SL_LSIUT | ——

Ji-Yoon Park
UNIST Central Research Facilities (UCRF)




Organization

Director

Analys:is Lab Nanofabri&:ation Lab Machine Shop Environmen:tal Anal.Lab Biomed Irﬁaging Lab

Spectrosc_oplc Photolithography CNC Workshop Envwonm(_antal Multi-Photon
Analysis ; Analysis
Mass Analysis Thin-film SIS : Pre-treatment Sl [.)”ft Lol
Manufacturing Microscope
Surface Analysis Etch Process 3D Measurement Sampllr_lg Virtual Microscope
Preparation ;
Thermal Analysis Characterization Material Test ekl W'Fh
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

—



H, HIEA| SR L HEA O % HEN ol 2y
Name Equipment Extension Office Email
Kim Young Ki Advanced TEM, TOF-SIMS 4033 B112 cclock95@unist.ac.kr
Lim Dong Ju AFM (3) , Probe Station 4032 B115 djlim@unist.ac.kr
Cho Mi Sun NMR(2), UV-Vis-NIR(2) 4034 B112 shail019@unist.ac.kr
Park Ji Yoon XRD(4), XRF, Zeta 4035 B115 skyblue13579@unist.ac.kr
Lee Sun Lee SEM(3), FIB 4023 B115 ssun295@unist.ac.kr
Lee Kyung Ae TGA, DSC, DMA, SDT, GPC, Rheometer 4163 B115 allsunday@unist.ac.kr
Park Su Hyun TEM(3), TEM Prep. (5) 4174 B115 suhyeon@unist.ac.kr
Lee Ran EA(2), BET 4175 B115 ranlee@unist.ac.kr
Lee Hye Na IR, Fluorometer, Raman(2) 4168 B115 hyena85@unist.ac.kr
Lee Kyung Sun | MALDI-Tof-Tof, GC-MS-MS, LC-MS-MS, TOF-SIMS 4036 B112 kslee@unist.ac.kr
Kim Jin Young MALDI-Tof-Tof, LC-MS-MS 5213 B115 clytie@unist.ac.kr
Park Ji Yoon XRD(4), XRF, Zeta 4035 B115 skybluel3579@unist.ac.kr
Kim Chul Su GC-MS-MS 4067 B112 kimcs@unist.ac.kr




(@] UCRF Self-user System

1. UCRF 3|2171¢! 3 = AN
- UCRF homepage http://ucrf-eng.unist.ac.kr/main/main.php
- ZOIAKA CHOEX} (28X B122, 4038) HEE > Al A BHAM S Chobpa MO

- O 4

> SHEXAOA M=

2. Log in system (True Café)
- Self-user Test2 Stk ALZHof| SHSHO] £0{810{ 17§2| OO|C|2 BE HAFHH|
Login 75, Tt &A| 2102 27}
- X2 £ Login or Logout A|ZH2 HE

3. Data Upload & Download System (Core FTP)
- 2N PC ESXIRIO|AM 2 E Self-user U O|2|X} AHE (ZA))
- Core FTP AX|= IP ID, PW, Port § & Q13 & A\l
- USBQi0| £919| PCO|A A1tE HIZ |:|.O I:II- of 22 9l
- A NISAHH 7|5 > BHEA] 20l Data 22|= BX| & A

4. Logbook
- H3A AAKL=E
- Mo 580[ ELtE= Self-userg It 2 7t


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

)] Log in System

TrueCafe 43504.8. Logon
Login [
% Password [ All Programs -~
Language |Eru:H‘| j p e rlr--.-.- ?;i}]
7t

Options :'}| I?I I \.' t; ‘ J:T-:é$an1;an(ll<m
- Self-user TestS Sttt A0 31510} 2013, 172 Of0|E|2 RE £ &
H|Of §&£7Fs, B sA| 2292 =
- X}52 2 Login or Logout A|7H2 X% (Mornitoring 7|5)
- BHEA| E910] IDBH AL . XY 3 X HUA| 3 0o He et
- S8 BEMMH|9| A2 Loging True Café WindowZ} AfEfK|7|[[H-.-01| BMelz
2 Logoff & [Mf BFEA| AR E > A|AEEE > 2122EF 5{0f g

- Normal XRDOf|A| OptionS =2 7|9 AAZ H|LUHS HZAGIK| B A,

- Logoff A| ZX| Shut down 7| 50| leo = HL| 5 S0 LogoffohA| 2 Z.
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Q|5 PC HEA

Site Manager

Data Upload & Download System

UCRF L{EL PC ™2 A|

-

Site Manager

S

...... o Site Name - @ New_Site Site MName
|New_5ite |New_5ite
Host /1P /A LURL Host / IP A URL
|1D.24.9.42 |1DD.1DD.14}D.1D[H
Username semame
|50Dhi3 [ Anorymous |5°DhiEl [ Anorpmous
Pazzword Pazsword
I““ [~ Don't save password I““ [” Don't save password
Port Timeout Retries Part Timeout Retries
[22 [50 [65 I~ Retry On [22 50 [8 [~ Fietry On
[# Pasv [ UseProsp [+ Pasy [ Use Proxy
Connection Cannection
i GE = i |FTP E
, - Comments S5L Options " - Comments S5L Options
W S5L Listings | SSL Transfer [T Clear (CCC) ¥ SSLListing: [ SSL Transfer [ Clear [CCC)
[T OpenssL [T windows 5501 [T Openssl [T windows S5L
| Mew Site | | Mew Eategnr_l,ll | Connect I | ConnectManagerl | Cloze I | Mew Site I | Mew Eategnr_l,ll | Connect I | EnnnectManagerl | Cloge |
ii— — il— | . i— —— [ — i— il— . i —

Common ID : sophia
Common PW : 0687

2 70'E ID2} PWSE TUSX| E A




Equipment PC
100. 100. 100. OO

Network Connect

Server PC
100. 100. 100. 100

10.24.9.42

Internet Connect

Researcher PC

10.24.9.42

File Wiew Sites Manage Help

EZ #|+0C |

e

250 C'w/'D cammand successful. " is current falder.

PO
257 "I"is current directary,

PaSN

227 Entering Passive Mode [10,24,3,42,146,157].

LIST

Connect socket #10201010,24.9,42, port 37563,

150 Opening data conn
226 File sent ok

Transferred 4,523 byte: E_ &! PC O r M y P C

4Xi|" < &-F & S Ol Q08 X i|" o &vF & & 0
e [C A UsersWHUINIS T Documents -] W « [7 =] [
| Filename | Size | Date | | Filename | Size | Date -
" 09/13/13 09:07 W<> T
L Fax 0841313 1128 N -

. Malvem Instruments 09/19412 10:43 .. Company 10/04/13 11: %
| SAP 10/03A13 1724 . Labs 10/06/13 20:

.. Scanned Documents 0813413 11:28 .. Program 09/02/13 12:
L A= 0840713 1549 | toengineer 01430713 10:
i?E,ﬁSelf =Sk 14 KB 09/26/12 17:59 . touser 10/0413 15:
XHF_data_EE s T2 KB 122712 13:22 . UCRF 10:0213 17
'@}lEHL 95| _2009_ZH pdf 45 KB 08/07/13 1613 . UCRF 2158 1001413 14:

A SR g NS EH LB H dax 32KB 04s26413 18:00 iTf,ﬂ.»“«Fl"\"l 2 =2l E-HS xsx 0 04427113 15:




{0j) unisT
A -
A Record of Equipment Use
Manager
Approval
Equipment
University or
Company
Department -
{5 pe s P sitic
Contact
Client Name number
E-mil [Maase wiitz the contact numbs ma
de
Department Fosition
5 p2 rvisar]
User
Name Confact
number
From | J Month - JDay - J Year
to J Month - [ JDay - J Year
Date ha
(Total use fime : urs D
minutes
Sample Mo. of
samples
Details about
use of
equipment
Details about
use of
hazamous
materials
Equipment state (problem and repair) Good Poor
Cleanliness

- ANZH2 True Café 201 8l 2=
AlZF 7| X 29t

- ORZt AFR B, 29T 31X 28 HL
ME AFgol 7|7 23 (37 X)

- SH| O] T A A, FH[ SEHO| 7| XY
E= BEAOA =4 A= HHE

K RrO| B2
23 = e F2, 378 A8 2K




)] Sample Request

- AlZ 92 A 22 SOZE 7Hs5tH, B9 Mapping A|22| € 1.cm? XE

o
- Cho| AlZo| 79, 3 b YHof of2fel 20| X 2

=Q0|1E: 2Z€& Name : Hong Kil Dong
- EfEk2 1 000 - Professor : OO0
- g2 : 010-O000-0000 - Phone : 010-O000-0000
- 0| Y : 24 =5@unist.ac.kr - E-mail : hongkildong@unist.ac.kr
- M &I K| : Lab > UCRF > =2Z % > XRD - Save Location :
-2M AR TiIO2/Si Lab > UCRF > =Z %= > XRD
- Power : 40 KV, 40mA - Sample : TiO2/Si
- 20 "2l :20~80° - Power : 40 KV, 40mA
- Count rate : 1°/min - Count rate : 1°/min
-=8 @™ 2013. 10. 07. - Date : 2013. 10. 07.
- QHEALE - Requirement :
1) A 2= BFEA| 9|z HfEhL CH 1) Please collect samples .

2) E™A|0f & A2tHEFL|C}. 2) Please contact me when you measure



mailto:홍길동@unist.ac.kr
mailto:홍길동@unist.ac.kr
mailto:홍길동@unist.ac.kr
mailto:홍길동@unist.ac.kr
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1913

Max von Laue William Henry Bragg
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and interaction with material

Incident electrons

Auger electrons

(AES)

Continuous X-rays

Fluorescent X-rays

Secondary electrons
(SEM-SE)

Backscattered electrons

(SEM-BE)

Characteristic X-rays
(XRD, XRF)

<Depth of quantum generation and space resolution>

Auger Electrons
(AES)

»
Characteristic X-ray 3
(EDS,WDS) e Y

Continuous X-ray 1
(XRF,NDA) “L_. ¢

Primary X ray

YA E¥M=z oM 2471

Auger M X} | Auger Electron Spectroscopy (AES)

O| X} ™ X} Secondary Electron Spectroscopy (SEM+SE)
SHEALE}R

X} "'Oﬂ'— — | Back Scattered Electron Spectroscopy (SEM+BES)

SNEA | FadAreofd (TEM)

EM X-M Electron Probe Micro-Analysis (SEM-EDS or WDS)
S X-d | X-4 §0[F, EXAFS

X-M
E4 X-M | XRD, XRF(X-M SHE2M7|)

Back scattered Electrons

4 (RBS)
)
_j' Secondary Electrons
i « (SEM)
.'f';
‘,.-”' Characteristic X-ray
}.f N (XRD XPS)

/\’
CIE P S-Eaby

Scallered X ray
Huorescence
X-oray

=
lransmit Primary

£ oray
p

Ihermal energy




Electromagnetic radiation

Wavelength 0.01 nm - 10.0 nm

Energy 124 keV - 0.124 keV

10° 10 10 1 107 10° 10° 10° =
> nergy
T T I T I I I . I [eV]
10" 10’ 10° 10' 10/ 1 107 10"
T T T T I T T T > Wav‘emmbor
[em]
10" 10" 10° 10° 10" 10’ 1 10 o
> elengt
T T T T T T T T (m]
'S = @ I S AT g S
£
=)
Ultraviolet|~! : Micro Short Radio
Gamma Rays X-Rays Light 5 Infrared Light Wades Waves Watee
w
>
| I I |
12500 4000 400 5




Intensity

| m
1.0 20 20 4.0 5.0 E.0 7.0 80 2.0

@) ; _
Wavelength (A)
Characteristic X-ray Intensity
. 11
Y, 9
4/ ’ -
@ © |immp @ f

Wavelength (A)
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Energy levels (schematic) of the electrons

M shell _

Characteristc M

Let _.:::5:::::::"' K shell

Ka?2 L

IKal ko2  IKB1 1KB2

Electron K
from K shell

Intensity ratios
Kal : Ko2 :Kp=10:5:2

Electron
from L shell

¢ By : KZF TXEL| Of 4 K|

=3 M =663 X103 s
=0 = 3 X108m/s

A KA Dol EMXMO| mEt

)
p HJ||1|

9|




A
2

nA = 2d sin® * W.H. and W.L. Bragg, 1913

d distance of lattice planes
L X-ray wavelength




A
2

Demonstration of Bragg's Rule

wavelt wave22| B =Xt = AB + BC = dsinB + dsin® = 2dsin®
(AB= P2t A2 d)

& A = 2dsin®



high tension (kV
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target on

carrier

X-rays

electrons

lend cose

cathode

oll bath

glectron
beam

X-ray beam
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tungsten
anode




Target 2l == == =3 25
cu BI2t21 1 A ~10A O SH0| HI5HCL [gEE _
(Kb Filter 2FO 2= Fe| AR SHH= 2XF)

Fe Al22| 212 H0| 200 - = o =X = 5t
Co (Kb Filter & 0fl A = Background J} =C}) Monochromator: B AtS, Fedl A=2l ST0| 28
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- Fe AIRE Zpiet 2253
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S5 HE 0[85 Xid(X-Rays)= EHA=}st7| 2[5t0] 0| 85t= =& S Filter 21 S}

X{\j§|7§(X—Ray Diffraction) & Filter= E &S 4A|4=(Mass absorption coefficient)Z7} KBM0f| CHs] =1,

Koo CHSIO = 22 A5 ArESHE)
O| Filter 49| |XtHD = Target FXIHS HL} 1~2 22 742 A3
Ko ] ]
| mpER(A) || Filter | Ni Absorplion edge
IKp1/ 1K1 = 17100 2] B - g
Target o Lo 5 :
Kot || KB E 2 o me el= con= 9, Keut = (A
T (mm)| =30 (9/cm?)| 2 5 5 Rk :
| cr |22ssef2om4s| v || 2283 || oo || o007 || 63 | 58
| Fe ||1.EI3EIZI||1.?5I35|| M || 1,896 || 0,011 || 0,008 || £2 | % Kg
Co |[1.7809|[1.6208) Fe || 1.743 0.012 0,009 B | 2 “
cu  |[1.5408([1.3922)[ Ni || 1.488 0.015 0.013 55 = -
Mo |[0.7093)[06323]| Zr || D.EE9 0.081 0,053 13 | e
| Ag ||n.559e1||u.a9m|| Rh || 0,534 || 0,062 || 0,077 || 41 | AMA)
Monochromator= Graphite (002) H ZH9o| 242 0| 2310 A|EE BEEO| XME Chiigt gl= st
AlO|CF.

AEXMo| HEkO| M2 HRAAL9 A|ZL} Target @F 242 AA9| A|Z0|=Monochromatore| = 1}
7} ALt
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)] X-Ray Techniques

X-Ray Analysis Method & Application

| | | __J___ l |

Powder XRD HR XRD ST/TX XRD SCXRD | SAXS : WD XRF ED XRF

1
1
i .




UCRF Powder XRD

08 Model : D/MAZX 2500V/PC (Rigaku, Japan)

08 Specifications

» X-ray source : Cu
» X—ray power : 18 kW
« Goniometer (angular range) : — 60 ~ 128 °
— Left Goniometer : SAXS
— Right Goniometer : WAXS
» Attachment
- Standard
- High temperature (RT ~ 1500 C)
— Battery cell for charging & discharging

08 Model D8 Advance (Bruker, Germany)

08 Specifications
» X-ray source : Cu
 X-ray generator : 4 kW
 0-0 based goniometer

08 Applications
« Liquid samples can be measured
 Anaerobic samples can be measured

« large sized powder samples can be measured
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anti-scatter
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sample
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(1) X-ray Source : Line focus (& HA 0.1 mm X 10 mm)

(2) Divergence Slit (DS) > 2Ab2E XI$t (1/6, 1/2, 1, 2, 4°)

(3) Divergence Height Silt > Beam =0| A|$t (10/ 5/ 2/ 1.2 mm)
(4) Receiving Slit (RS) > Beam = X|&t & (0.15, 0.3, 0.6 mm)

(5) Scattering Slit (SS) > At2t XM BEX| (1/6, 1/2, 1, 2, 4°)

(6) S;, S, ¢ Soller Slit > XM9o| =2 drAt X5t




ANzsHde I A|IZEHO| A|ZEHe| 7|&H

ABEHHO| § &2 7| 20X ™ 3| -XME Xzt

af
[

UX| AZ7|=Z0| ZLSICH
© 2 Shift &1, HFZ YO =Z 7|2X|H

=
==

il g =

x= O

= —

2 Shift =IC}.




bl B
o LA LS

@ XRD Wizad - RO
f Fik Dittnactometer Mode View Window Help
O ol b i 0 L 5] B
Smuctraded | Tabsview  Quicked [Recon |
Dperabat [Bdrarmiienss she [Fases |
Detzor — Connrerts: |
G
ot i Use btk e
- & e I fean
- Boan delistion = o
e [ sicume ] e 0 GO0,
Senrode  [Coriuna o
fopnmdr  [Mhats Thats =
|—;|
e Rmwm [ [ ol o it
£ ATET B = e I |
s ice w1 [0 11 L =
Ho of sieg= JC__ Aogonspeed [ [oml
1'm:|‘5buﬂl Wl ol '
0 - e y
Gepvaratid o sim
Detw T [0 K et 1 jl‘ﬁ el
Tot soan v | 0 pruneces] Gt [——T [§ <] - -

8 o oo

Fer Help, pram FL
P
B = =

Hed B §ld]

cwHm

1. True Café Login
2. H}EFS}EHO|| XRD Wizard £ &l
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File Exchange (raw file — text file)

1. &4 PC HE3H Sthof QI
= FileExchange Open

2. Input file
. ‘ - type : raw I} A EH
Fruc g | - path : raw o} AZ X|H

Input fil
Type: M[Diffrac (AT / plus) Raw V1,4 - Quick view J

Path: [DHI1_YSJung¥fJw Kim¥ 13129 137206_4ALDLNMO_B0_Tdays. raw E]

— 3. Output file
e — - type : UXD (txt) It MEH

Path:  [DH1_VSJungW.Jw Kim#1312 [ =1
| Tfi‘mesasrt:emgs inputfile & Curent ime J v Show scan angle in text output - path : tXt rLl- OEI 7O:| E X| g

Press F1 for help

[~ Action
I Convert I ‘ ¢ Mmake file(s) ¢ Quick view data & Make file and view ‘ Exit

4. Convert

o=747 |
2013-12-23

[ 1D dx




Scan Condition

(1) Scanning mode

Continuous (H=) scan 1t Step scan O| AL}
P

OI% Scan 2 AHHEE H2 LSRN SHOHE mode 2 FYEA, FURA S0f ALSHICE
Step scan 2 22!

D= Y=ot Profile?] 5852 420
o o

=] A
2| 9l = (Lattice distortion) S°| =740 & &S|Ct.

(2) Sampling £ / Step =
Step £ Peak o| HI7}Z 9| 1/5 0| A] 1/10 O| X &tS|L}.
HE2M0 A= 0.02° Q| Step 22 HEFECE AR L. Peak profile YZLZHO A= 0.01 ~ 0.005° Q| Step 222 &

SIC}.

A

(3) FAIS T (Scan speed) / A5 A|Zt (Fixed time)
A% Scan O A{Q] AL, Step Scan O A Q| Al=A|Zt0| M2 Data o 1 SHAZHS At
o|LC}.

Ol E=T Peak 7} AEE 4 UASK|= Peak 2f XM ZE7F 2K 2| Backgrounds AHSELE SX| X SX|= ZHEC]

Z= Q St Parameter

rir

342 o E=H 8 °/min 2 2Scan S0 &= St 2| Peak 7t HE &[X|T D|F =205 °
/min 2 2 Scan 0= Peak E HEEY = U= dF = ULk MAGO| LIE AN ZE AAlZHS E0FE St0l= ROX|=
SEEE A7 ALE 0] B2 S+E =2 Yoot o SYY2 =7 SYECh




Wide Angle Goniometer 2| EH XA

ax Tk Mono ZHH 2F =4 Mode Scan& & DS(SS) o
Filter (KV) (Step Z) | H=A|ZH RS sl 2
MM A (2t} C MODO 50 HAEFAL 5 10
S=A (2 Ni (0.020) 28 ~ 48 OE 3° ~ 90°
HuEH ) viono “ AEEN | 20~ a0 1° i
o Mn - (0.020) OF e —
MM (27)) Cu Mono 50 AL TAL 1/20
= Ni (0.020) 29 ~ 40 ORI 2° ~ 60°
02| AS Cu Mishe 50 A %/Step 1/20 10
& (0.029) 2~10s gE T Peak 9
X ak (2ldh Cu Mono 50 HAEFAL 1 10 XM 2F Peak
o [y . 40 ~ 10 o o
Ni 0.029) / 0.3mm (3| RA| 2 )
X2t (gAh Mo Mono 60 == AL _ 10 d2f Peak (5)
T 0.029) ARG 03mm | BIHEIEA|ZH)
AN EE y
cu ono 50 Step Scan 1° Peak ¥4
747 T i 1~8 s
AR 7| & 9f= Ni (0.01°) > 1015 ~03mm | (4~38 Pe;k)
AN v Mono 50 A5FA . 1/20
S (0.020) 19~ 2 i 8 3¢ ~ 140°
Mo Mono 60
s 3 1/60 ~ 20
SBREGH) [ o Mono 60 | o1r oo | 4~20s | (Link 30 ~ 1500
u Mono 50 ’ ' 0.6mm
Rietveld H Cu Mono Step Scan ~ 1/2¢ ~ 10
= >0 00169 | 17195 | 015mm 10~ 130°




Powder Pattern Information Content

Peak intensities
m Quantitative Phase analysis

Peak positions Atomic Positions

|
® Space group m Temperature factor
|

m Lattice parameters SCEREIE
Profile width and shape
B Instrument contributions
® Microstructure

J (Size, strain, Stress ...)
Background

m Scattering from sample environment (air, sample holder, ...)

®m Local order /disorder
B Amorphous phase amounts, "degree of crystallinity"



Sample Trend & Characterization by XRD

Single crystal

. '
* Rocking Curve * Rocking Curve
» Reciprocal space map » Reciprocal space map
= Texture analysis
» Powder Diffraction v WM —V's (AlGaAs AlGalnP.InGaAsP etc.)
) * Blue LD (GaN,Zn0,ZnSe)
" Bulk single crystals = S0l (SIMOX, Physical Bonding Techniques etc)
Bulk Sample -+ t > Thin film sample
v ¥ ray Reflectivity
* Powder Diffraction » Texture analysis
» Residual Stress analysis * Thin film analysis
* Rietveld refinement » Powder Diffraction
« Bulk poly crystals . Ferrn.[llelect_nl: [BST,SBT,ETG,F_'ET etc.)
* Ferromagnetic (MR, GMR,Hard disk etc.)
v v Super conductivity materials (YBCO,BSTO etc.)
Poly crystal
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