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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. Semikinematicka teorie Il: 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.



Velky monokrystal
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Velky monokrystal

Two and three dimensions
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Velky monokrystal

crystal fruncation rods

gl---4-<_
- Sy
[ ] g &
L
%
u \
\
L ] / ]
I
I
J /|
t 1t -(‘
' \/
i

sample surface the Ewald sphere



Velky monokrystal
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Velky monokrystal
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Epitaxni vrstvy
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Epitaxni vrstvy

Jednoducha vrstva, Sipka poloha 2pi/a

T,=50A, a,=5.189A
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Epitaxni vrstvy

Principle of X-ray diffraction based
stress/strain analysis

QWJORDAN VALLEY
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is defined by Bragg’s law, 2d sinf 5 = nA
®* Most sensitive stress/strain analysis method for semi. (ITRS



Epitaxni vrstvy
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Example: Fully strained SiGe epilayer

Epitaxni vrstvy
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. Measurement
Simulation

w-26 (deg.)

Symmetric 004 reflection from 22.5 nm
epitaxial film of Si, ,Ge, with x=49% on a
Si(001) substrate
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Composition / strain
determined from measured
lattice misfit

Misfit normal to surface

from layer peak position
Ad/d = —Aw cot By

Thickness from interference
fringe period
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No dependence on -=
materials parameters -



Epitaxni vrstvy
Common Bragg diffraction geometries and

anatomy of a HRXRD curve
| .
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®* Symmetric Bragg geometry is sensitive to lattice parameter
perpendicular to the surface

both parallel and perpendicular to the surface




Epitaxni vrstvy
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Lattice deformation in epitaxial thin-films &
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Epitaxni vrstvy
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Epitaxni vrstvy

Polohy difrakénich maxim pro rlizné vzajemné polohy mfizi vrstvy a substratu

Q; Q; Q,
A
/ ® g ) A) »
e ¢, )
/ / yd
/ |
/ | /
Q, o o




Epitaxni vrstvy
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RSMs from fully strained epitaxial thin-films
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Epitaxni vrstvy
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Layer peak position gives
the lattice parameters
Aa | /a=AL/L

Composition and
relaxation can be obtained

Peak in the asymmetric
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Epitaxni vrstvy

RSMs from relaxed epitaxial thin-films =
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®* SiGe peak is shifted away from H=2 in the asymmetric 224ge map
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Epitaxni vrstvy

RSMs from strained thin-films on o
strain relaxed buffers (SRBs) N
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Epitaxni vrstvy
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Epitaxni vrstvy

Comparison of HRXRD data from strained JHERBETRILES
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and relaxed SiGe epilayers
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Epitaxni vrstvy
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substrate lattice parameter (A)

unstrained layer lattice parameter (A)
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Epitaxni vrstvy
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BaF, substrate lattice parameter (A)

lattice angle o (°)

Epitaxni vrstvy
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Epitaxni vrstvy
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Epitaxni vrstvy
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Intensit

Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=10A, T,=10A, N=5, a,=5.189A, a,=4.979A




Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=10A, T ,=10A, N=5, a,=5.189A, a,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=10A, T,=10A, N=5, a,=5.189A, a,,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=10A, T,=10A, N=50, a,=5.189A, a,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=10A, T,=10A, N=50, a,=5.189A, a,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=5A, T,=15A, N=50, a,=5.189A, a,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

T,=50A, T,=150A, N=10, a,=5.189A, a,=4.979A
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Epitaxni vrstvy

Multivrstva s — geometricky faktor, f — strukturni faktor, sf — celkova intenzita

Intensity (arb. u
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Epitaxni vrstvy
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Epitaxni vrstvy
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Epitaxni vrstvy
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Epitaxni vrstvy
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Epitaxni vrstvy
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Fig. 10.1. Diffuse intensity distribution in reciprocal space calculated for spherical
inclusions with radius 10 nm and the lattice mismatch 0.5%. Panel (a) shows the
Huang scattering using the approximation exp(—ih.v) — 1 = —ih.v; in (b) the
Huang scattering is presented without this approximation. Panel (c) represents the
cogezgcattering; in (d) the total scattered intensity is depicted. The contour step is
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Epitaxni vrstvy

Mosaic blocks of small perfect crystals
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Epitaxni vrstvy
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Epitaxi
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Fig. 10.15. The intensity maps of a mosaic layer calculated in symmetric 004
diffraction (a,c,e) and asymmetric 404 diffraction (b,d,f). The layer thickness was
10 pm (a,b,e,f) and 100 nm (c,d). In all panels, the root mean square misorientation
of the blocks was 0.5%, In (a-d) the blocks were spherical with radius 10 nm; in (e,f)
they were columnar with the horizontal radius 10 nm and height 2 pym. In (e) and

(f) the directions of the diffraction vectors are denoted by arrows:; the step of the
intensity contours was 4/ 10.
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