFAIEZ T 7=,

3. R
BER B LS RMHITB T P11 EESKRTZ SXS BIE L=/ R, Pr(111)FRE LIZEREOR
BERTIBEENBE SN, BEERRORITE— 7 MENBRRETRCDERBE L E
DOMBAZFSZENG, ZOBBEIBEECKCOFMETHDL L) Z B RINT,
BRILET X —RT v MTHIEIC X > T Au(1 1) ERKREFR LIS 872 Pd BR 7/E
Exig L U TERS XAFS BIE 21T o 720 s R & 5 EARKEH M ORIE Tid Pd- Pd #5403 KAD
BICBEIN, BEETBEEDNRT7 Y ULAKBIZEBITHPA-PdiESR 2.754) IV &L, Auf
BEIZERIT D Au-AufEd (288 A) EBIEF—HK L7, ZAUIPAdFEFLTHIO Au(l11)-1 X1 &
%E%Ltﬁ?ﬁﬂfﬁ&bfwé&wo;&%TLTV o —H. p RIIZKDEREESM
@ﬂmfiL%wéFmtkTém“mﬁA;DF<.n7/¢AFmtkiémnw#A;D
DEDRIZRWVER FREEEED Pd- AufEAIZNZ., BEROWEZ Y Pd-OfEAIZIRBATRER AR A
BRIz, BERITCHEHFICEB T SXS BIEZITo 7o F. Pt(l111)RE & Rk, FHAEEER
ICHXTrBEENBEINT,
ZOEHIZPIINRAB L P Au(IIDYRE I H L2 PABR FE L \Wo o 2TBEOSEMRER
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1) T. Masuda, T. Kondo, Current Opinion in Electrochemistry, (2019) in press.
doi.org/10.1016/j.coelec.2018.12.012
2) T. Masuda, Topics in Catalysis, 61, (2018) 2103.
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Development of X-ray standing wave imaging technique

Wenyang Zhao?*!, Kenji Sakurai'-?
I'NIMS, 2 Tsukuba Univ.
Sakurai@yuhgiri.nims.go.jp

The conventional X-ray standing wave (XSW) technique probes the atomic-scale position of impurity
elements contained in crystal lattices or in periodic multilayer thin films. It has extremely high spatial
resolution in the depth direction and also excellent precision. Nevertheless, the technique has suffered clear
limitations so far. While its measured atomic-scale position is the overall average depth of the impurity
elements in a wide area such as a few square millimeters which is illuminated by X-rays, the distribution of
impurity elements in this area is frequently inhomogeneous. For this reason, it is important to endow the
technique with an imaging capability in the surface plane to capture the inhomogeneity. As crystal lattices
and periodic multilayers generally have a large size along their surface plane, an imaging resolution of
hundreds of microns to sub-micron would be adequate to visualize the macroscopic inhomogeneity and
sometimes even sketch the distribution patterns. In this way, the correlation between the sample’s function
and its impurity structure can be clearly studied.

The present paper reports the first successful application of the developed XSW imaging technique'. The
experiments were conducted using a lab-based X-ray source and a multi-element X-ray fluorescence
imager based on a visible-light sSCMOS camera. The sample is a nickel/carbon periodic multilayer (150
layer pairs, long spacing d = 50 A). It was found that the sample includes iron as a contaminant. Therefore,
the nanoscale depth distribution of the iron impurity as well as the simultaneous in-plane distribution was
studied by the XSW imaging technique. In the final, we found that the iron impurity is always correlated
with the nickel layers of the sample at every point, and therefore, we inferred that the iron impurity was
possibly introduced as the original contaminants in the nickel sputtering target for coating this
nickel/carbon multilayer sample. In this work, the in-plane imaging resolution was 160 pm. The present
XSW imaging technique may also have many other applications such as probing the depth profile and
in-plane uniformity of functional groups in Langmuir-Blodgett films.

References
1) W. Zhao, K. Sakurai, X-ray standing wave technique with spatial resolution: In-plane characterization
of surfaces and interfaces by full-field X-ray fluorescence imaging, Phys. Rev. Mater. (accepted,

2019).
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Interface imaging of cobalt stearate LB films

Wenyang Zhao*!, Kenji Sakurai'~
I NIMS, 2 Tsukuba Univ.
Sakurai@yuhgiri.nims.go.jp

Langmuir-Blodgett (LB) films assemble individual molecules into highly-ordered layer-by-layer
depositions for various optical, electrical, and biological properties. The properties are determined by the
deposited layer structure and the functional groups / impurities in LB films. Frequently, the layer structure
and the impurities are inhomogeneous in the film plane and such inhomogeneity can alter the property of
LB films even though the average layer structure or the average impurity concentration does not change.
Therefore, to establish the relation between the film property and the film structure, the in-plane
inhomogeneity of deposited layer structure and the impurity distribution patterns in LB films should be
carefully investigated.

To study buried layers and interfaces in solid thin films, the most direct way is cross-section observation
by an electron microscope. In this work, we propose that similar achievements can be efficiently obtained
by non-destructive X-ray interface imaging, which does not destroy the sample but only probes the solid
thin films with a wide X-ray beam at glancing incidence. In detail, the interface imaging technique has two
parts. Firstly, as X-ray reflectivity is greatly sensitive to the deposited layer structure of ultra-thin films, the
inhomogeneity of layer structure and interfaces can be visualized by reconstructing X-ray reflectivity
projection images at specific reflection angles. This part is known as X-ray reflectivity imaging (XRI)!>.
On the other hand, to study the distribution of impurities, an X-ray standing wave (XSW) field is created in
ultra-thin films and depth-sensitive X-ray fluorescence images of the impurities are acquired. This part is
known as XSW imaging and it can visualize the distribution pattern of impurities at specific interfaces®.

In this work, cobalt stearate (CoSt») LB films were prepared as a model material. During the preparation,
the transfer ratio was less than 1. Clearly the LB films are unperfect and have some defect regions.
Applying the X-ray technique of interface imaging, the distribution of regions of various defects and the
in-plane inhomogeneity can be visualized. The imaging resolution is 10 pm ~ 200 pm, which is sufficient
for characterizing wide LB films of several square centimeters. In this paper, preliminary experimental

results are shown and future extensions are discussed.

References
1) V. A. Innis-Samson, M. Mizusawa, and K. Sakurai, 4nal. Chem. 83, 7600 (2011).
2)J. Jiang, K. Hirano, and K. Sakurai, J. Appl. Phys. 120, 115301, (2016).
3) 1. Jiang, K. Hirano, and K. Sakurai, J. Appl. Crystallogr. 50,712 (2017).
4)W. Zhao, K. Sakurai, X-ray standing wave technique with spatial resolution: In-plane characterization
of surfaces and interfaces by full-field X-ray fluorescence imaging, Phys. Rev. Mater. (accepted,
2019).
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Full-field X-ray fluorescence imaging with size-expanded polarized
synchrotron beam

Wenyang Zhao?!, Kenji Sakurail*?
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Full-field X-ray fluorescence (XRF) imaging using synchrotron radiation can efficiently identify the
element composition in a sample and show the corresponding spatial distribution. In order to visualize
diluted small amount of elements, it is essential to reduce the scattering background in the observed XRF
images by utilizing the linear polarization of a synchrotron beam!. In the experiment, as the scattering
intensity has a minimum in the direction of polarization, the sample surface and the X-ray camera sensor
plane should be placed perpendicular to the polarization. However, because the synchrotron beam is
inherently narrow in the perpendicular direction, in this case only a thin strip of the sample can be
illuminated and imaged. In this study, we expanded the synchrotron beam in the perpendicular direction by
asymmetric Bragg reflection. In the final, wide full-field XRF images have been obtained under perfect
polarization condition while the scattering background has been reduced significantly.

The experiments were conducted at BL-14B, Photon Factory, KEK. The synchrotron beam (X-ray
energy 9.537 keV) was linearly polarized and narrow (~ 2 mm max.) in the direction perpendicular to the
polarization. An asymmetric-cut silicon crystal (o = 18°) expanded the beam by about 19.6 times. The
X-ray camera is a cooled CCD camera (1024 x 1024 pixels, pixel size 13 pm x 13 pum). In the experiment
the camera worked in single-photon-counting mode? so that it could resolve X-ray photon energy (energy
resolution 150 eV @ Mn Ka). A 1-mm-thick collimator plate® was inserted in the 3-mm-wide gap between
the sample surface and the CCD sensor. The collimator plate assembled many parallel capillaries of which

the diameter was 6 pm. In this case, the spatial resolution was around 15 pm ~ 30 pm.
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Synchrotron radiation strengthens X-ray fluorescence (XRF) analysis not only by its high photon flux
with excellent collimation and energy tunability but also by its linear polarization. For many years, in order
to reduce the contribution of scattering background in the observed spectra, the XRF detector has been
placed in the same 90 deg direction as the polarization vector due to minimization of scattering intensity’.
However, because of the size of the detector itself, quite strong X-ray scattering is still observed in the
spectra. In addition, the probe area on the sample is inherently limited even when some large area size
analysis is demanded. In the present research, the combined use of size-expanded polarized synchrotron
beam and CCD camera coupled with a collimator plate has been examined to enhance the
signal-to-background (S/B) ratio in XRF analysis.

As the synchrotron beam is inherently narrow (~ 2 mm max.) in the perpendicular direction to the
polarization, an asymmetric-cut silicon crystal (¢=18") has been employed to expand the beam (X-ray
energy 9,537 eV) for 19.6 times so that a large area on the sample can be illuminated. To make full use of
such condition, it is extremely important to restrict the observation direction as close as 90 deg even for
large area size. The used XRF detector is a cooled CCD camera (1024x1024 pixels, pixel size 13 pm x13
um), which is 6~10 times larger than conventional semiconductor detector such as Si(Li) and Si-drift
detectors. In the CCD camera, a collimator plate?, which assembles many parallel 6-jum-dia capillaries as a
single 1-mm-thick plate, has been stored to accept X-rays from the sample with very limited angle range of
90 deg + 6 mrad. The CCD camera worked in single-photon-counting mode? so that it could resolve XRF
spectra (energy resolution 150 eV @ Mn Ka). It has been found that the S/B ratio has been significantly
improved by the reduction of scattering. The improvement was estimated as more than 30 times. The
present method also enables the measurement of the large size samples, which have been extremely
difficult to measure by conventional synchrotron experiments. Other advantage would be imaging

capability of the present system, though this time CCD camera is just used as a large-area-size detector.
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