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Development of a method for visualising chemical bonds in the local area using
scanning transmission electron microscopy.

Seki, Takehito
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In this study, a visualisation method for chemical bonds was developed by
combining the differential phase contrast method, which allows the observation of electromagnetic
fields on an atomic scale, with a simulation method. The imaging theory of the differential phase
contrast method was developed, and an algorithm was developed to obtain an electron distribution
that reproduces the experimental data by iterative simulation. The algorithm was validated using
noiseless simulation data as test data and applied to actual experimental data. The algorithm is
expected to be applied to the visualisation of chemical bonds in local regions.



STEM

STEM DPC
DPC
DPC STEM
DPC STEM
DPC
DPC
DPC DPC
DPC
DPC
DPC
DPC STEM
DPC
DPC
DPC DPC
Si DPC
2
SrTiOs

SrTiOs



*%‘iﬁﬁﬂbh.d:%?&m

FRFEHORERE

ﬁmﬁ?%%

mAELE
*g, el J ZREHTHTNELGZBET
RURY,

1

(@)

2 (@) )



14 13 5 4

Takehito Seki, Kushagra Khare, Yoshiki 0. Murakami, Satoko Toyama, Gabriel S?nchez-Santolino, 240
Hirokazu Sasaki, Scott D. Findlay, Timothy C. Petersen, Yuichi lkuhara, Naoya Shibata
Linear imaging theory for differential phase contrast and other phase imaging modes in scanning 2022
transmission electron microscopy
Ultramicroscopy 113580
DOl
10.1016/j .ultramic.2022.113580
tl tl I 57
2022
131-138
DOl
10.11410/kenbikyo.57.3_131
tl tl I I I 57
OBF STEM 2022
49-53
DOl
10.11410/kenbikyo.57.2_49
tl tl I I 142
STEM GaN/AlGaN/ InGaN 2022
367-372

DOl
10.1541/ieejeiss.142.367




Satoko Toyama, Takehito Seki, Yuya Kanitani, Yoshihiro Kudo, Shigetaka Tomiya, Yuichi lkuhara, 238

Naoya Shibata

Quantitative electric field mapping in semiconductor heterostructures via tilt-scan averaged 2022

DPC STEM

Ultramicroscopy 113538
DOl

10.1016/j .ultramic.2022.113538

Toyama Satoko Seki Takehito Kanitani Yuya Kudo Yoshihiro Tomiya Shigetaka Ikuhara Yuichi 18

Shibata Naoya

Real-space observation of a two-dimensional electron gas at semiconductor heterointerfaces 2023

Nature Nanotechnology 521 528
DOl

10.1038/s41565-023-01349-8

Kohno Yuji Seki Takehito Findlay Scott D. lkuhara Yuichi Shibata Naoya 602

Real-space visualization of intrinsic magnetic fields of an antiferromagnet 2022

Nature 234 239
DOl

10.1038/s41586-021-04254-2

Mawson T. Taplin D.J. Brown H.G. Clark L. Ishikawa R. Seki T. lkuhara Y. Shibata N. 233

Paganin D.M. Morgan M.J. Weyland M. Petersen T.C. Findlay S.D.

Factors limiting quantitative phase retrieval in atomic-resolution differential phase contrast 2022

scanning transmission electron microscopy using a segmented detector

Ultramicroscopy

113457 113457

DOl
10.1016/j .ultramic.2021.113457




K. Ooe, T. Seki, Y. lkuhara, N. Shibata 220

Ultra-high contrast STEM imaging for segmented/pixelated detectors by maximizing the signal-to- 2021

noise ratio

Ultramicroscopy 113133
DOl

10.1016/j .ultramic.2020.113133

D.G. Hopkinson, T. Seki, N. Clark, R. Chen, Y. Zou, A. Kimura, R.V. Gorbachev, T. Thomson, N. 32

Shibata, S.J. Haigh

Nanometre imaging of Fe3GeTe2 ferromagnetic domain walls 2021

Nanotechnology 205703
DOl

10.1088/1361-6528/abe32b

T. Seki, Y. lkuhara, N. Shibata 70

Toward quantitative electromagnetic field imaging by differential-phase-contrast scanning 2021

transmission electron microscopy

Microscopy 148-160
DOl

10.1093/jmicro/dfaa065

Y.0. Murakami, T. Seki, A. Kinoshita, T. Shoji, Y. lkuhara, N. Shibata 69

Magnetic-structure imaging in polycrystalline materials by specimen-tilt series averaged DPC 2020

STEM

Microscopy 312-320
DOl

10.1093/jmicro/dfaa029




S. Toyama, T. Seki, S. Anada, H. Sasaki, K. Yamamoto, Y. lkuhara, N. Shibata 216

Quantitative electric field mapping of a p-n junction by DPC STEM 2020

Ultramicroscopy 113033
DOl

10.1016/j .ultramic.2020.113033

S. Findlay, L. Allen, H. Brown, Z. Chen, J. Ciston, Y. lkuhara, R. Ishikawa, C. Ophus, G. S 26

nchez-Santolino, T. Seki, N. Shibata, M. Weyland

Phase-Contrast-Based Structure Retrieval Methods in Atomic Resolution Scanning Transmission 2020

Electron Microscopy. When They Hold and When They Don"t

Microscopy and Microanalysis 442-443

DOl
10.1017/51431927620014683

28 5 5

T. Seki, K. Ooe, Y. Ikuhara, N. Shibata

Ultra-high Contrast Imaging in Scanning Transmission Electron Microscopy

Monash-Melbourne Imaging and Optical Physics seminar

2021

STEM

2021




STEM

77

2021
STEM

64
2021
OBF STEM

64
2021
DPC STEM

64

2021




DPC-STEM

64
2021
STEM ysz
2021

2021
DPC-STEM Nd-Fe-B

45
2021
OBF STEM

77

2021




DPC STEM

77
2021
DPC-STEM Nd-Fe-B
77
2021
STEM I
77
2021

K. Ooe, T. Seki, Y. lkuhara, N. Shibata

Low-dose real-time observation of beam-sensitive materials via novel ultra-efficient STEM imaging technique using a
segmented detector

Virtual Early Career European Microscopy Congress 2020

2020




STEM

63
2020
2
2020
STEM
76
2020

S. Toyama, T. Seki, Y. Kanitani, Y. Kudo, S. Tomiya, Y. lkuhara, N. Shibata

Quantitative electric field imaging in GaN-based heterostructures by DPC STEM

Virtual Early Career European Microscopy Congress 2020

2020




DPC STEM GaN

76
2020
DPC STEM GaN
33
2020

Y.0. Murakami, T. Seki, A. Kinoshita, T. Shoji, Y. lkuhara, N. Shibata

Magnetic Field Imaging of Polycrystalline Magnets by Differential Phase Contrast STEM

Virtual Early Career European Microscopy Congress 2020

2020

STEM Nd-Fe-B

167

2020




DPC-STEM

63
2020
STEM Nd-Fe-B
76
2020
STEM
63
2020
STEM
76

2020




S. Findlay, L. Allen, H. Brown, Z. Chen, J. Ciston, Y. lkuhara, R. Ishikawa, C. Ophus, G. Sanchez-Santolino, T. Seki, N.
Shibata, M. Weyland

Phase-Contrast-Based Structure Retrieval Methods in Atomic Resolution Scanning Transmission Electron Microscopy. When They
Hold and When They Don*"t

Microscopy and Microanalysis 2020 Meeting

2020

STEM 2

76

2020




