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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.



Dynamicka teorie
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Dynamicka teorie

Okrajove podminky
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Dynamicka teorie

Jednovinna aproximace

Eﬂefku.i"
(k> —k3)Ey =0

ko =k=nK =K1+ o~ K(1+x0/2)

ae =/ —Re(xo) = A4/ %(Q(T'D

Okrajové podminky
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Dynamicka teorie

Odraz polonekonecném hladkém substratu v jednovinné aproximaci
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X-ray standing waves

Total x-ray reflection

Above surface
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Intensity (arb.u.)

X-ray standing waves
'otal reflection

Testing sample (Csaba Morvay)

" CrKo ——
Au Lo ———

ﬂ Au LB — %]
reflectivity ———
Iog(reﬂecti\lf\{tly))/ ] Au 10nm

Si substrate

0O 01 02 03 04 05 06 0.7 08 09
angle (deg)

Seminary IPE BUT 29.3.2023



Dynamicka teorie

Odraz na vrstvé v jednovinné aproximaci
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Dynamicka teorie

Odraz na vrstvé v jednovinné aproximaci

20 nm Ni/Si ———

0.5

1.5




Dynamicka teorie

Degradace polymerni vrstvy (tetravinylsilan/Si) vliivem UV
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TlouStka vlivem UV zareni klesla ze 112 nm na 53 nm.



Dynamicka teorie

Odraz na vrstvé v jednovinné aproximaci

Degradace polymerni vrstvy (tetravinylsilan/Si) viivem UV
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Velikost vzorku

Imeas: I calc Asample/ Abeam

Abeam=bDpeam SIN (ai)
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Rtg reflexe
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Rtg reflexe

Multivrstvy formalismus prenosovych matic
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Rtg reflexe

Rekurzivni formalismus
R = B /EY)

j = . 1J T Ve
1+7ri1R0

Rsub = §RN—|~1 =0

Rr = |Ro?



Dynamicka teorie

Odraz na periodické multivrstvé v jednovinné aproximaci
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Dynamicka teorie

Odraz na periodické multivrstvé v jednovinné aproximaci
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Reflectivity

X-ray standing waves
Multilayers

X-ray reflectivity: superlattice peaks
Bragg peaks corresponding superlattice period
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depth (A)

X-ray standing waves
Multilayers

Depth Intensity distribution

Al,O; :
FeCo Zoolf |

T
-
e
~
~
N 3
~
N 25
500
12
415
1000
]
0.5
1500

0.5 1 15 2
angle of incidence (deg)

Seminary IPE BUT 29.3.2023



X-ray standing waves
Samples: superparamagnetic multilayers

EPD layers in Load Lock
Sputtering system

25X (Feg,Co,,/ALLO,) multilayers were prepared,
with 3.5 nm nominal thick Al,O, interlayers and

the nominal layer thickness of the Fe,,Co,,

layers was changed from 0.5 nm to 2 nm
+ (5 nm AlI203 buffer layer)

Fe,,Co,, target -> DC sputtering (0.5 kW)

AL O, standard target -> RF sputtering (2.5 kW)
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X-ray standing waves

Experiment:
] _ XRF detector
 scattering signal FeCo | @

diffraction 002

— Depth profile of
crystalline phase

* Fluorescence signal

Grazing Incidence
Diffraction (GID)
+ X-ray Fluorescence

— Chemical depth profile

Standing wave x-ray diffraction was studied previously by J. Kr¢mar (PhD 2009)



X-ray standlng waves
Experiment: ‘_ : GID
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Intensity (counts)

X-ray standing waves

Comparison of XRR, GID, fluorescence, EPD 16
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Rtg reflexe
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Rtg reflexe
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Rtg reflexe
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Odraz na drsnych rozhranich

Jen substrat, rizné drsnosti rozhrani, gaussovsky model drsnosti, dvoulroviiové rozhrani

reflectivity on gaussian surface, d=200A
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107" |

Odraz na drsnych rozhranich

Vrstva na substratu, rlizné drsnosti rozhrani, gaussovsky model drsnosti

20 nm Ni/Si

layer = 0 A, substrate 0 A ———
layer = 5 A, substrate 0 A

layer = 0 A, substrate 5 A
layer = 5 A, substrate 5 A ———




Rtg reflexe
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Rtg reflexe

Up—Uz=d p2 =1 —p
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Odraz na drsnych rozhranich

Jen substrat, rizné drsnosti rozhrani, gaussovsky model drsnosti, dvoulroviiové rozhrani

. reflectivity on two step surface, d=100A
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