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and interaction with material
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Electromagnetic radiation

Wavelength 0.01 nm - 10.0 nm

Energy 124 keV - 0.124 keV
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| I I |
12500 4000 400 5
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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
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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®
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Co (Kb Filter & 0fl A = Background J} =C}) Monochromator: B AtS, Fedl A=2l ST0| 28
Fe Fe Al = 2| Background J} = C}. Filter 52 Z Fell AlE2 2| SH Ul £ H

- Fe AIRE Zpiet 2253

=]

Cr ool =0 PSPC/MDG O I8t 045 (SHAHE)EE

_ Austenite (g&f) 2 =&
Mo HEor =0 oo e A E (A2 5)
W A= XH0| 26t SHZFHO Laue AHEIEH




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
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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




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

Auto-sample changer Standard Attachment
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Sample

F_ocusing
circle -,

Receiving

slit X—ray Receiving

Divergence

X—ray cource ! slit
i slit
source Collimator Counter (Line)
Jpelue Target Counter
Target
43l Beam'™ (Parallel Beam Method) XISt (Focusing Method)2| &Z|

X-ray detector
X-ray source

Sample
handling ) )
Incident beam optics Diffracted beam optics




Focusing Circle

Goniometer
circle

Sol-X
detector

26

RS

soller slit

anti-scatter
f receiving slit

sample

Divergence
slit slit

monochromator

(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
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PUTE OF St

(‘
f )

5

&

E-4XMe &= A XXM 7|l Xto| n50f| H|2|StH, 278 F0 Bl Lt
-0l HZM= n2 2 E20|L, M0 AHX|H ME ZOFEICE
Background 7} k| & AEXM A= YOl 250 H| S, 2 F 0 H|2i[SHC.
Target X of7| Kt AHHHY (3 LE) (KV)
J (KV) 2HE | Cf S/B H| *|CH

Mo 20.0 60 45 ~ 55

Cu 8.86 40 ~ 55 25 ~ 35

Co 771 35 ~ 50 25 ~ 35

Fe 7.10 35 ~ 45 25 ~ 35

Cr 5.98 30 ~ 40 20 ~ 30

Goniometer Slits

, 1 1
R [sm(o +8/2) Tsnta—gr2) | Rein(8/2)

5 1 A . DS(Divergence angle)
R ! Goniometer radius

40

(1) Divergence slit (DS) : A|20f| ZALE|= XA Q| Ehat

242 ZFeHE Slit o|oi, 0|10l olsto] ZAp=O| B _ a0l
i} 2 2l B S N N O T I P
FAFEO| A|ZE(HE 20 mm)S XTSI Qe e By S S

42|10 A DS Z2 HASHEXMZE It Spsict, I 5 e 0
[r2fA DS = 4° Data = Peak 2| 50| &0{X 00,8= 2I0:FI‘LG(; 8f0 100 120 :o 60 180

zols0| SHHe =z HOTICH o




Sampling & Measurement Know -how

Goniometer Slits

(2) Scattering slit (SS)

CrZ0fl A& Receiving slit (RS) 2 =&2F2 X|0{5t= Slit 0|0, A& O|2|0| A L= A2t EZ Cut A|Z|1D,
Background o| &#&& &= 17t QUL DS 0f CH8SH= Slit 2 A SHCt

(3) Receiving slit (RS)

LIS ZAXMSI= Slit O|C O] Z0| 2 |7 &|™H MEA == 2 HY7} =IC}
mhekA CHE D2l 20| Peakl| 2ols: B X|EE Peak 7} SHE|=AH0| B2 2= 2 RS E AIESHA| F =740

ZCt HE RS =03 mm £ ALSHC}.

(4) Slit changer 2} Variable slit

&2 DS DSH SS RS
18 mm 1 deg 10 mm 1 deg 0.3 mm
5 mm Y2 deg 5 mm Y2 deg 0.15 mm
Low BG Y, deg 5 mm Y2 deg 0.15 mm
MOF




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
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242 AN

1

l True Café Login
2.

XG Generation 2 &l
- Power On = X ray On > 24 Vet I - st

. Auto Alignment 2 &

- theta, 2 theta x1|3

> Open door HHE £ E 3, A2 Ad| LIH @E
- DHS open & &

> 19 Xi2| HI%J_'-, Szl o4 Bl =e| odes
- RS &0 Cu Filter &€l

- Execute 22 > 41 #0| EEH OK Z&l 23|
Alignment Complete EEH save & Window Close
AlignO| EL}H BEE A Cu Filter K| A



HPXRD ASC Measurement

1. Auto measurement £ &l

2. Add Column =2 A|22| 7|22 Column M/d
> Use= HIEA| Yes, Print= NoZ MM

3. File name0f|A| Browse £2] MZSX| U A|I2H
olgdst AH
H=_1=2 A

-> B = Data= D drived]| X%t
e — r— 4. Attach= 1tHO £ Setting
File Edit View Process Help . 9 AttaChE EI—H §|X|_-|% 9_|D|-6|'D:| 1HL-I% Defal.”tg
) IS NS =
EJ il : %'5|- 74 O 3PS k=13 HiOF

> BHUl 2| s Y 4% 282 478 A.(H9)

Attachment:  Auto sample changer (10 samples)

Ending process : IV Init position XG ending: after Present condiion v

g &
Use | Print Folder name File na sample| Nest -
AR Yes| No JD:\Data\Prof. OhJae Eur|CFAT-1.ram Browse... 1 Cont...
20| Yes [ No ID:\Data\Prof. Oh Jae Eur|C2-1.1aw Browse... 2 Cont...
3))| Yes | No §D:\Data'Prof. Oh Jae Eur|C1-T.raw Browse... 3 Cort...
44| Yes | No §D:\Data‘\Prof. Oh Jae Eur|CFM1.raw Browse... 4 Cont...
5 es LMo AD:\Data\Prof. Oh Jae Eur|CFAT-2raw Browse... 5 Cont...
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TECE 0, 8
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4

Y
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M Standard measurement [Right] (C:\WindmaxAppsiStdMeasispd.mcd)
File Edit M Process Help

=
Attachment

‘ o Aut
| Ending process : I V' Init position XG ending:after| '

| Present condition d

0. [Use|Print Folder name: File name: Sample Name Attach. | Condition [sampldl  Nest
1 Yes| No [D:\Data\Prof. Oh Jae Eur|CFAT-T.raw Browse... 1 9 1 Cont...
2 |Yes| No [D:\Data\Prof. OhJae Eur|C2-1.raw Browse... 1 9 2 Cont...
3 [Yes| No |D:\Data\Prof. OhJae Eur|C1-T.raw Browse... 1 9 3 Cont...
4 |Yes| No [D:\Data\Prof. OhJae Eur[CFM1.raw Browse... 1 9 4 Cont...
5 |Yes| No [D:\Data\Prof. OhJae Eur|CFAT-2.1aw Browse... 1 3 5 Cont...

” G 6
T[N~

File Edit Help

° B B

Mol | No2 | No3 | Nod |NoS | No& | No7 |Nog MNo3 |Noio]

Scan axis: |2Theta/Theta 'I

Use Comment
1 Yes

Method :

Continuous v Counting unit: ltps LI

Stop angle
60.000

Start angle
5.000

Sampling .
0.020

Scan speed
1.000 40

Jeong

B

-

HPXRD ASC Measurement

> ASCe| E2 107Ke] CtE 58 =d 448 7Is
- start, stop angle, step, speed, power 47

> A23E 5 DS, DHS, RS, SS A H

> 2 X—|XF6}I| 2, wmdow Close

6. Sample2 A&
> ASCo| E<2

2I%|= ojn|gt.
1077t X| 2 El0|

7t
7. Open door HE
2> A& 24 5, DHS
- int position A=, X

2, 8T 287 HHLE
H A, Cu Filter K| =2l
G ending 10& Power off

SE
I—

8. Azt HE 27

—| File Edit Help

o] = @

| Mot | No2 | No3 |No4 | NoS | Nob | Mo7 |Nog No3 |Nato|

Scan axis: |2Thela/Thela vI

DivSlit | DivH.L.SIt[ SctSlit
1 1deg. v|[10mm ~||1 deg.

- -

>> I
Counting unit: ! cps v Detail >>

_J_J

Substance| Other
Cond....

Method : |Continuous v

RecSlit [Offsetangle] H [ k

0.000 0|0 |0

BG cond.
Setting...

0.3mm v |

Setting...

v

Ll
Ll

h [9:44 40




o (D0 Al et sem

1. True Café Login
2. XG Generation 2 &l
> Power On = X-ray On > 2AH| Vef I - ot
3. Standard alignment = &/
- theta, 2 theta X3
> Open door HHE £E& 2, && 42| LIH 2E
> DHS open &/® & RS F|0f Cu Filter &
- Click the execute 9 OK 23]
> 2 theta alignO| ELtH, HIZ & ZAMS| 1 theta
align A| &t
- 4. Alignment Complete EE™H save & Window Close
5. AlignO| L™ HtE A| Cu Filter X1|7-|




HPXRD ASC Measurement

1. Auto measurement £ &l

2. 5fL}2| ColumnBh Al
- Use= HIEA] Yes, Print= NoZ2 AH

3. File nameOj|A{ Browse 52| AL X| U A|lE2H
olaist A
H=2 A-°
-> B = Datae= D drived| X%

M Standard measurement [Left] (D:\DataMMESMXin situ cell.mcd) @

File Edit “iew Process Help

B

Attachment : Standard zample holder
Ending process v Init position HIE ending:afler| |F'resent condition j
= =8 (23
Mo § Use[ Print[] ~ Folder name File r. Sample Mame Condition Mext -
1 §ves| No [D:sDatahProf. KT LeevaRIZriCa_MCMEZA | Browse... 7 Cont...

Input the folder name 12/26/2013
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HPXRD ASC Measurement

B Standard measurement [Left] {D:\Data\NESMAin situ; cell.mcd) Standard Measurement [Right]
File: Edit/-7w<w Process Help File Edit Help
@ Nol |MNo2 | No3 | Ned | Ne5 |No§ |No7 |Nog MNo3 |Noto]
Attachment: St -~ s is: | 2Theta/Thet Method : | Conti Counting unit
. = ; .
Ending process : [ Imit pozition b} ending:after| Present condition - SR il Shoes ) Conlinuous 7% e ICDS L]
JU PJ — = pem— — \4;] Use Comment Start angle | Stop angle |Sampling . [Scan speed
18 1 t -
32| Fnl alder name & narne ample Mame atiditian EXl | 1 Ves Jeong 5000 SOUOD 0020 1000 40
1 |Wes| Mo [D:\DatavProf. KT LesARIZhCa_NCHMEZZ| Browse... 7 Cont...
- 4

et e il i 12/26/2013 944 6M

4. Condition2 =™ =
- start, stop angle, step, speed, power A&
i > A3E = DS, DHS, RS, SS 4™
[ T e
| Mot | No2 |No3 | Nod |NoS | Neb |Mo7 |NeB Nod |Noto] 2> | 2 IIl.E X-I O|-X| S sl Close

Scan axis: '2Theta/Thela 'I Method : | Continuous « Counting unit: | ¢y v] Detail >> l

- Standard Measurement [Right]
—| File Edit Help

IS o > s “n 5. Open door HE +-2 %, U 2207} U L&
: DivSlit |DivH.LSIt| SctSlit RecSlit |Offsetanglef H | k | | [ BG cond. |Substance| Other _I *IE E o

Al T |1 dea ~ff10mm v |/1deq v /03mm ~|0.000 0 |0 |0 | Setting.. | Setting... | Cond....

i o e 6. int position |3, Present condition &7

| e —— 7. \X BE 22

- satam - Left Console Window 291 & OK & &l
> =X 0| QFEEIEﬂ Open Door HHE &+
NZ DX = A2y A
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HPXRD Program :PDF Maint

Filt_Pattern _View _Cptions _ Help

sl] 51 Hilet] @) ¥l

File Pattern View Options Window Help

16| SIp] S| &) 2he|

13 00-(21-0342 %) Gd2TiOS Gadolinium T
00-(21-08 T K2xW1-xTix03
00-(1-083 B Eu3Ti207
00-021-0837 B EulTiOd
00-(21-1128 %) Na0,90Fe0, 90Ti1.1004
00-(R21-1140 T NadMadTiS018
00-021-1166  ®) NaTi2a15012
%) Tid(OH)128rd 6H20

FOF Number : [<[00=TRT=T272 [ View] Quality High
Tioz

©Ti02 Thanium Oxc
® sl Thanium Tan
@ 1207, Thanium Tan
D Ti0.03Ta. 9604 91 Tanium Tan
® CaTi03 Calcium Tiar
® Ba2TiSI208 Barium Tan!
D (2rCaTiO2 Calcium Tiar, Search Reset

0 Continue

2

[GEREFET] Comments | Authors | Addifonsl | Subliles |
Cell Parameters Cry:
Laf:  Body-centered tabragonal | | Molgcular weight: 7990

S6.: 141/amd (1413
37652 algha: Volume [C0) 1?;;
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cszzagafleseaaysas

§T

[ 4
L

H linels),

4. Ast= A 3H0LA View Pattern 22!

5.d Ztof| O} A 282 - 2-theta2 HZA
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i) #i0] 2l 3] tiv)

Sefings_Resut |
] wn por200800-021-1272

%
72| | POF Number :
%

Tio2

T
PSSR || [P ——
Cell Parameters CCysaf| | sm: mwe
Lat:  Body-centers #dobs POF Converer
2 Documentsepo

37862 alph R

d tetragonal |
W1/amd (141) |

- MRIE 2L

» H
b b S 1
o 95 2 ol w9
a/b: z: 4 & 2SR
L € HOIX ABG)
[T —

€ fo 2es

-~
Fo
e,
rir
0t
2
B
oz

.

File_Pattern View  Options _ Help
|| S]] Bee] @) 2

- . P
File Pattern View Options  Window _ Help

@] SR H=|=] &) 2ie|

Result |

B POF2008:00-021-1272
POF Number : [<]00- 02T -
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Er R

W EAR7|
B oess

ssm!srseswa:alglgﬂ

General | Comments | Authors | A
Cell Parameters. 4
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2] s S
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' PDF2008. pdf - Adobe
File Edit View Document Tools Window Help

S @ e s eef] -
Al
B Pattern : 00-008-0117 Radiation = 1.540598 Quality : Indexed
(2
TiO 2th il h ok !
37.329| 45 1 1 1
43.363| 100 2 0 0
62.965 50 2 2 0
Titanium Oxide 75.444| 14 3 1 1
79.472 12 2 2 2
95.095 6 4 0 0
107.041 6 3 3 1
111.123 14 4 2 0
129.264 14 4 2 2
Lattice : Face-centered cubic Mol. weight = 63.90
S.G.: Fm-3m (225) Volume [CD] = 72.88
a= 4.17700 Dx = 5.824

Sample Source or Locality: Specimen furnished by American Electrometal
Company, Yonkers, New York. Unit Cell Data Source: Powder Diffraction.
Data collection flag: Ambient.

&
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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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