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UCRF TEMs Specification f urfsT
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pEd JEM-2100 JEM-2100F/Cs
(RI=FAD (JEOL) (JEOL)
Accelerating voltage(kV) 200 200
Lattice resolution(nm) 0.23 0.102
HR-TEM image O O
Diffraction pattern image @) @)
Probe-CS corrector X @)
Image-CS corrector X X
Atomic STEM image(nm) X 0.096
EDS X O
EELS X X
=M 2 (R/AIZh 104,400 208,800
T 9 EX %?26, AFEALE Y|, A|HYE=Q, FEG, HR-STEM, %Xct F&2| 0|O|X],
AHH Ol TEM 24 o|2| 7t HH|, At& Arg ZH| 0
B RH(HEA) HEX|24(4177) 2l 2H4175)
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UCRF TEMs Specification

CS-STEM|

5
&

meis Grand ARM-300F Titan3 G2 Cube 60-300
(MI=FAL (JEOL) (Thermo fisher scientific)
Accelerating voltage(kV) 60/80/160/300(not 200 kV) 60/80/200/300

Lattice resolution(nm) 0.06 0.07

HR-TEM image @) @)

Diffraction pattern image O O

Probe-CS corrector O @)

Image-CS corrector X (@)

Atomic STEM image(nm) 0.058 0.07

EDS O O

EELS @] @]

=M= (>/AZh 313,200 417,600

A =E2| o|ofX],
60~300 kv 7t HQ H}, o|2| HE TH|

O|Z2(4171)

Monochromator &2} O|0|X| & T2 H ==
KEE7|, fX =2 0|0]X|, 60~300 kV
7t M "l o2 ©& FH[(H, @h

O|Z=2(4171)
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The Structure of TEM

{ Filament
Wehnel —

]  Anode

Condenser Aperture 1
(may be adjusd Dy usay

deponding on TEM type)
Fixed Aperture

= // Condenser Stigmator - .

Condenser Aperture 2 — i~

Objective Aperture =

Selected Area
Aperture (or
Intermediate
Apernure)

-

Diffraction Stigmator

CCD camera - -— .

Viewing Screen

| I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

*Gun’

* 1> Gun Deflectors

CondenserLens 1

Condenser Lens 2

“P>Beam Deflectors

-Objective Lens Upper
] Sample Holder

Objective Lens Lower

image Deflectors

Intermediate Lens

-Projector Lens 1

Projector Lens 2

Beam axis

HPRIAES B uSKE




The Structure of TEM
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SCIENCE AND TECHNOLOGY

E——Is

(high voltage)

*+ Gun : LaB6

A
(af?;i) - Condenser aperture : A|HO| ZALZ|E= MAF 22
QF Az HASHA Sf1 HARICl A7 =F
- Objective lens : Z2&st= g
- Specimen chamber : A|HZ E0{ A =%

o , =

Z2|7 A

SNl (erre) dg destol A4

a7 - Selective area aperture : A2t A|OF 2| E 2 2|5 ==
(;’Eﬂllm} AFOIIA @ & q

S MA = MOA L&

(memediste . projector lens : ECHsHs A
- Detector : MA}Q} A|THO| AtS A2 0 2 M7|= MALQ} mf ZHX|

-5 EA, HE S..

=3} M 0|
{clectron optical system)
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Sample preparation LS urfeT

3 - ULSAN NATIONAL INSTITUTE OF
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. Drop-casting process(nanoparticles)

. Choice of solvent to disperse particles (ex. Ethanol, DI water, toluene..)
|

o Q

. Adjusting concentration of solution

Support film

(@)

. Ultrasonic dispersion of your solution

d. Selection of suitable support grid and grid frame

Fine particles
for TEM.

o Wait for a while to let larger

1) Carbon formvar grid - normal grid

p Filter paper 33 particles sink to the bottom.

2) Holey carbon grid - sample size below 5nm A Sample A
. . < 7y Grids (film up) (
3) Lacey carbon grid - carbon materials & \
. . . ' \ Rubber ring to hold on the grid

4) If you want to EDS analysis, you avoid the same material \ :

i /I/ \\ Filter paper

(sample, grid frame) it oo N ¥ 3\ i

g2 TP -;3'2";':::1r‘_sa’"p'f
e. Drop on your grid 2~3 point e +—Film Ty

. : Grid
Grid glow discharged Grid non-glow discharged

f. Dry
2. Grid description 3. Grid type
| o 160411 ' ' - i ——
: [ Carboe
100—‘mesh 15(;:1;511 20 eh Formvar_~~_ . > Formvar

300 mesh 400 mesh

a. Grid type : : :
b. Grid frame - Carbon film grid - Holey carbon grid
c. How many mesh in grid

HPRAER B SR | 7
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Guideline of Normal TEM operation T i UL
1. Check the equipment before use 4. Beam alignment

a. Error message a. CL aperture centering

b. Column vacuum b. CL astigmatism correction

c. LN, c. High voltage centering

. d. OL astigmatism correction
2. Increase the accelerating HT voltage

5. Check the equipment after use
a. HT: 160kV — 200kV

. . a. Column vacuum
3. Loading of the specimen

b. Error message
a. Sample loading on the specimen holder c. LN,

b. Dry ion pumping station

c. Inserting and removing the specimen holder

HPXAERBHuSKE | 8



Check the equipment before use

Check the white board

B 1. Check notice and the message on the
WMl 29 i - xR board (If there are something wrong,
. you can’t use the equipment)

2. LN2 should be filled below 4 h on the
board
- 200 kV as it is
- Refill LN2
- Write the refill time on the board

HPRAEE BUUSKIE | 9



Check the Column Vacuum T g WIIET

SCIENCE AND TECHNOLOGY

1. Check the control panel before use the equipment(SIP power supply)

a. Check that the power lamp of the SIP is green

b. SIP vacuum gauge should be 1~2
(Meter range knob — 1TmA x 10)

c. When it exceeds 3*10 Pa, you can't use the equipment

P POWER SUPPLY

2. Check the vacuum system on the program

[(Mvalve Status =lofx|
V15 ~GUN / PiG:
l l - e a. Check the vacuum of Gun & column
V10 V9 ~Calufn § PiG1
GUN P12 Statu .
E ol B T 1) Status: Evac Ready
G PI1 @v4 ~Specimen / PiG4-
i ECOLUMN i 2) Both values should be less than 30uA
C"DV3 £PE ~Camera / PiG3
¢—oPl4 sIP a7 P e Reaty b. Check PEGT
V2 1A
Vit (CAMERA o PR ey 1) Status: Vac. Ready
2) Bar: Green
b .1
‘Eusl}\lacl.gear;vall |5 |7I11%3
~_ GPX|YEL BH|SXIE | 10
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Increase the HT voltage e WPST

» If you are seeing that message ‘ACD Heat ON’ you are first user at today.

So, You have to do increase the HT voltage step.

E™ High Yoltage Control =101 x|
HT status: Ready HT: 160.00 kV
Filament status:NotReady Beam current:00  uA | 1. Turn ON the HT

1) Click HT ON

1 @ OFF Down/Up: w| & ﬁt—m—jw - HT status : Ready — ON
~Filament B HT : 16Okv
o | o | Down/Up: wr| &gz L_mg - Beam current : 0 uA — 80 uA
—Conditioning
ON [~ Hold

~Auto HT

Time to finish 0.7min 2. Increase the HT

2@”" o s EL wes 1) Target : 200kV, Step : 0.1kV, Time/Step : 3 sec

‘F"a;l"‘r;'l":'; it et 2) Click start button of auto HT
: - HT : 160kV — 200kV
BCO I e - Beam current : 80 uA — 102 uA
Normal Setup
Fine9 Ww| & Degas setup | [120 =] rain

HPX|E2R EH[uSKE | 11
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Fill LN, s UriST

1. Fill LN,

a. When you fill LN2, your eye must be upper the ACD tank using a ladder

b. Put the container to the tube entrance

c. Lift the green valve toward to the top

d. Fill LN2 to about 1/3 of the container

e. Put the funnel into ACD liquid nitrogen tank fill LN2 fully
f. After filling LN2, close the cap

- Be sure that view chamber cover
X222 2H[wEXlE | 12
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“ -
Load a sample ST WJPNST

Cartridge handling tool

Cartridge clamp

1. Load the specimen where the upside
of target face is located on upside

2. Put the spacer on the sample

3. Put the plate on the spacer and
screw on the plate

Specimen grid

—Specimen holder

Specimen retainer
Sorews

< Caution! If you tighten too much the screw, the screw line will be break .

HPXIAEE U USKE | 13



Dry pumping station

,.//
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SCIENCE AND TECHNOLOGY

1. Insert the holder

2. Check power on status

3. Click Evac button

4. After 5 minutes, click the Vent button

5. The Vent light will be stop, you can
pull out the holder straightly

STR|PEE T DSALE | 14
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Inserting the Specimen Holder ‘f f urfsT

1. Inserting the specimen holder

Guide pin

’ 7
’ ’ i/

Rem'ing" thé specimen holder

% Push in completely.

® Turn fully clockwise. 20 Turn fully counterclockwise.

' Pull out completely.
s Turn fully counterclockwise.

N
) (a3}

@ Push in completely.

2) Set the PUMP/AIR 3 When the green lamp & Set the PUMP/AIR switch to AIR
 swich to PUMP. lights, turn completely. & Wait for 30 seconds and remove

4 _the holder.
) Align the holder guide pin
with the groove push in.

Clock wise Count Clock wise

If you break the vacuum of TEM because you use inappropriate,
you can't attend the training anymore.

You just fail, so be careful in use. mxjE e TSR | 15



TEM controller window

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

1. TEM controller window

e
File Dialogue Monitor  Property  Option Maintenance  Display  JEQLS  Help

“ HT | SPC | Phgtgl Statusl VAC | F1: Screen E2: On-Axis E3: Anode F4: GUNA E5: IL-Stig F6: STEM EM-21010/21020 : Single Tilt Holder j ‘
p) € D)y = .
Acc.200.00KV| TEM Spot CsT1 'MAG:  X40k Cur.Dens. 0.3 pAlom2 [ X 0um ;22 tdum |

o o Y= 0.1um = = U.1deg

. 5 . H =
Emission Alpha 4 Defocus: 0.0 nm G Exp. Time 0.5 sec M Y= o00d B
124 pA super SFX= 0% | T5F

ine SFy= 0% "I |Refresn

|connected | | | | JEOL

@ HT Acc.: Accelerating voltage
@ MAG: Magnification
- LOW MAG: x50~x8000, MAG1, MAG2: x6000~x1.5M
® Cur. Dens.: Beam current density on the fluorescent screen
@ Defocus: Defocus length
® Exp. Time: Exposure time
® X, Y, Z: Specimen position in the X, Y, Z direction
@ TX, TY: Specimen-tilting angle in the X, Y tilt
Stage neutral

X E=EEHUSAR | 16



Control Panel g f IrifE

E .r
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

1. TEM control panel

®
B ¥ m
{ 5

Left panel Right panel
@ Beam switch: Turn on the beam
@ BRIGHTNESS knob: Converges and spreads the electron beam
® MAG knob: Varies the magnification
@ Z switches: Shift the specimen in the vertical(up/down)
® F1 switch: Screen up/down
® SHIFT X, Y knobs: Shift the electron beam in the X, Y direction
@ STD FOCUS: The objective lens current to the original reference
OBJ/FOCUS: Focuses the image
@ COND STIG button: Adjust the condenser lens stig when correcting the beam shape

DEF/STIG XY knobs HTKjQlEE XM DSXtE | 17
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The Flow Chart of Beam Alignment = - UMiST

1. Normal-TEM 2. Z-Axis (40K)
STD Focus - Image Wobb X - Z button AV

Filament

Gunl Electron gun 1st beam deflector
Gun2 Electron gun 2nd beam deflector

CL1  1stcondenser lens

CL2 2nd condenser lens

3. Flow chart of beam alignment

CL3 3rd condenser lens

CLS Condenser lens stigmator
Spot  Spot alignment .
CLA1 Condenser lens 1st deflector C L a pertu re Centerl ng
CLA2 Condenser lens 2nd deflector
CcM Condenser mini lens

CL astigmatism
correction

Specimen

OLS  Objective lens stigmator

oL Objective lens
oM Objective mini lens

IS1  Image shift 1st deflector H |gh VOItage Centerlng
IS2  Image shift 2nd deflector
ILS Intermediate lens stigmator

IL1  1stintermediate lens oL astig matism
IL2  2nd intermediate lens correction

IL3  3rd intermediate lens

PLA  Projector lens deflector

PL Projector lens

G 2R PHlusXxts | 18



CL Aperture Centering e - L

1. Condenser lens aperture centering

1) Adjust the magnification to over x40k

2) Beam centering
3) Spread the electron beam (80~90% of large screen) Beam Shift Aperture control

4) The beam should be center of the large screen
-.U”E

No good

0/

Good

CL aperture X/Y knobs

- Do not touch @

- When you turn @ or 3,
do not turn too much

HPXHERBHRSAE | 19



CL Astigmatism Correction s urfeT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

2. Condenser lens astigmatism correction

a. Adjust the magnification to over x60k

b. Beam centering

c. Make the shape of the electron beam to
be circular triangle

‘— llumination spot when astigmatism Joes |

o[-lel0®

Clockwise ~—————— Small CONDENSER knob — ——np Counterclockwise

COND(CL) Stig button +
DEF/STIG X/Y knobs

EEE [l

a' b’ ¢ d’ e’

Illumination spot when astigmatism exists

Left panel Right panel

SR PHusxts | 20
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High Voltage Centering : urisT

3. High voltage centering

a. Adjust the magnification to over x100k

magnetic axis of lens

b. Beam centering

c. Find the sharp edge of sample, and locate
it the large screen center obient N
object ___ A /B JC_
d. Down the small screen ” /
e. Let's make the edge point of the sample objective lens r**
do wobbling at the small screen center |/,
focal plone I\ rotation
f. Make the movement of the edge point of - f P
.. chenged |/ /7 7 i N\
the sample minimize focal planel / ,;’:t. | / | \
- If HV centering is well aligned, beam is /0 il t y
wobbling at the beam center S ; '( \ ! /J
7 l \
HT wobbler button + P ‘ ‘\1 \\ e 7
. . ’ _;f_//d parent
Bright Tilt button + DEF/STIG X/Y knobs H roafion centre
sy, ! =
& B/

Left panel Right panel IX|QIEE ZH|NSXIE | 21



OL Astigmatism Correction s urfeT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

4. Objective lens astigmatism correction

a. Adjust the magnification over x200k When OL lens is well aligned, FFT shape is circular
b. Beam centering

c. You can use the amorphous phase of the
sample or amorphous carbon grid

d. Make Curden to under 40pA/mm2
- Spread the beam with brightness knob

e. Up the large screen with F2 button
f. Start view and Process-Live-FFT

g. Make the FFT image to be perfect circle

OBJ(OL) Stig button +
DEF/STIG X/Y knobs

& y

I A B o P
L]

Left panel Right panel

G2 R PHusE | 22
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Take images Lois | LUPRST

a. Adjust the magnification that you want | "=~
b. Beam centering e Stat View

Make Cur.den to under 40pA/mm?2 ;:Zf:;ff;e

(Spread the beam with brightness knob) ¥ e 2|

d. Up the large screen with F2 button = Iﬁl

Start view I Ao Exposure
f.  Focusing and click to start acquire comue 17 |

— ﬁl under We want

Just focus over

under Just focus over

G2 R PHusAtE | 23
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Before turn off the filament : UrfsT

E™ Controller for JEM-2100F/UHR

File Dialogue Monitor  Property  Option Maintenance  Display  JEQLS  Help
H HT | spc | Photo| status| vac | Fl:Screen F2: On-Axis E3: Anode F4: GUNA ES: IL Stig F6: STEM [EM-21010721020: Single Tt Holder = \

IEmiSSion| Acc.200.00kV TEM Spot CsT1 MAG : X40k Cur. Dens. 0.3 pA/cm2 | X= 0fum TZ; 1apm
Y= 0.1um ] :

Emission 5 g =
- Alpha 4 Defocus: 0.0 nm Exp. Time 0.5 sec M TY= 0.0 de
wper SFX= 0% age
124 HA 5":: SFy= 0% —I E';#esn I :Ffat?ma!
[omneee | | | - e

-

1. Mag : 40K -
2. Beam centering - s

3. Increase the beam size -

4. Stage Neural (twice, doble check!) 4

And then you can turn off the filament.

AR PHUIXAE | 24



Save the data RO e

e ULSAN NATIONAL INSTITUTE OF
- SCIENCE AND TECHNOLOGY

DIFFACK U

Global Info

HT: 200kV  |Mode: IMAGING Mag

distart| ¥ @ O [ vigitamicrograph Y 1b £ |

G2 PHusAE | 25




NCE AND TECHNOLOGY

Data conversion( .dm3 = .tif, .jpeg, bmp) ST

i DigitalMicrograph

File Edit Display Process analysis Window Camera Microscope DIFPACK  USCheckiout  Help

Mew. .. Chrl+N E S R
Cpen... ChrlHC
Qpen Series. .,

Impork Data. ..

Mew Scripk, Chpl-HE

Execute Scripk Batch Convert Files

Clos el Folder: | Ci\Documents and SetkingsikimDeskiopijhl, 30

Save Zh 5

Save A5, [~ Convert sub-Folders Browse, .,

Save b5 Series, ..

File types: I*.de;*.u:ImZ,'*.dat;*.elp;*.ng;*.grw;*.mrc;*.msa;’j
Save Mumbered Zhr

Save Display As,..  Chl+G File Content: and Format
Batch Conwert ... Chl+B " Save Image As IGatan 2.5 Farmat

Global Info.,.  crr+l (+ Save Display As | JPEG/IFIF Format

Page Setup...

Prift.. Chri+F Cancel |

Insball Serpt. .
Install Script File. ..
Remove Scripk. ..

Exit
e |

4. After moving your data to the shared folder, upload the data to the Nas system.
If a problem occurs with the shared folder, you must re-configure the sharing
settings on the computer using the NAS system.Use the manual in front of data pc.

AR PHUIXAE | 26
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SCIENCE AND TECHNOLOGY

a. Pull the specimen holder straightly

b. Turn the holder anti-clockwise and pull and turn the
holder anti-clockwise

c. Down the switch ® of the pump to air

d. You have to wait until the value of specimen is over
=lolx]

V15 ~GUN/PiG2 ZZOUA
o o O—’NZ Status : Evac Ready
20 pA .
o lvg — e. Pull the specimen holder completely
GUN TPIZ Status : Evac Ready
N2 Vi
£V16 —0— TP” éw [:tpicirrfeglPiell
Slerie [ e - If you break the vacuum of TEM because you use
| & L AU i inappropriate, you can't attend the training anymore.
—&— RT/PiG5 . . .
vit (CAMERA o S EEED You just fail, so be careful in use.
PI3O—=@ V5A
p—@-
V5B
ve
R —"
I Vi4
GUN =R C
~PEG1
Status: Vac.Ready
.5I |1 |2 |3 !4 15 '710-3
] 180

X E=R B usAR | 27



Decrease the HT voltage & ACD Heat on urfsT

ULSAN
SC|EN E A DTECHNO OG

% When the blank time is over 5 h on the board or you are last user at today.
% You have to do decrease the HT voltage & ACD heat on step.

! =0l x|

|I_:||-Iralz:ztrl:tsstaltus:Scr:theadyg(-ara.m current:fgg:go t\;‘ a. Decrease the HT

|—b a2 1) Target : 160 kV, Step : 1 kV, Time/Step : 1 sec
| | Down/Up: w [ = w .

Framen 2) Click start button of auto HT (a)

_on | _or Down/Up:llil 50.7% F

& _HT : 200 kV -> 160 kV

&l ™ Hold

ua | - Beam current : 102 uA -> 80 uA
Start Stap |

2] Time to finish 0.0min ff h

Target: 200.00 Wﬁl step: 01 <]k TimeJ’Step:msgg‘ 2- Turn o t e HT

'F;lm”";'l'm’_ [ | 1) Click HT OFF (b)

e vla] . - Beam current : 80 uA -> 0 uA

Coarse/ W pamen SNy Speed
e ooyt | 7S] 3. Plug ACD heater ()

4. ACD Heat On (d)

™ Bake Out/ACD Heat 5 =10 x|

ACD Heat | Bake Out |

e

X E=F EHuSAE | 28
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Check the equipment after use : IrisT

- When you finished analysis, check the equipment again

1. Column vacuum
a. SIP vacuum gauge
b. Column vacuum on the program
2. Error message on the program
3. The reservation time on the google calendar
a. When the blank time is below 5 hours
1) 200kV as it is
2) Refill LN,
b. When the blank time is over 5 hours
1) Decrease and turn off HT voltage to 160kV
2) Plug the ACD heater
3) ACD heat on

X E=REHuSAR | 29



Check the equipment after use

* Check the white board

S

1. LN2 should be filled below 4 h on the board
- 200 kV as it is
- Refill LN2
- Write the refill time on the board

2. When the blank time is over 5 h on the board
- Decrease HT voltage & ACD heat on - Write
the ACD heat on time on the board

HPXIHERBHRSAE | 30
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Emergency : =k =
A Hs | H1283 B104S \
(Laboratory No.) Engineering Bldg 102, B104 |

A7 =S R0 Z A 1 \
(Laboratory Name) Normal-TEM lab. )
% ey Jihyun Park LM (Extension) (4177)

QHHEHEtR}

% Please do not hesitate to contact “Safety Manager”, if you have any

queries or urgent business.
(28| Abg EE= g8 8F71 AS Al "A7H A0 A A= 2

29| Fo =ty

External Main Telephone

HtA Fire Station 119

2
A& M Police Station 112

E2M4-EHE 052)220-

Hospital 7500
b DTS-

HE S ST 052) 217-

Fire, Explosion, Gas and 01 1 9

Chemical Leak etc.

HPXIAEE U USKE | 31
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