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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.



Opticke prvky
*Rtg optika
— Krystaly, monochromatory, kolimatory
— Zrcadla, multivrstvy, mrizky
— Fokuzacni optika

Nezbytna pro zajisténi pozadovanych vlastnosti svazku elmag zareni.
spektralni vlastnosti (monochromati¢nost)
velikost svazku - Uhlova i prostorova (rozmér, divergence)

Co je na rtg optice jiné oproti zobrazovani béznym svétlem?

Index lomu_materidlu - ma v rtg uplné jiné vlastnosti nez ve VIS.

Vlastnosti zrcadel, Cocek, mrizek pro rtg se podstatné |isi od téch

jak je zname pro viditelné svétlo.



Optické prvky

©< kolimator

OPTIKA

Zdroj
Spektrum — AE/E
Emitance (velikost x divergence)

Stupen prostoroveé koherence
Briliance

monochro
mator

Polarizace — linearni, kruhova, elipticka

Vzorek

Velikost svazku
Divergence svazku

Tok intensity

Casova koherence AE/E
Prostorova koherence
Polarizace

Stérbiny, filtry, okna, zrcadla, délice svazkl. Monochromatory, fazové desticky,

CoCky, mrizky, difrakCni elementy



Optickeé prvky

'Refrakc“:nl' coCky

Fresnelovy ¢ocky %
5 W




Optické prvky

+Polarizatory

12714723 Difrak€ni optika



Optické prvky
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Optlcke prvky
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Optické prvky
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Optické prvky

Zrcadla s gradovanymi multivrstvami

Slouzi jako rtg zrcadla pro fokusaci nebo

kolimaci rtg zareni.
Mohou fungovat i jako monochromatory.

Parabolické gradované zrcadlo s multivrstvou

e :
m{-‘. :

Goebelovo parabolické zrcadlo

OCEL
Si
w
B,C

A\

Eliptické gradované zrcadlo s multivrstvou

U synchrotronu, kdy je zdroj bodovy

Je mozny zrcadlo vyrabeét v toroidalnim tvaru

Nebo kombinovat 2 zrcadla kolmé na sebe -levné;si

Montelova optika

12/14/23



Optické prvky

Hlavni funkce rtg zrcadel:
Ohyb - regulace polohy a sméru svazku

Filtr vykonu — regulace intensity zménou Uhlu dopadu u Zadoucich experiment(

Tvaruje spektrum — odstranuje vyssi frekvence (vySSi harmonické z undulatoru),
geometricky Ize nastavovat energiové okno.

Fokusace — u wigglerli a bending mag. jsou prohnuta zrcadla (sfér. cyl. toroid.)
pro mikrosondu Ci mikroskopii: zmensSeni zdroje, (elipt., zkfizena KB ...)

Kolimace — parabolicka zrcadla: dhlova divergence zdroje odpovida akceptanci.

, L

Lze aplikovat i pro
ohybani krystall

I
A(x ¥ z)

Fig. 4-7. Focusing properties notation.,

12/14/23
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Optické prvky

Fokusacni optika
RefrakCni CoCky

viditelné svétlo Parabolické CoCky
[
-

o= :j::::::::::zh

rtg zareni

~1 mm

bt L~
(@)
Figure 3.5 (a) lllustration of a single parabolic ~ dimensions of the lens apex radius of cur-
lens used for X-ray focusing (adapted from vature R, thickness of the lens at the apex d,
an image in [77]). The X-ray beam path is geometrical aperture 2Ry, length of a lens Ip)

E schematically shown by the arrows. Typical are also shown; (b) a stack of several lenses.
—_— fl LY '
fn="= ~ ~104 /N
N 2-N-0 2N5.10°
[mm]

Mnoho malych mikroCocCek za ssebou

relativné dlouha ohniskova vzdalenost.

Problém absorpce — lehké materialy Be, Al

S absorpcni délkou ~ 0.1 — 1 mm ( Be az 10mm)

12/14/23



Optické prvky

Fokusacni optika

Fresnellovy CoCky 2
. . , . I,
difrakCni optika

Ize zanedbat

n

(a)

f, (transmitted)

Fig. 4-8. A Fresnel zone plate lens with plane wave illumi- R % £, f f,

nation, showing only the convergent (+ 1st) order of
diffraction. Sequential zones of radius r, are speci-
fied such that the incremental path length to the T R =
focal point is nA/2. Alternate zones are opaque in
the simple transmission zone plate. With a total
number of zones, N, the zone plate lens is fully
specified. Lens characteristics such as the focal
length f, diameter D, and numerical aperture NA
are described in terms of A, N, and Ar, the outer
zone width. [Courtesy of Cambridge University (b)
Press, Ref. 3.]

L <] Blocked beams:
f, (transmitted) f, f,

OSA - order sorting aperture



Optické prvky

Zakladni veliCiny charakterizujici Fresnellovu CoCku

e the maximum number Npa of zones, if we know the diameter D of the zone plate:
D = 2r,, can be calculated as:

D Ry
Nmax = =
TETAAT O 2AT
with Ar being the width of the last zone, D the diameter of the ZP and R, its
radius (Ry = ry,,, = D/2).
e the focal distance of the FZP can be calculated by considering the last zone (m =
Ninax). With the considerations above and using Eq. (3.46), one obtains:

= D = 4NmuAr (3.47)

DATr
A

f~

(3.48)
which is the focal distance for the first diffraction order.
e the numerical aperture (NA), still in the small angles approximation ( f > D):

D2 2

o the spatial resolution, using Rayleigh criterion for a circular aperture:

0.61/ if

luti herent) = —— = 1.22- Ar = 1.22— 3.50
resolution(coherent) NA r D (3.50)
o the depth of focus, DOF: o the speciral bandwidth:
1 4 2(A1)? |
7o) P S R L el

2 (NA)Z A g



Optické prvky

Kapilary, polykapilary, vinovody

Vyuzivaji totalniho odrazu

pfi malych Uhlech podobné jako rtg zrcadla /,
/ 44 =

.-"/

~ P ~ =
. -
(a) (b) _’.._‘.é‘-: 7
— et

(c)

Figure 3.10 Schematic illustration of capillaries and focusing principle: (a) single bounce; (b)
multiple bounce and (c) poly-capillaries (Kumakhov lens).

Vystupni divergence svazku je
min. rovna nebo zpravidla vetsi
nez kriticky uhel daného
materialu.

Problémem je také drsnost
povrchu uvnitf kapilar.

Rtg svazek ,trpi“ mnohonasobnymi odrazy
-relativné mala intenzita
-nizka divergence, ale velké misto fokusace

Casto se pouzivaji také jen na tvorbu
paralelniho svazku



Monochromatory

Vyuziva se dynamické
diffrakce na monokrystalech
Zpravidla Si nebo Ge
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Monochromatory

Divergence

Limitations of single axis diffraction (slit system(s)):

1 IR
Divergence:
s | 50 h

T 90 = (h+s)/a

Typical laboratory setup: 6@ = ( 0.4mm + 0.5mm )/ 500mm = 1.810° = 370"

At least a double crystal diffractometer setup is required !

Synchrotron: 80 =(0.2mm + 0.2mm)/40m = 1.0-105 = 2”




Monochromatory

Double Crystal Diffractometer (DCD) setups

Three different setups of the ‘classical’ DCD

1. (n,-n)

. collimator |
2. (n,-m) i i
3. (n,+n)

(All discussions in coplanar geometry.)

The same reflection (hkl) of
collimator and sample in
opposite direction.

Different reflections of
collimator (hkl), and sample
(hkl), in opposite direction.

The same reflection (hkl) of
collimator and sample but
in the same direction.



Monochromatory

DuMond Diagram

Graphical representation of Bragg’s law showing the reflecting range

slit collimator limited aperture :
2-5 T ] 1

1
|
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Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.0.
2 08
.%
3 0.6.
& 0.4
" -J
0.0 . . :
.20 -10 0 10 20

Delta Theta [arcsec]

wavelength —

angle —

IHP Im Technologiepark 25 15236 Frankfurt {Oder) Germany www.ihp-microelectronics.com & 2011 - Al rights reserved



Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.0
Reflection curve of the sample
2 08.
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Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.0-
Reflection curve of the sample N
0.8 -

0.6 -

Reflectivity

0.4

0.2- J J
0.0 . v
-20 -10 0 10 20
Delta Theta [arcsec]

Rocking curve
1.0

wavelength —

0.8

0.6.

Reflectivity

0.4

0.2 j
0.0 y . :
-20 -10 0 10 20
Delta Theta [arcsec]

IHP Im Technologiepark 25 15238 Frankfurt (Oder) Germany www ihp-microelectronics.com 2011 - All rights reserved



Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.0,
Reflection curve of the sample \
0.8

0.6 -

Reflectivity

0.44

o J L
0.0 . v .
=20 -10 0 10 20
Delta Theta [arcsec]

Rocking curve
1.0

wavelength —

0.81

0.64

0.41

Reflectivity

0.2

0.0 " . v
-20 -10 0 10 20
Delta Theta [arcsec]

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany wiww.ihp-microelectronics.com © 2011 - All rights reserved



Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.0-
Reflection curve of the sample
0.8 -

0.6

Reflectivity

0.4

0.2+

0.0 v .
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Monochromatory

DuMond Diagram / (n,-n) setup

Reflection curve of the collimator crystal

1.04
Reflection curve of the sample
> 08
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T o J |
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Monochromatory

Theoretical description (n,-n) setup

Rocking curve:
R.(A®)x K [ C(x) C,(x-A0) dx

C,, C, - reflection curves of collimator and sample, respectively

R (0) = P percent reflection ( = 0.8 for absorption free case)

NO wavelength dependence of (n,-n) setup!

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www.ihp-microelectronics.com & 2011 - Al rights reserved



Monochromatory

DuMond Diagram / (n,-m) setup

Reflection curve of the collimator crystal (hkl),

1.0
Reflection curve of the sample (hkl),
> 08/
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Monochromatory

DuMond Diagram / (n,-m) setup

Reflection curve of the collimator crystal (hkl),
1.0

Reflection curve of the sample (hkl)
> 08/
=
/ g s
¢ 0.4

4 | A

-20 -10 0 10 20
Delta Theta [arcsec]

wavelength —

/

angle —>
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Monochromatory

DuMond Diagram / (n,-m) setup

Reflection curve of the collimator crystal (hkl),

1.0
Reflection curve of the sample (hkl) N
> 08/
.%
8 0.64
£ 0.4

0.2
/; )

0.0. v .
-20 -10 0 10 20
Delta Theta [arcsec]

wavelength —

Vi

angle —»
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Monochromatory

DuMond Diagram / (n,-m) setup @

Reflection curve of the collimator crystal (hkl),

1.0-

Reflection curve of the sample (hkl), |
> 08

%

8 0.6 1
t 0.4

/ 0.2- J

N 0.0 v v "
-20 -10 0 10 20

Delta Theta [arcsec]

wavelength —

angle —»

IHP Im Technologiepark 256 15236 Frankfurt (Oder) Germany www. ihp-microelecironics.com © 2011 - All rights reserved



Monochromatory

DuMond Diagram / (n,-m) setup

Reflection curve of the collimator crystal (hkl),

1.0
Reflection curve of the sample (hkl) \

7 -
/ W

-20 -10 0 10 20
Delta Theta [arcsec]

0.6+

Reflectivity

i The rocking curve of a (n,-m)
7 ; setup is not only the convolution

wavelength —

of two reflection curves.

/ Additional part by wavelength

interval: AA
00 = 7([311@{, - tan@ﬂ;)

angle —»

IHP Im Technologiepark 256 15236 Frankfurt (Oder) Germany www. ihp-microelectronics.com @ 2011 - All rights reserved



NMAananarhhrarm AtAardgs

DuMond Diagram / (n,+n) setup

Reflection curve of the collimator crystal (hkl),

Reflection curve of the sample (hkl)

N/
1 \_/
/N

/N

Reflectivity

1.0
0.8- m

0.6-

0.4-

ol I\

n'qzn -10 0 10 20

Delta Theta [arcsec]

Strongest influence of the
wavelength interval:

56 = E(tamu@w + tan® )
- A’ [ 5

IHP Im Technologiepark 25 15238 Frankfurt {Oder) Germany

www.ihp-microelecironics.com

© 2011 - All rights reserved



Monochromatorv

Summary of DCD setups

(n,-n) Z parallel setup

= non-dispersive arrangement = ideal for reflection curve analysis

(n-m) =

= slightly dispersive arrangement = dispersive increase in rocking curve

= high intensity

width depends on the difference of both Bragg angles

(n,+n) = % anti-parallel setup

= strong dispersive arrangement = usable for monochromatization

= lower intensity

IHP Im Technologiepark 25 15236 Frankfurt {Oder) Germany www.ihp-microelectronics.com € 2011 - Al rights reserved



Monochromatory

Crystal collimator optics

These different double crystal setups can be used not only as
diffractometer arrangements (collimator + sample), but also in different
combinations as collimator / monochromator only !

=> crystal collimator optics

« asymmetric reflection

 channel-cut

 Bartels monochromator

IHP Im Technologiepark 25 15236 Frankfurt {Oder) Germany www.ihp-microelectronics.com 8 2011 - Al rights reserved



Monochromatory

Asymmetric reflection

asymmetric (n,-n) i/

e I

beam divergency in/decreases with b| . beam width with b

1.04 .
0.0
20 15 10 5 0 -5 -10 -15 -20
Delta Theta [arcsec]

(=T~
o o

Reflectivity
=]
=

(=1
ra

wavelength —

angle —> = high angular resolution

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www_ihp-microelectronics.com 2011 - All rights reserved



Monochromatory

Channel-cut
symmetric (n,-n) setup _
exactly parallel //\4 /7\/\\
two-fold three-fold
10'
10°- -

—— three-fold ||

Reflectivity

= strong reduction of the

reflection curve tails

20 -0 0 10 20
Delta Theta [arcsec]

IHP Im Technologiepark 25 15236 Frankfurt {Oder) Germany www.ihp-microelectronics.com © 2011 - All rights resarved



Monochromatory

Bartels monochromator

(“4-bounce” beam conditioner, Beaumont-Hart Channel design)

Ge (220)

higher

intensity

Ge (440)
higher

resolution

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www.ihp-microelectronics.com & 2011 - Al rights reserved



Monochromatory

DuMond Diagram / Bartels monochromator

The Bartels setup is monochromator and collimator in one !

NG
.

A\

angle —>

DCD 1:

wavelength —

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www.ihp-microelecironics.com © 2011 - All rights reserved



Monochromatory

DuMond Diagram / Bartels monochromator

The Bartels setup is monochromator and collimator in one !

N\ //
=

N/

VAR

angle —»>

wavelength —

Usable for all reflections !

IHP Im Technologiepark 256 15236 Frankfurt (Oder) Germany www ihp-microelectronics.com © 2011 - All rights reserved



Skenovani

Collimator test / 1

RS2

IS axis RS1
source
| . (
| v |
2.I]x1ﬂlﬂ T T T T T
1.5x10° 4 -
)
=N
&,
2 1.0x10° -
‘»
S
E
5.0x10" 4 -
D'D T T T /-I\ To— T ¥ T
-0.2 -0.1 0.0 01 0.2
@, [degree]

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www ihp-microelecironics.com
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Skenovani

Collimator test / 2

IS axis RSH1 RS2
source I I

10" . . . .

10" 4 H

Intensity [cps]

-0.2 | -0.1 . l].ll} . 0.1 | 0.2
®, [degree]

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www.ihp-microelecironics.com © 2011 - All rights reserved



Skenovani

Collimator test / 2
IS axis
Source I
Ge(400)x2 | X

10° . . . .

s ] —— PB 0.8 mm slits
Ge(400)x2 0.8

Intensity [cps]

02 01 00 01 02
@, [degree]

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www. ihp-microelectronics.com 2011 - Al rights reserved



Skenovani

Collimator test/ 2

source

10° v . . . .
= —— PB 0.8 mm slits
10 - Ge(400)x2 0.8
;] Ge(220x4 0.8
10 4 -
7 10° 4 -
L 10°] 4
=,
g 10 4 u
3 3 ]
£ 10 -

10° 4

l].ll]
@, [degree]

0.1 0.2

Barthels monochromator generates
the best defined beam
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Skenovani

Collimator test / SiGe sample

IS axis RS1 RS2
source I I
| | 1
I sample I I
10° 4 r r . .
—— PB + sec. mono
10 55 nm Si
10° 1 [ e ]
w  10° oo Am Sl ey,
.g 10° ——— Sisubsirale————
-
g 10 1
8 ]
£ 104 T
10" 4 i
1u°1; .
1 u-1 ] T T T T T T T T T
66 67 68 69 70 71

20 [degree]
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Skenovani

Collimator test / SiGe sample

source IS axis RS1 RS2
I I I

Ge(400)x2 e

sample

—— FPB + sec. mono
Ge(400)x2

N

[ |
; | iaan Nl b
"“ W IIIIIIp'IIII n“.ﬁvm

ol :
,.r‘III ﬂ” ﬂll I | III |I M

Intensity [cps]

10' -
10" PB configuration (without crystal
. collimator) makes no sense.
"t
66 67 68 69 70 71

20 [degree]
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Skenovani

Collimator test / SiGe sample

IS axis
source I
Ge(400)x2 —
I eample
sample
10°
—— PB + sec. mono
1[’7 Ge(400)x2 .
Ge(400)x2-Ge(220)x2
10°
= 10 f
o
2 10°
2
@ 10 | i
5 |,\|
£ 10 -
£ ‘u"'lﬁnﬂ ﬂ WM
10' | u"h -
Wl\ | i Collimat | figurati
10° M ollimator + analyzer configuration
. gives best signal to noise ratio.
'"] 1 ' | 1 v 1 1
66 67 68 69 70 71
26 [degree]
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Skenovani

Collimator comparison / SiGe sample

IS axis
source I
.—-_- I M I
|
sample
10°
7 ] Ge(400)x2-Ge(220)x2
10° - Ge(220)x4-Ge(220)x2
o ]
10 L '
10° 4

Intensity [cps]
S, S oS
=
i :_::*
_ j>
%
S‘%
‘ii
fi

{\IJI |
W{E‘ﬂ%w Barthels collimator causes significantly

10° IP | “ Vq

10° W’W '~| lower intensity.

‘0" E - I But, is there something really better?
67.5 68.0 68.5 69.0 69.5 70.0

20 [degree]
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Collimator comparison / SiGe sample

source I
5 L | -
I

sample
Si (400)
10° 1 . . . . .
w0 [ e | answer: NO!
10° 4 .
7 10 . 25 x less intensity,
L 10*] \os . problems with background
& same resolution
g 10 1
@ 2 ]
E 10 1 y J 0 )
L UY | Y LA
10" \| | ARt A
R . A
10" 4 - 00 = T(tﬂﬂ@'c- - tan@l,ﬁ_)
1“4 . 1 i 1 i 1 ' 1 ' 1 " 1
67.5 68.0 68.5 69.0 69.5 70.0 =2.8%10 (tan34.566°-tan33.0°)
2@ [degree] ~ 2% or 0.0006°
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Monochromatory

Nebo take dalSim krystalem

& K’
/

1 0
angle = angle —>»
1.01 ] 1.03
2z 0.8 z 0.8
% 0.6 T 0.6
2 o4l € o4l
0.24 0.2+
0'0-20 -10 10 20 0'0-20 -10 0 10 20
Delta Theta [arcsec] Delta Theta [arcsec]
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mirné disperzni usp. disperzni usp.

pro monochromatizaci
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12/14/23 (n’+n)

Reflectivity

//\/

= e
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—_— two-fold
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Delta Theta [arcsec]

paralelni, nedisperzni usp.
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Bartelsiv monochromator

Monochromator a koliméator v jednom



Monochromatory

Na synchrotronech se nekdy pouzivaji sofistikované
systémy krystalovych monochromartor(

V usporadani i na odraz i na prichod

:j;////

w

0?\4
<

Jedna se o dokonalé krystaly

(Si, Ge, diamant, ...)

Upravené pro monochromatory —
fezanim, leptanim, lesténim

se spravnou orientaci

Bez deformace, spravné upevnéne

Vyzaduji naroCny slozity chladici systém

Monochromatory poskytujici vysoké rozliseni

108 < AE/E < 103

Monochromatory s fokusaci — ohnuté krystaly
Kolimatory/ rozSifovace svazkil — asymetricky fezané
Fazové destiCky

12/14/23



Goniometry

¢ rotation

26 rotation




Goniometry

o, and 20 axis 4

320 mm




RozliSeni v reciprokem prostoru

Rozptylena intenzita: 1~ [ dQ (do/dQ®  q=K_-K,
do/dQ ~ |pT(Q)) = |2, p,77(A S, (q) I

Primy prostor Reciproky prostor
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RozliSeni v reciprokem prostoru

Mapovani reciprokého prostoru
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RozliSeni v reciprokem prostoru

Mapovani reciprokého prostoru /\
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RozliSeni v reciprokem prostoru

—

TCD / detailed features in reciprocal space maps

analyzer Qx (n,~n,n) TCD setup, symmetrical Bragg case
streak
\ dynamical diffraction
from sample . . i
3 Reciprocal lattice point H
collimator streak

diffuse
scattering
from sample

Y [9,.9,] q, = A® cos@g/A = (sinm + Sin(20-w))/A

q g, = (20-A@)sin@g/A = (-cosm + cos(20-w))/A
y

Possible scans:

1. /o = fixed, AG/20 = variable
Ehwald sphere 2. o/m» = variable, A®/20 = fixed

3. o/ = variable, A®/20 = 20/2®



RozliSeni v reciprokém prostoru

RSM / Si(400)

SmartLab configuration: Ge(400)x2 collimator - Si (400) sample - Ge(220)x2 analyzer
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RozliSeni v reciprokem prostoru

0.002 0,002 g
— ' i 1 1 i
= 0,001 -
A -
~ ' [,
T 0,000} y T 0,000
-0,001 \ -0.001
-o,ooz'—ﬂ n &' ' -0.002 1.
0,001 0,000 0,001 -0.00
a, [1/A] q, [1/A]

Figure 7. The device function of a triple axis diffractometer (left) and the detector signal
(right). The diffractometer contains three Ge crystals, symmetrical diffraction 022 CuKe, .
The equi-intensity contours are logarithmic, their step is the half of the decade.



RozliSeni v reciprokem prostoru

Figure 12. The influence of the instrument function on a perfect crystal sample; left - the broadening and
streaking cansed by a three crystal three reflection diffractometer, and nght - the neghigible broadening caused
by the instrument function of the HRMCMRD.

B R W e R e N L R SR TRt < S SR S R

five-crystal eight-reflection diffractometer (HRMCMRD)



RozliSeni v reciprokem prostoru

0,0015  0,0020

Q, A"



RozliSeni v reciprokem prostoru

Ap = AQ:AQ.

QZ & 0Q, = K(dafcosay + da; cosa;) + K (sin oy + sinay)

0Q; = —K(da;sina; — daysinay) + 0K (cosay — cos ;)

AQ, = K4/sin® oy Aa? + sin® oy Aas

AQ, =K \/ Aa? cos? a; + Aa cos? ay



RozliSeni v reciprokem prostoru

A A
b=
L s
Lp — p0 Ls _ ‘Lb{] -
COS (¥; Sin oy;

A 1 1
Liotal = 2 (ﬂr_xisin o + A sin cx_f) T

A2 1 1
+2ﬂ)~. (CDE&'I' + Cu&:cxf) )




Fokusujici monochromatory

Reticular planes

Semifocusing Single machining

Johann curvature Johansson curvature
(Theoretically exact focusing)



Fokusujici monochromatory

Bragg bent (Johann)
Laue bent (duMond)

source
source

Bragg ground-bent (Johansson)

@c’,@ Laue ground-bent

source
source
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