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As a collaborative research and educational facility, a couple of high-voltage electron microscopes (hereinafter
referred to as HVEM) and various microscopes have been established at the Laboratory of HVEM of Hokkaido
University. Since then, we have been supporting nano-analytical studies on surface and microstructure of materials.

First, early in 1998, we introduced a multi-beam HVEM equipped with a double high-energy ion accelerator unlike
any other in the world (ARM-1300), then developed an advanced laser HVEM integrated with a pulsed-laser oscillator
(Laser-HVEM) in 2007, and finally appended a laser irradiation device on a multi-beam HVEM to develop a
multi-quantum beam HVEM in 2014. Therefore, we expect that our facilities will contribute to extremely unique and
advanced research from the viewpoint of quantum beams of ion, electron and various optical quantum beams.

For the 2 research support projects, “Nanotechnology Platform/Microstructural Analysis Platform” and “The Phase
II of Inter-University Joint Research Centers of HVEM”, we provide support services by using the above mentioned
equipment to more than 100 researchers per year now in environment, energy and life-science relating to
green-nano-life science.

In order to achieve our facilities’ mission and further development, we still need broad public support. We hope
that you take advantage of our world-leading facilities and research supporting systems, and greatly appreciate your

further guidance and encouragement in the future.
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A Common Facility for All Departments of the University
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The multi-beam HVEM is a system consisting of 2 ion accelerators (300kV and 400kV) and a 1300kV
high-resolution electron microscope with a point resolution of 0.117nm. Thus, we are now able to ionize and
accelerate different ion species, to implant single or complex atoms simultaneously into materials and even to observe

in situ their resolution at atomic level for the first time in the world.
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The Laboratory of HVEM participates in "Nanotechnology Platform"(project No.12024046) of the Ministry of

Education,Culture,Sports,Science and Technology(MEXT), and we will improve the joint-use system of the facilities,

promote mutual network systems and support nanotechnology research involving high-voltage electron microscopy.
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sims VI FE—LBEEBFEME JEM-ARM1300

= === Multi-beam Ultra- -High Voltage Electron Microscope

P ARy Specification
MIGEE T Accelerating voltage : 1250kV (max 1300KkV)
B4 fEBE  Point-to-point resolution : 0.118nm

p{iE%EE Attachment

—HilifEiR} L4 —  Double tilt holder

JNZE )N 4 —  Double tilt heating holder
TRIREZBHIFILY—  Double tilt liquid nitrogen cooling holder
300KV A A 5#EE  Ion accelerator (H+, He+, Ar+, Ne+)
400kV A A n# s Ion accelerator (Ti+, Ni+, Fe+, Ag+)
L—+—(HeCd / YAG / 7= MD)

Laser equipment (Continuous Wave He-Cd laser/Nanosecond pulsed

YAG laser/Femtosecond pulsed laser)

pEH® Primary use

oy TR RE R R - 1% TR D Bl%E

Observation of ultra-high resolution structure image and lattice image
JEREEARL D Bi%E

Observation of thick film sample

BN, v KSR Z D15 815

In-situ observation of microstructural change during heating/cooling processes

AF v L —H —E RS Z D #ls

In-situ observation of ion implantation/radiation damage behaviors
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Additional laser irradiation equipment

Femtosecond pulsed laser/Nanosecond pulsed laser/CW He-Cd laser
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Ion beam/laser beam deflecting port

L—4 — U2

Drawing of newly installed Laser irradiation equipment
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High resolution TEM image of Si single crystal

High resolution TEM image of Au single crystal
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mmmm Pulsed-Laser Equipped High-Voltage Electron Microscope

PANRwY  Specification
fIEEEHE  Accelerating voltage : 1000kV (max 1300kV)k7
T-4yf#HE  Resolution : 0.20nm (side entry)

P fIEHEE Available attachment
“ifilifEAI AL 4 —  Double tilt holder

JN#EE )L —  Double tilt heating holder

5' Iﬂﬁéiﬁﬁﬁﬁﬁ 71’\)1/7\ — Piezo driven indentation holder
YAGL —#'— Nanosecond pulse YAG laser

»ELR®E Primary use
JEREURE D B 5%
Observation of thick film samples

AUEHIN B 2 D 558155

In-situ observation of microstructural change during heating processes

ETPRAHRGER Z D8 #l%

In-situ observation of electron irradiation effect

JEH TR B 2 DY 815

In-situ observation of deformation behavior under applied stress

AR =¥ gV AR—R

Operation space

L—H =& AT A

Laser irradiation system
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Titan G2 60-300

mmmm Cs-corrected Scanning Transmission Electron Microscope  ¥3/72/uy =79y 74 —L3iBEckhiEA

FEI COMPANY

AR =¥ gV AR—A

Operation space

»ANRv%Y Specification

MIEEH  Accelerating voltage : 60kV, 80kV, 200kV, 300kV
TEM%3fi##E  Resolution : 70pm (HI3# & E300kV)
STEM43fi##E  Resolution : 70pm (JIZEFEE300KV)
XFEG%?%(%@EFE%?(@) Field Emission Gun

b IEHEE Attachment

ZHififEA AL 4~ double tilt holder

&S 974 —HILY—  tomography holder

4=V TIANY—BIE /) /aX—%— monochromator
WL 5% - HGCR BRI A A

Double spherical aberration corrector

Super-X EDS system (4 separated SDDs)

GIF QuantumER

»E72FH%® Primary use

D RRER D B%E

Observation of high-resolution lattice images
CBED. 7/ E—A[ml#T

CBED and NBD analysis

EDSIZ X BB~ v Ev

1D/2D EDS mapping

EELSIc X 28 - IRENIE

Measurement of electronic state by EELS
IINF—=T74NFICKBILHR Y EVS
Elemental mapping by energy filter (GIF)
BTN ES T 74 =122 ZRICHIER S

3D image reconstruction using electron tomography
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iRFA 200kV ZBREFEMEE JEM-2000FX

T
amms 200kV Transmission Electron Microscope
P AXRw%Y Specification

TR EE  Accelerating voltage : 200KV

i T4 fABE  Point-to-point resolution limit ; 0.28nm
T fABE  Lattice resolution limit ; 0.20nm

piFEHEES Attachment
IRV — o B X B e o

Energy-dispersive X-ray spectrometer (EDS)
CCDA A7 Camera

»E/LR®E Primary use

WIALET - B B P (R 8152

Observation of bright-field and dark-field images
R RRERS R OBILE

Observation of high-resolution lattice image

EDSIZ & 2 # Nkt 5 oo

Compositional analysis by EDS

=axn FIB MIT3RE JEM-9320FIB

mmmm Focused lon Beam System
P AXRw%Y Specification
Galgik & JEmA A )i  Ga liquid-metal ion source
HN#EEE  Ton Accelerating voltage : 5~30KkV
f¥  Magnification : x50 (Low mg mode), x150~x300,000
R4 fiREE  SIM resolution limit : 6nm (@30KV)
A —AEF Beam max. current : 30nA (@30kV)
TEMiBHHA Py M) —a=FX—F AT —
Tip-on (TEM compatible) side entry holder
PV TRBA =S AT —
Bulk sample holder

»E/LA®E Primary use
175 36 Y 1 WA T SR I

Preparation of thin film sample for transmission electron microscopy

SIM G 8izE

Observation of SIM image
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EFSE 200kV EBBEFIHEME JEM-2010F

== 200kV Field-Emission Transmission Electron Microscope

pANwY Specification

TR EE  Accelerating voltage : 200KV
FET$L Ilumination system : ZrO/W FEG
B4 fEBE  Point-to-point resolution limit : 0.19nm
T fABE  Lattice resolution limit : 0.10nm

pTEHEE Attachment
TER TR L —

Double tilt analytical holder

IV F — o BOMEXHR T e dE
Energy-dispersive X-ray spectrometer (EDS)
BT RLX —HR0E

Electron energy-loss spectrometer (EELS)

e A BRI S B

High-angle annular dark-field (HAADF) detector for STEM

»E/A®E Primary use

B fRRe R DOEIZE  Observation of high-resolution lattice image

CBED.J}/ Y —A[E#F CBED and NBD analysis

EDSIz & A #ifs/ NMESA R T~ v Y2 1D/2D EDS mapping
EELSIZ X 288/ N FEIR B - IREEHI%E  Measurement of electronic state by EELS
INF =740 F Ik BIuE~y Y Elemental mapping by energy filter (GIF)
HAADFZH\7-Zav 7 AMROEUS  Z-contrast imageing by STEM-HAADF

sann BSPETEEBEFEMIE JSM-7001FA

EEEN
mmmm Scanning Electron Microscope =

P AXRw%Y Specification
NGB Accelerating voltage : 30kV

P EEE Primary use
TREA R E I LRI B
Surface observation by secondary electrons and backscattered electrons
EDSIZ & % i/ NS o3 b
1D/2D EDS analysis

EBSDIC X & 55 7 fAT

Crystallographic orientation analysis by EBSD system
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abrication of high strength materials using ion irradiation
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HR-TEM and filtered image of non-equilibrium precipitate/matrix interface

Reversible Phase Change

electron
Amorphous| ~ heating irradiation [ Amorphous
Phase 593K 110K > Phase

Irradiation time

0 min 3min 8min 20min

BIEENC X 2 IR T O 7 BV T 7 AL

Effect of electron irradiation on amorphization of non-equilibrium precipitated phase
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FeM & 1EA Ar A EA
Fe ion irradiation Ar ion irradiation
TEM bright field image = TEM dark field image TEM bright field image ~ TEM dark field image
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Microscopic martensitic phase on SUS301 induced by Fe and Ar ions irradiation
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surface =——

Now it is possible to manufacture materials with
different structures of phases and atoms by using the ion
accelerator equipped on multi-beam HVEMSs, while it is
not obtainable by existing techniques. For example,
implanting various metallic elements to aluminum alloys
by ion implantation disperses nonequilibrium phase
deposition finely, and thus it can fortify only the ion
implanted layer.

Also, it enables to form a hard martensitic phase on
the stainless steel for the construction industry.
Therefore, we expect that this new surface modification
ZRREFH D W TEM 14 technology will create further applications in the future.

50nm

Cross-sectional TEM image of phase transformation

H. kinoshita et al., Mater. Chem. Phys., 81 (2003)
Dwi Gushiono et al., Mater. Trans., 45 (2004)
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smmm HRTEM/STEM observation and EELS for material development
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HRTEM and atomic model of Pd/Zn0 interface
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Atomic structure of Zn-terminated interface
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Interfacial chemical bonding state analysis based on ab-initio calculation and EELS
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(a) Model (b) Simulation (c) HAADF
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HR-HAADF and atomic model of Ca-doped « -SiAION
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Multi-slice simulation electron propagation behavior in a -SiAION
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Due to the miniaturization of devices in recent years, it is essential to carry out research and development of
advanced materials for their atomic structural evaluation and chemical bonding state analysis at sub-nanometer scale.
For this purpose, we carry out analysis of advanced device materials by combining a multi-beam HVEM and various
analytical electron microscopes.

For example we have observed directly atomic structures of metal/ceramic interface under multi-beam HVEM and
also found out specific electronic states at the interface by a combination of electron energy-loss spectroscopy (EELS)

and first-principle electronic structure calculations. In addition, we have clarified the dopant distribution of advanced
ceramic materials by using the spherical aberration corrected STEM and the multi-slice simulation technique.

N. Sakaguchi et al., Phil. Mag. (2008)



VIFEFE-LRRZERLICY IS aL—2 a v REER

Simulation irradiation experiment in multi-quantum beam environment
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poH  (cd) L—P—REDRIE N TEFRIRS (e L— Growth of holes aggregation by laser irradiation in stainless steel
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Void formation under laser-electron irradiation. (a) electron irradiation. (b) laser
irradiation. (c,d) laser irradiation followed by electron irr. (e) simultaneous laser
and electron dual-beam irradiation.

L —H—)t & EFHRE Laser and Electron Beam

19984 A AV AIEHER 215 &2 Wik L 72 )L F- &' — Lt 5 8 - AR & B JE L 2007481213 R0 VAL —
F— W 7L — — T B (L-HVEM) 2 BA%E . & 51220094E 1213, A A vk g GRRHIR
W22 T 0 N — ) I VAL — W — BB 2 A 7oA A v - L — — RS R B O B Fs 2 i LT
FLA BTERRARECH AL —F — - BHTH - A A v D3R TFE— LD F ¥ — LB E & T HMsED
FEUC 2 EDTOET, 2K 74 (L= =) L 7RV (B T) N Fav (f4) )
TRTCOERFROREBRCE T, ZHUTK)  INFETIT AR Do 77 v < it (BRETE) . R— &8 b
T AFVORTE— LA AT MBS BRBE O R 77 A2 IR SN A EHE G B &b ]
RETHY X T, BT BEMBTFERE L LT T/ FEISIEEIC & B 2 D FERDSFIRFICA T 22 720 | i R ] - e 22 ]
SRBEFRNTIC K B ) =2 F ) T 7 - TR X — DI EfEES I S £ T,

We developed a multi-beam HVEM connected with 2 ion accelerators in 1998. Subsequently we developed another
HVEM with an integrated short-pulsed laser in 2007, then developed a single ion laser radiation device equipped with
an ion accelerator whose vacuum chamber had a short-pulse laser unit in 2009. Currently we have accomplished to
install a multi-beam HVEM applied to the 3 quantum beams (laser, electron and ion). When we operate it, all the
representative elementary particles, namely photon (laser beam), lepton (electron) and hadron (ion) will become a
complete set. Thus, we will be able to implement simulation experiments, which we could not do before, such as
dealing with damage materials exposed to high temperature plasma in a nuclear fusion reactor where gamma rays
(electromagnetic radiation), beta ray and neutron/ion beams are coexisting and competing. Since it makes us possible
to conduct a nano-region observation and an in situ observation simultaneously under electron microscope, we can
expect further research promotion on high time and high spatial resolution analysis for green-nanotech-energies.

Z.Yang et al,, Sci. Rep., 1 (2011), Sci. Rep., 3 (2013)
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Ion and Laser multi-irradiation system
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SEM images of before and after irradiation. (a) non-irradiated. (b) After ion-

irradiation (c) After laser irradiation (d) After ion and laser co-irradiation.
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It has become clear that simultaneous irradiation with ion and short-pulse laser can be applied to create
nanoparticles of noble metals. Therefore, our HVEM laboratory proceeds to investigate the mechanism of new
nanostructure formations by a combination of the ion accelerator and the short-pulse laser.

Ruixuan Yu et al,, J. Appl. Phys.,, 115 (2014)
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Research and Development for Composite Materials and Opto-Devices
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In recent years, it has become possible to obtain new functions and strength of materials by nano-sizing of their
crystals and controlling their microstructure at nano-scale level. However, the mechanism of the strength is still mostly
unknown, and after the specimen test, we still have artifact problems on the specimen resulted during its preparation.
Due to this, we promote research and development of composite and opto devices; e.g. we have developed a holder for
an in situ breakdown behavior observation and in order to acquire its sub-micro loads or dislocation curves.

T. Shibayama et al., IOP Conf. Ser.: Mater. Sci.
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Custom built nano-mechanics piezo driven holder for in-situ indentation testing (Left),

FIB processed miniature sized DNS type testing pieces for shear strength evaluation of fiber reinforced composites (Right)

%ﬁb SHIELEZOHBRT ST 4w 7A=Y —A VX =T 2 —A
Z DY TEMIG (F5)  Z OB TEMBISHGE AU 7 far s /28 Al ()

Graphical user interface for in-situ observation TEM image of after in-situ test (Left),

TEM image of in-situ observation and synchronized load/displacement curve (Right)
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Appllcatlon of Multi-Beam HVEM for Biomaterial Science
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Since the multi-beam HVEM accelerates electrons, the wavelength of electron is very short. Consequently it gives high
resolution images and makes electron beams transmit easily through the sample. In particular, when we observe
materials that are weak against irradiation of electron beams, such as biological materials at high resolution under a
conventional electron microscope (accelerating voltage 200kV), the sample is damaged by electron beam heatings. On
the contrary, we can observe such materials at atomic level without heating by using the multi-beam HVEM.

N. Sakaguchi et al., J. Elec. Microsc.. (2008)

tooth enamel :

(97% hydroxyapatite)

N VB ORI & 07070 & W7z 0 iRRETEM B

Microstructure and HR-TEM image of human-tooth enamel
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Bright-field and high-resolution TEM images of carbon nanotubes embedded in subcataneous tissue




A EIRS

cnF /T T5y N7 A—LEE /Usage guide for the use of the laboratory (Nanotechnology Platform Project)

FITo/aT—=T 5y b7 —LEERFM L, YR ORG 2 CHAREENSHIE. LUNOFIETEH LiAH
HEFT XS BANNZLET,

Any personnel intending to use the equipment in our facilities for Nanotechnology Platform Project must follow the following procedure:

1. F/75/0aY=75y b7+ — LR EZ T/ 7 7 dEEERIC RIS S0,
FEIE NGRS/ T/ a Y =TSy F T A= LY 2 T YA b IBRTEE N,

Please submit a complete application for the facility usage to The Office for the Nanotechnology Collaborative Research.

Please see the details on the website: http://www.cris.hokudai.ac.jp/cris/nanoplat/

2. FIABEEOREY (ZUHTYRZ HHDIT) / Submission of the form for use of the facilities ( for the first-time users)
FIRA LS SR PRSI EREZ A D I, BEEE FEMEEEACRIEE S0,
(G AR ISR RS O THRIDRETY,)

Please submit an application form to the Laboratory of HVEM. (NB: the form must be submitted every time prior to usage)

3. A FIH %Y / Booking for the use of the facilities
FIFRHEER, BRI AT, FEAABNE HREZBHSE 2T,

Please inform the person-in charge via phone or e-mail about your booking (which facility to use, date and time) after the submission of the form.

S 2 111:: % Usage guide for the use of the laboratory (general)

— MR DT Y i O Z CRARLEE NS 751, LTOFIHTHEH UARHEXT LI BEALWIZLET,

Anyone intending to use the equipment in our facilities must follow the following procedure:

1. FIFAHGEEORH (XU TYAERRZ CHIFDJT) / Submission of the form for use of the facilities (for first-time users)
FIAREE GFHREFICOREREZLAD b BEEEFEMBEEAN TR <2 E 0,

Please submit the application form by e-mail to the Laboratory of HVEM

2. ZmFIH % / Booking for the use of the facilities
FIFHRGEER, Eai R 7E A=)V T, WERHRN L B2 B8R 5E <RE W,

Please inform the person-in charge via phone or e-mail about your booking ( which facility to use, date and time) after the submission of the form.

= FIFARIE /Fees

TR e o B0 2 P 1 D A R o P A R Web U B 2 I < 728 W
URL : http://labs.eng.hokudai.ac.jp/labo/HVEM/
Please refer to HVEM website for usage fees for other related facilities.

URL : http://labs.eng.hokudai.ac.jp/labo/HVEM/english/

= = FIFBEF/0pening hours

H~%EH @22 HERL) / Monday to Friday (except public holidays) 9:00-17 :00




User's Guide and Access to the Facilities

i POEAN YT /Access map
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P 22 ~]JR FIJFH / From New Chitose Airport by JR trains

WIT Rz 5 PORT 7 R — M RH U, ALIRER R,

T D%, HTRSRALIREU 5 rdtAsR A T S ICRE L. b 12 5B
JE18SER T e, M FERBREK D 15K 105 (RKIE LIKIZIR)

Travel to Sapporo Station by Rapid Airport train. Then, travel to Kita 12
Jo or Kita 18 Jo subway station of the Namboku line. It is a 10 min.
walk to the Laboratory of HVEM. (Please see the map.)

P NZHIF / Asm LRI % C) U AR GET 59
RTFNVET)

Buses from New Chitose Airport/

By Hokuto Kotsu Bus: Get off at the South Gate of Sapporo Station.
By Chuo Bus : Get off at Keio Plaza Hotel.

INA T, HENERALIRER D 5 rAURRR AT SIS RE L, Jb 12568

XIFIE18 ZBU R HL, M REBR K D 49 10 796
After getting off the bus, take a subway of the Namboku line from
Sapporo subway station to Kita 12 Jo or Kita 18 Jo. It is a 10 min.

walk to th Laboratory of HVEM. (Please see the map.)




Target chamber

View port
X-Y scanner
Deflector

Selector Magnet Accelerator Ion source

Magnetic quadrupole Lens

High voltage terminal
Electric quadrupole Lens

High Voltage Electron Microscope
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