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Development of electron schlieren microscopy to visualize and measure the
three-dimensional distribution of spatial electromagnetic fields

Harada, Ken
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Schlieren electron microscopy that can visualize and measure a spatial
electromagnetic field distribution inside the materials and around the specimens was developed by
Schlieren microscopy as phase observation methods and by laminography as three-dimensional
measurement techniques. With this developed microscopy by using non-interference-type thermal
transmission electron microscopes, we succeeded to observe electromagnetic fields with a wider view
area than that by electron holography.

Furthermore, Lorentz SEM/SIM methods that can visualize electromagnetic field in sub-mm area by
using conventional scanning electron/ion microscopes, and Lorentz microscopy and electron holography
that can observe the high electromagnetic fields of 500 mT were also developed.

As a result of this research, many technical methods for observing and visualizing the spatial
electromagnetic fields have been practically realized and can be used for various applications.



o
@
®
*
®

HCF

[1, 2]

um

HCF

HCF

HCF



@

@

(3. 4]

(b)

iy ORA—)T—

RO —2-H38A

" A

imwx Al

PRI D "
L am—

7% - I 2 ﬁﬁﬁjﬁﬂ_\
AROJ—> -« 2D a3 U— L 24k f\j—j:{%

@

~
~
&

(b)

SEM/SIM

LSEM/LSIM

SEM

LSEM/LSIM

(5. 6]



SEM/SIM

(7]

. Specimen
Specimen
stage -~ H\Elcclric
> ) field

LSEM/LSIM
@ SEM (D)

®

(8, 9]

omT +500 mT

0055CxM go.05019
Typel Typell

NanoMi
(© SIM
i
E Optical axis
Objective lens gnetic field
as magnetic (ield
generator
First intermediate lens
Object plane of

second intermediate lens

Electron hologram -

" Image plane of

second intermediate lens

M BaFeix



158 mT TimT 185 m'T

* (10]

SEM O

[1] K. Harada et al. APEX, 12, (2919) 042003.

[2] 7193694 11551907
[3] K. Harada et a., Microscopy & Microanalysis, 27, (2021) 2318.
[4] 235 2022/01/19 pp. 25— 32.

[5] K. Harada et al., Microscopy, 71, (2022) 93.

[6] K. Harada et al., Microscopy & Microanalysis, 28, (2022) 780.
[7] M. Marek et al., Micron, 163, (2022) 103362.

[8] K. Haradaet al., Micron, 160, (2022) 103306.

[9] K. Harada et a., Microscopy & Microanalysis, 28, (2022) 110.
[10] 2021-49446.



9 9 0

Nakajima Hiroshi Kotani Atsuhiro Harada Ken Mori Shigeo

60

Two types of magnetic bubbles in MnNiGa observed via Lorentz microscopy

2021

Japanese Journal of Applied Physics

123003 123003

DOl
10.35848/1347-4065/ac34d2

Harada Ken Nakajima Hiroshi Mori Shigeo Takahashi Yoshio 27
Schlieren imaging of spatial magnetic fields by hollow-cone illumination 2021
Microscopy and Microanalysis 2318 2319
DOI
10.1017/S51431927621008333
Harada Ken Shimada Keiko Takahashi Yoshio 71
Lorentz scanning electron/ion microscopy 2021
Microscopy 93 97
DOI
10.1093/jmicro/dfab054
235
2022
235 / 82 2022 01 19 25 32

DOl




Kotani Atsuhiro Nakajima Hiroshi Kawaguchi Atsushi Fujibayashi Yukihiro Uchihashi Kento 59
Shimada Keiko Harada Ken Mori Shigeo
Magnetic bubbles in an M-type hexagonal ferrite observed by hollow-cone Foucault imaging and 2020

small-angle electron diffraction

Japanese Journal of Applied Physics

095003 095003

DOl
10.35848/1347-4065/aba%e9

Harada Ken 70

Interference and interferometry in electron holography 2020

Microscopy 3 16
DOl

10.1093/jmicro/dfaa033

Mori Shigeo Nakajima Hiroshi Kotani Atsuhiro Harada Ken 70

Recent advances in small-angle electron diffraction and Lorentz microscopy 2020

Microscopy 59 68
DOl

10.1093/jmicro/dfaa048

Mori Shigeo Kotani Atsuhiro Harada Ken 26

Hol low-cone Foucault Imaging of Magnetic Textures in Hexagonal Ferrite ; 2020

BaFe10.35Sc1.6Mg0.05019

Microscopy and Microanalysis 1766 1769

DOl
10.1017/51431927620019273




Mori Shigeo Kawaguchi A Harada Ken 26

Hollow-cone Foucault Imaging of Magnetic Microstructures in Large Magnetostrictive FeGa Alloy 2020
Microscopy and Microanalysis 2146 2147
DOl

10.1017/51431927620020590

14 2 4

Ken Harada, Hiroshi Nakajima, Shigeo, Yoshimasa A. Ono and Yoshio Takahashi

Schlieren imaging of magnetic fields with hollow-cone electron beams

Sixth Conference on Frontiers of Aberration Corrected Electron Microscopy (P1C02021)

2021

Ken Harada, Hiroshi Nakajima, Shigeo Mori and Yoshio Takahashi

Schlieren imaging of spatial magnetic fields by hollow-cone illumination

Microscopy & Microanalysis 2021

2021

77

2021




77

2021

77
2021

77
2021

2021




169

2021
2021

2021
235 2022

2022

Shigeo Mori, Atsushi Kawaguchi, Atsuhiro Kotani, Hiroshi Numakura, Yui Ishii and Ken Harada

Hollow-cone Foucault imaging of magnetic microsotructures in large magnetostrictive FeGa alloy

Microscopy & Microanalysis 2020

2020




Shigeo Mori, Atsuhiro Kotani and Ken Harada

Hol low-cone Foucault imaging of magnetic textures in hexagonal ferrite; BaFel0.35Scl.6Mg0.05019

Microscopy & Microanalysis 2020

2020
2020
2020
76

2021

0

1

2021-49446 2021




(Mori Shigeo)

(20251613) (24403)

(Nakajima Hiroshi)




