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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

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
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Energy levels (schematic) of the electrons
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Crystal systems Axes system

AR5

(triclinic)

Cubic a=b=c, a=p=y=90° e Z:

Tetragonal a=b#c, a=p=y=90° by

Hexagonal a=b#c, a=p=90°, y=120° mmmbm@ @
Rhombohedral | a=b=c, a=B=y#90° L %
Orthorhombic azb#c, a=p=y=90° e

Monoclinic azb#c, a=y=90°, p#90° il @

Triclinic azb#c, azp#y#90° E o
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nA = 2d sin0 *W.H. and W.L. Bragg, 1913

d distance of lattice planes
L X-ray wavelength
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« Demonstration of Bragg's Rule
wavelldl wave2ll =Xt = AB + BC = dsinB + dsin@ = 2dsinB
(AB= G2t Al d)
@ A\ = 2dsinB
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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
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08 Model : D8 Discover (Bruker, Germany)

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

08 Applications
« single crystal (epitaxial layer)
e poly crystal
« amorphous thin film : thickness, surface roughness

% Horizontal system
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Divergence anti-scatter soller slit

\\ 79%

sample

monochromator

(1) X-ray Source : Line focus (A& ™HA 0.1 mm X 10 mm)

(2) Divergence Slit (DS) »> &4tz X3t (1/6, 1/2, 1, 2, 4°)

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

(5) Scattering Slit (SS) > At2k XM 8EX| (1/6, 1/2, 1, 2, 4°)

(6) S1, S, ¢ Soller Slit > XM9o| =% 2hAt X|ot
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Locked Coupled
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Wide Angle Goniometer 2| S™H XA
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Powder Pattern Information Content

Peak intensities
m Quantitative Phase analysis

Peak positions m Atomic Positions

m Space group ® Temperature factor

m Lattice parameters ® Occupancy
Profile width and shape

B [nstrument contributions

B Microstructure

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

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

®m |ocal 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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