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Svlabus

1. Experimentalni technika: zdroje, vznik rtg zafefii, goniometry, optické prvky (monochroméatory, kolimatory,
zrcadla, fokusacni optika), detektory. Zakladni experimenty: polykrystalové a monokrystalové metody,
mapovani reciprokého prostoru

2. Kinematicka teorie rozptylu: Gvod do teorie rozptylu, rozptyl na elektronu, izolovaném atomu, krystal,
strukturni a geometricky faktor, omezena velikost krystalu

3. Difrakce na polykrystalech I: strukturni faktor, velikost krystalitu (Scherrerova formule), vliv deformace na
polohy a Sifky difrakEnich maxim, zbytkova napéti, kvantifikace fazového slozeni (vnitfni normal)

4. Polykrystaly II: Full profile fitting; Textury, ODF (orientation distribution function); Debye(v vztah, PDF
(pair distribution function).

5. SAXS: teoreticky popis, fidké roztoky — Guinier(iv a Porod(lv vztah, usporadané ¢astice — long range a
short-range order

6. Dokonalé, témeéf dokonalé krystaly, epitaxni vrstvy: Kinematicka teorie na monokrystalu a epitaxni vrstvé
— polohy difrakci, truncation rod, deformace v epitaxni vrstvé, relaxace. Mozaikovy krystal

7. Dynamicka teorie rtg reflexe: Jednovinna aproximace — hloubka vniku, reflexe na hladkém rozhrani,
multivrstvy (formalismus pfenosové matice), TRXRF

8. Dynamicka teorie rtg difrakce: Dvojvinna aproximace: pfipad Bragg a Laue, Borrmann(v jev, stojata vina,
GID, epitaxni vrstvy

9. Semikinematicka teorie I: DWBA, Rozptyl na drsnych rozhranich — popis drsného rozhrani, priklady:
fraktalové rozhrani, dvouurovnové, vicinalni, spekularni odraz a nespekularni rozptyl, drsné multivrstvy

10. Semikinamaticka teorie IlI: GISAXS na Casticich na povrchu a uvnitf vzorku, Difuzni rozptyl na defektech
v krystalu v okoli difrakce

11. Experimentalni rozliSeni Experimentalni rozliSeni v reciprokém prostoru: analyzer streak, detector
streak, monochromator streak, DuMondovy grafy, disperzni a nedisperzni usporadani, koherencni Sifka a
délka

12. DalSi rentgenové metody: Fluorescencni spektroskopie, absorpcni spektroskopie — XAFS, XMCD.



Difrakce na polykrystalech

Poznamky k vypoctlim intenzit:
Drive uvedené vztahy jsou pro integralni intenzity pikd

Integralni intenzita piku je umérna objemu vzorku (objemu krystalitu nAsobeno poctem zrn)

Terminologicka poznamka:
Zrmo

Krystalit

Koherentné difraktujici doména

R-faktor



Difrakce na polykrystalech

Experiment vyhody — nevyhody, pozadavky:

Pro kvantitativni vyhodnoceni vzorek musi byt bez preferencni orientace a jemné nadrcen
Bragg-Brentano parallel beam

Rovinnost vzorku mensSi pozadavky na vzorek

Dobré uhlové rozliseni horsi rozliSeni
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Difrakce na polykrystalech

Kvalitativni fazova analyza:
Porovnani poloh pikli v zdznamu s databazi

Databaze:
PDF -- https://www.icdd.com/ @'ICDD'
FOR

DIFFRACTION DATA

A

Inorganic Crystal Structure Database (ICSD) Karlsruhe
https://icsd.products.fiz-karlsruhe.de/

INTERNATIONAL CENTRE

COD http:/lwww.crystallography.net/cod/

Cif strukturni soubory

GICSD

FIZ Karlsruhe = Leibniz Institute for Information Infrastructure


https://www.icdd.com/
http://www.crystallography.net/cod/
https://icsd.products.fiz-karlsruhe.de/

Cif soubor crystallography information file

data_2310932
loop__
_publ_author_name
'Ramsdell, L.S.'
'Kohn, J.A!
_publ_section_title

Developments in silicon carbide research

_journal_name_full '‘Acta Crystallographica (1,1948-23,1967)'
_journal_page_first 215

_journal_page_last 224

_journal_volume 5

_journal_year 1952

_chemical_formula_sum 'C S

_chemical_name_systematic 'SiC'

_space_group_IT_number 156

_symmetry_space_group_name_Hall 'P 3 -2™
_symmetry_space_group_name_H-M 'P3 m 1’

_cell_angle_alpha 90
_cell_angle_beta 90
_cell_angle_gamma 120
_cell_formula_units_Z 8
_cell_length_a 3.079
_cell_length_b 3.079
_cell_length_c 10.073
_cell_volume 165.401
_citation_journal_id_ASTM ACCRA9
_cod_data_source_file Ramsdell ACCRA9 1952 154.cif
_cod_data_source_block Cilsi1
_cod_original_cell_volume 165.4013
_cod_original_formula_sum 'ClSil
_cod_database_code 2310932
loop__

_symmetry_equiv_pos_as_Xxyz

X,Y,Z
-y, X-Y,Z

-X+Y,-X,Z

-Y,-X,Z

X,X-Y,Z

-XtYy\Y,Z

loop_

_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_occupancy
_atom_site_U iso_or_equiv
CiCc4 0 0 0.18810.0
C2C-4 0.33330.6667 0.4381 0.0
C3C-4 0.6667 0.33330.688 1 0.0
C4 C-4 0.33330.6667 0.9381 0.0
Sil Si+4 0 0 0 10.0
Si2 Si+4 0.3333 0.6667 0.25 1 0.0
Si3 Si+4 0.6667 0.3333 0.50 1 0.0
Si4 Si+4 0.3333 0.6667 0.75 1 0.0



Zbytkova napeti
Hook(v zakon v izotropnim kontinuu
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Figure 6.4 Typically bowed film-substrate composite under
compressive and tensile stress in the film plane (exaggerated).



Zbytkova napeti

Metoda “sin psi kvadrat”
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Figure 6.5 Course of simulated d(y) distribution of thin TiN film
under compressive (left) and tensile (right) stress. The in-plane
stress was assumed to be 1 GPa.



Zbytkova napeti

Scattering '
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Zbytkova napeti

Anizotropni elasticita
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Interakce mezi zrny

Reuss vSechna zrna steiné nanéti:
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Zbytkova napeéti

Klasifikace napéti:

Napéti 1. typu:
o' z[IJdV/IdV)

many crystallites
2. typu

ol =( j cdv / Id‘!) ~o!

ene crystallite

3. typu

ol (x,y,z) = G‘(x,p, z] -gl—gll



Textury
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500 nm thin ZnO film.
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Textury

Polové obrazce:

Figure i6.1 Four-circle Euler cradle with variable azimuth ¢
and tilt angle y




Textury

Pri naklonu se méni absorpcni faktor a ozarena plocha:
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Figure 5.7 Peak intensity measurerment in (a) conventional
texture analysis and (b) as recommended for thin-film work,



Textury

Sample A
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Figure 5.8: (a) @28 diffraction patterns and (b} and (c)
pole figures from the Bragg reflection at 29° of polycrystalline
S5r=Bi-Ta—Nb—O thin films {from Ref{, [3]).



Textury
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Fig. 12 Example pole figures for a (a) (001) out-of-plane oriented film and (e) (111) out-of-plane oriented film. Pole figures from the (b, f) 001
Bragg reflection, (¢, g) 011 Bragg reflection, and (d. h) 111 Bragg reflection



Textury

ODF — orientational distribution function
3 uhly — Eulerovy uhly
K uréeni tfeba vice difrakénich pélovych obrazci

ODF se obvykle vyjadfuje pomoci zobecnénych sférickych harminickych funkci
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Textury

ODF
Zapocteni symetrie krystalové mrize

Table 5.2 A for different crystal symmetries.
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Textury

Inverzni poloveé obrazce:
Rozlozeni orientaci do urcitého sméru
Obvykle normala k povrchu
cubic

teiragonal orthorhombic

D

hexagonai rmonaclinic trictinic

Figure 6.2 Symmetry-related areas in inverse pole figures of

six crystal systems, The determination of the ODF is required
only in the shaded subsets of orientation space.

001 101



Textury

ODF - orientational distribution function
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Figure 5.23 Special types of texture displayed in Euler space:
{a) random orientation, (b) biaxial texture and (c) fiber texture,
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Figure 5.24 Definition of directions RD, TD and ND in metallo-
graphic texture analysis,
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Amorfni latky, pair distribution function
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Amorfni latky, pair distribution function

Pattersonova funkce:

Stredovani pres vsechny smery:
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Amorfni latky, pair distribution function

Crystalline Solid Amorphous Solid or Liquid
(a) (b)
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Amorfni latky, pair distribution function

Model tuhych kouli v 2D
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Amorfni latky, pair distribution function
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Amorfni latky, pair distribution function

Q[S(Q) - 1] = f H (r) sin(Qr) dr
0
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Amorfni latky, pair distribution function
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Fig. 4.9 X-ray scattering from liquid metals. (a) Image of a drop of a liquid metal (diameter approximately 2 mm)
electrostatically levitated in an ultra-high vacuum chamber. (b) Drops levitated in this way can be heated with a laser, here
causing the drop to glow. The metallic sample shown in (a) and (b) 1s Ti39 5Zr39 sNi2;. (c) Wavevector dependence of the liquid
X-ray structure factor of nickel for selected temperatures below its freezing point of 1455 °C. (d) The radial distribution function
of liquid nickel evaluated using Eq. (4.19). The shaded area under the bottom most curve corresponds to a coordination number
of 12 in the nearest neighbour shell. (Images courtesy Jan Rogers, NASA’s Marshall Space Flight Center, Huntsville, AL; data
from K. F. Kelton, Washington University in St. Louis.)
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