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Abstract: For more than 20 years, capillary optics have been used in X-ray analytics. During this time
the technology of manufacturing capillary optics passed a considerable development. Whereas in the
beginning of 1990s assembled capillary optics were tested in research laboratories, at present mono-
lithic polycapillary optics are widely used in commercial X-ray analytical instruments. These optics
show capillary sizes in the micrometer region and their physical behaviour can be described in terms of
geometrical optics using ray tracing programs. Recently capillary channel sizes of 200 nm and below
were realised due to further improvement of the manufacturing technology for polycapillary struc-
tures. At such small structures, the appearance of wave effects for X-ray radiation was observed. Fi-
nally, application examples for capillary optics in micro X-ray fluorescence analysis and micro X-ray
diffractometry are presented.
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1 Introduction

The capillary optics is based on the effect of
total external reflection which had been discov-
ered by Compton' in 1923. Using this principle
in a cylindrical capillary, X-ray radiation can be
transported by means of multiple reflections.
This method was already applied for X-ray radia-
tion transport in the end of the twenty years of
the last century™. The intensity of the radiation
at a defined distance from the source is increased
by such an optical element in comparison to a
pinhole without capillary. If the capillary is
slightly bent radiation will be still transported
but the intensity losses are higher than in the
case of a straight capillary. However, the trans-
mission degree is acceptable for not too small ra-
dii of curvature. Using a bundle of many bent
capillaries arranged in layers by several fixation
grids with regular holes, a focusing optical sys-

1.5 At the

entrance and the exit of the optical system, the

tem was realised by Kumakhov e a

capillaries are directed to a focal point. In the
first systems, monocapillaries were used but lat-
er also polycapillaries were assembled as an X-

ray lens. Such an X-ray lens was successfully

used to realise X-ray fluorescence analysis with
spatial resolution™™. A considerable improve-
ment of the manufacturing technology was a-
chieved by glass drawing technology for fabrica-
tion of monolithic capillary lenses (see e. g.
[6]). At present this technology is used in all
laboratories and companies where X-ray capillary

optics are manufactured.

2  Experimental study of a focal
spot intensity distribution of a

polycapillary lens

In this paragraph the intensity distribution
in focal spots of a polycapillary lens is studied
experimentally. The main geometrical parame-
ters are the capillary channel size d., the length
L, the focal distances f, at the entrance and f,
at the exit as well as the cross section size. Fur-
ther parameters are D;,,the diameter of the lens
at the entrance, D,.,,the maximum diameter of
the lens, D, ,the diameter of the lens at the exit
and R= f, + L+ f,,the distance between source
spot and focal spot. These parameters are given
in Tab. 1.

Tab.1 Geometrical parameters of the polycapillary lens
f1/mm f2/mm L/mm D,,/mm D,../mm D e/ mm R/mm d./pm
57.8 16.9 80. 8 4.8 4.1 7.2 155.5 9.5

The capillary channel sizes presented in
Tab. 1 correspond to the central part of the lens
where they have maximum values.

The experimental determination of focal
spot size was carried out according to a method
described in [7]. A microfocus X-ray tube with
an anode spot of 50 ym was used as source. The
employed silicon drift detector has an active area
of 4 mm®. For the measurement of the intensity

distribution at the entrance window, a pinhole

diaphragm of 10 pym in diameter was positioned.
The measured focus spot sizes in the energy in-
terval 3~25 keV lie between 20 pm and 30 um
as determined at the half maximum of the inten-
sity (FWHM).

Usually, the size of the focal spot of a poly-
capillary lens is estimated by the formula AX,, =~
0. f» where 0. is the critical angle and £, is the fo-
cal distance at the lens exit. For example, the a-

bove mentioned formula gives with 0. =4 mrad
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for 8 keV a focal spot size of about 60 pm.

The reason for such large deviations be-
tween calculated and measured values and the
values for different lenses can be clarified by a
careful measurement of two-dimensional radia-
tion intensity distributions in the focal plane.
Such a measurement was carried out by a two-di-
mensional scan with a detector equipped with a
pinhole diaphragm. Fig.1 shows the obtained
results for the energies 3~5 keV, 10~15 keV,

3~5keV 10~15 keV

Fig. 1
given in Tab. 1

The possibility of appearance of such a fine
structure in the focus of a polycapillary lens has
been shown already in model calculations (see
[8]). The reason for this effect is the hexagonal
packaging of the structure and the hexagonal
form of capillaries in their cross section. The
fine structure observed in the early experiments
during focussing synchrotron radiation by a half

]

lenst™ can be also explained in terms of pure ge-

ometrical effects, in contrast to the explanations
based on wave-optics effectst'™,

As a proof of the “geometrical” origin of the
fine structure in Fig. 2, normalized linear radia-
tion intensity distributions are shown corre-
sponding to different energy intervals. As seen
from this diagram the positions of the maxima
corresponding to satellite lines do not depend on
energy. The distance from the central peak to
the centre of satellite peaks amounts 0. 065 mm
for all enery intervals. If the origin of satellite

lines will be their “wave” character then due to

and 25~ 30 keV. In all energy intervals in the
distribution centre a sharp narrow peak is ob-
served surrounded by exact 6 satellite peaks.
The intensity of satellite peaks decreases with
increasing energy and they disappear totally in
the energy interval 20~25 keV. If the focal spot
size is determined by FWHM then this value
corresponds only to the width of the central peak
and does not take into account the specific inten-

sity distribution outside this peak.

20~25 keV

Measured two-dimensional intensity distributions in the focus of the polycapillary lens with the parameters

the dispersion the positions of these maxima
should depend on energy (wavelength). Fur-
thermore, with increasing radiation energy the
satellites disappear. This seems to be due to the
smallness of the corresponding values of critical
angles. The angular position of satellites corre-
sponds to the value AX/f, =0.065/16. 9=3.9

mrad.
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Fig. 2 Linear radiation intensity distribution in the

focus of the polycapillary lens
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Why will a fine structure not be observed in
all cases? The following factors are important
for the appearance of this effect: a high precision
in manufacturing of the entire lens shape,
smoothness of the capillary channel trajectories,
maintenance of long-distance order for packaging
and orientation of capillary channels, minimum
sizes of the source and high precision of adjust-

ment of the lens relative to the source. All these

conditions must be guaranteed simultaneously.

3 X-ray propagation through a 200

nm capillary structure

A polycapillary structure with channel sizes
of 200 nm has been manufactured. The outside
diameter of the entire structure amounts 300
pm. Fig. 3 shows an electron microscope image
of a part of this structure. As seen, the channels
are circular, regularly arranged and of equal
size.

For investigation of the properties of the

Source Structure

| 480 480

Fig. 3 Image of the polycapillary structure taken at

scanning electron microscope

given structure an X-ray experimental arrange-
ment was built up as shown in Fig. 4. A shift of
the source and the detector perpendicular to the
axis of capillary channels must be realised (see
Fig.4(a)). In this experiment for detecting X-
ray radiation, not only a CCD camera but also an
energy dispersive SDD are used. At the entrance
window of the SDD a 10 pm pinhole diaphragm
was mounted. The source and the detector are
positioned symmetrically relative to the structure

at a distance of 480 mm each.

(a)
Fig. 4

Source image——"

(b)

(a) Scheme of measurement of the polycapillary structure (b) Image of radiation scattering at a shift

of the source from the central axis of the structure

In the case of a single capillary of circular
shape the axis of which is shifted by AX relative
to the position of the source, behind the capillar-
y in the focal plane a ring-shaped radiation distri-
bution with a diameter of 2 AX is observed. The
width of the ring is determined by the size of the
source and the capillary diameter. In the case of

a polycapillary structure the outside diameter of

the structure influences the distribution pattern.
Here an image is observed which is shown sche-
matically in Fig. 4(b). This image is a superpo-
sition of rings with different diameters but hav-
ing a common point at their periphery deter-
mined by the source position.

Fig.5 shows an image taken in the focal

plane if the source is shifted by 300 pym relative
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to the structure axis. As source a microfocus X-
ray tube with Mo-anode and an anode spot size
of 50 pm was used. This tube was operated at 40
kV and 700 pA. For studying the peculiarities of
the intensity distribution at different radiation
energies a scan with the SDD equipped with a 50
pm pinhole diaphragm at the entrance window
was carried out along the line marked in Fig. 5.

The obtained curves are presented in Fig. 6.

—r

0.5 mm

_—

Fig. 5 Observable X-ray image in the focal plane of
the polycapillary structure (circular capillary
channels with a diameter of 200 nm) at a

shift of the source by 300 pm

1200
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Fig. 6  Radiation intensity distribution of different
radiation energies along the line marked in

Fig. 5

As seen from the diagrams the distributions
change their character in dependence on radiation
energy. For the Mo-Kg line (A=0. 070 8 nm),
the distance between the first peak and the main
zeroth peak amounts 0. 213 mm whereas in the
energy interval 10~15 keV (mean wavelength A

=0.099 1 nm) this value amounts 0. 35 mm.

The calculation of corresponding scattering an-
gles @ results in 0. 444 mrad and 0. 729 mrad, re-
spectively, A re-calculation of the -capillary
channel diameter according to the formula d =
(1.22) 1/6 under consideration of mean radiation
wavelengths gives for the first interval d=195. 2
nm and for the second one d =164. 7 nm. As
mentioned above the real capillary channel diam-
eter is approximately 200 nm. However, for a
qualitative analysis the obtained results are satis-
fying. Obviously, the observed dependence of
the intensity distribution at the exit of 200 nm
capillary channels results from the wave proper-
ties of X-ray radiation. More details of these
studies are published in [11].

4 Application of capillary optics in
XRF and XRD

In this paragraph several examples are given
for application of monocapillary optics and poly-
capillary lenses in X-ray analytics. The used len-
ses have channel diameters between 1 and 100
pm. The main application fields are X-ray fluo-
rescence analysis and X-ray diffractometry. In
the following subsections both fields are dis-
cussed in more detail.

4.1 X-ray fluorescence analysis with lateral reso-
lution

4,1.1 Measurement of the elemental distribu-

tion at the sample surface

In the conventional XRF the primary radia-
tion irradiates a relative large surface area. An
attempt to form a small sized spot by using a
pinhole collimator leads to a catastrophic intensi-
ty loss. This means that the measurement time
for one point will be already very long and the
record of a two dimensional element distribution
seems to be impossible. A high concentration of
intensity within a small sized focal spot of the
lens allows to realize elemental analysis with a

high spatial resolution and a short measurement
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time. Furthermore, it becomes possible to meas-
ure the two dimensional element distribution
within a reasonable time. The implementation of
micro-XRF using mono-and polycapillary optics
combined with laboratory and synchrotron X-ray
sources is described and discussed in many publi-

cationsH* 17,

At synchrotron sources, focal spot
sizes of about one micrometer can be achieved u-
sing shaped monocapillaries. Using for a two-
step focusing a combination of an ellipsoidal
monocapillary with a Fresnel zone plate, a focal
spot size of 250 nm and a gain of more than 1 000
could be produced™™. Here a 15 keV energy X-
ray beam was focused in the first step Fresnel
zone plate as a secondary source of 2. 2 pm verti-
cally and 5 um horizontally in size. The ellipsoi-
dal monocapillary makes a last final compression
of the beam.

Modern polycapillary optics allow to focus
X-ray beams to focal spot sizes of 15 pm.

Micro XRF based on capillary optics can be
also used for the determination of the elemental
composition of samples having a small volume of
a strong inhomogeneous element distribution. In
the following example the elemental composition
of human hairs was analyzed. For these meas-
urements the XFlash detector manufactured by

Bruker axs Microanalysis GmbH was used. Fur-

'3

,.'f’_‘
%

(a)
Fig. 7

Therefore, by using micro XRF it is possi-
ble to measure element distributions along hairs

with high spatial resolution. This gives informa-

therdetails of the measurement and other exam-
ples for micro XRF are given in [7].

Fig.7 shows microscopic photographs of
two hair types: dark and fair. The diameters of
the hairs are 95 ym (dark) and 80 pm (fair), re-
spectively. For every hair type two points were
analyzed: near to the bottom and near to the end
of a hair. For the dark hair the analyzed points
are at 1 cm and 10 cm from the bottom and for
the fair one at 2 cm and 5 cm, respectively. As
well known the elemental composition of these
parts of the same hair is different. A hair has a
fiber structure and is therefore a material which
strongly scatters X-radiation. For a considerable
decrease of the scattered bremsstrahlung back-
ground, a filter made of Zr with a thickness of
75 pm was used. The X-ray tube was operated at
40 kV and 700 pA. The measurement time for
every spectrum was 1 000 s.

Measured spectra from hair are shown in
Fig. 8. Both types contain mainly the elements
S, Ca, Fe, Cu, Zn, and Pb. In dark hairs Sr is
present whereas in fair hairs this element was
not observed. In both hair types the concentra-
tion of sulphur is higher near to the bottom than
to the end, but for the elements Ca, Cu and Sr

the concentration is higher at the end of hair.

(b
Microphotograph of two hair types: (a) dark, (b) fair

tion about the growing process of hairs and pos-
sible changes in the elemental composition due to

different factors. Results of such analysis can be
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I —— measuring point at a distance of 1 ¢cm from the hair bottom
2 — measuring point at a distance of 10 cm from the hair bottom
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Fig. 8 Spectra of two hair types: (a) dark, (b) fair

used for estimates of the environmental influence
on the human health, of the affect of different
shampoos, hair-dyes on the condition of hair
etc.
4.1.2 Measurement of the depth profile of an
elemental distribution

Recently, the so-called 3D micro XRF anal-
ysis was realised on the basis of a selective regis-
tration of secondary fluorescence radiation emit-
ted from different depth areas of the sample. For
this purpose, in front of the detector, a so-called

polycapillary conic collimator (Poly-CCC )t2!

[22) are positioned. In

or a polycapillary half-lens
this way an additional spatial resolution of micro
XRF analysis into the sample depth is achieved
within the limits of the exit depth of secondary
radiation. These methods are realised by using a
synchrotron source, because a rather high inten-
sity is required. But recently it was shown that
besides the use of powerful synchrotron sources
also a combination of a microfocus X-ray tube
with an efficient poycapillary lens provides e-
nough intensity for the realisation of a tabletop 3

D micro-XRF set-up™®*?" under laboratory condi-
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tions. However, the sensitivity of the laboratory
arrangement has to be taken one to two orders of
magnitude lower than the synchrotron based set-
up.

In [25] a new method for realisation of
depth sensitive micro XRF analysis is proposed,
which uses another method of registration of the
secondary radiation than in the above mentioned

L2124 For measurement of element

publications
distribution over the sample depth the well-
known method of “knife-edge” is used. A simple
element, a sharp edge of strong absorbing mate-
rial is situated between sample and detector.
Additionally, a slit in front of the detector is
used to measure the intensity distribution over
the depth. The principle of experimental ar-
rangement is shown in Fig. 9.

\f' Active area
of detector

Focused beam Knife
edge

Sample

Fig. 9 Scheme of the principle of elemental depth

distribution measurement by using the

“knife-edge” method

Using geometrical relations as given in

Fig. 9 and taking into account the absorption of

the primary radiation and of the secondary fluo-

rescence radiation by the corresponding absorp-

tion coefficients %, and k., respectively, one
finds for the elemental depth distribution:
n(Z)=C"'1,"j ((hy/(hy cos®))Z)

exp(k.Z/sin@+k,Z/cos®) . (1)

This formula is correct for a homogeneous

matrix consisting of a main element and a few
other elements in a very low concentration so
that they practically do not influence the absorp-
tion coefficients. Only under these conditions &,
and %, may be assumed to be constant. For fur-
ther details see [ 25].

For measurement of elemental depth distri-
butions an experimental arrangement similar to
the principle scheme shown in Fig. 9 was used.
But here the angle of incidence for the primary
beam and the registration angle for the seconda-
ry radiation are equal and have a value of 45°, A
microfocus X-ray tube with an anode spot size of
50 ym (anode material Mo) and a maximum
power of 30 W has been used to generate the pri-
mary radiation. The beam focusing down to fo-
cal spot sizes between 56 pm and 29 pm was re-
alised by a polycapillary lens. The knife edge is
situated at a distance of A, =8 mm from the inci-
dent beam axis at the sample surface and the de-
tector at a distance of h; +h, =50 mm. The de-
tector slit width was 50 ym. The factor h,/h; of

* sample-knife-edge-detector 7 a-

asymmetry
mounts 5. 25. This means that the spatial depth
resolution along the primary beam axis amounts
AY=50 pm/5.25=9.5 pm and the coefficient
for the scale transformation is given by Z=2Z7'cos
45°/5.25=0.134 7 Z'.

For a test of this method a sample consis-
ting of two different metal layers (10 ym Ti and
15 pm Ni ) was used. The metal layers were
fixed on foils with a thickness of 100 pm adhe-
sive on both sides. Fig. 10 shows this layered
sample and the results of measurements. Clearly
seperated peaks from different materials are ob-
served. The measured positions of the metallic
layers corresponds to the real positions within a
FWHM of about 30 pm.

Besides the experimental determination of

elemental depth distributions the knife-edge
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method can also be used to measure the surface
profile of homogeneous strong absorbing sam-

ples. Details of this method are given in [25].

:: 6000
E
2 4000
E
£ 2000
(] I T
0 100 200 300
Zlum
(a)
300F
~ 250}
3 200t
2 150¢
g 1001
= 507
0 . .
0 100 200 300
Z/ym
(b
Ti(10 pm) | Ni(15 pm)
Plastic Plastic
(100 pm) (100 pm)
(e)
Fig. 10 (a) Measured distributions of fluorescence

radiation intensities from a Ti-Ni layer
structure (b) corresponding differentiated
curves (¢) scheme of the Ti-Ni layer struc-

ture

4.2 X-Ray diffractometry
4.2.1 X-ray structure analysis (single crystal
diffractometry)

In the conventional X-ray structure analysis
pinholes are used for collimation of the divergent
primary X-ray beam. In this way the primary X-
ray beam is directed on a sample consisting of an

isolated single crystal of small dimensions (typi-

cally 100 ~ 500 pm) with a good parallelity.

However, in this case only a very small amount
of the emitted radition intensity can be used so
that the measurement time becomes very long.
The simplest way to increase the efficiency of
the source is to substitute the pinhole collimator
by a cylindrical capillary. Depending on the ac-
tual geometry such so-called X-ray guides will
increase the radiation intensity at the crystal by
several times due to the total reflection inside the
capillary. Such an intensity increase results in a
corresponding decrease of data collection time.
Therefore, these optical elements are applied in
many modern diffractometers for quite different
purposest?7,
4.2.2 Micro diffractometry

A further increase of the irradiation intensi-
ty at local analysis can be achieved by using a
capillary of ellipsoidal form instead of a cylindri-
cal one. Such an optical element realizes not only
the radiation transport but also its concentra-
tion, so that a higher intensity gain can be
reached. For example, in [27] stress analysis
with a spatial resolution of 70 pm has been per-
formed.

For local diffractometric analyses also poly-
capillary lenses can be used. Fig. 11 schematical-
ly shows the realisation of an energy dispersive

micro X-ray diffractometer.

T

X-ray tube

S

Polycapillary lens

Fig. 11 Principle scheme of an energy dispersive mi-

cro X-ray diffractometer
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A polycapillary lens is used to focus the di-
vergent X-ray radiation emitted by a microfocus
X-ray source on the sample surface. The anode
material was molybdenum. The secondary radia-
tion was detected by a Peltier cooled silicon drift
detector with a 140 eV resolution at an energy of
6.4 keV. The measurements were carried out on
a molybdenum sheet with a thickness of 50 pm.
The sample is mounted on a X-Y-table which is
moved within 4 mm X4 mm limits with steps of
0.05 mm and a dwell time of 3 s. Here, phase
and texture in a selected small surface area can
be estimated by the position and the intensity re-
lations of the Laue diffraction peaks. By the de-
scribed scanning, the sample surface changes in
the texture can be measured. The resulting two-
dimensional distributions of intensities of the
Laue diffraction peaks (420) and (521) are
shown in Fig. 12. It was observed that an inten-
sity decrease of the (420) line corresponds to an
intensity increase of the (521) line. More details

are given in [ 28].

(422)Laue peak £=9.45 keV

¥/mm
=

A/mm

(521)Laue peak £=11.61 keV

ol

¥/mm
=

—_— 45107

-2 =] 0 1 2
X/mm
Fig. 12 Two-dimensional distributions of Laue dif-

fraction peaks (420) and (521), respective-

ly, across the surface of a Mo sample

4.2.3 Analysis of polycrystals and powders

For powder diffractometry polycapillary
semilenses can be used to convert the divergent
primary X-ray radiation emitted from a microfo-
cus tube into a quasiparallel beam. This beam is
directed on the massive sample. Using a Soller
slit or a plane secondary monochromator, the
diffracted secondary radiation beam will be sepa-
rated®. The use of such a collimating optics
leads to a considerable increase of the diffracted
intensity and therefore an corresponding de-
crease of the measurement time.

Using a focusing polycapillary lens, phase
analysis can be carried out. In this case a relative
large second focal distance is used. The sample
in form of a foil or a powder hold between two
X-ray transparent foils is positioned directly at
the exit of the lens. The diffractrogram is regis-
tered in the focal plane of the lens. For this pur-
pose a single channel detector with a Two Theta

B9] or a bent position sensitive detector can

Scan
be used. In these methods high intensities are a-
chieved due to the relative large aperture of the
polycapillary lenses.

At a synchrotron beam line a method of
measurement has been realized, where the probe
volume was imaged by detecting the small angle
scattering of the primary synchrotron beam"!.
To separate the primary beam and the diffraction
part, a parallel polycapillary structure was posi-
tioned between the sample and a CCD detector.
4.3 Combination of X-ray methods with other

analytical procedures

In the modern research and technology. dif-
ferent analytical methods of material characteri-
sation are required. The combination of analyti-
cal procedures in one instrument allows the col-
lection of the data of interest simultaneously and
within a relative short time. In the following
some examples of such instruments are shortly
described.

In modern scanning electron microscopes,

such a combination of of different analytical
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methods can be realized. Their direct purpose is
to obtain information about the surface morphol-
ogy of samples with high resolution. The use of
an additional module, e. g. an energy dispersive
X-ray detector gives the opportunity to perform
micro analysis to determine the element distribu-
tion in the sample, i. e. the realisation of elec-
tron probe micro analysis (EPMA). In [32] the
development of a special X-ray source with a fo-
cusing polycapillary lens (iMOXS) for the appli-
cation of micro-XRF in scanning electron micro-
scopes (SEM) has been described. As well
known, the sensitivity of microanalysis excited
by an electron beam is lower than that by an X-
ray beam due to excitation of a bremsstrahlung
background by the charged electrons. There-
fore, a combination of the high spatial resolution
of a SEM image of the surface morphology with
the high elemental detection sensitivity of micro-
XRF is of great interest. Using such a special X-
ray source, another analytical tool - X-ray dif-
fractometry - can be also realised inside the
SEM.

Fig. 13 shows the X-ray optical scheme of
the realised diffractometer. The primary radia-
tion is focused by a polycapillary lens on the
sample surface where a focal spot of high inten-
sity is realised. The diffracted radiation is regis-

tered by an energy dispersive detector in a scan-

ning procedure using a miniature goniometer, At
the exit of the polycapillary lens a slit was posi-
tioned to collimate the primary beam and to
guarantee a good angular resolution. The width
of this slit can be regulated continuously. Also
at the detector entrance an exchangeable slit is
positioned. Therefore, the lens with the slit
forms a fan-shaped beam in a quasi-one-dimen-
sional focusing procedure which falls on the sam-
ple surface. Here a small sized line focal spot is
formed. The diffractometry in a reflection geom-
etry allows the realisation of a compact XRD

module which can be mounted in a SEM.

Source Detector

Sample

Fig. 13 X-ray optical scheme of the XRD module for
SEM

After optimisation of the slit widths, dif-
fractometric measurements were carried out u-
sing this experimental arrangement. An iMOXS
source with a copper anode was used. Fig. 14
shows a diffractogram from a polycrystalline

tungsten sample. The sample was fixed at an an-

W-sample.0=10°

2500
(110)
2000
— 11—
A
3 1500
e 1-CuK,
z 22001 | >—cuk,
Z 1000
g 200, @11
- 110
300 ey I “ (310)
jog
0

R T~ .‘.‘[VT_'.‘:.‘:‘;;‘:"‘. _\-_1.'.;_‘.4.“:‘4... -l S -
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
200(°)

Fig. 14 Diffractogram of a polycrystalline tungsten sample
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gle ®=10°. In the diagram the reflexes obtained
from the Cu-Ka line and the Cu-Kg lines are
shown. This became only possible due the ener-
gy resolution of the detector. Therefore, it was
not necessary to use a K@ filter which would ab-
sorb more than 50 percent of the Cu-Keg line. In
this case the intensity of the main reflex (110)
has a value of 460 cps.

First experimental results were presented at
the Third German National Conference “Proz-
essnahe Rontgenanalytik” ( X-Ray Analytics in
Technological Processes) in November 20050,

A further interesting solution is the combi-
nation of micro-XRF and Raman spectrometry
Here the micro-XRF

gives information about the elemental composi-

within one instrument.

tion and the Raman spectrometer delivers data a-
bout the molecular structure of the sample.

The lateral resolution for micro-XRF a-
mounts about 25 pym and for Raman spectrome-
try about 5 pm. The simultaneous analysis with
both methods to determine the distribution of el-
ements and molecules can be carried out in
points or by scanning the sample surface. Such
an instrument has been developed within the

framework of the European project PRAXIS?Y,

5 Concluding remarks

The properties of capillary optics are mainly
determined by the quality of manufacturing tech-

nology. A fine structure of the intensity distri-
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