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Just after the Second World War, electron microscope
was first introduced to Hokkaido University and the
metal physics research has been started using the electron
microscope. Now days, electron microscopes are widely
used from material science to life science as an important
research tool for atomic scale analysis.

Many efforts have been done to develop higher spatial
resolution by increasing the acceleration voltage due to
shortening the wavelength of the electrons during the
20th century. In the 1990s, the highest point resolution
of high voltage electron microscopes (HVEMs) with top
entry type specimen stage with an acceleration voltage
of 1250 kV introduced in the Max Planck Institute in
Germany and the University of Tokyo reached 0.1 nm.
Recently, Cs corrected scanning transmission electron
microscope (STEM) has been successfully developed and
it’s point to point resolution is reached less than 0.1 nm
easily.

However, HVEM has advantages that high energy elec-
tron can penetrate even a thick specimen, has high poten-
tial for in-situ observation and operand observation. In
this review, we would like to introduce our multi-quantum
beam high voltage electron microscope in Hokkaido Uni-
versity and demonstrate inorganic nanostructures forma-
tion by the combined irradiation (ion beam, electron beam,
laser light).

Keywords: high voltage electron microscope (HVEM),

ion beam, laser, in-situ observation, nanostructure

In-situ observation of inorganic nanostructures by combined ir-
radiation (ion beam, electron beam, laser) using multi quantum
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Figure 1.
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Multi-Quantum Beam High Voltage Electron Microscope
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Table 1.

Specifications of multi-quantum beam high voltage electron microscope.

Properties

Multi-Quantum Veam High Voltage Electron Microscope

Accelerating voltage
Resolution
Maximum magnification

Specimen holder

Image acquisition and processing equipment

Upto 1250 kV

0.0118 nm (Point to point resolution)

1 Million

Double tilt holder, Double tilt cooling holder (Liquid nitrogen),
Double tilt heating holder (Up to about 1000 K), Single tilt holder,
Nano mechanics joining analysis holder (Piezo driven equipment)
Digital imaging: CCD camera (Gatan ORIUS),

Analog imaging: Electron microscopy film

Properties

Ton accelerator

Accelerating voltage
Ion source
Typical beam current

Speciman temperature

Up to 300 kV (Southern line), up to 400 kV (Northern line)
Freeman type

HJ, He*, Art@100 keV: 10 pA, Fe* @100 keV: 1 pA
From 100 K (Liquid nitrogen) to 600 K (Ohmic heater)

Laser system

CW He-Cd laser

Nanosecond pulsed laser Femtosecond pulsed laser

Model IK3301R-G-SO Inlite-1I1 Integra-C
Manufacturing company KIMMON KOHA  Amplitude Quantronix
Wavelength and repetition rate 325 nm, CW 266, 355, 532, 1064 nm, 2—-10 Hz  about 800 nm, 1 kHz
Power and pulse width 35 mW, CW 20 mJ, about 5 ns—7 ns 3.5 mlJ, about 100 fs

BEHn, REZEE2ZITICTALLEEDNS,
BIfE, BUROEREIHTREOF Y TEZI T, Ehns
HHTE 2 L) ICBEAMBEHEZH#ED TW»W5, Table
2, EEERTE— LS HE SO S o b
WOWTHHHEICE L D7D T, 2B Z2HED 5 \»
FEHET 2D S E I S ko,

3 HERH (r1AYE—L BFR L—Y—) L&
BT /BEDE & Z DIHEE

BEEITEFHEMEEE, | MeV EEoEVWEFOL
FOVF=IZE DAL ZETFOMEH L 23RO

UG 2T IR 2 200, HRHETHE TS H
%mmﬁﬂ%%ﬂbf%@%ﬁﬁﬁ%&f&%ﬁ%%
THD, —J, EOBEFED S NN E T D 1 EK
ﬁk%ftfi%ﬁﬂuﬁﬁﬁ%#%@ﬂﬂui%l
FUFXF=DNhE 0k, &L AEEGEERL TS
L2 EDHRETH D, F72, B 100keV DETILEM
T3 2 EDPHRBWEVEERR T2 AT L BEET S

52

ZEDTHRETH A Z Lo, ity ) RTFDary o
IUREIE > N D 2 722 TERE 1 D o Tl R R E R I i
K9 % artifact Z ) CHIZE T2 2 L DHHETH 210,
8 F IR O B I 1, PR E R LT
AR LT AEYRR 2 S §25 2 L b eI S
7o B3, BUEIZEY)IC BB U CREE U 7 5kt 2 @22
THIEDBINTH 5. L, SiO, B+ SiN =% F
U 72 R B A2 L 12 23WFFE Z HIEL O state of the art
DEBE D S WO R BB 14T L, 20 E <& g

T2 ELMMICAT S22 LA L o7 Ll
RIS, EEMEHEEZ LS & 9 g3k

WlitgH T 5. FLU < SIN 2R L Tk %z g5
B R TN E R OHHICHRGE S N iR E A
LIV EAT B ILY — bR 1UR O 72 D3I I El
TS TS 2 2 L I3H L WIRILTH 51419,
Z 2T, Ry © T IS I ICHL D fiLod 2 5
e LT, BUETIRE LT\ 5 SiN ZRHEA Si 27 v
FEELREOY CHEEZHRARD 2 K X 2% 2
(LRI R < EHE L 2B RO b2 v X 2iAa03%

ma R AL F



BEEETFE-LEREBTRMRZAVCESRNICK 2EE T / BEDTR L DIHHRE

{BINT0E, x b, ZofSBORE 2K
KE ZnO 7/ RTEHALT, HARTE—LEE
JEFE T WA % FH T 325 nm O RRIRE MR L —
P—% SINEZEL THREL, ZONEREORET-%
FLRVTEIEET 5 2 L Iclh L7 (Fig.2) 19, gk
YIrEER T dh 5 TiO, 1%, it L ToRtEE2 6T
DI LT, ZnO 1, ACERT 2720, St
L CIRRRICHIRA D - 7208, WicZhnzHHT %2
LTk, RuOEELZGIHE L <, iz diflicd 3
L ko TEABERER I LS T4 ATV A &
ENIBH T 2ZE LD S TWn 51D,

ZNTIE, AEOEAIRE (A 4 E—24, BT,
L—H—) X 28T/ BIEDOTEIR & Z DB #iEEIc
DWTHIRS Z EIcT 5, Wi /G L%, My
NV DOERIGTTE—F — DR H T %/ ik
ZHBEY (FaT) Tldnl, &0y R L
BYWECE-> b D% 3§, EWikEhic &L > T,
ALV X —E L, JEHERELIC X 2 5RO
FEDYT A =DM nTz0, 120 kV-200 kV D
UM R L CTEAICH 28, BRSO G
BHZW L TlE, s VX —FBFICL 2T OMEH
L3, T & EAoBEERIC X DB T
2 22 (void, BA F) RETRIE 12 X D iiE
DB T 5. ZOBRE &L AR LT,
7 SRR S TR RIS & & I 5 MBI O BT
KB RNE o2z 2 2L —v a v T 35
231960 FAUCTRIB I 41, EINTIE 1970 FFERICIH £ -
72, 1980 4EfRICIE, A & ISR 2 S L a2 v
¥F—EBIICk2MEBLBGLZ I TR, (0, a0) Kk
2 X B TA U 5 He SR IGIZEREIC KIET
FHRDBRLZICHS > TE R, 2, [EFo
EIVAEHNE & A LG He ZEKICA AV HEAT S 2
XD T 2 He ¥ ¥ E7 14 (cavity) 2322 fLEA
KDORAL FIERZMR T E 2D, He BFEEL LWV
AL T, FAEFOMEH LEEIEL TwE
BT, He ¥ v ET 4 DBEEDEL ZDY A A0S
INEWZ EDBHSNIIR Y, Xy BT 4 REAE
HERDRA FDIBET 5 & MELO R ZEL T
21200 Tm L, MBOREDES o, FEFICTE
FEEE DS O SR ORI & > TR IR B
SIRMEIERFICIFATE RS R 225, JithA FA
T2 VT OWTHRDI R INT 5,

DI, EIRVXF—FBIFEAAVIEAILED
R T EMEBE D52 VIOV TIEY S 2
L—>avd 32 LDTARETH DD, HfLzFRE L
7255 FVIZOWLTIRE WIS F LN FET

%107 5 (2019)

Figure 2.  In-situ high-resolution TEM images

showing the fabricated ZnO specimen in TMPA-
TFSI ionic liquid, revealing photocorrosion at
the atomic scale.'® (a), (b) High-resolution
image from the [1-10] axis at the tip of a
ZnO nanorod irradiated by an electron beam
at 2 A/em? for (a) 0 min and (b) 30 min.
(c), (d) High-resolution image of the tip of a
ZnO nanorod irradiated by an electron beam at
2 A/cm? and by a 325 nm continuous-wave laser
for (c) 30 min and (d) 90 min. (e) TEM im-
ages of a ZnO tip before and after irradiation.
The broken line indicates the initial shape of
the ZnO crystal, dividing the image into ZnO
(with lattice fringes along the [001] direction)
and TMPA-TFSI (with an amorphous pattern).
“J. Ishioka, K. Kogure, K. Ofuji, K. Kawaguchi,
M. Jeem, T. Kato, T. Shibayama, S. Watanabe,
AIP Advances, 7, 035220, (2017); licensed un-
der a Creative Commons Attribution (CC BY)
license.”
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Figure 3. Void micrographs under different ir-
radiation conditions. (a)—(e) electron irradia-
tion; (f)—(j) electron irradiation after nanosec-
ond pulsed laser irradiation; (k)—(o) Nanosec-
ond pulsed laser and electron simultaneous ir-

radiation.
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Figure 4. Optical micrographs (upper sections of each panel), planar SEM micrographs (middle sec-

tions of each panel), and typical bright field cross-sectional TEM micrographs (lower sections of each

panel) of (a) thermally annealed sample, and 100 keV Ar* ion irradiation of post-annealed samples to
fluencies of (b) 9.5 x10' cm™2, (¢) 1.9 x10" cm2,(d) 3.0 x10"> cm™2, (e) 4.5 x10" cm™2, and (f) 6.0
x10' cm=2.2Y “X. Meng, T. Shibayama, R. Yu, J. Ishioka, and S. Watanabe, AIP Advances, 5, 027112
(2015); licensed under a Creative Commons Attribution (CC BY) license.”
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