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X-Ray analytical application of multilayer X-ray optics
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ASTIX-f - Optics for micro focusing
=

Advantages of the ASTIX-solution

Symmetric spot geometry in the focal plane even for

highly asymmetric source dimensions

Ag Ka parallel beam optics for X-Ray diffraction

Goal

* covering a large g-range up to 20 A" in the reciprocal space (0.1° < 26 < 160°)

* high penetration depth also in metal samples

e reduced influence of sample fluorescence, displacement errors and sample transparency in parallel beam

Improved lateral and temporal homogeneity

Wide variety in spot dimension of less than 30pm to
more than 300pm on fixed anode and micro focus X-

geometry with secondary monochromator

experimental setup:
Diffractometer XRD 3003

1UCr 2008

ray tubes depending on multilayer system,
deposition and geometry parameters

Typical mirror length up to 150 mm

Improved P/B ratio due to reduced scattered

background

Beam path and monochromatization of a focusing
AS m

yid crystal yiid crystal

amangement2:

amangement 1:
prsource (Mo) coupled with ASTIX-#+

ASTIX 150 and ASTIX 100 with vacuum mirror housing
AMH100 and AMH150

@ >300pm @ <100um

‘symmetric shape of secondary focal spots with @ <100um up to
2 > 300 jm measured at fixed anode tubes (Cu) coupled with
ASTIX-f (marcam images)

Table: Results of data collection (YLID crystal); completeness > 99% *

Modular X-ray system (micro source + ASTIX-f optics) applicable both for standard XRD (powder diffraction / SCD) and micro

diffraction

FWHM <30 pm
FWHM < 150 ym

Geometry 300/100:

@ 28 m x 21 pm

Geometry 100/300:
2 1225 X 10° cps

. 2150 m
1275 % 10° cps

Mo Ka Microfocus X-ray source (spot @ 50 ym @ 30 W) and ASTIX-f100

p-focus MoKa source coupled with ASTIX-f () vs. X-ray tube + HOPG + capillary &)

STOE -powder diffraction system

LaB, powder sample / capillary & 250 pm
time: 3 min / Image plate detector

experimental

300 pm
7 mrad

Cr Kot sealed tube X-ray source
(spot 1.2x0.4 / 1.2kW)
and ASTIX-c 60/ 150

Geometry w/150:
Beam profile: 3 w 105um (FWHM)
1> 1 10° cps (Cr Ka)

Long distance focussing
Measurement up to 28 > 160°

Research in
Germany
S028008 - »
Land of Ideas

gemer
Fixed anode tube (Mo) coupled with
HOPG*

* data of ylid single crystal diffraction by courtesy of Oxford Diffraction

(GE-IT) for samples up to
200 mm x 200 mm or 8* @
and for measurements up
10 20= 160°

XRD measurements of LaBs powder sample (0kv/25ma)
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XRD measurement

of single crystal Si111 reflection i i
Parallel beam profile without (a) and with sample (b) in
the beam path (LaB6* capillary & 500 um)

Si 111
FWHM
A(20) = 0.029°

-

Results:
ntensity > 10° cps

« I(Ag Ko) : I(Ag Kp) > 10.000

* beam divergence A® = 0.015° (<60 arcsec)
mproved P/B ratio due to suppression of other characteristic
emission lines (Ag Kf)

* low background intensity level ( <5 cps)

« reflexions up to 2@ = 100° detected at LaB,

log. intensity [cps]

260 [degree]

Multilayer Monochromators for Synchrotron Applications

Application :
Material systems:

from EUV to hard X-rays (< 50 eV - 100 keV)
optimized on wavelength and bandwidth

on customers’ request

Dimensions: up to 8" diameter or up to 500 mm in length
Thickness homogeneity: Ad < 0.002 nm for d = 1 nm (Ad/d < 0.2%)
Resolution: 0.25% < AE/E < 10%

Stability of Ni/C multilayer

water cooled
Ni/C (IWS): d =3.38 nm
100 layers
I'=0.45
AE/E = 2x10?
deposited on Si-mirrors (Zeiss)
size 120x30%10 mm?*
energy range: 3-8 keV and 10-100 keV

WH 1: close to source

Results:

Ni/C multilayer used as DMM (HASYLAB at DESY)

Physical life: 1.5 a / effective 4 months

Energy range: 12 keV, 18 keV, 40-60 keV / water cooling

Vacuum: base pressure 1 x 106 mbar

Results of Cu Ko reflectometry: No remarkable decrease of reflected
peak intensities at both multilayers

WH1: increase of mean period thickness about 0.15 nm

Higher heat load at mirror WH1 up to a temperature of approx. 200°C
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