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A EETORETHE, EELEDOES Introduction

IND—FTINAL R . X
Power devices ﬁ?‘*iiggigﬁh .
High—capacity batteries

BHAE—4— ——

High-power motors Electric vehicles

e P 7 e e

Material design

FRS v FEHAITHRLONIER

Information obtained by operando measurement

ZiB A EFHMEBER - HEOT NS ADHEEOCHEEZRIRIE

Transmission Electron Microscopy: Visualize structures and properties of materials and devices

+R5 Y FRFEMABOH AR
Dynamic measurement techniques
using operando electron microscopy

P e BB/ T REBES B RETH
Specimen Hea;’Ein:gnor sl e Measurement of materials and/or devices
in operation ) [::]
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Current electron microscopy and research achievement of Japan Fine Ceramics Center
(1) hHIROEFIEMIE Commercially available electron microscopies.

@RFEH EEH. Direct observation of atoms.

@R OEFIRED2Hr. Analysis of chemical composition and electronic state.
@TLEL—F (30 fps) EEEDOEHEIRSS. Dynamic observation at TV rate.

(2) 2745V REUVE—DREDHRBR

Scanning Transmission Electron Microscopy| | Electron Holography

( eEEZBBTEME *)(ﬁ%ﬁ$nasv4—]
p

EFIRLE—BESRE N

Electron Energy Loss Spectroscopy

not yet demonstrated

1~1S)REBEDNIRRDODEF A A U DEEZDOERREICEEST

High-speed observation of the motion of atoms and ions at 1ms~1s has

. . ese

X0 m‘-’o sallc
KRR T EEHER LJﬁaxméﬁﬁ ”
Direct observation  Dynamic analysis of
of hydrogen atoms Li-ion concentration N
Appl. Phys. Express, Nature Communications X E(Ap-nES T‘_ﬁﬁg{_Lﬁq;*ﬁ'
3, 116603 (2010) 9. 2863 (2018) Measurement gf potentlal
100~1000BsR D EIL £ Bi% Y THRF at p-n junction

Recorded in 10071000 hours and replayed J. Appl. Phys. 122, 225702 (2017

at higher speed

EEREMRAOLI A F V3 MELREN

Analysis of Li—ion distribution change in

All-solid-state battery
Nature Communications, 11, 2824 (2020)

WIHOELZREY TRT

Recorded in one hour and

/\ J/

replayed at higher speed




2-3. £EWLIA F+ U EMDERE BLLiBEER

Issues of all-solid-state Li-ion batteries  High resistance of ion diffusion

29%0°

SIS H AT E,

¥ e . RUOREKRME
Sannnnannee W Ry & Low power,

Long charging time

I/ EHERESNE
SEUALI A A > ES Positive electrode/solid electroly interface

[£E&EMD A ) v k Advantage of all-solid-state batteries]
- HMHEOBEMAGERE > RSV

Nonflammable solid electrolyte = High safety
- BERE>RUVnGERE

High energy density = Long cruising distance of EVs

IEBHM

Positive electrode material



2-4. A F UBREOEMER

EBREERE

Origin of charge-transfer resistance and transfer kinetics

~-Im[Z]

BERIELFA VE—F UORBEICK Y ZER
ZROFERZAIE

ERE R~

B/ EAEREREDIER Low frequency

Resistance of electrode/solid electrolyte
interface

B ERTOEH

Resistance of solid electrolyte

High/frequency

Re[Z]

@ @

DEGERENLG OEAERENST OCREWEMRHE OEBAM

Inside solid Grain boundaries & IEHBDORE Inside
electrolyte inside electrolyte Interfaces electrodes
between
electrode
and electrolyte
~ US ~ MmMS ~ S

fast< > s |ow

DLOQDLIBEERIZDOWLTIX,. BA A U EEMHHORSEICL
YEEBEHShDDHS.

Resistance of @) and 2 have been resolved by developing
new solid electrolytes.

QLONIEBMERLMAL., ERZE O T EMNEE.
Resistance of 3) and @ should be studied and resolved.
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2-5. EREFHEMIRSENORENZRE EAMEDHR
Principle problem of high—-speed electron microscopy observation and purpose of this research
REMRE : 1 ESHE Y DEVREEE-ERCOLVETY BF/ 4 K-k AMESHER
Principle short exposure time — smaller number of  Physical limit by quantum noise
Problem detected electrons

E?& 100 % %?ﬁ 50 % BFE 10 % BFHO%

B : FHEFNFEZAVNT, EFEMKREAAOEFAZEAS !

Purpose:To exceed the |imit of measurement using information science

(s O == o S EE = o )

A SEEERFRG |+ | PERART Y FREFRMEETR
High-speed operando measurement

by electron microscopy M

Image analysis techniques using Al




2-6. AT THEA LU TV DIEGEETHA
Image analysis techniques utilized in this research

/" Al (Artificial Intelligence: A TX0&E, AN
ANEDHgEZE 1> E 31— TERIRSTE D4

4 B> (Machine Learning) A
S—AZEEN(FEE)ITDET, TOEFHZREDITHIFL

AR il St (CiE A9 S i

(1) RNN=RA—5F1 >
Sparse Cording

(2) 3DF>VYVILDHEE

O\ 3-dimensional tensor decomposition ,

4




(1) RN\—RA—TFT 42 sparse coding

hﬁmL—?E‘ DEmEms /) ¢ X% L OEgH 5 1R L1
"I Machine Learning
) B TS (EE SEED) 0%S )
| NN Dictionary
TR ' (Bases (Feature Elements) Set)
|Feature Extraction \ \

x| |+2x - 1< ] =

]
PDIEWNV(RNRN—R)EETHE
Representation with a few basesf FE xi#r 2 2
replace

LEDT R
[ZHT=>T

/—-

17°.

#&Eﬂi 1%(/ «fxﬁt,)

Training Image (Noise—free)

RAIN—RHETE L
Sparse coding T
for all patches

F2 MER( A XEY) J £ RIEREHE
Target Image (Noisy) Denoised Image

o




(2) DFYILSEE 3D tensor decomposition

T Y ISR

Tensor decomposition

x75 [ O R #1751

a7 T >YI)L| Factor matrix x

IRFTT—R2 (VA XEBY) (TFUYIL)
3-dimensional date with noise

BT, A XEEEHEL
Factor matrix does not
include noise

...............
---------------
..............

ccccccccccccccccc

.........
oooooooooooooooo
.....

e * BET— 2 HFE
DEEE oo ML Training date are not necessary

............

3D tensor reconstruction |t

...........

.............

J A X EBBT—4 Effective for denoising movies

Denoised date

13
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3-1.

_NETOMERE ()

2518 B F BAIER %

ENRENEMRE ZREEFEME

Aberration Corrected Transmission
Electron Microscope (TEM)

BREEHAS n
High-speed camera

R
High-speed
recording

1LV = 5 B B R 22

High—speed dynamic observation using transmission electron microscope (TEM)

BHEE I & 2EEEBH

Image analysis using machine learning

1. FEAERORT

Recording unclear images

2. /4 XBRE

Denoising

- Sparse cording
- 3D tensor decomposition

TRRRRRRnnnnnnnnmn g*ﬂﬂ Uﬁ@ﬁ?

Dynamic observation of
clear movie




ZBEFHRMEZAVN-ESEBEHRERE

High-speed dynamic observation using transmission electron microscope (TEM)

sH - Au/SrTi0,, [E18 : 500%%, 3858 fps, ERMEE : DTV L7 fEE
Specimen: Au/SrTlO3 Images 500, 3858 fps Image analysis : 3D tensor decomposition

TEM ihage(béfdre dénoising) TEM image (after denoising)
PSNR : 2 PSNR : 22




3-2. CNETOMEMR (2)
EBEEBEBFEMEELE I RILTF—BREXBRA N ELXZH O -TRAH
Elemental analysis using Scanning Transmission Electron Microscopy (STEM)
and Energy Dispersive X-ray Spectroscopy (EDS)

BEMBNEME EES AT FIHEME
Aberration Corrected Scanning
Transmission Electron Microscope

Characteristi
X-ray | | g
EDS detedto
W
LS
_J

BWEE (2 & SEREN

AR Image analysis using machine learning
Input B | FEREERORE

Recording unclear images

2. /4 X}{E

Denoising

- Sparse cording
= 3D tensor decomposition

fBFBHTREFLARIL
I YTk

Clear elemental
mapping image

17




EEZBEFEMEEE TR —BBEXRS EZ

Elemental analysis using Scanning Transmission Electron Microscopy (STEM)
and Energy Dispersive X-ray Spectroscopy (EDS)

/ A RBREH

Before denoising

/1 XBEE

After denoising

LN =TT

/B SrTiO,
Specimen:SrTi0,
E{% : 200 #&

Image: 200 frames

B[ 93 2 RE

1.2 fps

Temporal resorution:1.2fps

ER0E : DT >V IV RE

SRR B OsrorTiece
;j;;;-_- PSNR~16.,0 JEl*=*+% * PSNR~17*]

oo iliel L] L)

o.e.ol' L I o & @ @& &o@o@ - " = L @ @
# oo @ L L] L] L] L] L T-TY-EX - Ll o . - -
B & W . L] B E W . 5 & B B &8 = L] @ B
- ® ® & 8 = . W W " F & F B F 8 ® 9

- & @ - L B & & @&

¥ L] L] L L] L L L

& B & & & B s & =
8 B ® 8 @ L _ " & " F 8B ®F 8 @8 W@
- - - L i - " . - - & . Ll L] L1 L] L] L] L
¥ ¥ B B B ® ' @ W " ® R R FE R R W
‘l - & = @ s & & @  F & @ ®§ @& W =W
& & & @ - BB B § B " ® =
1-nm 3 B B B & T T T e e
ee—— O # ® i & " % ] [ " E @ B B

Green : Sr Blue : Ti

\\\1mage analysis: 4D tensor decomposition<,///

0

i



AHDOERAAE

1. 974205399 RtE23— (JFCC) DREETIET

2. RERIE

B AT Bt 3% #E 1 i

ETOATOY ) FORERE

3. CNETOHERERDIES

0. B RIER T Bt 22 H#ELE .

ECTHRINSNTED 2 =R2 DT




4-1. SBROFGE EF/EDTER

EMEREMRE ZBEEFHME

Aberration Corrected Transmission
Electron Microscope (TEM)

TEM Camera

TEMRERIRREH * 5

High-speed
recording

J

I TIZTER L=V R T A

BWEE I & AEEGEH

Image analysis using machine learning

1. FEAEZRORT

Recording unclear images

2. /4 X\{E

Denoising

- Sparse cording
- 3D tensor decomposition

fif BA 75 ShiE R 2R
Dynamic observation of
clear movie




[BREFRRTD IR T L)

EEELXANT Y FRrAlO-HORHEFRFoIEEZSBEFHRME A T4

Atomic Resolution Transmission Electron Microscopy with Information Science (ARTEMIS)

for High-Speed Dynamic Operando Observation
INZE#IEEFIEME

S/TEM with aberration correctors

(15> FRRA
TREE
Accessories for
operando
observation

==y

BEED A S

High—speed camera

\_ ‘l“

J A4 XDENER
Noisy images

BHEEY IO T7EEAT
HBEEa 1 —4—
High-speed computer
with machine learning software

18 R E (R T |
: ilgh—speed image analysis

-y
Ty
-//’

/4 XEREE
Denoised images

1 ms for TEM
33 ms for STEM :éj:]




4-2. SEDAE EFEDERE

a8 —
Negative electrode N

EARERE — Li+
Electrolyte

IE 45

Positive electrode

\

—/———P

RE&

Current
col lector

STEM Image

LiCoO2

Nature Communications
11 (2020) 2824.

Solid electrolyte

Sparse cording

(2)

ZEGREMAAS T U BEORFLANIIVEEBHNESRE

Atomic level dynamic observation of ion diffusion in solid-state battery

KERK

Current col lector

| s

Observed area

Charge 0%

Low . High

Li concentration

econstructed Li map with Sparse Modeling

Li—ion
distribution

BERRETH <Y LEHESZEHE

Slow observation in low magnification

BT ERELOREICEELIEHETRT.

oA Z > lons
SE RS EHERY
Interface Electrolyte / :_'Elﬁ
reactant ap
OC%DO Oo §>o SONOONAG 93
e OOOOEEOOO&¥b A
Lattice [f=O O<BOSItIVé2) o 00 | 22
defect O electpode Aol o u e Gap
008 63 %)OOC)O %O
2o 0 Ao AR oL 0 SO0
Gap T ONG ° O OMN IO
B2 £ TR Current correqtor
Foreign ™ jons 11
contamination lons 1

M Jons < or —

High-speed and high-resolution observation

22




SEROAEEFEDFAG)
sevmrans LM OEEHRRE

Transmission Electron )] rect observation of biomaterials

(Mlcroscope (TEM) .
EHGEE RSO EERRBOS A JBREZRIEY utions

(DEZICANDKGHFEFFELTLES.

Dried in Vacuum.

/- +/ A—Y@a#®& NanoSuit solution h
- £ A 2% lonic liquid
- AP FEIEEPRERATEMEH AL A —

N TEM specimen holder for observation in gas or liquid

)

(2) BF#R GRZGTHER) THERIHID.

Damaged by electron beam irradiation.

{- EEFRESHRER EBHFE 2 AV -ERAN }

jtﬂﬁ% |
Escherichia coli 23

Low dose recording and image analysis using machine learning
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GCZEEIT

1. €7/ AFORFEINDOEREEGSRE : 30T 2 VILnfiEE, 3858fps.

Observation of atomic arrangement of gold nano particle:3D Tensor decomposition, 3858fps.

2. JLERSHT : RO

71 Lag,

% RAe

Z1/10~1/1001Z % .

Elemental analysis:temporal resolution 1/10~1/100.

SBDAHE

)

1. BEFEMREESERIVEL—2ZHESE.
Too4 VESEYEMRT AT LZEBE.

On—-line high—speed dynamic observation system, by combining TEM and computer.

2. B - fREK - FEAKGZEDICHEHAL

Application to batteries, catalysts, semiconductors.

3. EFFHMOKDEFEZH S

Prevent evaporation of water.

REFIR=E

B[R Z AT CEE OREMRE.

Denoising of low electron dose images.

EREEZFES-RETOERMMS A TBREZBET L

Observation of biologically active specimens.

( RERERTEE i

S/TEM with aberration correctors

74 XD Eig
i

Sr map

# BEPEBEVIrIIT7EMAL:

\.

7 A REFHER
Denoised images

\
BgEEaEa1—4—

High-speed computer
ing software

with machine learnin,

~

~IN d

1 ms for TEM
33 ms for STEM r




The End



