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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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Okrajové podminky
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Dynamicka teorie

Dvouvinna aproximace
E(T) = Egeikﬂ'r + Eheikh'r, kn =ko+ h,

S-polarizace

(k2 — k2) By = K2x_hEn

(kﬁ — kz) Eh = KZX{]E};.J
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P-polarizace
(k{% T kQ)EUO: - kﬂa(kﬂaE[]a I kDﬂE{]ﬁ) = KgxuhEha

(k% — k?)Eop — kop(koaEoa + kopEos) = K2X—-nEng
(k7. — k*)Eho — kha(khaEra + kngEng) = K*xnEoa

(ki — k*)Eng — kng(khaEna + kngEng) = K*xnEos
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k2 h* )
T K% mnx—n

(k§ — k%) (ki — k%) = K"XnX-n (1 - Py

P = 0 for the S-polarization and P = 1 for the P-polarization.

k:z h?
1 -p DL; ~ C*
k* — K*XhX-h
S-polarizace C=1

P-polarizace C = cos(20)



Dynamicka teori

, - e

Fig. 6.5. Dispersion surface of the coplanar two-beam case: left the wave vectors
of the vacuum waves, right the wave vectors of the waves in the crystal. In the right
panel, the tie-points are denoted by small empty circles. La denotes the Laue point.
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kﬂhn: n=1,...,4:

(kg — k%) Eo = K*X_nEn o
Soustava je linearné zavisla

(kﬁ — kz) Eh = KZX{]E};.J

_ Ehn
EUTI.

Cn

Okrajové podminky

ZTL=1,4 k{-]”zEU” = const, Zn:l,‘l cﬂkhanﬂn = const.

Ky = Ko, Kp| = Kng) =Ko+ h.



Dynamicka teorie

Vynechame malo prispivajici reseni,
Kde velikosti vinovych vektor(l jsou pfilis velké ko1 a Kna.

E; + Er = Eo1 + Foa, Ko.(E; — ER) = koz1Eo01 + koz2Eo2

Ep = c1Eo1 + c2Ep2, Kn.En = knz1¢1Eo1 + krz2caEos.

1
(ko — k)(kn — k) = EKQCQXhX—h
(kn — J!E)EU = %KCX—hEh
(kn — k)Ep = 3KCxnEo.
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Okrajové podminky pro polonekonecCny vzorek:
Nulova intenzita ve velké hloubce (spravné znameénko imaginarni ¢asti ko)
Jediny relevantni koren:

E; = Eo1, En = c1Ep
In, = Lijcy |2
Zmena plochy svazku:

"Yh\ 2
v, Yo il
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CcoS ap, = COs a; — 28in @ pg cos @

. h|
sinPp = —
PIPB = ok
a; = a;p + 1y Imil € ;B

ap = QpB + Mh, |Mh| < anB

h _ 0

Tl Th

b= ’rh/"m

o = sina;g = sin(@p — @), Yh = —sinapp = —sin(Op + @)

where 7y and 7, denote the direction cosines of the primary and diffracted
waves in the Bragg maximum with respect to the internal surface normal:
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Yo = sina;p = sin(@p — ¢), Yh = —sinapp = —sin(Op + ?)
A : Ao
Y = — ' -
i

Aiﬂﬂii — Ahﬂﬂih
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Difrakce na polonekonecném krystalu v dvouvinné aproximaci

Si 111
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Difrakce na polonekonecném krystalu v dvouvinné aproximaci

Si 004
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Difrakce na polonekonecném krystalu v dvouvinné aproximaci
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Difrakce na priichod

KT _
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2 YoVh
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~ Re(xo) Yo
mas =T Gin(260p) (1 B )

The angular width of the reflection curve can be defined by the points y = £1

Ay = 20\/?@1){—}1 TR

Siﬂ(QeB) 0]

The reflectivity for 1 = Mpmaee 18 an oscillating function of the crystal thickness T

__ 2 [ Yo
CV xnx-n
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Difrakce na tenkém krystalu v dvouvinné aproximaci

Si 220, T=10u m

1 T T T T T T T T I

RS

RP
0.9} . s H

A
A SN \/\v*’ N I - TP |
0.8} | Na %A 1
A

0.7 ]
06F ]
o 05F .
0.4 .
0.3} -
0.2 -
01 .

-0.01

-0.008 -0.006 -0.004 -0.002 0 0.002

1 (deg)

0.004 0.006

0.008

0.01




Dynamicka teorie

Difrakce na tenkém krystalu v dvouvinné aproximaci
Si 220, T=70u m
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Difrakce na tenkém krystalu v dvouvinné aproximaci

Si 220, T=500u m
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Difrakce na tenkém krystalu v dvouvinné aproximaci
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Difrakce na tenkém krystalu v dvouvinné aproximaci, zavislost integralni intenzity
na tloustce vzorku
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X-ray standing waves
X-ray diffraction

XSW
X-ray Standing Waves

Gerhard Borrmann

REFLECTIVITY o

o

“Th. Schmidt, J... Flege
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; \ :ﬁx

Seminary IPE BUT 29.3.2023



X-ray standing waves
X-ray diffraction

Y,(Q) =1+ R+ 2CVRfy cos(v — 2nPy)
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Fluorescence ve stojaté vine

Fluorescence
Detector

Reflectivity
Detector

Incident

Beam
Sample
L
Incident _— é,
X-ray field = %
L 8
" =
Fluorescent "E' 1.0 R
X-rays = %
// S 05 &
T S
Reflected [P =
X-ray field [ R ke
EDL ions
-

Solution layer

Fluorescent yield:
Y(0)Yos =1+ R(0) + 2F, [R(q)]"?cos[v(B) - 2nP,]]

P, (“coherent position”) and F, (“coherent fraction”) describe the
ion distribution. A first-order analysis of these parameters with
respect to EDL structure yields:

P ~ h/d,, (his ion height w/r to H™ Bragg plane)

F ~ fraction of double layer ions in adsorbed condensed layer



Reflectivity & MNormahzed Yield
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Fluorescence ve stojaté vine
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Fluorescence ve stojaté viné
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Standing waves In (Ge,Mn)Te
-

C 20nm A
Se 30nm External voltage
GeMnTe 6nm
Substrate InP (111) ®

Sample preparation:
VA2268 6nm p p p

GeTe/InP(111)A JKU Linz

+ 30nm Se cap
+ 20nm carbon (one piece)

VA2269 6nm
GeMnTe/InP(111)A

+ 30nm Se cap

+ 20nm carbon (one piece)

VA2270 6nm
GeTe/InP(111)A

+ 30nm Se cap

+ 20nm carbon (one piece)

Seminary IPE BUT 29.3.2023



Standing waves |n (Ge Mn)Te

Experiment at synchrotron
swiss light source — SLS

Beamline XO5DA
Photon energy 11.5 keV

above Ge Kedge
to excite Ge K lines

Seminary IPE BUT 29.3.2023



Standing waves In (Ge,Mn)Te

X-ray fluorescence spectrum

Intensity (counts)
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Elastic
scattering

~ Summation peaks —two In L
" photon are detected as a single
» photon with double energy



Intensity (arb.u.)
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Distance of Ge-Te planes:
High temperature rocksalt 1.7A
Ferroelectric rhombohedral 1.4 A or2.0A

Seminary IPE BUT 29.3.2023

Standing waves In (Ge,Mn)Te

Average positions in fraction
of standing wave period —
InP (111) interplanar distance
3.39 A

GeTe and GeMnTe

In: 0.05

P: 0.77

In and P distance confirms
InP (111)A — In terminated
orientation

GeMnTe:
Te: 0.86
Ge: 0.37
Mn: 0.32

Te-Ge planes 1.52 A
GeTe:

Te: 0.86

Ge: 0.45

Te-Ge planes 1.40 A
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Dynamicka teorie
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Jedna vrstva

‘SRsub(Cl — MCz) + Clﬂg(M — 1) 2

R =
%sub(l — M) +c1 M — e

M = E—i(koz1—koz2)T

J} {J) (7) A
Ef?j— E Fos 514—2 Az(jl):CjEj
- E(J] _I_EUJ} Al 2
.‘SR, _ mj-i—l{'c — M. ({3})+r{JJ {Jj(ﬂrfj, I.)
J R (1-M; )—l—(u M, — 5(2] ’
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Pseudomorfni vrstva na substratu
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Grazing incidence difrakce

Q. = K(cosaysinfs + cosa; sin6;) 4 Z
Qy, = —K(cosaycosfy — cos o cos b;)
Q. = K(sinay +sina;).

-
--.—_

AQ) = K\/sin2 Op|lat(Aaf)? + af(Aas)?]+

+ cos? Op| [(Af;)% + (Aby)?]
AQ: = K\[(Aap)? + (Aay)2.
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Grazing incidence difrakce

cos ap, sin Oy, + cos o; sin¢; = 2sin ©pg cos ¢ = 2sin Op
Cos o, cos By, = cos a; cos b;,

593 — 95 — 933, S = 'i,h.}

aﬁ — ﬂ{? COS(QQBH) -+ 2591 SiH(QC')BH)
00y = %a? Siﬂ{?@gn) — 00; CUS(QQBH)

ﬂ{]':i =0

A(86;
Ay, — 2090:)

h

Siﬂ(?@gn).
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Grazing-incidence difrakce

InP, ai=0.28deq, 440 GID, energy 10keV
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Grazing-incidence difrakce, zavislost na Ghlu vystupu pro rizné Ghly dopadu

GaP 440, 10keV
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Intensity

Dynamicka teorie

Silné asymetricka difrakce, zareni CuKa, difrakce Si 220, uhel asymetrie 22.8
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Grazing-incidence difrakce
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