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Sun Yi LEE
UNIST Central Research Facilities (UCRF)




Organization

Director

An aIy§ is Lab Nanofabrii:alion Lab Machine Shop Environmenial Anal.Lab Biomed Irﬁaging Lab

Spectrosc_oplc Photolithography CNC Workshop EnV|ronm(_entaI Multi-Photon
Analysis Analysis
Mass Analysis Thin-film SV : Pre-treatment Sl D.”ft e
Manufacturing Microscope
Surface Analysis Etch Process 3D Measurement Samplmg Virtual Microscope
Preparation
. L : LSCM with
Thermal Analysis Characterization Material Test SIM and Live
X-Ray Analysis Packaging Welding TIRF Microscope
!Electron CAD/CAM/CAE All-in-one
Microscopy Confocal System

Bio Imaging
Navigator

Macro View
Imaging System

In vivo
Imaging System

—



HQ, HIEA| HERH U SR 015 X AN 2ol 2
Name Equipment Extension Office Email
Kim Young Ki Advanced TEM 4033 B122 cclock95@unist.ac.kr
Lim Dong Ju AFM (3) , Probe Station 4032 B123 djlim@unist.ac.kr
Cho Mi Sun NMR(2), UV-Vis-NIR(2) 4034 B122 shail019@unist.ac.kr
Park Ji Hye XRD(4), XRF, Raman(2), PS, Zeta 4035 B123 sophia@unist.ac.kr
Lee Sun Lee SEM(3), FIB, Microtome 4023 B123 ssun295@unist.ac.kr
Lee Kyung Ae TGA, DSC, DMA, SDT, GPC, Rheometer, BET 4163 B123 allsunday@unist.ac.kr
Park Su Hyun TEM(3), TEM Prep. (5) 4174 B123 suhyeon@unist.ac.kr
Lee Hye Na IR, Fluorometer, Raman(2), EA 4168 B123 hyena85@unist.ac.kr
Lee Kyung Sun | MALDI-Tof-Tof, GC-MS-MS, LC-MS-MS, TOF-SIMS 4036 B122 kslee@unist.ac.kr
Kim Jin Young MALDI-Tof-Tof, LC-MS-MS 5213 B123 clytie@unist.ac.kr
Park Ji Yoon XRD(4), XRF, Zeta 4035 B123 skyblue13579@unist.ac.kr
Kim Chul Su GC-MS-MS 4067 B122 kimcs@unist.ac.kr




UCRF Self-user System

1. UCRF 2[@7tg A =4
- UCRF homepage : http://ucrf-eng.unist.ac.kr/main/main.php
- SUMH SRR} (8 B122, 4038) HE > MEM HY > ggns MY
> HYROA ME

2. UCRF Z|0|X| 0f 2t
- Self-user Test2 Stk AFRIO| SHS}O} RH| 0 2F A
- SQUAIM B} (R3F B122, 4038) HE > AEA

1A dr
0z e

J
|:||_|
on
El
3
>
og

Cold SEM
1.Log in system (True Café)
- Self-user TestS St ALZHof| SHSHO] £0{510{ 17§2| Of0|C|2 BE EAFH|
Login 7t5, Bt sA| 221 £7¢
- XIs2 E Login or Logout A|Zt2 HZE

2. Data Upload & Download System (Core FTP)
- =4 PC H2 XN A 2= Self-user 5! O|2| X} AR (ZA|)
- Core FTP @X[2 IP ID, PW, Port E U= = ALE
- USBRIO| =¢l9| PCOAM Z1t5 HEZ L2 20 =+ US.
- ST MA| ArsAH 7|5 > HEA| =2l Data £t2|= EX35] & A.



http://ucrf-eng.unist.ac.kr/main/main.php

(®)] UCRF Self-user System

Nano SEM & Quanta SEM

1. Log in system (True Café) , Data Upload & Download System (Core FTP)
- Nano SEM =22 S4 A C}2 AlA” S £ PCO| 4% 8715
- HIO| A BAF = USBE 2M Z1} datag 7+X 7f0F 2f

2. Logbook
- B ZAARLR
- Ol Ao et H=ts] 7]



[ TrueCafe 439042, Logon
Login

% Password

Language

[

All Programs

|Englsh

Options >3 | IFI | E \.I -é: ‘ @TCIT;L;F?EME and log
- Self-user TestS B¢t AHR0] $130] 0{30], 17je] ofo|c|z B 24 &
H| O X*A7fo, CtZA| 23901 27}

- AF= 2 & Login or Logout A|ZtS X Z (Mornitoring 7| 5)

IO IDEF AFEZ A HE = M HETA| 370 oS Aot &E

T

—

H| 9| A2 LoginZ True Café WindowZ} AfEfI|7|[[Hﬂ—01| 2Metg
Sk I H*EM AMEHE 5 A|AHEFR 5 2T E 8{0f &

- Normal XRDO||A{ OptionE =21 7HQl AA R H|EHS HAGHK| 2 7.

- Logoff Al ZX| Shut down 7|s0| /leb= HL| 5 =0 LogoffcstA| 2 ZA.




Data Upload & Download System

PC E5A|

UCRF L& PC ®&A|

1 il
Site Manager u g
- Site Mame Site Name

|New_Site |New_Site
Host / IP/ URL Host / IP / LURL
[10249.42 [100.100.700. 100 Advanced |
Username Usermame
|50DhiEl [ Anorymaus |50DhiEl [ Anonymous
Fazzword Pazzward
I“" [~ Don't save password I"“ [~ Don't save password
Port Timeout Retries Part Tirneout Retries
|22 |50 |68 [~ Retry On |22 |60 |68 [~ Rety On
[ Pasy [ Use Proxy [¥ Pasy [~ Use Prowy
Connection Connection

i [FrP -~ |FTe E

i Comments S5L Dptionz S5L Options
I SSLListings 7 S5L Transfer [ Clear [CCC) ¥ S5LListings @ SSL Transfer [ Clear [CCC)
[T OpensSsL [T “windows S50 [T OpenssL [T windows S5L

| Mew Site | | M Eategoryl Conrect I | Connect Manager | | Clogze | | Hew Site | | Mew Eategoryl I Connect I | Connect kanager | | Cloge I
i— i— — i— il— — i— —

Common ID : sophia
Common PW : 0687
Hrj 7H'8 IDQF PWE THEX| T A




Equipment PC
100. 100. 100. OO

Network Connect

Server PC
100. 100. 100. 100

File Wiew Sites Manage Help

10.24.9.42

Internet Connect

Researcher PC

10.24.9.42

,—- .
> # | O'C | E B
= fj /
' = L |
250 C'w/'0 command suscessful. "1 is current falder. i

WD
257 "I is current directary.

PaSN

227 Entering Passive Mode [10,24,9,42 146,187).

LIST

Connect socket #102010 10.24.3,42, port 37263,

150 Opening data conn

%rzaBnZ;Iers:;:l‘?gZS byre: _E_ Aﬂ-l P C O r M y P C S e rve r PC l:'
Q@ ™M x & [ S vy & s QU ™M x & | o &avy & &7 O
iz [CA#UsersWUNIST#Documents W ~ « [’ =] [
“l Filename | Size | Date | ‘"l Filename | Size | Date -
K 08/13/13 0%:07 e N
i Fax 0813713 11:28 K .
. Malvem Instruments 091912 10:43 . Company 10/04/13 11:|%
| SAP 10/0313 17:24 | Labs 10406413 20:
.. Scanned Documents 08/13/13 11:28 .. Program 05/02/13 12
A= 0870713 1549 | toengineer 01/30413 10
@Seﬂ" = 14 KB 08/26/12 1755 | touser 10404413 15:
E XRF_data_H= & s 112 KB 1272712 13:22 . UCRF 10/02413 17
@:HEHL HEE|_2005_5E pdf 45KB 08/07/13 16:13 . UCRF 21SE2 10401413 14:
= ﬂ*%?PE‘E}"H BETIHE| s 32KB 04726713 18:00 0 AFM A3 L 22 S22 LH S xdsx 0 04727713 15
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(®)] Sample Request

DATE

P ETT=wE
Dept, and Professor

Hame

2Em
Lab, number and Phone

E-mail

AIET (i)

sample name {Number)

AEFH
e

Thin film

Powder

Etc.

ALY
Pupose of analysis

Image

EDS (EDAX)

Point

Mapping

Line

scale bar :

lcoating : Yes |
High Veltage :
imagnification :

l No (

)

TIEI27BArY

Other

UCRF homepage : http://ucrf-eng.unist.ac.kr/main/main.php
- At2d - SEM 24 0|2| M A (O Al B =5H0] Ad)
Aot= A A|RZYEE d=9] 7|8g A
SEM =21 2|2|A (Written Request)

- HEAOA HEZ 2=


http://ucrf-eng.unist.ac.kr/main/main.php
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(®)] Microscope

Microscope |

‘ Optical microscope I ‘Elei:trun Mi::rusmpel



Microscope

aﬁilgne 0O M SEM
HV — 0.5-30kV
d = 0.61 M(n . %g:) Source light electron
) . Atmosphere air vacuum
— d : resolution -
Lens glass Dolepiece
— A D wawe length Resolution 5~0.1xm 7~ 0.6 nm
=
— n-sing = 1.5 E%&“ shallow (¢-3um)  deep(0.1~1mm)
£| EDX N/A possible
E Color color BW
Mag ~x10K ~xBI0K
Field wide wide
Sampling easy easy
Sample size large large
- coating none depends
image Trasmtted/reflected Surface

\ Comparison among OM and SEM




Resolution

=
= T As s=9(371)

e Rayleigh Criterion

~ 061
nsina

")

e o X0 IE Zols

Well resolved Barely resolved

d a
object plane
image plane

Not resolved

Sl s (Resolution) : Ot 717710| = F7l0| A S E2|5l| A

For Light microscopy:
n=1.5 (oil)
|=400 nm

a=60°
d=200 nm




®)] Microscope

Lamp

(source) Electron source

& y\_l
Cond Lens ? E::E Cond lens E E

sample (G0} / 00 Scan coil
Obj Lens sean . SE detector

TEM SEM
Difference among OM, TEM and SEM




#

By electron |
VT o £

SEM Image

wdBR, BP14 5.8kV 108vm




@) Microscope

* FAIM XIS 0| A (SEM:Scanning Electron Microscope)

eEH(EE R 89

1) EDS : Energy Depresive Spectrometry
2) WDS : Wave-Length Dispersive Spectrometry

* 7=|X-|o|-7(-| H A
o= ™H

1) ECP : Electron Channeling Pattern
2) EBSD : Electron Back-Scattered Diffraction




Tungsten Filament

Electron Source Tungsten Filament Field Emission
Type of Emission Thermionic Cold FE
Operating Vacuum (Pa) 10+ 10+
Brightness (A/cm:- str) Sx1(¢ 1(¢
Source Size (um) 30 0.01
Energy Spread (eV) 2.0 0.2

Life Time (h) 50 4000

Comparison of electron sources




. Tungsten Thermal FE Cold FE
Source properties W ZrO/W W(310)
Virtual source size (nm) 100 ~ 200 15~ 30 25~3.5
Energy spread (eV) 2.0 0.3~1.0 0.2~0.3
Beam fluctuation (%) Less than 1 1~-2 3~ 4
Emission current (mA/sr) More than 1 0.1~1 Less than 0.1
Source brightness 1 500 1000
Tip activation Needed at time N._eeded Needed at time
of use continuously of use
Typical exchange period 2 months 8 ~ 12 months 3 ~ 4 years
¥300,000 without| ¥ 80,000 each
Source exchange cost *¥4,400 each gun exchange Only tip
Operating vacuum (Torr) 10°® 10°® 10™""




Emission Current

a

e

Cathode Tip

VRVEVAV

Gas Molecules

Reduction Period

b & d
K/ l
&Y
A B C
i
Inmitial Stable Period

Unstable Period

Time



F=-e(v x B)

WEW TOWARD

| GEJECT SPACE



Electron Beam
1st Condenser Lens b »Nh=b1/a1
* D1
a2
2nd Condenser Lens —> ﬁ'w: : b »Na=h/a:
a3
¥ =Na=ha/as
Spot Size (d v bs
pot Size () M ¥ d=dor Mi M2 Ms

Specimen

The Lens system of a scanning electron microscope




3

Characteristic X-Ray =)

Backscattered
Electron

Primary Electron Beam

E]ectrm}' Second
~"_ -+ FElectron Detector

~10om (Excitation Volume for

Secondary Electron Emission)

Srecmen () /

7T Transmitted v

T\) Electron Beam
II---‘1: Induced Current

Electron Transmitted

(Scattered)

Electron



Backscattered

Electron secondary Electron
O O
\ \ Yacuum
O O Oo O
Sample(Metal)
O O O
Simornsetal




Secondary Electrons
=
E Backscattered
- R Electrons
=
-
-
g
=
5
=
=
l l l I\
1 100 10,000

Energy of Electron (eV)
(Incident hbeam energy : 10.000eV)

Energy spectrum of the electrons emitted from a specimen



Secondary &0
Electron §

) )
] p—
Photons \
Signal

Light Guide
rd

+10kV
il ,

CRT

Specimen

Secondary electron detection system



Scanning

Scanning Electron Beam of CRT

L

/ ' /

Scanning Electron Probe

%

;:f ~—— Scanning (X)

Scanning(Y) I __7
aF

1
b T S
\, ’

Specimen CRT
Magnification :{ M)=L /1

5
2,

Magnifying mechanism in the SEM




Beam Invading depth

10
20
30
40
50
(nm)

! 1LV ‘lk‘»" ‘ 3kV




Vacce 1kV Vacc 15kV

agnified
=

Monte Carlo Simulation

Sample : Gold




High Accelerating Voltage Low Accelerating Voltage

Specimen : Solar Battery

Comparison of high and low accelerating voltage
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Charge-up Phenomena Eliminate Charge-up Phenomena

Specimen : Si0; on Photo Resist Line Pattern



Astigmatism

‘_T.-Tlder focus o R Just focus Over focus

Before correction

Just focus

After correction Specimen: Trachea of rat

Astigmatism correction method V.
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Focus Depth —* Shallow

Focus Depth — Deep

Specimen : Si on Photo Resist Pattern

Comparison of objective movable aperture hole size



®)] Image Quality

Relationship between Acceleration Voltage and Image Quality

] ]
Accelerating . '
Voltage . '
=10 15 25
(kV) - i
= i
= i
Resolution Low »= High
Charge-up Little *= Much
Contamination Much » Little
Effect by disturbances Large = Small
Image quality Soft » Hard
Mon-evaporated specimen
observation Easy
X-ray analysis
xX-ray
Secondary electron signal Sirong » Weak
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