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Curriculum Vitae

1949 Born in Yamanashi Prefecture
1949 Osaka

1954 Tokyo (5 year old)

1958 Osaka (9 year old)

1968-1978 Osaka University
1978 Tohoku University
1984-1985 Arizona State University

1990 Tonomura Wave Front Project (JRDC ERATO)
1995 Nagoya University, CIRSE (B TR} aaftsit o & —)
2002 Nagoya University, Department of electrical Engineering and

Communication Science

2007 Nagoya University, EcoTopia Science Institute
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With Prof. Hatsujiro Hashimoto
at IMC 2006 (85 year old)
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Prof. Ke1j1 Yada at 77 year old party
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Young Prof. John Cowley
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With Prof. John M. Cowley
at 80 year old party
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Dr. Akira Tanomura
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With Akira Tonomura, Sumio Iijjima & ===
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With Dr. Akira Tonomura & == -
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History of Studies

1971-1972  Osaka Univ. BS: Measurements of work functions by
photoemission

1972-1978  Osaka Univ. MS & PhD: Optical image processing of high
resolution electron microscopic images

1978-1984  Tohoku Univ. Assistant Prof. : High resolution observation of
asbestos

1984-1985  ASU: High resolution observation of the surface profile of MgO
1985-1990  Tohoku Univ. Assistant Prof. & Associate Prof. :

- X-ray diffraction effects on quantitative analysis by EDX

" Scanning image detection system for TEM

- Simulation of electron holography * === * Start of surfing
1990-1995  Tonomura Project , Group Leader:

* High resolution electron holography and observation of magnetics
9
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History of Studies

1995-  Nagoya University:

" Precise electron holography (phase shifting EH)

- Differential electron holography FHiff & £/ (B)

- Observations of magnetics by EH and Lorentz microscopy #&i5 P34
[ RAEAR B B T 2R — 2 — F R B i BA 5

Magnetic nano particles, Magnetic multi layers FHiff & 28 (B) |

FREA (2355~ 51i)

-Field emission gun of carbon nano tubes FHiff & 5 (B)

- Stereoscopic TEM with TV rate FHiJF & JA (A)

- In situ observation of SOFC Bt & Fr @ pauk Gl . Fx (A) . XRHE
(T uv—%iEH UTERESINRE 7w 7 Z L) F 7 MEHE
Br 5L+ (GREEN)

Phase plate using A-B effect FHiff & 5 (A)
10
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What’s This ?

13




2015.3.6 =#RERE

14




2015.3.6 &=iR#EE=

What’s This ?
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Magnetic Structure of Ferromagnetic

Magnetic domain ~ Domain wall =~ Magnetization

) \, e /
{ \ — /V/ |
1 [Multl domain structure}

External field f | External field
)| S = N 4

Magnetic energy = Static energy 1 wall energy
xV x d3 o« § o« g2

¢ <~Imm ‘ [ Singl magnetic domain particle }

17
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i @ Single Magnetic Domain Particle of Ba-Ferrite

—

2]

1 pm

18



2015.3.6 &#RESE

Development of Electron Microscope

1858 | J. Pliicker PEIRARDRER
1869 | J. W. Hittorf PEAIRAR D BRI
1874 | E. Abbe BEER D 7 AR REFR 57
1897 | J.J. Thomson BFDEFREZHER
1899 | E. Wiechert B AR IC K D ARy MRAEN
1924 | L. de Broglie BFOKEME (MEK)
1927 | C.J.Davison & L.H.Germer | NiZR[H TN B FIREHTEER
H. Busch EEsXIFEFT D L > X1ER
1931.5.5 | R. Riidenberg BT IEMIE DR TR
6.4 | M. Knoll & E. Ruska BFIEME (BHRE) TRUIDOKRE1T)ZHKEK
1933 | B. von Borries & E. Ruska 2 ERM SRBYE TR CHEEBEZ B X B (75K, x12,000,
50nm)
1934 | L. Marton OsFEIC X 4B DIHRE(x3,900)
E.Sugata NSNS
1935 | M. Knoll E BB TBEMER(SEM)
1936 | Metropolitan-Vickersft B 1 58 EM-1(20kV, >1um)
J.Okubo & T.Hibi RIEKF
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1939 H. Mahl & H. Boersch FENE T IEMEE AGEFE (8nm)
Ruska & Borries, Siemensft | UM-100 (100kV, x30,000, 7nm)
(JSTS) #E37/\EE% (Shoji Seto)
1940 M. V. Ardenne 7M#BE3nm
H. Rusk INTTYUFP T 7—IDEIER
H. Boersch 7 L RIVEE
REHE—ER x100 (5R32)
1941 Seimens UM-220 (220kV, 2nm)
1943 | Hitachi HU-2 (ZHEXZ)
1946 | J. Hillier & E. G. Ramberg FERINEMETI.Inm
1948 D. Gabor KA 27«
1949 | Japanese Electron Microsocpy Society HANE FIBMIR F =X
1954 Seimens Elmiskop I (100kV, <1nm)
1956 | J. W. Menter H& 74037 =Y (1.19nm)
G. Mollenstedt & H. Diiker oS A 7Y X L DB
1960 | T. H. Maiman L= —DFRHOLE — L —F —)
1962 | EN.Leith & J. Upatnieks Tt (off-axis)F B 7T 7 4 —DELR
1968 | A.V.Crew etal. FE-SEM, HRF&
1979 A. Tonomura et al. FE-TEM, BF#ROT 257 «
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Dennis Gabor (1900 - 1979)
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Nature, 1948 21
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Interference of Light

Interference with double slits Thomas Yang (Eng.1773-1829)
X

23
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Interference of Light

Fresnel’s Biprism (Augustin J. Fresnel:Fr.1788-1827)

Diffraction with a pin hole is not essential for Young’s experiment

24
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Interference of Electron Wave

Interference experiment with electrons
messs) The core of quantum mechanics (R.P.Feynman)

Electron Biprism  G. Mollenstedt and H. Diiker, Z.Phys. 145 (1956) 377.

+V

0

25



2015.3.6 =#RERE

Electron Biprism

A: Rotation
B: X—traslation
C: Y—translation

Hitachi



&

—

‘ [(‘ Lead spring
! 4 Aperture

A: Rotation
B: X—traslation
C: Y—translation
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aking Filaments of Biprism

porererreree

“\L “"




Interference of the Electron Wave

VF15 V

Interfering region: ~83 nm

Interfering region: ~20 nm

Fringe spacing:0.44 nm

Fringe spacing:0.90 nm

29
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Holography

Prism

N Hologra MY
efere m\

&) |l 7
&

Mirror Specurnelké paudtmgved image
(Imaginary image)
Hologram

Laser light

VAR

Conjugate image
(Real image)

31
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Electron Holography
FE-Gun
[ .
Specimen / &£ ,,,,,, .
o N
Electron -
biprism
P \ Hologram Aperture Reconstructed
wave-front

wOyS W [ Reconstructed optics }

Recordmg of a hologram
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Interference Microscopy

(Machzender Interferometer)

FE-Gun Half mirror Hologran}Ax Mirror
erture
Condenser ~ aser g\ A 4 /
Specimen {&f = 3 r I &
-, Objective Lens ” Lens
f
tX  Electron . / Lens
L L biprism i /|
Half mirror
Mirror  Filter
Interferogram
Hologram

Interference micrograph

33
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Digital Reconstruction

Filter

(Inverse Fourier Transform )

[ Reconstructed Complex amplitude

~— 0 - aexpliom)

~

)

2 v , .l" \ \ il ’;
.
; | : : .\ Y\\ .

Hologram Reconstructed phase image Interference micrograph

4(r) = Tan"" Im'/’(") I(r) =Rey(r) 34

W(r)
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Phase Shift of Electrons
by the Electromagnetic Field

h 2
Schrodinger Eaq. (7 grad + eA) - 2m(E — eV)lIJ -0

WKB applrox. & E<<elV

if Y(r) = a(r)exp{iqb(r)}exp{i(a)t -k- r)}

JU
[Phase shift by an electrostatic potential] Ag = Efz V(x,y,z)dz

e
| Phase shift by a magnetic field | Ag = —£fs B(x,y,z)dS

35
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Phase Shift of Electrons
by the Electromagnetic Field

Source

Path I B

v @ Path II

/ \0/ / Observation plane

JU
[Phase shift by an electrostatic potential] Ag = Efz V(x,y,z)dz

e
| Phase shift by a magnetic field | Ag = —£fs B(x,y,z)dS

36



Phase Shift of Electrons
by the Electromagnetic Field
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Electric field

A¢=%IZV()C y,z)dz

Equi-potential lines

[

Magnetic field ]

/nmdentelectron wave/ /

E

K\D Specimen /
|

Shifted electron
wavefront

=—EfB(x v,z)dS

37
Magnetic flux lines
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@@ Single Magnetic Domain Particle of Ba-Ferrite

=5

TEM Image Hologram Interference image
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3. Electron holography

* High resolution imaging

40
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@@ MgO7& 7 77 A DFourierZ ##i14
e
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!i'- ey

i

mihv i i
it ":‘_ 1
M I L

Simulation t=10nm Reconstructed Phase
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3. Electron holography

* Observation of magnetic field

48
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Low-Magnetic-Field Objective Lens

Specimen holder

B>IT T, x IK~500K

49
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Real-Time electron Holography

Electron Source

Laser
Image
Processor
Collimator
o M Driver
| Yem Spatial-Filter
M ‘ : U
HM
LCSIM 1 ns Lens CCD

Camera

51
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mdee Rea-time Observation of Magnetic Domain

53
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Magnetic Structure in a Permalloy Thin Film

54
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o. Stereoscopic TEM
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Development of a Real-Time Stereo
Transmission Electron Microscope

-

\_

 Real-Time Observation: Deformation, Crystal growth, Dislocation
3D Observation: Defect, Radiation damage, Cell

—

Stereoscopy, Computer Tomography

—_Recerdingtime, _Computatiertime _ for RT

a

[ Real-Time 3D TEM

mm) Tilted Illumination Stereo Microscopy }

- J.M.Pawley Proc. 6ht Int. Conf. on HVEM 4 (1980) 58.
“P.F.M.Teunis et al. J. Microscopy, 168 (1992) 275.

[ -D.Typke et al. Proc. 6th EUREM (1976) 334.
 G.Fan and M.H.Ellisman Ultramicroscopy 55 (1994) 155.
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Real-Time Stereo TEM

Electron Source / V \
I Deflection
4_
1St DeﬂeCtOI’ _=E \\l Control Circui}
\
Condenser Lenses e
/
/
Specimen ?"
/

Enlarging Lenses <\'L:,>

\ Image Shift
2nd Deflector g‘l \ |[«— Cancellation
\ Circuit
Image Intensifier \
* &
CCD Video Camera \ _ - Video Signal 3D Monitor

>
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Video Signal and Deflector Potential

Deflector Potential (V) ——— Video Signal (V)
500 2
250 1
0 0
-500.L i 9 2

= E*

Odd Field (Left image) Even Field (Right image) 1Frame (Output image)
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[1lumination System

Source

Max. Angle 0.081° (1.4mrad )
Required Angle:0 >2

Need Angle Mag.:x 25
Image Mag.:x 1/25

U

Use condenser lenses in a reduction mode.

— +23°

Deflector and Specimen plane

Condenser Lens i 0

Specimen

should be conjugate.
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Stereo Pair of Au Particles

Lateral Resolution: ~1 nm

Depth Resolution: ~13 nm
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Real-Time Stereo Observation of ZnO
0.00 sec

0.06 sec

0.28 sec
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Real-Time Stereo TEM (HF-2000)

5
8 4
: 4

|

1st Deflector

3D Monitor
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Depth Measurement

z=(dx /smb+dx,/smb)/2
z=(dx, +dx)/2sind
z =dx/2sin @

5. =0, /2sin2.3°

<I3nm (9, =1nm)
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Detection of corresponding points

Right Image (standard) Left Image
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Thinning

< J

Standard Image




3-D Reconstruction and Plot
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Continuous Observation by 3D Plot

( Actual time )
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Summary of the Real-Time 3D-TEM

ﬂ)eveloped a real-time stereo TEM \
— Introduced electrostatic deflectors and a 3D-Monitor
— Spatial resolution: ~1nm lateral
~13 nm longitudinal
— Temporal resolution 33msec (TVrate)
<dms expectable
-Developed an on-line 3D plot application

— Extract characteristics and find corresponding points
— Temporal resolution  2-8 sec TV frame

— Spatial resolution: ~18 px longitudinal
\ (estimation) /
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6. Phase plate using A-B effect
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Hilbert Phase Plate for TEM

X
1 Electron source
3%

I

Thin film type Hilbert phase plate i

No shift

Phase plate \ :
¥, -====%--=-Back focal plane
|

Phase shift
of r[rad]

Intermediate llense

sen(k,) SR AL Y

1

Intermediate lens

5
.
. 8
o .
Ce
|--.
oo

sgn function > i

-1 &,
<L~ Observation plane
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A-B Eftect Phase Plate

Vector potential appearing with the magnetic flux inside
the filament causes the phase shift of the electron wave
pass through the both sides of the filament

BHBRE =7

;//vw I 51—
Phase advance
Phase delay of 71 /2[rad]
< % > 7t /2[rad]
MR
7| wtEtk T

AL 5.V A
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Phase Plate

Thin film type phase plate A-B effect phase plate

Phase shift No shitt Phase advance
of Tr[rad] Phase delay of T/2[rad]
T1/2[rad]
TR
Damage *Clean
*Short life time long life time
*Degradation of image quality -Keeping image quality

Cannot centered
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Phase Plate

Cross section of Wollaston wire

Phase plate

Pt filament 1.0 um

Coated Ag 0.2mm

EEH
Filamenth

Single hole mesh

Magnetic filament ,
- Hard magnetic

Pt thin filament



2015.3.6 &=iR#EE=

N

Phase [rad]

o

—

40 80 120 160

N
o

[pixel]
phase shift of ~1.5rad
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Differential Image of Holly C Film

Insert filament

Under—focus in—focus / Differential image

T4 A ED

Obtain in-focus — Higher resolution



Difterential Effect
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under—focused

differential image

2580

280

Line profile

S0

100
Line profile

150

200
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Observation of Bio-specimen

Colon bacillus (Pb stained)

Under—focused image Differential image in focus

r
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Thank you for your attention !!




