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SUMMARY

1. Title

Installation of an Ultra-High Voltage Transmission Electron Microscope

II. Object and Importance of R&D

The main object of this national project is to install an advanced ultra-high
voltage transmission electron microscope (UHV-TEM), acceleration voltages higher
than 1 MV, at the Daeduk headquarter of the Korea Basic Science Institute (KBSI).
The instrument will be used not only as a national user’s facility in the fields of
basic and applied sciences, but also as a key facility of a world-class electron
microscopy center in future. Early in the 21th century of increasing international
competition in technology ever, this new instrument is expected to provide national
researchers with advanced analytical capability in core NT/BT fields such as
atomic-level analysis of next-generation nano-scale semiconductors, 3-D structural
analysis of large cells like neuron, in situ study of new materials and their
properties, and development of extreme materials utilizing its high—energy electron
beam and ion beam (attached in the future) as well. This advanced analytical
capability hopefully contributes to drastic enhancement of national research products

and compatibility.

M. Content and Scope of R&D

(1) Conceptional design of the instrument, decision of the specification, and
confirmation of the manufacturer had been carried out during the first year of the
project. The conceptional design of the main body was focused on how to utilize its
high resolution, high penetration power and high energy of UHV-TEM, while its
specification mainly involved in selecting optional functions and accessories which are
useful for diverse research fields. Confirmation of the manufacturer followed the

formal institutional process. Conceptional design of the EM building and auxiliary



facilities which guarantee the best performance of the instrument was also carried
out.

(2) Detailed design of the instrument had been carried out during the second year
of the project. In cooperation with KBSI, JEOL headquarter (Japan) charged in design
of the main body, Gatan (U.S.A.) charged in design of the main accessory, imaging
energy—filter (HV-GIF), and JEOL U.S.A. charged in design of the remote control
system. KBSI developed a precise tilt/rotation controller in order to reinforce the 3-D
function of the instrument.

(3) Manufacturing and factory installation of the instrument had been carried out
during the third and fourth years of the project. KBSI continued to up-grade the
precise tilt/rotation controller and develop a dry pumping system which is necessary
to use the special specimen holders properly. On the other hand, construction of the
EM building was carried out during these years using a different budget from the
Korean government.

(4) KBSI installation and performance test of the instrument had been carried out
during the fifth year of the project. After final assembly and performance test in the
JEOL factory, the instrument was dissembled, packed and transported to KBSI
through the Busan port. Re-assembling of the instrument was carried out inside of
the new EM building. Various auxiliary facilities were constructed during the
re-assembling time. Final performance test of the instrument as well as operator

fraining was carried out.

IV. Results of R&D

The main purpose of the project to install an advanced UHV-TEM, acceleration
voltage of 1.3 MV, at the Daeduk headquarter of the Korea Basic Science Institute
(KBSI) has been achieved. Compared to the UHV-TEMs recently installed in Japan.
Germany and U.S.A., KBSI instrument has five characteristics listed below:

(1) Atomic resolution (0.12 nm) together with high tilting (+60°) capability:

This is a new function capable of 3-D structural analysis of inorganic and organic

materials in atomic level. During the performance test of the instrument, it was



possible to obtain atomic images of Si in [110]-[100]-[111] orientations from the same
area. In terms of resolution only, UHV-TEMs installed at the Tohoku and Tokyo
Universities in Japan, and MPI (Max-Plank-Institute, Stuttgart) in Germany, for
example, have better resolution of 0.10 nm, but their tilting capability of about +40° is
not suitable to do 3-D structural analysis. It is expected that this unique function
facilitates advanced national R&D for the 21th century, such as evaluation of
nano-scale semiconductors in complex system and brain-related researches, which are
currently key subjects among the Frontier R&D Projects in Korea.

(2) Attachment of an advanced imaging energy-filter (HV-GIF):

The energy-filter is effective on imaging of low contrast specimens, especially
biological ones. In addition, because of its capability in chemical analysis, chemical
mapping and electronic structure analysis of the specimen, it is useful to study new
materials consist of light elements or bio-materials. The HV-GIF attached to the
main body is a newly developed system whose functions are superior to those of
MPI in Germany and NIMS (National Institute in Materials Science) in Japan. It was
possible to do atomic imaging of Si using even the plasmon-loss peak. In this case, a
new way of distinguishing atomic species through direct imaging may be open if
quantitative work is accompanied. This important function will be intensively
examined during the test-run period of the instrument.

(3) Various specimen holders for in situ study:

Specimen holders for wide range of in situ cooling and heating studies (liquid
helium temperatures ~ 1500°C) as well as in situ straining studies have been
prepared. The low temperature holders are necessary to study protein structures and
superconducting materials among others, while the high temperature and straining
holders are useful to develope new materials and processes through examining
material properties and phase changes at high temperature. During the performance
test, it was possible to obtain atomic imaging even at 1100°C. A new water
recirculation system was used to prevent specimen drifting during the heating
experiment.

(4) Remote operation:

It is the third UHV-TEM in the world, but the first JEOL UHV-TEM which is



remotely controllable. While two Hitachi UHV-TEMs installed at the Osaka
University and the Hitachi Central Laboratory adapted Workstation-base operation and
their direct operation is impossible, the KBSI one adapted PC-base operation and hoth
remote and direct operation is possible. If the advanced IT system of the nation is
well incorporated with the instrument, this remote function has advantage of
providing large user groups with easy approach, user—friendly operation and easier
up-grade of the system in parallel with rapid advance in computer technology.

(56) IBA (Ion Beam Accelerator) is attachable to the column:

In order to attach the IBA in the future, its connection parts to the main body as
well as the installation space and supporting facilities in the EM building have been
prepared. The IBA attachment is useful not only to traditional fields such as to
develop extreme materials for nuclear and fusion researches at NIMS and Hokkaido
University in Japan, and ANL (Argon National Laboratory) in U.S.A., but also to new
fields to develop new functional materials. Since the KAERI (Korea Atomic Energy
Research Institute) has technology to manufacture IBA, it is planned to expand
application fields of the KBSI UHV-TEM through choosing proper specification of

IBA for national researchers and proper attachment time in the future.

V. Application Plan of R&D Results

(1) The 3-D atomic resolution and energy-filtering function of the instrument
facilitate technical breakthrough in core NT fields in nation such as development of
next-generation semiconductors and new materials in nm scale. In cooperation with
other national user’s facilities, such as PLS (Pohang Light Source; x-ray diffraction)
and Hanaro (neutron diffraction), the KBSI UHV-TEM (electron diffraction and
imaging) carries out advanced structure analysis programs for strategic NT materials
in nation.

(2) The 3-D imaging and structure analysis functions of the instrument facilitate
advanced R&D in core BT fields such as brain researches, protein researches and
new medicine researches. In cooperation with other national user’s facilities, such as

Next-generation NMR (ym-level imaging, live cells) and PLS (sub um-level imaging,

_10_



live cells), the KBSI UHV-TEM (atomic~molecular level imaging, rapidly freezed
cells) carries out advanced 3-D imaging and structure analysis programs for strategic
BT materials in nation.

(3) The high-energy electron beam and various specimen holders of the instrument
together with the IBA attached in the future, facilitate development of extreme
materials and new functional materials. In cooperation with other national research
institutions, such as KARI (Korean Aerospace Research Institute; aero-space
materials), KAERI (Korea Atomic Energy Research Institute; atomic-furnace materials
(KAERI) and KBSI (materials related to nuclear fusion researches), the KBSI
UHV-TEM carries out advanced R&D programs for developing extreme materials
protecting radiation damage.

(4) The remote operation function of the KBSI UHV-TEM introduces a new model
for operation of national user’s facilities in the 21th century, such as easy approach
and usage of the instrument via national and international ultra-high speed network
systems, which will enhance national and international cooperations and research

activities.
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A2 A Aynd RE
LAl 1 A A Aah(1998. 12. 15 ~ 1999, 12. 14)

of 23k FHHAEN A 1R, nFAY 4 2AYA TsE

Foate 5 e EAleh vhekst Reope] &gel ot ¥ 7179 id AAE 3
=
5

1995; 4 Ae5 9], 2000; Horiuchi et al., 1991; Masui et al., 1991;

i)
o
2
o
R

Kim and Kriven, 1991, 1995; Phillips et al, 1994; Takaoka et al, 1997). &% 5+ 7]7]

o] Apere obze} o] aobE el

O 9AEAe) FRE AF B

ok

= .
T A ARRE

- #H2 125 MVe 71EAe B8 714 0] F& Objective Pole Piece ¥ 8.

hiicS

- Z ¥ 5 (point-to-point resolution)e] 0.1 nmel <% 8%
@ AFFHE S o) &3 AAY AP FE ATE T F A ARG B )

- AAAE FHEHol 2 ~ 3 um o Ha; 125 MV oo ke Ha

— 7+A o] W& Objective Pole Piece # &

- £0.1°0)8te] 242 +60°7HA tiltinge] 7HEE STAlRd 28

- AAAN R contrastE: FHAZ F dE EF dEA= R Ha

- A8 4% 9= minimum beam dose system3 beam deflectore] Z2te] H Q.
® nFHEL o3 JEH BA AFE T F e AIY B Hark

- F7IA R Fagel 1 um ol ;125 MV ol & da

~ ZtA o] % Objective Pole Piece 28
2 9 (heating holder: A2 ~ 1500°C ©]4 double tiltingo] 7Hs)
2 2 (cooling holder: A2 ~ AF He &%; double tilting®l 7}5)
2 2 (straining holder: LNz ~ 500°C °]4}; double tilting®] 7}5)
@ mAJRAE o] &3 HWAlE AL A5 T F e Ak

- H2 125 MVl 7p&Agt 2 7hEsid 1.5 MV ol el 7k shol B34

- $AHScanning) 7l &% (STEM)

- FEG(Field Emission Gun)¢] #2Ho] -2

- o] 714 7] (lon-Beam Accelerator)®] #2ro] -2
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® 717189 AE3 2 A9z A @ FHoF e Aok
- A5 E el 7E (automatic column alignment)
- A A D FAol Jb5 (self-diagnosis and correction)
- ¥4 z7&0o] 75 (remote operation)

- QEYl dAZo] 75 (internet connection)

lo
of
)

- EELS #2413} Energy FilteringS & 4 Q& H57)7)9) A3

- A% TV 9@ 31238%9 CCD Camera &%

~ Imaging Plate®] &3 9 sids P2EA A48 S/W % H/W T4
@ ANz FRATe Hash AJdo) )

AR Tx AFE el 2ed ddY) AHEn]

- Cryo-EME st=d 23 @) Alsss) A

F7IA g T ATl BT A

s
+ 7|24 22 twin tank systemo] # &3S slelsleit)

el WBE2 2t FaaAdvd dx - &9 AYe Feldoln &4 £
de sl dAdAn A AEsbE FAE AR L AP A A9 W, AEsE
Aol A n 24U w3 G gAY AREAES FA 7lEHe 4

I
k=1
7hedd vlg EAE ddskdnh o 2w flel A& AL F opHle) AFS EFAITA

- T HScanning) 715 (44, vl 2 7= FA%)
— FEG(Field Emission Gun)9] &3 (H]-& 2 7|2 EA4)
- ol JEEA1 9 A (AFA E Hge BAM 25 23
@F ®F AAFHAL (H§ ZAHY, d5 ditos Fn)
Eot FHIAZAR] JEOLARSE HitachirbZh A3k gu)el B4 2 7]&

<o e gd AHe Fe At ® 379 2

Y
>
ok
b1
1
0
3_&
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ol# g 7|&A Am2 utelo g dlo] At TA(RFP)Z #AAstw A8l w37
A3 5 Tt ® 387 Lol AulA A el MR A4S FHE A QB JEOLAM A
FALE A EAT & 3994 Anle] Fo e 7AEa JEOLARE Alokeh yES o of
=3
#0380 M M4 4 E g% AF 29 (2000. 10. 20 ~ 2000. 11. 22).

o 2f o] & o A & 5 <1 1

1020(2 | NLETAREP) |- 1 A7k o) 2z =YEAN L8 (D FR

AT A1 5] - A9 g =3 A= Hx

- MAs e AgA HE Hee A =3
101 [AlbA A5 wigh| - AAARA 23 na colaaeaE Wi
- 71EAA B Az ma ETETES W
11.02(3F] _
AV( }) Q,]l?—— U-é7}‘?’]% - Z}'%%% %‘ 2?_1 CO]iZT%Q] —“ (7}_/\}_) =& 37
A4 - AR F 29 =wETATUH (AT
11.06(%) = v
_ 7k }3z
g | AGA Azga | T A DAL ol w EYFAN A (AP F
1108(‘%) /‘q‘ﬂil - qug— l—’;—ﬁ}' X}—XHEI} = =
=° - 9 Hrre Y B i
11.09(3}) - 1A wR (HH A o= 3
~ | AR @ |- Asanae Aa, e D R RTEAES F
11.13(E) - A Hrh A9 2o T R oo oEe
11.15(%) A 2
_ - 7tA )% ] .
~ AR E | PR EYFaAedd d=
1L17(5) e A e A HAA A A AR D
1L18(2) - N1eRrt An A%
T EE I R I S =dFeeE Fa
°ene - Ak =7 A HA AA I @z
11.20(E) [
- 2% 47 A3 1A (YR
o . A 5
11.22(8) | Az" A4 |- A dAo) A Bw ColzagaE gz
- TR, AR AR g wa | TR TR R
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¥ 39 An a7Abeka AHl AR A E JEOLARS] AlQEAbar g ok
gt G 5 2T A AlekAkE (JEOL)
‘_‘
D e o ¥HE T <012 mm 0 012 mn (1.25 MV)
s o NYUAE& % <15 eV (LaBg) 006 - 14 eV (I MV)
o Ha 7FEAY =1 MV o 1.3 MV (125 MV)
@ 7tz lo A9 FA L <1x10%/min o DC stability: <1x10 %min (125 MV)
(DC stability, HT ripple) HT ripple: <125 V (1.25 MV)
o EAN= ABHAE: <1x10 Ymin jo <7x10 /min (£,6.3, C.=2.65, Ce=4.1mm)
o 274 A= o A& (10h)

DX X

@ gEd=e}

- =>+60°tilting; <+0.1° %A}
- step scan (2°7+73 o}3h)

- +60°tilting; *0.1°2 2}
- step scan (2°7+4)

ol BN

(
=

D WA R AROYZES | - 10 points (LYZOD
o multi-specimen holder(3% ) 0 4 specimens
o Al E 57 A]; beam blanker, MDS |o (?), MDS 7+&
o ol ¥ FULA & Jte o ®& 7b%
o ¥4 Aol ¥ #A&H7]F o 947 Aol 3 #HFr]B:
- A &34 - A& (JEOL, Gatan)
- 598 Ao (Ea, E4) - AF(EL, 57 B
@ ¥4 o AAEAE/Ad/2H % o 7l (JEOL, Gatan)
AolFal o AREA 7] o AEEA 7%
- B4 /W 71E AT - DIFPACK A8 (Gatan)
- Supercomputer$} A2 7} - 7%
- AR T g4 Ths - AP A FEREA /W A (JEOL)
- 3 w0, R A A - large pit type (H-1.7, V-1.5 Hz)
® 2= - 32 AQqE 2 A A - AE A4
- WRIAA ) A 27 AlA - AR 21 AA
® otA =LA - 2824 9] monitoring system - %2 monitoring system A
]
@ NEFAR |- AFEA 27 - 2374 AA; 5x10 ° Pa (ABAS)
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i
N
=
o~

N

27 A

o =AY

o Energy filter system: #}8]-& (20004}

olsh) iz 7t

A A A

o =2

- double tilting holder:
- tilt-rotation holder:

— heating holder: >1500TC, =IT

o 400x - 400kx (Gatan)

A EAFE (JEOL)

(HV-GIF A Zg: MPIL, NRIM)

+60°/ £45°(JEQOL)
+60°/ +180°(Gatan)
+30° 1500C; powder, disc (JEOL)

® =Wz B | heating holder: =1000T, 2T £60°/ +£30° 1000C (Gatan)
- cooling holder: <I.Ny; 2T 160°/ +30°, LNz (Gatan)
0.34 nm / 5 hours
- cooling holder: <LHe; 2T £60°/ £30°; LHe (Gatan)
0.34 nm / 20 minutes
- cryo-transfer holder: <ILNs; >1T +60°; LNy (Gatan)
0.34 nm / 5 hours
- anticontaminator: <IN, - LNu; 8 hours; retractable (Gatan)
- straining holder: >800C; =1T - £45° 1000°C (Gatan)
VleddE WS
@ 7o) o o)A EZ3 9 AlA 1) 43 know-how o]
T EBaTae 2= owd Ak O
o] 2 714 7] B2 know-how ©] A
A7 &AL
o TN L%, FTA A9 e
0 x4 ) Zled FHAd
o Y eE A+ AAA3F
Workshop A€ (BIO, EF-TEM, FIB %)

@ = w

@ Off-set

Program

o KBSIo %
o KBSl %-

A F-78] A Al
A F Program A A

_‘

AAME A 1A Service™ Al A

=

JEM-2010F/Gatan DigiPEELS
o] &1l 714 7] Interface
3-D Reconstruction S/W
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2. A 2 2= HAlge) AR (1999, 12. 15 ~ 2000. 10. 14)

20009 Bl Aulel AFAAE Askedh JEOL EAtel A aujzha) s gl
gulE mgo stel Al dEHAY FlEe LRl AREAE FHH0R F
Askadck. gulel Ass FAsh=H 2ol s A&A%e KBSl 27l uhet
= DC 7 x 107, AC 48 x

3
107} s B u Awe) P Bad AR F9e Stk 3-D %

>
—
<
>
(@
1
@]
b
ot
o
£
o
%
!
X
el
rir

A H AALYE H3Fo] Goniometer Stage® £ Panele &A3] &4 AAEAc}
AHA AIGA = v GatanAlellA] A FAAE Fastg =Y 71E A8 Optical

System< 7H4d8e] 2nd-order W= 432} 2 DistortionS HA3hatm AAPA 29 2H¢) o)

a3 Auls 22,0008 olsh)o]l FhsstE MAEYTE tEEe] A A g
= GatanAbol A AAE R o 3-D FREA ) F2 AT FFAA A BAAY, 47)9)
Al Aol yhE3d Al B A A i (Multi-specimen holder) % 1500C7A] 318 7pdo] 7}
T ANBAXHE JEOL EAbelA A gAck.  JEOL USAAAN AAE gs
A AAFA = A AdH ez AEs 94 System?l FasTEM System& Up-grade

A Ao 2RAY G 280 BEW /52 Fohse @9 AL o] e

ro

5 vk Axwel]  okg AHS w3Er7] 9F  Beam Blanker 7|53

gulel @4 V1]l 3-D FEEA V1Ee BHAET] giste] VzxdeNE 2R LA R
el REgAE Ak 3-D Ao F2 FEHE FFAA ARAAN] a4
AE Goniometers ARE-3H7] wlitell 9 27k ARk 2} HARE holder AFAS] i HE
B AR wEe] 2447 714 3-D A9, 53] $71A RS 3D Fdele A A

7l Wf# GatanAlel EF-TEMS %44 AmxA el g7t A4be] Adwg 248

7 e Ao AA 9 AFE e

WA G 5ed54dd 44 #Ae JEOLAS #x oy FAH AgE 38
2 ARYee 9 dad 0% dats grsied FEsgn gue] 983 ¢85 ¢
Sl 71=e] EF-TEMS ©]83te] 3-D #4714, oldx o547y, 454 4d4y 2 5
F ANRAEHHS AL5H o7 sPdstgr). du) o 3 #AEE Aue £ A9
=3

A2 Abde A F8 ARs 2ot 3113 2ot
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¥ 311, A 2 z2Adx A A3 9ok
A& a4 F 72 3
.
o 718 AA: JEOLAF A& (FHEA 7 2)
o 5% A4 (JEOL, KBSD:
o]

DC8x 107, AC48 x 1079 kA=

- ZIHGE

DC7x 107 AC48 x 107 IS Egw Al
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3 oA i 8}
i o S KBSI JEOL 24 Hokkaido o} 3! ol s
(2003, 6) . | (2002 11) P (1998)
DC 7.80 x 1077 789 x 107 80 x 107 Spec: 1.0 x 10°
1250kV :
AC 330 x 107 480 x 107 80 x 107 Spec: 1.0 x 10°
DC 625 x 107 6.70 x 107 -
1000V
AC 457 x 107 6.00 x 1077 -
DC 720 x 107 9.20 x 1077 -
800kV
AC 446 x 107 625 x 107 -
—
DC 710 x 107 - -
600k V — -
AC 6.07 x 10 - -
B .
DC 750 x 107 1.06 x 10° -
400kV . -
. X . X -
L AC 6.40 x 10 857 x 10
HEAZ AF A SAHAH
. / : ' S : 51 1
F Lo KBSI JEQL K A HQkI{aldo ] o}
I (2003 6 (2002, 11) - (1998) ;
DC 3.0 x 1077 470 x 10”7 41 x 10 Spec: 1.0 x 10°
1250kV
AC 6.4 x 107 469 x 10° - Spec: 1.0 x 10°
DC 2.4 x 107 - -
1000kV ==
AC 78 x 10 - -
DC 31 x 107 690 x 107 -
800k V
AC 81 x 10 - -
— |
DC 39 x 107 - -
600k V +
AC 1.0 x 107 - -
DC 39 x 107 775 x 107 -
A00kV —
AC 14 x 107 - -
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o FE A % 31690 HV-GIF

Parameters

Specification
(1,250kV).

Chromatic abberation

Test Results
- (1,250kV)

04 <2 Pixel/50eV
(Center)
Chromatic abberation (Edge) 0.85 <2 Pixel/50eV
Distortion (RMS) 0.76 15 %
Magnification 125 125 £ 0.2 Times
Aspect ratio 1.001 1.00 £ 0.01
Isochromaticity = 0.77 £ 15 eV
Slit width 2~50 £ 1 eV
Resolution of zero—loss peak
1.1 3.0 eV
(0.6bmm aperture)
Resolution of zero-loss peak
1.3 eV
(0.3mm aperture)
0.1, 0.2, 03, 05, | 0.1, 0.2, 0.3, 0.5,
Dispersion eV /channel
1.0, 20 1.0, 20
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# 3.17. KBSI UHV-TEM(X 2ol &: JEM-ARMI300S)¢] F& A%

&)

[«]

Resolution
(at 1,250kV)

& (Item) AFoF (Specification)
Point Resolution 0.12nm
Lattice Resolution 0.10nm
Energy Resolution (HV-GIF)| 1.3eV

Accelerating Voltage

1250/1000/800/600/400kV (max. 1300kV)

Minimum Variable Step

oS00V

Accelerator

DC Stability

78 x 107 (at 1,250kV)

HT Ripple

48 x 107 (at 1,250kV)

Maximum Beam Current

10BA (at 1,250kV)

Exciting Current Stability

DC: 3.0 x 107 (at 1,250kV)
AC: 64 x 107 (at 1,250kV)

Objective Lens Cs 2.65mm
Ce 4.1mm
Minimum Focus Step 4.0nm
Tilting Angle(Goniometer) +60°

Specimen Chamber

Specimen Movement

tlmm (X, Y); £0.5mm (7)

LOW MAG Mode

200 ~ 1.500x (9 step)

MAG Mode

2,000 ~ 2,000,000x (30 step)

Magnification

SA MAG Mode

20,000 ~ 150,000x (10 step)

MM MAG Mode

200,000 ~ 500,000x (5 step)

GIF MAG Mode

400 ~ 400,000x (30 step)

SA DIFF Mode

1.2 ~ 10.0 nm * mm (10 step)

Electron Diffraction

MM DIFF Mode

06 ~ 1.0 nm - mm (3 step)

GIF DIFF Mode

03 ~ 25 nm - mm (10 step)

Bottom of Acceleration Tube

8 x 10 Pa or less

Ultimate Pressure

Specimen Chamber

5 x 10° Pa or less

_60_




7.9 e Abe o

(1) ¥l A4 (JEOL Y& EAlo) A FrA oz 7))

b FHe AAE I, TP fAgE mdel Ealolm: oldhe] Au(1998d A=), 1.3
MV, Model JEM-ARM 1300)2} H]anlste] E ] (Model JEM-ARM 1300S)&= o9

=51

3184 ol 7lgHo g A=A

2~

3.18. JEOLA}S] A 7] &0 Abgk @ ok

[e] 7.

Subject KBSI k1] Hokkaido =g 2]
- —
CP @) . .
U (ROM)| _ New CPU (ROM) is employed for - Conventional type CPU
for control remote operati (ROM)
of EM side emo peration
~ Controlled by an exclusive PC
through a tracker ball and switches
Goniometer |~ Exclusive graphic user interface is .
- Conventional type
Stage employed
~ Expansion of position memory and
position recall memory
. - i diti
.. - A small LCD is added to display lens Ope?atl‘o " con_ rhons
System Conditions . are indicated in several
) voltage values and alignment voltage .
Indicator . pages on a single
values at all time .
monitor
Water — Pop up display on a small LCD is - LED display when a
Alarm newly added besides of LED display problem occurs
Memo - 512 kbit
Areary - Memory was expanded for full remote| - 8 kbit
operation
New - To fill up operation, following new
Command commands are added: Standard Focus, | - None
CL, Brightness Zoom, etc
O i . . .
peration | _ Flat table type (increase working space) |- Conventional type
Pannel |
Appearance Power
- Total 7 units (reduce storing space) |- Total 8 units
. Console
Specimen | - For checking of ion beam position, a | -~ Right viewing port
Chamber viewing port is added on the left side only
Column . - Added 2 ports for Wide View TV
Viewing . .
and pneumatic operation Beam - None
Chamber
Stopper
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KBST #n] Hokkaido thel 4]
- To improve DC stability, removed a
o q e condenser from the detection part of
Stability . . .
Circuits feedback resistor/condensor column in Not applied
HT Tank, and expanded DC stability
frequency band
High - Low Frequency Compensator: by setting
Voltage a noise detection circuit closer to a HT
Circuits Noise tank.to reduce a noisF in 50 Hz. Not applied
Compensator! ~ Medium Frequency Compensator: power
up of medium frequency noise
compensator unit
Filament - Added ON/OFF switch control circuits Manual potential meter
Circuits built-in to be able to remote operation operation
1
Lens Objective | - High stability control AMP built-in
o Lens - Shorten cooling water hoses to increase Not applied
Circuits Circuits cooling response to reduce drift amount
When column and ACC
chamber are in
- Changed vacuum sequence to enable to atmospheric pressure,
Pumping evacuate ACC chamber and column column evacuation
Sequence 1 independently when they are In cannot be started until
atmospheric pressure the pressure of ACC
chamber goes high
enough
Vacuum - To reduce load of TMP, the sequence
System Pumping of rough pumping by TMP was .
Sequence 2 changed to start from atmospheric Not applied
pressure
S
Balloon for | A balloon for leaking was replaced with
leak vacuum low—pressure release ValYe and N2 Not applied
chambers cylinder (A ballon sometimes bursts
when Ny gas is filled)
]

SFs Gas Collector

~ According to an agreement of
environmental preservation at Kyoto
Protocol, an ol-free scroll pump was
employed to reduce atmospheric
emission amount of SFs gas

~ This pump automatically starts working
after collection by compressor, and it
enables to improve marginal vacuum
level for gas collection up to 1.33 kPa

Only a compressor is
used for collection of
SFs gas, and marginal
vacuum level for gas
collection goes up to
380 Torr (50 kPa) only
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(2) HV-GIF (7} 3+ GatanAlo) A 2 oz 7))

Ao F2E duA oG HV-GIF)E 7FE HZo /htd 7[EowR =Y
MPIst A2 SHAEAF2NRIM)S] F25 7[5l vlsla 7]Fo] Atz oz &4
AEd Fo AL ol B 3199 ot
£ 319, GatanAte] A 7lsdr AR Qo

Al T8 A Al dl W

- completeely redesigned op‘%lcal system | e oux e aee] 7

- f;ebe of.all second- and third-order AR S G S
abberations . -

Enhanced Electron Hect b tori l I A 715, A7igh vhe}
- collect much larger scattering angles N
Optical Design . & )g & 7ro] Al%o] #oly

(maximum angle > 20mrad _ %99 FELS ¥ ESI data

- built~in beam blanker for increased

exposure stability

o
i
=
k1
ofN
ko

— completely redesigned electronics
Improved - 16 bit resolution for precise control of
Electronics all quadruple lenses at every operating

voltage

S R B R ) o

ol\

7}

- higher read-out speed for increased

. experimental flexibility
New High Voltage

MultiScan CCD

Camera

- 14 bit resolution
- fast read out of up to five 512x512
pixel frames/second

- increased sensitivity by 4 times

- HVEM ZdolA 713 ol
TAd F sthel image
drifting €& sl dst=d]
e Fas 7%

- 2AA testo) A 0.1%9
SEATORE A T

aFdE dAe V=S

. - TV rate imaging with much improved
New Intensified . .
sensitivity, brightness and contrast

- AARAS AAS A

A 9] alignments} zZHE

Interface increase the ease of use, user

friendliness and reliability

TVrrate CCD compared to the older non-intensified FAEY RAS 2o &4
Camera camera’s Fy F U
]
- provides an easy to use, icon driven, |- WE¥ATz2 T HV-GIF
AutoFilter graphical user interface to both the system®] 9441‘6’}_7‘] f}%_
Applications imaging and spectroscopy modes ;}ix}%d} A58 A
Software and User | - unique auto—tuning routines which ~ A EZo % 3 8 wES

FEoEH AAA
4 A7)
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(3) Remote Control System (JEOL US.AAP A FEH o2 7]

B Al oA ALgetE @A A o] System(Sirius System)2 JEOLAFS] Awk TEMS €

A Aojd = JdxEE JEOL USAA A Zdlo Agdez 7)ed FasTEM System$
7

up—gradeA| 71

3% 3.20. JEOL U.S.AAFe &4

Aol a4

A TlEAE AbEE

7] < 7Nt

A}

ot

bogek

3E 3209 ol acokd

Ak

7125 FasTEM

Tension Control

addition to the current status of the High Tension
(High Tension Ready, High Tension On, Filament
Ready, Filament On)

AEAHN5A KBSI 972 System (Sirius System)
System
- Uses both Arcnet and RS232 to control both the
Improved instrument and the goniometer subsystems resulting Uses RS239
L in an improved speed response over the FasTEM =
Communications . only
- Both systems are Asynchronous and do not require
polling which can impede performance
Expanded - Memory expansion to 512k to facilitate new
Internal capabilities such as advanced MDS and aperture 8k
Memory control
- Provides both the Total Current and Beam Current
displayed on the client both locally and remote
Extended High | - Control of the Filament On/Off on the client, in Norne

Up to 20 positions can be used in the Focus mode
for Focusing off axis and for tilt correction

Motorized ~ Integrated aperture control with memory positions, Partly integrated
i system
Apertures coarse a.nd fine control, both locally and remote y
- A function to read and restore the complete
Alignment alignment memory of the instrument. This functions None
Memory takes about 4 minutes in comparison to 2 days to
restore the alignment by an engineer
- Compete control of the instrument from a remote
location: include control of the goniometer using a
remote trackball, for x & vy translation, z position,
Complete . . .
Remote tilting, and rotation Limited remote
Operation - Aperture control from the client GUI for Aperture control
p Selection, Coarse Selection, and Fine Adjust
- Reduced knob set for a commonly accepted means of
controlling the instrument using knobs and buttons
Seamless - Backward compatible to all third party integration Limited
Integration packages that are meant for the FasTEM system integration
- New minimum dose system provides 5 programmable
modes that the user can setup for Search, Defocus
Advanced
.. Search, Focus, Photo, and Defocus Photo
Minimum Dose None
~ Integrated control of Beam Blanker
System
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(4) 5 Holder ¥.3#7%32 (Dry Pumping System, KBSIe] A 7]3b):

AZABAAY, 7HEABAAY & 954 AFe Dded S5 AeAAgE 21F
dEfoll A el Bitol ApAort, ol#jd nyt % A AgAom Aujua 9= uF
GatanAt®] Dry Pumping System®] @454 2943 A2 SystemsS KBSIA =HA]
Ak, Az =d ote el Fo e EAol riHY AR 5 A=)

# 3.21. KBSI® Dry Pumping Systeme©l] d}sk al4 7)< A}Fsl @ ok
Subject KBSI #n] Gatan 73| 3
Turbo—drag Pump ATE U A
- Pumping speed - 50~100 Vs - 75 /s ‘ g s wa
- Ultimate pressure| ~ 1 x 10 mbar - 267 x 10° mbar
Diaphragm Pump Az 4 JAF
- Pumping speed | - 60 Vs - 75 s Eg &5 A
Vacuum | pfoqsurement . -1x10° ~
System | - ~1x10° ~5x10° | %9
Range L'5 x 10
- AFE @AY
Maximum Vacuum | ~ 6.4 x 10 ' mbar - 267 x 10° mbar co v
Cooling - Air - Air Y
Vent - Auto, Na - Manual, Air StAA gk
~ Central part N
Holder 273 Uen ra pjt - Holder (1 set) Holder®] 7} %
older e ppet pa - Central part HPo] Fol
- Bottom part
£ holdere] w3
Needle Valve -3 70 -2 7R o] fol
Holdersh Cased] Holder7}
- Holder ase? i
Holder e 2 Z] el A
& F71%% g SR - None = A o] Ak
- A F=7Ek o
Case olgrelE @4o)
holder lock
12
of#] 719 holder®:
- 785(W) x 785(D) x| — 420(W) x 266(D) o
Frame Part 688(ED) () 43D (rum) Al AP S o
(H) {mm X R A S
F7} 7V5 3 Holder b9 Holder &=
- 15 7} -4 74 .
- 7V
|
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Aol 2 Aulel Haly @ hgEe] Aag mA7] wEelrh. JEOLANA 47E 4
Fdu 4 48748 2487 9 9ud Ful oY SHAPAS AP A

% 3.22. AH] AA2A AR g of
BF 5 A g = JEOL 2 Ax4 KBSI 2 A 3t4A
1
A (AC/DC ] 10 0T (A7 4443 A= )
magnetic field 0.1 uT °)3} QA A 5
fluctuation) 0.01 wT A7V AA 5
S OA
2 S (A-weighted ~ 33 dB(A) o] 3 (S H. 28],
sound pressure 45 dB(A) ©]3} 5 o soo1e = Ada
524, 478 5 AXD
level)
# < (Air blow - = o .
EM speed) 0.1 m/s ©}38} 001 m/s FF (5% Ax)
R
com 20~25C 22T (setting)
£ % (Temperature) . . . )
fluctuation: +1°C fluctuation: +0.1C (F%7] 23)
& &= (Humidity) 40~60% 73 FF
- Chill 20T 20T
ater Chiller . . . .
S+ D 0.
(Electron Lens) fluctuation: £0.1TC ﬂuctua}tlon 0.057TC
A9} 7] 40T o5t FA Z71 %% (Shade 2#))
el A% - .
o e 02 m O] O}‘ (1~5 HZ)y
A = o (Max. floor ~ o= oAl 001 o)8F (A F1-4)
vibration) 0.1ym ©}3F (5 Hz /)
452 EAEZ)A 30m
) o)A o)A g ]
] © - = FZ
FEAS | aE Asaey h s
IEEE FH FHY 3y
- AE 49 22ton EH
7 - A 2 FgA F3 He -
ag | THIE ol AxAg m | T FEES
T 28
B
F744d UPS A=A (2 x 50kVA)
71} Ahgt K = | i I
Az At WHAA AX
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1. Hitachi TEM

NO | ma A7) 9 A AxAw | Geat A »ar
1 HS-75 n# g o) Ik e 1978 b 02)3290-5114
2 HU-12 A oo s Hetnl 1978 Rel S 062) 220-4200
3 H-600 =g o & 5 st} 1982 ElEae] | 02) 920-6297
4 H-600 Arg ek o #hoj et ez (ofah 1983 g 053) 250-7477
5 H-500 AA o WY AR )78 A 1983 27 g 02) 361-5388-9
] 053)
6 H-600A ¥ oiga e 1984 A7% A20-6945,5243
N 02)760-2361
7 | H-500 ey = vho) et 73 ) 3 1984 | o)) (o621
8 H-300 THEHY ARt ] A A 1984 goyz | 02) 794-7191-5
9 H-600 ol gt oo AR A 7E A 1984 34 8] 02)2650-5776
10 H-600 ghokdl o vl A ) 724 1984 BEt 02) 293-2111
11 H-600 AA Fd | w438 1985 o] A A 02) 361-2744
12 H-600 AG) 9 B 1985 AR 0653) 50-6761
13 H-600 et of e ¥l 3l -t 2] 7 1986 Z2F8F 055)751-8228
14 H-600 TH HE Hd9x 257 Y 1986 | ©]&3] | 0343) 45-1226
15 H-800 FRIEAFA el 7 1986 ol& A 031) 292-6215
16 H-600 g Ao Lot W 1t 1986 TAF 02)760-3545
17 | H-600 ZERIOL R ERREE: 087 | e | P 96;,;5; o
18 H-600 Folghul B 1987 +4949 051) 240-2926
19 H-600 FED 9 ElR S ETE 1987 AR 0431) 61-2874
20 | H-600 Ay gt ol AEsta | 1988 | o]AE | 056)245-2238
21 H-600 Rt A £33} @& | 053) 810-2391-2
2 H-600 A ooy w3 e | 051) 240-6324
23 | H-7000 A% oot gu wags | 0% | a2 %3
420-6940,6941
24 H-7000B Ao od a5 =2 o] &4 053) 620-4396
25 H-600 2w Ao 1989 0545) 971-5401-4
26 | H-9000NA A ETIEd IFAEE4A 1990 A4 031)280-9082
27 H-600 g 2 ¥ g el 1990 AT 042)
220-7193,5680-82
28 | H-9000NA g EFAaATY A 22 1E 1991 +4d 042) 863-5399 EDS
29 H-7000B o) gl % g 1992 o] 54 041) 590-3931
30 H-8100 Zojojetar =438 1992 A2 102) 320-1128,1138 EDS




H-7100FA Folu}el 2 g H 7 o} 1993 | W59 | 0343)49-2152
H-7100 7 &) o) k5t SRR 1994 | A7) 96]‘92(?32.)9584873
H-7100 Nz dATE (R 1994 | 371% | 053) 959-3404
H-7100 A vk w) 1994 | 93ls | 02)3410-2779
H-7100 A AHe W 7 1994 | #hAd | 032) 460-3070
H-8100 &t 57N 1994 | HYIF | 052)259-1608 EDS
H-7100 2HA Y ANEA 1995 | &9 | 0374-330-7700
H-7100 oY FAEY Rl kel e | B 1995 | &4 B 051) 465-0091
H-7100 A8 et e ] ] 3} 1996 | =A18 02)769-2698 B
H-7100FA |g+= 214 b adqt=0(did) =574 1996 | &% | 042)863-8362 EDS
H-7100 Qs &k SRR 1998 | =&® | 032)800-2114
H-7100 PTG L dHAL 1999 | WA | 02) 662-6835
H-7500 Eortieha o v st AxrE w44 1999 | ARE | 054)770-2444
H-7100 g AA2AF A L) o 2] 1} 1999 | Zeyl | 064) 747-6242
H-7500 NERAG A (FAAL) 2] %} 1999 | A% | 051) 467-0443
H-7500 A ek DR 2000 | A1EF | 063)620-0114
H-7500 -l &) s F47) 71 A E 2001 | o¥W 3 | 053) 850-5740-1
H-7600 A& =) 9] A 3} 2002 | A=A | (031)740-7229
H-7600 A8kl o AAAW AL | 2002 | AU | 062)230-6398
H-7600 SFuistu ooy AR 74 2003 | AFT | 02)2290-0587
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2. JEOL TEM

NO| MODEL HA 718 24 AAAE| FFA) et 72
1 JEM-100C R FapoyE 1977 | <814 880-7033
2 | JEM-100CX ST shd e o 1981 | X538 3973-738
3 | JEM-100CX YT AT A R 1981 | R1E4 | 042-870-4875
4 | JEM-100CX Ui 7hE T ek FTeAgA 1981 | o145t 063-850-3622
5 | JEM-100CX Lest %3?% o 24 g 1981 | AA7T | 042-866-2435.6 TV
6 JEM-50B A& o) 3k Abd o) e 1981 880-7774
7 | JEM-100CXII 2 ) et CELN 1982 | ATt | 062-220-3672
8 1 JEM-200CX Zgy AR AN A2 1982 | A 820-5639
9 | JEM-100CXII DH e R 1983 | 94 3290-3150
10 | JEM-100CXI | ©=ojerin A b 2 o) g5t 1983 | £wa 041_550;)3474’180
11 | JEM-100CXI | A&t =473~ o)z g 1983 | whAIE |031)290-2742,2705
12| JEM-100CXII A&t o st 3t o)t 4 1983 | H&4 760-3545
13 | JEM-100CXII Adddien A& 1983 | o143 | 031-290-7001 STEM
14 | JEM-100CXII | = gsta o] Hoist AR 44 1983 [ olAd | 041-570-2490
15 | JEM-100S Ay gk FgAL7 712 1983 | o1& A | 051-620-4709
16 | JEM-100S g st A& 3} 1983 | A" | 042-629-7480
17 | JEM-200CX A& gt e 1983 | ¢r3iA 880-7033
18 | JEM-200CX yaprgd st g AsSA & 1983 | AAF | 054-279-6954 | STEM/EDS
19 | JEM-100CXII a4 ke A std 74 1985 | A% | 031-452-4171
20 | JEM-200CX Al edTd SA B e 1985 | 253" 958-5970 STEM/EDS
21 | JEM-100CXT A gl T o] () Z1Ed 4 1987 | o}&aF | 043-850-1376
22 | JEM-100SX ko 3k a ApA Ty 8t 1987 | A4 | 051-510-2279
23 | JEM-1200EX Fisas B R A4 1987 | 484 | 042-860-7712 EDS
24 | JEM-4000FX zgAdFstA T4 AEEATAE 1987 | A&8 | 054-279-6965 EDS
2 | JEM-1200EX 7HEd oot DR 1988 | ololal | 590-1315
2 | JEM-1200EX zzgddste 2127 F ot o} 1988 | 414 | 054-279-5550 EDS




JEM-1200EXIT| AAhen ¢ 2o} AR v 744 1988 A4 A4 (33-741-0264 TV
JEM-2000EX e riesd g U= Rl=i g 1988 AE4 (042-869-4256

JEM-2000FX I E ZNEAF L 1988 g & 054-469-3917 EDS
JEM-2000FX SR AATE 2 AE7EA R 1988 A3 055-280-3582 STEM/EDS
JEM-2000FX It i e AT B 2 B 1988 ul 3hof 031-333-5615 STEM/EDS
JEM-100CX1I Aetdighe s 9 3 g v 1989 | AAd | 062-220-5695

JEM-1200EX THera TEagd 1989 A 3290-4085

JEM-1200BXTI|  M&eherin Ao AadEnAa | 10 | A4d | 740-8626

JEM-1200EX1I MeFdEd o) 7 2] 7} 1989 | FW7 | 3010-4533,4534

JEM-1200EXTI QA o) gk o] #hof) B} 1989 Z=Y 051-890-6640

JEM-1200EX1I Akt skar o) ooy &t 2] 8}l 1989 CisASS 062-227-4302

JEM-1200EXII A sa oy sk s Fek A 1989 | 23X 062-220-4205

JEM-1200EXII| A&jsta o w}o)et e Fof 3t 1989 | H&94 | 063-270-3102

JEM-2000EXII A A () EREESS 1989 | 99% 031”428’53286/ B srem
JEM-2000FX 4 SDIE) JETEEN 1989 | £A% | 031-288-4355 | STEM/EDS
JEMAO00FX | Ewwera e A EaTRE | 1089 | AWM | 042-821-2469 STEI\E’IS/ EDS/
JEM-1200EXTI| 1% Wit %5CAMPUS | Aztaiv] 24 1990 | #ws | 043-840-3748

JEM- 1200EXIT | FEAEATAE | 1990 | A4 | 052-250-6868

JEM-1200EXII|  -Aldist o) #ojst R E A 1990 | 1¥A | 051-240-7722

JEM-1200EX1I A&k of 7)) 8f 3 F-3F w4 1990 HEAL A 740-8214

JEM-2000EXII X! A F3dist AsFstat| 1990 | 55 2290-1347

JEM-2000XIL |3t <k 54 ol Ala| wmeldwaza | 1000 | e | "639;)1 SBEP Sram
JEM-2000FX1I gt AAHAT L A= Xﬂiﬂ = 1990 | =38 042-868-2335 EDS

s

JEM-1200EXII| &% #338 2334 7led T 1991 AR 052-259-6152

JEM-1200EXTT Agdstin fAZRATE | 1991 | 29T | 830-67%6

JEM-2000FXII I AATE A9 AR7E&dTH 1991 SHAL S 055-280~-3582 STEM/EDS

(
JEM-1200EXT|  F4Fthsta o ohof ot g3} 1992 | 2734 | 051-240-73%
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JEM-1210 Eacihel R FEAEF AR 1993 | A &5 910-4666

JEM-2000EXTL A& el MESR SR AR 1993 | AA 880-8033 STEM

062-530-1928.193 |

JEM-2000FXIL|  #ddigtm Fao)sh TEF37 1993 | A=A : EDS
JEM-2000FX11 ZAmeka F st 1993 | ol | 062-230-7164 EDS
JEM-2000FX1I S A e ARk ZAMA A HH 7 1993 [ A%E | 042-868-8459
JEM-1010 SRFY T A &89} 1994 | 21474 | 041-549-1252
JEM-1010 LGs}3t A5 SR A& 1994 | Zshed | 061-680-1494 TV
JEM-1200EXTI A o] 3L FEA9AED 1994 | A& | 064-754-2295
JEM-2000FX T EEEY A e 1994 | &% 509-7359 STEM/EDS

061-330-2684/268

JEM-1010 Adsedrled 218374 1} 199 | 253 7 TV

JEM-2010 FFast 7l A& A F o7 1995 | S99 ] 062-970-2331 EDS

JEM-2010 |shel~dt=s] o) AALG A wERgEAEdats | 1995 | Wl | 031-630-2994 EDS
JEM-3000F TR A P AN EA TR 1995 | AAA | 042-821-2469 EDS/GIF

JEM-~1010 7 8|8k =) 2} o)) 8} 199 | 2149 961-0568

JEM-1010 FPRAY A E - 1996 | A7 | 380-1469..1470 TV

031-290-2479,280

JEM-1010 Agdgdn FAYs A etk gk 1996 | A43 3 Y
JEM-1010 Auetn )3 1996 | rga 063'270121%’377
JEM-1220 | 2EMastet o] HaTA AFEE 1996 | A4 | 031-639-2361
JEM-2010 A Aoy eta Tsagass | 106 | g |00 0 ;)514%15 EDS

|
JEM-2010 QHE s sEaadsn | 1907 | S4E | 0548205014 EDS
JEM-2010 AL etw FEARAST | 1997 | BEF 063'27(23317/ 56| srEm/EDS
JEM-2010 Fu et TEAGASH | 1097 | o1H3 043”261;2940’293 EDS
JEM-3010 assa e ga | ﬂj LN o7 |eren | o42-s60-8914 | EDS/TV
JEM-1010 Aty s Zatv)sh 1998 (oWl | 450-3668 TV
JEM-2010 | 37Atew fACAMPUS | ZBA|A5H | 1998 | A« | 051-620-6309 EDS
JEM-2010 A g etm F%7)7) A} 1998 | o174 | 041-530-2877 EDS
JEM-2010 g st oy et 1998 | 244 | 042-821-6201 EDS
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o _ AR 2 243 -
8L | JEM-2010 | 54474459 At . 1998 | g | 041-589-8645 EDS
8
& | M0 | @dste aracampus | S ﬁi%%w 1998 | 294 | 031-400-4009 | STEM/EDS
83 | JEM-1010 | gAzdcs Faxa | d4wega 1999 | o157 | 063-467-8048
84 | JEM-1010 | w¥42d9s daj4s | drAdguaes | 199 | $474 | 055-335-0211
8 | JEM-1010 | #HAZAY: 2974 1999 | 8% | 031-204-0018
8 | JEM-2010 Bl TEAVASY | 1999 | w9 | 033-250-7129 | STEM/EDS
87 | JEM-2010 | Mzset9dTy 24 | e g 1999 | == | 051-510-2081 | STEM/EDS
88 | JEM-2010 obf gL 5771 A E 1999 | Athis | 051-200-6690 EDS
] o TFESIALNATF )
89 | JEM-2010 Z et v 1999 | 9% | 042-821-6587 EDS
90 | JEM-010F | AgAz ABAQE |24 cddelnle | 1999 | @3 | 031200639 STEE‘S e
91 | JEM-2010F wa T ot 22 ) 55}k 1999 | w7 | 054-279-2792 |  EDS/GIF
% | JEM-3000F Ao et Fatoy) 1999 | @®e) | 880-8033 STEE“S fSC/
93 | JEM-3010 it Bista 273 1999 | FA441 | 031-299-6712 STEI\TA([ EDS/
94 | JEM-1010 AdsdrEg BEX R 2000 | 4417] 0557750;6318/626 v
% | JEM-2010 sk &t Faue Az Tea| 2000 | 425 | 2200-1347 STEM/EDS
9% | JEM-3011 g st A 2e) g5} 3} 2000 | ¥4 | 033-640-2363 | STEM/EDS
97 | JEM-1010 AEFA7I=4 2000 | ®3¥E | 063-833-1711 TV
98 { JEM-3010 e r)ed oA AT Lg 2001 ] °]88 | 042-866-2435
99 | JEM-2000EX 2971+ AzARAHae | 2002 | A94 | 3082-249%
100 [ JEM-2010 T 5 FEAGY 2002 | o= | 041-850-8677
101 ] JEM-2010 SRS E A5 93 002 | A | oro-ee20 | oL EEQSC/
102 | JEM-3010 ) 2002 | ol%5 | 031-408-7200 | MSC/EDS
103 |  JEM-4010 add71+4 MAAEAFG7EE | 2002 | AP 3282-2496 TV
104 | JEM-2010 M edsta serery 2002 | @S| 8807150 MSC/EDS
105 | JEM-2010F RSt Tyt 2003 | 2714 | 880-7095 | E-beam Litho.
106 | JEM-2010F g o FEAYAEE | 003 | FBS | 031-200-7362 STEE/FEDS/
107 | JEM-2010F | 12389 s 2l 2003 | 4%% | 042-865-3506 | PEELS
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108 | JEM-2010F ] HBoF NlEdTa 2003 | %38 061-790-8667 | TV/EDS/GIF

== et - . _ STEM/EDS/
109 ) JEM-2010F B R R ] e RCRCHL 2003 | ¥H418)} | 054-279-6588 PEELS
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3. FEI(Philips) TEM

NO o9 R Ea 54 AAAE FEA el ehA R R ]
1 CM10 1 A} ol 8 5L 1992 | @743 | 02-361-6994/5 EDS
2 CM12 EFAANEAT L 1996 | H714 | 054-279-6972 EDS
3 CMiz SHIREAA T & 1990 | ehH - 02-350-3442 STEM
4 CM20 FaAgEFtAdTd 1993 | @5 | 042-860-4255/6 STEM
5 CM20 OCI 1990 | o<l | 032-832-4452 STEM/EDS
6 CM20 o aer)sd 1991 | o]l | 042-869-5062 STEM/EDS
7 CM20 LG Electronics Research Center 1992 | olAS ) 02-526-4559 STEM/EDS
3 CM20 Korea Material Analysis Coorp. 1990 | ®FEEE | 042-860-3832 STEM/EDS
9 CM20 g ghet 1993 | A7 | 031-284-3281 STEM
10 CM20 Agristu 1991 | ®W7]1% | 02-830-8023 STEM/EDS
11 CM30 3T shu 1990 | AW | 054-279-5550 STEM
12 CM30 A A A 1989 | el<daf | 031-280-6260 STEM/EDS
13 CM30 gmerledTd 1991 | A& | 02-958-5970 STEM/EDS
LM CM12 T AAAdATY 1992 | 2285 | 042-868-3604 STEM/EDS
15 CM120 AR 1994 | ¥ Al | 061-790-8669 EDS
16 CM200 FaETd 1994 | AN | 055-278-3642 EDS
17 | CM300FEG 23 A= 1994 031 2081540 EDS/EELS
18 CM200 @ 1994 031-30-4532 EDS
19 | CM200FEG LG A= 199% 043-270-3418 STEM/EDS
20 CM300 LG Au & 1995 043-270-3418 EDS
21 CM200 ERARNEAT & 1996 054-279-6972 STEM/EDS
22 CM120 LT F 1995 | AAF ] 052-79-0714 STEM
23 CM200 Gkl 1996 | ¥ &% | 053-810-2391 STEM/EDS
24 CM200 gl ek 1996 | H=W= | 032-860-8381 STEM/EDS
25 CM12 e dT A 1996 | f714E | 054-279-6972 EDS
26 | CM200FEG | 2=l A7|&d+d 1998 | AZAd | 042-865-5952 | STEM/EDS/GIF
27 | Tecnai 12 NPES 1999 | &% | 031-976-3024
28 | Tecnai 12 7373 di 3k 2000 | 9= 055-751-5149 Biofilter
30 | Tecnai 20 e dista 2000 | #FEZ | 055-49-2697 EDS
31 | Tecnai 10 LG CALTEX 2000 | X491 | 042-866-1663 EDS
32 | Tecnai 20 LG g3t 2000 | AW 042-866-2436 EDS/GIF
33 | Tecnai 20 3 o sk 2000 | A€EF | 032-770-8900 STEM/EDS
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34

Tecnai F30

2001

031-208-1540

EDS/GIF

Tecnai F30

2001

031-280-8213

STEM/EDS/
EELS

Tecnai F20

2001

043-879-6612

STEM

Tecnai F20

2001

042-869-5061

STEM/EDS

Tecnal 12

2001

02 -929-0936

STEM/EDS

Tecnai F20

2001

062-530-0511

STEM/EDS

40

Tecnai G2
F30

2002

031-208-1540

STEM/EDS

41

Tecnai G2
F20

2002

031-280-8213

STEM/EDS

-9




4. LEO(Carl Zeiss) TEM

NO MODEL CREANF R & A AXAZ] G At 2k
1 EM 109 A o) & 1985 | uhgg | 062) 530-2843

2 EM 109 e a 1985 | #47 | 033) 250-6432

3 EM 10 C Ao g 1985 | 4 | 063) 270-2496

4 EM 109 ek 1985 | ©.%3 | 02) 2260-2498

5 EM 109 7 &) 8t 1987 | ©]71& 1 053) 950-5761

6 | EM 109 TB gt 1989 | 4% | 033) 240-1838

7 EM 900 | X&r st g 1990 | AS538h| 02 311-1255

8 EM 900 | #5q49x979 1994 + AEE | 042) 866-5334

9 EM 902 A ol 9 1995 | AFA | 031) 219-4510

10 EM 912 o7 2R S AT A (Y B9 199 | A&F | 042) 8653596 EDS/STEM
11 LEO 906 Heoietw 1997 | @rA%E | 033) 649-7473

12 | EM 10 CA A5 o7t 1998 A4 | 033) 741-0264

13 | LEO 906 E Ao A 1998 | HALE| 031) 290-6220

14 | LEO 906E AREA7EY 2000 | ®ql4 | 053) 320-0233

15 | LEO 912AB FHHES &9 2001 | ol¥A | 031) 290-0560

16 EM 109 2108} 2001 | ©lA3 | 043) 261-2040

17 | LEO 912AB wPAEAG A 2002 | o3| 031) 445-1225

5. Topcon(Akasi) TEM

NO | MODEL 8 718 3 A A% g A 27gu)
1 EM -002B Fddstn St B 1987 | 135 | 062) 821-6287 EDS
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2ol MRAA As= AH AFAHJEOL)Y 7 Z2A(KBSD3 @& w]Fsf Aok
(NDA: Non-Disclosure Agreement)dl] &4 dxtd oz = FTANE ¢ gle A=7F A9
FiZolr) obe g.okst AmE Ave HA Layout Asolw vlE7] A5 A

A ARAA ARE FESA S

ki

B JEOL ¥AF #+d &

—

R

High Tension Tank Part

Gun Part I

Gun Part I

Optical Column Part (Overview)
Beam Search Detector Part
Condenser Lens Part

Objective Lens Part

o L LR S

Goniometer Part

[a—
<O

. Projector Lens Part

—
j—

. Viewing Screen Part

—
[\

. Vacuum System

—
w

. Cooling Water System

—t
'hN

. Vacuum-control Gas Line System

—
o)

. Power Supply System

B GatanAl #d 2=
1. YA AN HV-GIF) A4 4=
2. HV-GIF¢] 3-D Design

B JEOL USAA 38 A=
. 9uk 94884 X (FasTEM) Layout

1
2. UHV-TEM& ¥4 -84 (FasTEM) T4 =9

¥94_~



B JEOL ¥} #t4d A5

Power supply }
2
ﬁl

3 ‘IHT ‘iiH i

1= ﬁr’ﬁ

\.’?gte Chiflars \Lﬁ\ 3¢ s;;?‘m

<1Ist Floor Layout>

Gas collection devices

[

HT m;sk«;}-—j LH? 1ank-1

VNP,

<2nd Floor Layout>
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2.. High Tension Tank Part

Webnelt eachange rod

> phmmiher

Wehnelt exchang

oftualton

Webinelt aascmld T / S Sy

. R,
HT tank 1

b,

actron gun D 4 —
Electron gun lift Microscope column
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3. Gun Part 1

Kpoh
A

(B

S v e et el
Renohg gy pod slap

<Electron gun exchange chamber(cross—section)>

1 gL evechianges rod

Hectron gun chamber

<Dismounting electron gun>
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4. Gun Part II

—F flament

{4 Filament securing
T

ke YR WaBnhEr

T 7
—

5

Wehnelt cap

<Wehnelt assembly(cross—section)>

{ 0, 525
i

\\\

Wehnelt m’-——(

Fiigrent ti

<Distance between filament and Wehnelt cap>
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5. Optical Column Part (Overview)

vy gt e B oefientor
oy gury Znd bty s Bestor

Paranny soareh Dat

A o PredEnis

Codrarastor

Spuithey shiftbe

Al
shaft codt 1 sk fisk m} ;;'ii?\-}ﬁ?mm
shilt ooll 2

Tt irdarmed

Pterrmed

} B Sred el Bmiting apertne

clrbes s harism

lerrs stirnaiog

e mdiate ks Deam deflechy

2rvd intermeidiae g polepd

Snct imsrmesliate ons ool

Seckintermoaliati |

Fre

i

For les ool

Carnm
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6. Beam Search Detector Part

1Y
1Y
2
2
M T3
Beam-searching  detector  lamps(right  control
panel/key boad)
|
{DIEF coil)
{SHIFT coil)

Detector 1

Dstertoy 2

Aligning the beam to detectors 1 and 2
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7. Condenser Lens Part

| - i
. i B
¥ i £
: - & : S
i =, g |
i i | i :

: T
: 5

i

R

+
S

duie

s
Z. o
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3. Objective Lens Part

B - . . )
; o : L ; ; .
{ .

ﬁ e
e

7 N . .
3 :
:
i
4
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9. Goniometer Part

ot : S aaaded

e e
.
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10. Projector Lens Part

- 104 -



11. Viewing Screen Part
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12. Vacuum System

o
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13. Cooling Water System

[ N—

S 5
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14. Vacuum-control Gas Line System

Secordary Pressure 01 ~002VP

g Solenoid YVave

Halsage PressureD 0033

Folease YVale

78 53

LVE

Accelerating Chamber I

V3

Vacuum Marifold |

1VE
\!’mvamn Chareber I

———&—-‘Eam@m P‘hamﬁerl
[ * il Vacwarn ?vfam&J
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15. Power Supply System

I - M By +
I Pt [l EE

i

EhERRL S y

S

_.g‘
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M GatanAl #4d A 5:

L Ay o 3F2A(HV-GIF) A 74%

MICROSCOPE
[~ FOUNDATION
(STEEL)

1 TV RATE )
3 SCAN
ASSEMBLY I T &= | [ CAMERA CONCRETE
' LENS | LENS LENS
bl Dﬂ« Assy B assy Assy Pl AN
=/ | [ T

. 7 - 1
SANANGRRNNGRSN A A A R T  m  E m  E M M M T T T T T E T T T T EE TSR

WATER LENS ENERGY WATER PUMPING »
RETUPRN ASSY  SELECTING PORT k- 200 mm
suT

<AA A >

©® Apertures

® Pre-prism Optics
© Prism

O Pre-slit Optics
© Siit

® Projection Optics
@ Detector

- 110 -
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2. HV-GIF¢| 3-D Design

»»»»»»» Pneumatic gate valve

- Pneumatic aperture drive

2nd Order corrected prism

High-voltage MultiScan camera

Retractabie TV-rate ciam era

<HA FHl 9 3-D Design>

<Imaging #=%-5-2] 3-D Design>
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M JEOL US.AA #d Ax:

e W%
Yo ’ o
Connd i P j
Lt j

{1} Vo
A!,,,_g AEERY

1 ;i
gy oy

.

Target TEM 'T ey

RETWORK
(reei

A

FasTEM Basic System

FasTEM Remote System

s

I 44842 (FasTEM) i &>
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JEM-ARM1300S Control of Goniometer and Apt for EM side and FasTEM.
Display on the LCD of FasTEM for Vacuum alarm.

5Axies
] S o]
Goniometer T rver - ub-system
- - JAN
(Same as JEM-3100 < (FEM-3100) (JEM-3100) 45
Motors and Detectors ~
for position ) Motor Gonio's controller EM side
T driver
| (FasTEM)
‘ /ARCNET
LCD —{ PC for Goniometer
Display for Gonio's information
RS232C
Mag i Display for FasTEM
Display for EM
excep Gonio's information EXTI EXT2 Rs232€
LCD
LCD JEM-ARMI300S
EPROM(FasTEM) PC for FasTEM | gp350 i

Operation Panel EM side L
Gonio'
10 O S8 e
a’
O O O O Operation Panel

for FasTEM
:’ O— USB

L] AptCTL

(H;

—_ For \
RS232C
oL FasTEM

.

:

IL2 —

—
IL1 ﬁ_o/::
L o

:

Apt. Vacuum Alarm
CTL information

EM side

DC motor

<UHV-TEM$% 924 & 832 (FasTEM) A =8>

- 113 -



I

K

- 114 -



W g BF AR 23 AR AR A

9>

(2001

CEES

el

<t

=3 (2001, 9)>

<x"H€ 7t
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. 9>

(2001

\=]
T

9>

Column (2001
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. 9>

(2001

. 9>

(2001
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o

e

i

D>

(2002

A

94

Column

454

]

5t
9o

|

<Lens

D>

(2002

S =]
S B

g

Column

ges

]

[e]

<}
H

2

<Lens
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>

(2002

=N
AT

ter

1ome

<Gon

1>

iometer Cover (2002

z+= Gon

H
-

o

<Column
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Beam <17} (2002. 1)>

<1,000kVell A & % 9]

>

(2002

Filament ©]W") =]

LaBs

b
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. 3>

(2002

A
X

o] A

]

Zd
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2. GatanAl &8 A&

. 3>

(2002

By
T

Energy Spectrometer

25l

<A

L3>

(2002

i=IR=!
T

2+ Imaging Lens

Al

<
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. 3)>

(2002

L= =]
T

Scan Camera)

MSC(Multi-

<A 2HE

L3>

H 676TV - (2002

A%

<
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3)>

GIF (2003.

H HV-

Sk
=]

. 3>

(2003

==z
5

=]
T

°l

<120kV TEM
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u

<HVEM 2o AgA7]7] $18] Shipping d e HV-GIF (2002. 5)>

I
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-

N

(2002. 8)>

A=
By

FasTEM<

=]
x

GIF

<HV-
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B 3 712 AsAd 49 ek

L 35 R(HV-GIF 2 FasTEM)e] B4 ¥ 98 (2002. 8)

- 400-800-1000-1250kV(DC, AC)ell»] =3
© & Spec(l.0 x 1092 W=
- @AAEA W FIhAQ AL FE 27

- AAHA] o 600kVe] M= FH o7

(2) EAZ AF GAE
- 400-800-1250kV(DC)oll Al 4=88; ACE 1250kV el A5t =3
- DC g AAH 22 Spec(1.0 x 10°) w
- AC #4569 x 10%< Spec(1.0 x 10°) Exr=
- HARX w) 27 H0l AR FA AHE 9T

- AAA A w) 400-600-800-1000-1250kV e} DC, AC 8=

4 N‘
oZi
fo
-

olf

. Standard A|HE& o] &3 7B AFAE

(1) ¥3i5 A7 (N Au particles on the amorphous Ge substrate)
- Film< ©]$3 24 0.118nm (Scherzer Defocus: 52nm)
- HV-GIFE °] &% Z<%: 0.117nm (Spec: 0.12nm)

(2) Holder 4547 (Al¥#: Carbon Graphite)
- Double-tilt heating holder: 1000C oA fringe(0.34nm) #2, 7] = (film)
- Single-tilt heating holder: 1300°ColA] fringe(0.34nm) #2, 7] % (film)
- Double-tilt cooling holder: ~171Cel| A4 fringe(0.34nm) &2, 7]Z(film)
- Single-tilt cryo—transfer holder: -171Col A fringe(0.34nm) #32 7] Z(film)
- 718 55 holder®] ASAI@L AAMEA o +3
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Au (311)

£
e
~
s
T

(0

dism)

°.

EXZ

PN

e A4 (2002, 8)>

=
Lo

1

5
Lul

&

]

-GIF& ©

<Au Standarde} HV
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Water supply Tank

<A J7A S o] 8-8 Heating Holder®] #3ls 574 4w>

Resolution Test: Gatan Single Tilt Heating Holder
Flow rate 66oc/min,
Naturs! drop
10000 July 28 2002

<GatanAt2] 1T-Heating HolderE o83 &35 A4 A3 (2002. 7>
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Charasteristic of Cooling down

GATAN DOUBLE TIT COOUNG HOLDER

i

.tc 17

4 HOUAS

H
H

Hafitad to L

!

D hadiNE s

{Hour}

TINE

=171}
~166°C

]

L

GATAN Dry pump sta
n Elsctron Microscons

¢
@

TEST N USING

jon Test:

ut

I

Reso

£.20 2002

Au

-185°C

A (2002, 8)>

=
=

<GatanA}9] 2T Cooling Holder
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Single Tilt Cryotransfer Holder
Characteristic of Cooling down

GATAN CRYO TRANSFER HOLDER

%(?x w o
= 199
180
B
: e
i e o start
Tt
TEST IN USING (GATAN Dry pump station =111°C §
i Bhactron Wnrasoops ~185°G
Rasolution Test:
185 Aug.28 2002

<GatanAte] Cryo-Transfer HolderE o]-&3F B35 A7 23 (2002. 8)>
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W T3 TAAASTAE AFAE (2002 11. 17 ~ 11. 30)

1.718

2003 2€9%E B AN ELAF S X2 2uAHs FRAAN A F
T AT ANY 2 dxe 94 @A AW AFS =osty] 98t dE %A
Akishima®] A ¢ JEOLZ-#& W&g.  ol= 2001 1299 v A5 12 Hiw

2002 7o) g

Ahl g Wrbetn vuAbErS =9 9 sfadete] Edojae] AEFHQ AH] HAE
HHo7 3}
0. 384 AsA8 94
Dd o} Z .
9 A | % x| wEB (@54)} 9 8% W 3
T
119 17d = Tachikawa
() Tachikawa | Palace Hotel (042) 527-1111
Mitsuaki _ HVEM
A =1 Aln _
Ohsati | JFOL B AT g
(042) 542-2227 e E ELR)
Daniel Moonen ZHl AA, A = GIF
(925) 224-7304 | Bl @ =2 S
USA & &
114 18¢ Anl A MAE 4%
=3} )
) Akishima | JBEOL O'Donell =4 Fé;:ﬁ;d
=} s o
14 299 JEOLF# 1000k v & JEOL USA A= 7Y 4= B
(=) ' Acceptance Test 2 A
I’\Irobuyuk'l ) HVEM
ETasakl 6‘]:3?1 Set—up Céxg _7&-% A§&7]%
(042) 542-2305| w0 zw] A}gF A
Razuma | =0 g pn g9 | aggsne
Kanbayashi e Engineerin
(042) 526-5074 B & g
119 304 - -
‘?E) A= AT
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M. 8 HAAY

1. Acceptance Test ¥ g1 HAx] #H 3]9

(1) A¥] =34 TEST Data &7+(IS0) : HVEM¥} JEM2300F9] Inspection Results
1) Basic Test Items : Voltage and Current Stability Test
Resolution Test (Si 3D atomic resolution)
Specimen Stability Test (Drift Test)
Specimen Contamination Test
GIF Performance Test (MSC, Energy Filtering, EELS)
FasTEM Remote Control Test
@) dagdad % A
1) GIF Upper TV (676 Intensified TV Camera) <4 &4
- £%: Beam % Specimen Position Finding
- A AT Al 91X &) % Condensed Beam®] ZAbel of &
Scintillator 7} &7
- A GatanZ T2 %L o] Set-up LA 2FH KBSIo| W 3h
2) Objective Lens Current Stability Data A& 8.+
~ 400, 800, 1250kV 7+ 7}&dqtell Al FE 5= Current F44 37}
3) FasTEM Remote Control Interface 7§41
-~ XY Stage Control¥ $3+ Track Ball Controller 2% (&4 GUI| A
Clicksl= ®#4])
4) Gatan Holder Compatability 34
- @A 2ZA A" AMrt 7HEd zF S el W3 Goniometer Stage
Initialization®] FasTEM®| A 7 =
~ Natural Water System 7§41 <t 2
5) Maintenance8- 34| Drawing &7
- HVEM #ARFY 53t 48S A A8
- Operation Manual ¥ Instruction Manual CD File3} A&
6) gl AX A Al Ae st Aol AR
%

j i
7) %4v] Installationt] KBSIZ &4 &5 A4

2. FasTEM % GIF 92 &8 44
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(1) ¥4 Goniometer Control

1) Goniometere] X, Y, Z, Goniometer Tilting, Holder Tilting®] 7/N¥3& Z& %%
#l Resetting7} 5 °] B 9.

2) AH 28 A Stage MovingolY} Tilting 2F¢jo] oJete] dm Ao uls] of$ #
23 424 &8 A Computer Interface’oll 4] Goniometer Control2 &= o]
FAAz g (FF Trackball5 7 2& 2242 23 g9 A% 974)

3) Holder Type 92 A
Goniometero]l A¢]® Holderd %%l wa}t Goniometer?l %2 H97F 2ehA
o ol RO oA AAEGA =Hel dg. AH & Al daE 209
TR 94 BEUEE FolA e AolshAl vepd RO wasA B AR
AR SEe

(2) FasTEM €94 Monitoring Interface

1) Focusing Step, Focus % Spot Size% 9 FXFT&HoA G EA 27 oA

2) JEOL At LAN<2 El BaseZA 974 44 TEM ¢Jujz] %o Delay7} &
A(T1o14e LAN #A s o= o] 918 Aoz #dh

3) dASA stollA Alse siduiel fgde] A Ebs. (14 Tilting 2 &)

A

e

PN

B AHA Al Screeng Monitoring @& 4 %l CCDY IR CameraZ %35}
44 @3stA AlasANd #o] hEI g I
(3) GIF A543

1) GIF(Gatan Image Filter)8] +A4
* Detector System > 673 Top TV / 676 Off-axis TV / 692 Retractable TV /
Multiscan Camera
* Entrance Slit Aperture » 2mm: Spectroscopy Mode
3mm: Image Mode
6mm: Diffraction Mode
- ¥ & @A > Total Magnification (25 mm* MSC) = 125 x Microscope
Magnification
2) GIF Energy Filtering 7% A7
- Si Al E o8¢ Zeroloss Energy Filtering / Plasmon Energy Filtering 7] 5
3,

- olxlel HA® )" HVEME 24 %% 558 7]%024 L7442 Tilting

o4

7%,

SRS

B
e
N
e
(o,
B
i
2,
2
)
2
it
=
o,
1o
o
1
et
X
olr
S
i
>l
uks
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(4) dn A3

o
o
£
o

)
-z
I
ozl
=

Focusing Control

Main Column Magnification
i Screen Control
Camera Shutter
E—GUN Controller Diffraction & CBED
Intermediate Column Y axis Beam Shift & Deflection

Vac. Valve Control

FasTEM Control Board
Stigmatism: & Mag.

Convergence Angle

Beam Current Dehectc_)r & S_pot Size
Spot Size . lefr_acl]on
Aperture Focusing & Alianment Control

X:axis Beam Shift & Deflection

=3
2
a2
i
&
r>~l
2
ek
=
o
do
1
i)
Mo
ofp
e
o
\V4

< F
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Anti~vibration Table

.

(1) 8 Acceptance Test 3=
1) Si 3D Atomic Resolution Test (Principal Test Item)
2) Voltage and Current Stability Test (32 4] 2)
3) EELS Reéolution Test
4) Specimen Contamination, Drifting, and Beam Damage Test
5) GIF and FasTEM Performance Test
6) Goniometer & Holder Compatibility Test
- Double tilt holder (JEOL)
- Multi-specimen holder (JEOL)
- Single tilt heating holder (Gatan)
- Double tilt heating holder (Gatan)
- Double tilt cooling holder (Gatan)
7) Research Materials Application Test
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- Superconductor, Neuron, CuAlO,, Diatom, Hydroxides

B Zunt S\
S D Aoric Resolution 1. [110] AR 2! TZREHTiing= 012 1. SlisAEMRER| 7t
2. [110), [111], [100] &) Aonic Irege 2 454 o350 | AL HIK|
3 ZHIAZ 7| ER
Voltage 1. Ogective Lens Gurert Setdlity Soec. Qut 1. B SPAEEIA (8un)
and Qurrent Stability 2 =N Sec. N &2 (ZH|7HM) ZLZ:E%%ZDW
3 Fousing ZRPI=EH R
FH S Resolution 1.9 Zero Loss Pesk@l FAFM(1.22V)
Soecinen Diifting 1. 27 | 2H0E7 A Difting =l (2 ) 1. MrimumBose Tech. 2=
and BeamDarege 2. A b OB HoatonE Tearing (Hley 2 29 H & 0 ) 2 Difirg Fe=ksarz
3 2R ElFoousing TR AR B -t RG] : AMEEHI/ Coriorreter
4. BeamCarege 2 Difting =MV IE AR - Cavera Aooysition 7 B
- Detom ZNTAAS), Hdaddss (AHRE FAS 2Bk Fezirg
GF 1. Bnergy Fittering (Zerdless, Resnon) 1. 66 Intersified TV Sdirtilletor 244
and FasTEM 2 M3CSze: 1041024 2 MBC Sdntillator Pxd Defect 232
Performance 3 SRS TS VO AP G AH| 2ol AR A | | ofi
Maroscope Paanda Monitaing &7 HE24 I 7 15) 3 Maroscore Paaeter
Trackod! Sage Contral 224 F3) 168108 FDepday
LA Monitoring (B2 A CD-HRCrrera™E)
4, Foousing 24| G2 Live FFT Audtuation
: Cective Lens Qurent S0 RN ORREEZIOZ AR
CGoniometer 1. JEQL Holdr Titing ZR4-20 | (Titting Rarge 1-152 I MES) 1. Heating 2 Codling Holor Cding

and Holder Conrpetibility

2 Gaten Hicer2| Folder Titing Cortrdl &7 IS X oA 22 A 21

3 ZHbioe'H Gononete Parareter 20 [(Z7 | Sattingh A7)
RO MRS (ERRRN PR THIRES)

4 Netud Water Doping22 —~150/nin

5 Coding Hilder LN, 2 AR E ZR2AR EDFO A

LR e
2 Conioneter lsdation B2t 2le it
3 Naiurd Waer Diopaing 204 7 Hadzl
S
4 CodingHilder2| LN, S Tod KR

(3) Si 3D 4R35 Test (Principal Test Item)
Si 110%32] Dumbbell FZ(2AF Al 1.36A)0 &g AA s 574 ¢
A A AA did] AALZ Tilting 71HE Agste] Si AH e <100>, <111>

do o oF
= o
Nl

=
N
N

A7} B ojnA %

SRR

R 64
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JEQL Double Tilting Holder 8| &

. _ _ . o © 0 0
* S [110] AlE ORIy @ 0 0 © 0
D=58" ' o @ 9 9
¢ =-2.51" o ® 9o o o
) O 2 ©o 9
& © o o 0 & 0 O o
o ¥ o G 29
@ © © 0 o @ o o o o
¢ @ 9  ©
@ o © o
Qo QP @
2 © © © o0 s . o
o 9 9 o s %0 o
i o o ] 2 %0%2%
- Q@“'a?g?@“
aﬁﬁb@‘&@%é
P+ =] -l -
» (< § B
@ & 8
O=-4.14" o o 9 o
O =-27.33 s @

< Si 110 Algef Az wdsg >

SRR

JEQOL Double Tilting Holder 0| &

< Si 110 A& 313 AMZE Tilting g ©]-8-3F 3 Principal Orientation<]
A8l 5 ol x>
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1) Si 110 A|H & o838 3D Atomic Resolution Test Z 2}
B gue) Rals AFgE 1.2A22A Si 1109) Dumbbell 759 €xR3F 7] g
136A& #3l & 5+ d&= THT
2) Si 110 AJ#H el i3+ Atomic Resolution Test A3}2] wjal
- 715 274 1 1250kV, Microscope Mag. 80,000X (Total Mag. 1,000,000X)
+ MultiScan Camera Acquisition (GIF), Exposure Time 1 sec.

- Resolution Spec. @ 1.2A
- Specimen : Si [110], Ton-Thinning

Hokkaido [} ¢ ReJ=4 JEOL &8 ds
1998, 1250kV 2002, 400KV 2002, 1250kV

< Si [110]e 3 94x 285 HaL >
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Unfitted Inner Cover - Vibration Media Environmental Obstacles

’ lo the Alomic resolution

s Human Effect : Voice, Walking,..
» Car Driving

s | ight, Electric Toels

o Lens Current Instability

s Goniometer Protection

Absolute Need for the izolsion
against Circumstance Influence

Environmenial Challenges
o Electromagnetic Fields < 0.1 mG rm.s,

s Temperature Changes < 0,1°%C/h
» Aflow across the Column < 8,144 m/min

(noorrect

Ground
= Ajir Pressure Changes < -afew pa/min

JEM BO[3], 219 - 226 (2001)

< QARAS Aol o) ez LMW

r {
ou,
)
to
r o
10
3
\4
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(4) Contrast Enhancement Technique

T

el AAE 2adsh A dvjAde oge] 23 Mg Ax dvidye 29
I

GIFAtm¥ S F&sle) 9AE38% 29 Al Energy Filtering 7]5% o] &3¢ it
H] oju] g Fdo] 7t5d. ol FA Y4 E Contrast AolE FHToZA ¢

AEel 48 AAoR AYT 5 dvks AEHL dolFE JoR By A4
An 7w FU o -

LA

1) Zeroloss oA o2} ojujz|o] F¢
GIF¢) %34 Energy Filiterings 283k 5% Si [100]¢] €4 £3)5 o7 A]

¢} Image ProcessingS 4 &3+ <

Unfiltered Image Zeroloss Energy Filterin IFFT Processed Iage
Spot Mas [

< Zeroloss YA o & o] &3 Si [100]8] oin] fAEH T +& >
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2) Plasmon ¢y A o} oju)zle] +-¢

GIF9] o= &8l 14 wet23 e Si[100] Aol de Plasmon o ¥4
T¢&. Plasmon Energyy 2tzte] d4witl 1 Peak 9 A uh
& dEAow oista dx Felee TATOEA A H)
ES

of sy Aii ‘jr% Contrast® T3ds&to] 9219 922 A=k

e Ho
o 2
o

JZi ae b
2
2

o
it

Si Plasmc-n

< Si [100]8] ouA] A3 7158 o] &3k ohH] olH|A T o, 53,
Plasmon YA o3k A] §f Y49 nhd] F&o] gt >
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(5) BiomaterialsS 9% AHl& / 1% 34 oln A
it o yujsto R HE o] F

v A S 93 Aule / Tilting 7S o] &3 #& A

A8 71 1 1250kV, Microscope Magnification 2000X, Tilting -15° ~ 15°
(Step Tilting by 3° Increment)

—-15" ———————— én

-——-—-—-—--*15'

K-axis
Step Tilling by 37 Increment

< zgUFe a7 AD Az §F A olv A9 of >

D A8 HE A&

- Diatom, Hydroxides, Superconductor, CuAlO,, A7 A &

2) AR s 2 &4y 7
A8 freel At HA 10 ¥ o 2
- A& -5 7t Stigmatism Correction =% / <143 & n&sls 2
A& 5 2 1§ &40 43 A& — Diatom, Hydroxides¥ #¢] Hydroxyl

=y
LB, NBE, AR R M4 AY AE 5 2] W & JRst ax
ovl AAS © AU £& WAS FYSHE AR FEA} £ D
ol 3Fo-

= AN
- A7 H S 0] 8% Beam Irradiation Effect™ 3ihe] A5 &8 o=
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- CCD Acquisition Size ¥ Speed®) 7]5743 — 2K X 2K &35
- Goniometer ¢Hd4 2 Isolation X

Al AAof o8 White Noise% TE 2

1 OFF
A3 A AHFE W o] =7}
A& o2 MDS(Minimum-beam Dose System) % -8, Beam Blanking
‘AR S Y F JdE AEAFRY R T
IV. 1& )\]a-laljr _g_ol:
el 7Hg dAARD Vs 3-D 9 S 2 duAoars)e] A 2 8

FAE A g AAER A A wE B

hvi e}

(1) Z8i7hd 2a
~ Goniometer Isolation ®.7 (Drifting ¢ 43} 7192)
7} Lens Stability F7F &4+ (53] Objective Lens)
- Remote Control System ®7} (53] DP Monitoring System
- LaB6 Gun® Lifetime <S7Met 7
(2) Ao dA8H A+
743

SR

!

7§eh)

_ e whxl g

O T, e J(—)l-y

MN' R

Jin%s

d
=
S

2,

, kG A B
H

i) 871« 9

@
ol
o
Y
ro,
o
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B3 X =9 - 44 R AeAE 343 29 (2008. 2 ~ 2003. 8)

2002 118 7hA4] ¥ Akishimaoll #1418 JEOL &#elx =9 - 43 2 4544
o gkm ¥ AnlE 20024 12¢ ~ 2003y 19 Fobe] FeE il xAgE o] 2003d 19

Ap fom HAlde) EFHdivh B8 s 71 F 2003 28 175 of 25

-

=2

Tkl AA Container Box % 1270, FA <F 70 tone] #5o]

I=]
w
FeAAA T HHEQAA F2 Part W FeHo] eEHUG Bl AAE 9

QoA AR Foko uwgl dHel AR clEEo] YEksle] ¢ A ~ 4 FIF AFsid
A A ZAe Falstdrr AAE FeE da W o Ade Al AR ofgiet 2o o
Z A 271 o7)skA B g A0 AEaAAY AA #AR 2003, 7. 14 ~ 8. 159

Fede Mg Ao FAstark

0 2003. 2. 17 ~ 2. 28 AH =g 9 Fule 7|EE HA

02003. 3.3 ~ 4. 25" £Ax¥ ¥ Baking Out

o0 2003. 4. 27 ~ 5. 30: 7}&A%d A7 (400 - 600 - 800 — 1000 - 1250kV)

0 2003. 6. 2 ~ 7. 160 1300kV A7} 2 Stability TestE X283 Z+F A5 Test
0 2003. 7. 17 ~ 7. 25: AU A A HFF A (HV-GIF) A X

0 2003. 7. 26 ~ 8. 15 Z}&E % Test 2 13} &35 Test

0 2003. 8. 18 ~ 8. 290 HdAA A (FasTEM) A=A

0 2003. 9. 1 ~ 9. 120 Z+& A% Test B 22 &35 Test

0 2003. 9. 15 ~ 10. 14: #F dA A5AHE % Operation Instruction
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A 222 Viewing Chamberol

B Z(RPS} DP) (2003. 3. 12)>

<AEFHAA 22 Columnd]
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<Lens System A% =F}]: Intermediate & Projection Lenses (2003. 3. 26)>

<Lens System 2%3F: Condensor & Objective Lenses (2003. 4. 3)>
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<Si Waferg °l-&% dAbesls 4 (1101 B (2002, 11; L& &) A
dALEd FA 2]l WEol Si dumbbell(0.136nm) 2] AT F&7f o) Fof

<Si Waferg o)

A= @A A
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<A el #7)s AR A0 Si [100] B3, Unfiltered Image (2003. 10; KBSD>

25
: Si[100]
[Zero-los 1250V, GIF
~ it Width = 10V
2 Relative Thickness (t/A) = 0.47
X
~ 154
2
2
9
< 104 ‘
T ]
c * Plasmon Loss (17eV)
o)) b
N 5J I/
LI 1 = 71 1 1 1 Tt Tt
20 10 0 10 20 30 40 50 60 70 80 90 100
Energy Loss (eV)

<Si9 A EHA~HET Tmaging =70 2L Slit 4>
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<Zero-loss (Filtered) Image, Contraste] @o] F=2 7 (2003. 10; KBSD>

O

<Plasmon-loss (Filtered) Image, Slit®] $1% A% E781 A 50 FAH=S

8kQ1gf;, k7ol Image blurringS 71 35A17Fe] AZHE Z)ol 7]191(?) (2003. 10; KBSD>
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[& Cut hose lengths 1o suit
o imstallation. Slide hoses
,/"// wver fittings on uppsr tank
'
Gravity Fead Tank <
22,0921 ﬁ
Lecate tank abowa ;
specimen haldsr
Jif
i
—=T . 1
EF!
Gravity faeds water J" #' Pump fecds walsr i
through holder and back ( ( EJP o1 bank
tor I raseniir Rpar iz
Intlst
faehita) | ™ Gute
iblacky
£28.09) Reservir with Fumpy
I matan Gravity Feed Water Racirculator for Models 828, 652 and 72 Heating Holders 102
<GatanAto) A A F A 702E Heating Holder® Water Recirculator®] =7%>
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Water Supply

Water Return

=

Wter Return Tani( ‘

<AEAE =49 A EF Water Recirculator®] #H] RG5>

1300 v T LA T T T T 1.0

1200 0.0
e 100 10070 Plateay v
2 ~ , S08 I
2. 1000- s507C e —
©  gool 850°C Plateau %:/‘ N 107 =
E 300 4 cmmsm————a ‘,‘* \&. 1)
m ) . 086 =
¢ i s L o
& g los O
i 500 —— Hestling Schedle ~0.4 =
?"' 1 - Real Heatng Temperstune %
,g} ek - Heating Current 03 o
e P loz T
Lik] *®
T 206 7 ¥ mamp = 20°Cimin ,

105G - s = &3

[ S—- y s ’ . r , 2.0
o 20 40 B 80 o 120

Heating Time {min)

<1-T Heating Holder2} Carbon GraphiteZ ©}-&3%F In Situ Heating Schedule>
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<1000TCel A 7153t carbon graphite®] fringe AFX: MS-CCD, 0.5%>

<1000C A 7153+ carbon graphite®] fringe AF&: MS~CCD, 1%>
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B E=AAANZY nEFR e

o FHAAAT AN ) BT NEE A 49 E= Specimen
Holderdll = A &5 &% % dH=Z Tiltingdte 7158 2t gk 1g
o A=A A A FEhe Bl E010)e2E 23 e 3AYA FE
A o) ool ol ool o
Holder®] Tilting A&4S 8ot AYstA =A 9 B2 gioh

A& 24 o T3 FE Specimen Holder®) 7578 d o)} =32 ¢) Specimen Holder

o Aol 71ef8t7] fstel & SA471E AAstaa du.

o %, Laser ¥ Detector®] ©]% o] & 23 Motorized Rotation Stage+
0.001° 2350z A +/-001°AHEEE zton ZorE Hgow

A HEFR A% AF o 50 o} AUEE a7l 5

O

= - 1
Aol
.
1. Specimen® F41X4}Fel| Roatation Stage A&l AdAHZdoleol 3]Hut
] #lol Laser®} Detectors F-2Hghr)
2. Laser Beam= Specimen(mirror 4F%1)el FAFsIe] 1 ¥kALE Beam<
AA = AAE Detectore] A o5& o]&sle] V| oF QlAg}
=AWy

3. Specimen HolderE A3+ Tilting 2t & o] FAIZl 3 1
Beam®] ol 59X Z Detector7} Hd +/-60°3] A&t ol 5d JXNE =
Aste] A3t o 24 Specimen Holder7F ¥A& o)A Tilting® WH4&
AsHA A4t

. Rotation Stage Controller System

. Laser Diode/Detector

. Setting%- Mirror Controller System
Holder 1274t}

. System Case

Vet A= J

o =
br
(o S ) NSO JURI N B
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B =AYANEY REAAX A=
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i
1
t
1
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generator

]
EPROM
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See—
Pre Amp

| < A/D Converter < l"““’”"’“% e,

A

H
é

Power Photodiode

Supply
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<A fud B @ A7 AN T A

<Ztw 2R3 1A E Double-Tilt Holder AbH>
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B =42 AN5d RZXAFA up-grade A5

2002374 Ak, A2bE A= HVEMeo| =ufel Rkl 7] dolslr] w7 2B+
3t EF-TEM-$ holder(double-tilting holder$} tilt/rotation holder: GatanA} #|2HE&E H=

A FEAE = JXF adaptord AR $ Aol A4 HAUTH 2003 E =€

L

o

HVEM=$ holder(double-tilting holder$} tilt/rotation holder)ell %= adaptor® 7}
2 A zstAdrh. GatanAbel A A2 tilt/rotation holder?] ¥-2 2 FFo)= FA- ] ¢l
slett JEOLAM Al A|2beh double-tilting holderi= ¥&& 7badtt 75 W29 Aol
o Al ZFo] olgHon o8 vleHog sfAsr

UHV-TEM-$ Holder®] AA/3 A% 4 A=A

Tilt Holder A A=} A=<

1

Rotation Holder A &% ARG
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UHV-TEM$ Holder?] AAH3| Azt A A X

Holder Connection Tilt Drive Control Unit (X ¥)

Rotation Holder A %X

Connector for Tilt Drive
Control Unit

Tilt Holder 1174 #%]
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B 5 holder R #4 X (Dry Pumping System) #A}5:

AZABAAY, 7t 24D & d54 AP 283 S5 ARAANE LT
M e Bao]l Aot ofejd Byt §xw A Ao AvEHL e v
GatanA}¢] Dry Pumping System®] $3H &S Hbs A 2& System2 KBSIOlA A3

A~

A, Astant. 14 A2H20029)& 71Ee] EF-TEM®| Holder& A& F e AR

O

f

o7 AFEFA, 23 A 2003¢)L UHV-TEME HolderZ A83 ¢ 9 Al%o

AR e Fasteo

U

ESHH

<12 A&E 43 Dry Pumping System®] A A =7 >
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71 A A1) (Gatan), 20023 2 20039 AZ Fulel AdA vjwx

EM 9129 & UHV-TEM &
Item Gatan(655)
20023 A= 20034 A &
* Turbo—drag Pump
- Pumping Speed(N2) - 75 4/s - 50~100 ¢/s - 50~100 #¢/s
- Ultimate Pressure(mbar) | - 2.67x10° - 1x10°® - 1x10®
* Diaphragm Pump
- Pumping Speed(liter/sec)| — 7.5 - 60 - 60
Vacuum/| * Full Range Gauge
System | ~ Measurement range - 1000~5x10" ~ 1000~5x10"°
* Vacuum(MAX) - 2.67x10° - 54x1077 - 6.4x107
* Cooling ~ Alr - Air - Air
* Vent - Manual, Air | - Auto, N2 - Auto, N2
- Holder(1set) | - Holder Protectors| - Center part
= Center part | — Blank holder - Upper part
~ UHV 6way cross| — Bottom part
* Holder(lset) 74 - Gasket
- Bolt, Nut
- Blank Cap
-~ Blank Flange
« e - Needle valve|] — Needle valve - Needle valve
Holder = Zea = lea = 3ea
& BT R EETEETS
Case = Holder ¢} Case = Holder ¢} Case
- StA AR ~ Needle valve
¥ 2775 A = Holder Look = +lea
- kA=A
=c
= Holder Look
* Frame Part —- 610x520x683H ~ 785x785%688H
* F7F 7Vs 3 holder % | - 4dea - 15ea - 15ea
714 F(Gatan) 7| 2.2 v & A E(%)] - 0 - 40 - 36
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714 74 (Gatan), 20023 2 20033 A Fulo] BF vl

=

Item

Gatan(655)

EM 9122 &

UHV-TEM £

2002'a A&

20033 A =

Case

Vacuum
System

Vacuum
Gauge
&
Power

Holder

Needle

valve

Holder
Look

Relief
valve
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E—UE‘_ QA= %% aﬂ/\o

E7|A 8 - Ay Aue

NS Eaete (ZnAdgTaaA

ol Mk gx (2000. 12)

D F WA 2064m (621%)
1%(15m x 33m): 49m’ (150%)
2% (15m x 33m): 495m" (150%)
Z18H31m x 33m): 1064w’ (3213)

Fol: A%

¥ - 17.1m, A3} - 7.85m

SR A wEERs ATy

-

AAZAL A AAEF)

S71A e ¢ o] 2 ZbET] ] Bl Sagn] A Ade] dA £33 dE Al
ARGl Y JEOLAE 9 Al o) A A|¢l D2 Showarlsh 13t
EE

H e stell Al =3

AE 8 (2002 1 ~ 2002. 12)

A& 3 AL L ol ()

= A ShowaAloll A AA 2 Al

AR AAW dx) 2Fe F9 Engineeringol Al 53
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T [ 3300 [ +
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| |
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B Hl A oi[]l?:t/t! 4 O,D,ml, 3 a_ 0P 2' snsoiaa-1] o
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