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(57) Abstract: The invention relates to an X-ray scattering apparatus, comprising: - a sample holder for aligning and orienting a sample
(12) to be analyzed by X-ray scattering; - an X-ray beam delivery system arranged upstream of the sample holder for generating and
directing a direct X-ray beam along a propagation direction (X) towards the sample holder; - a proximal X-ray detector (10) arranged
downstream of the sample holder such as to let the direct X-ray beam pass and detect X rays scattered from the sample (12); and - a distal
X-ray detector (14) arranged downstream of the sample holder and movable along the propagation direction (X) of the direct X-ray
beam; wherein the proximal X-ray detector (10) is also movable essentially along the propagation direction (X) of the direct X-ray beam.
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X-ray scattering apparatus

The present invention relates to an X-ray scattering apparatus.

While Wide Angle X-ray Scattering (WAXS) typically gives access to information on
crystalline structure and phase(s) of a sample to be analyzed, Small Angle X-ray
Scattering (SAXS) typically gives access to information about the sample structure on
the nano-scale level (nano-structure). As both crystalline phase and nanostructure
influence material properties, there is an interest in performing both SAXS and WAXS
on the same sample and on the same instrument. Being able to simultaneously
perform SAXS and WAXS allows for correlating sample crystalline and nano-scale
structure and identify changes induced by the sample environment such as tensile
stress or temperature.

A conventional X-ray scattering apparatus, comprising:

- a sample holder for aligning and orienting the sample to be analyzed by X-ray
scattering;

- an X-ray beam delivery system arranged upstream of the sample holder for
generating and directing a direct X-ray beam along a propagation direction (X)
towards the sample holder,

- a proximal X-ray detector arranged downstream of the sample holder such as
to let the direct X-ray beam pass and detect X rays scattered from the sample;
and

- a distal X-ray detector arranged downstream of the sample holder and
movable along the propagation direction (X) of the direct X-ray beam

is commercially available from the applicant under the name “Xeuss 2.0".

The X-ray beam delivery system of this conventional X-ray scattering apparatus
comprises an X-ray source, for example a Cu or Mo source for generating X-rays,
and an optics and collimation system for directing and conditioning the generated X-
ray beam along the essentially horizontal propagation direction towards the sample
holder which may comprise a motorized translation and/or rotation stage, a vacuum
chamber and other typical sample stage devices known in the field of X-ray
scattering.
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This conventional X-ray scattering apparatus comprises two X-ray detectors which
are both arranged downstream of the sample holder, i.e. on a side of the sample

holder opposite to the side of the X-ray beam delivery system:

The proximal X-ray detector is located at a fixed distance from the sample holder at a
position below the direct X-ray beam so that it does not intercept the direct X-ray
beam. A typical horizontal distance of the proximal X-ray detector frorn the sample
holder in a direction along the direct X-ray beam is approximately 150 mm, a typical
vertical off-set of the proximal X-ray detector from the direct beam is approximately a
few mm. Depending on the positional details of the proximal X-ray detector and the
size of its sensor, it is typically able to detect X-rays scattered from the sample at a
scattering angle with respect to the direct X-ray beam between a minimum scattering
angle 20min of approximately 15° and a maximum scattering angle 206max of
approximately 45°-60°. The proximal X-ray detector is thus suitable for Wide Angle X-
ray Scattering (WAXS) providing information on crystalline structure and phase(s) of
the sample.

The distal X-ray detector is mounted on a detector stage which allows for manual
translation along the propagation direction of the direct beam at much larger
horizontal distances from the sample holder, typically in a range between 300 mm
and 6500 mm. Depending on the positional details of the distal X-ray detector and
the size of its sensor, it is typically able to detect X-rays scattered from the sample at
scattering angles with respect to the direct X-ray beam as small as approximately
28=0.05°. The distal X-ray detector is thus suitable for Small Angle X-ray Scattering

{(SAXS) providing information on the sample structure at the nano-scale level.

However, depending on the sample and structure of interest, different angular ranges
of the scattered radiation are of interest, both in the SAXS and WAXS regime.
Furthermore, in the case of anisotropic structure of the sample being studied a large
azimuthal coverage of the SAXS and WAXS measurements is of interest in order to
understand and quantify orientation, texiure and structure. For anisotropic samples
like fibers, or samples with oriented structure after mechanical deformation, it is
recommended that such azimuthal coverage is in the range of 200° for the scattered
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signal of interest, in order to be able to interpret the spatial orientation by axial
symmetry. For certain systems a nearly full 360° azimuthal coverage is required. For
instruments used for different types of samples and/or measurements, such as multi-
user, central or service-facilities, it is therefore desirable to be able to adjust both the
SAXS and WAXS measurement capabilities of the instrument to the optimum
configuration for obtaining the desired measurement and information about the

sample.

It is therefore an object of the invention to propose an improved X-ray scattering
apparatus of the above type which allows to cover a larger angular range of the

scattered radiation.

According to the invention this object is achieved by an X-ray scattering apparatus of
the above type, wherein the proximal X-ray detector is also movable essentially along
the propagation direction (X) of the direct X-ray beam.

In addition to the known possibility to move the distal X-ray detector along the
propagation direction of the direct X-ray beam, also the proximal X-ray detector can
then be moved essentially along the same direction in a range between a minimum
distance and a maximum distance from the sample. The minimum distance is
essentially determined by the size of the proximal X-ray detector itself and the size of
the sample holder or the sample stage mounted thereon. When located at the
minimum distance the proximal X-ray detector can be used for WAXS measurements
in the conventional way. The maximum distance is essentially determined by the
respective distance of the distal X-ray detector from the sample holder. When located
at the maximum distance from the sample, depending on the specific amount of said
maximum distance, the proximal X-ray detector can serve as a second SAXS
detector in addition to the distal X-ray detector in order to increase the azimuthal
angular coverage. Locating the proximal X-ray detector at a position between the
minimum and maximum distance from the sample thus allows to optimize the angular
coverage of the detector with respect to the measurement of sample structure and

material phases to be characterized.
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In a preferred embodiment the proximal X-ray detector and the distal X-ray detector
are movable with respect to each other between at least one first measurement
configuration in which the distal X-ray detector is arranged downstream of the
proximal X-ray detector and at least one second measurement configuration in which
the distal X-ray detector and the proximal X-ray detector are located at approximately
equal distances from the sample holder.

In the at least one first measurement configuration the distances of the proximal and
the distal X-ray detectors from the sample holder are preferably selected such that
the proximal X-ray detector allows measurement of WAXS scattering signals and the
distal X-ray detector allows measurement of SAXS scattering signals.

In the at least one second measurement configuration the proximal and the distal X-
ray detectors are preferably arranged such as to form a joint X-ray detector.

In this latter case it is preferred that in the at least one second measurement
configuration the individual detection surfaces of the proximal and the distal X-ray
detectors form an essentially continuous joint detection surface of the joint X-ray
detector.

In order to achieve such a continuous joint detection surface it is advantageous if in
the at least one second measurement configuration the proximal X-ray detector is
located slightly closer to the sample than the distal X-ray detector. “Slightly closer”
means that the distance between the proximal X-ray detector and the distal X-ray
detector in the horizontal direction, i.e. along the propagation direction of the direct X-
ray beam is sufficiently large to prevent their respective housings from getting into
contact which will usually cause a gap in the joint detection surface.

In this preferred embodiment of the X-ray scattering apparatus according to the
invention it is furthermore considered advantageous if in the at least one second
measurement configuration the center of the joint X-ray detector essentially coincides
with a projection of the direct X-ray beam. This allows to take the maximum
advantage of the joint detection surface of the joint X-ray detector in terms of

azimuthal scattering angle to be measured.
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The X-ray scattering apparatus according to the invention may furthermore comprise
a beam stop for preventing the direct X-ray beam from reaching the distal X-ray
detector, wherein said beam stop is mounted such that it is displaced together with
the distal X-ray detector when said distal X-ray detector is moved along the
propagation direction (X) of the direct X-ray beam. The beam stop can for example
be attached to a detector stage on which the distal X-ray detector is mounted, or it
can directly be attached to the housing of the distal X-ray detector. Depending on the
detector technology and its capability fo withstand the direct beam, the beam stop
can be fully absorbing or semi-transparent in order to only attenuate the direct beam
which could be advantageous for absolute scattering intensity measurements by
measuring the direct beam and scattered beam with the same detector.

Iin a preferred embodiment the proximal X-ray detector and/or the distal X-ray
detector is furthermore movable in a plane (YZ) essentially orthogonal to the
propagation direction (X) of the direct X-ray beam. These degrees of freedom can be
achieved by mounting the proximal X-ray detector and/or the distal X-ray detector on
a motorized detector stage allowing for translational movement along the Y and/or Z
direction. This allows to further increase the angular coverage of the WAXS and/or
SAXS measurements or to emulate a continuous detection surface in the case of

detectors having inactive areas.

When a beam stop as discussed above is used with this preferred embodiment, said
beam stop should advantageously be mounted such that it is not displaced together
with the distal X-ray detector when said distal X-ray detector is moved in said plane
(YZ) essentially orthogonal to the propagation direction (X) of the direct X-ray beam.
This makes sure that the beam stop accomplishes its essential task of blocking or
attenuating the direct X-ray beam.

Advantageously the proximal X-ray detector and/or the distal X-ray detector is tiltable
such that a normal to its detection surface is essentially directed to the sample
holder. These degrees of freedom can be achieved by mounting the proximal X-ray
detector and/or the distal X-ray detector on a detector stage - the same one or a
different one as is used for the translational movements in the YZ plane - that can be
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tilted around the Y axis and around the Z axis. Irrespective of its specific position in
the YZ plane it can then always be made sure that the respective detector “looks at”
the sample thus avoiding parallax errors during measurement.

In a preferred embodiment of the X-ray scattering apparatus according to the
invention, the proximal X-ray detector and the distal X-ray detector are each movable
on an individual rail or are both movable on a common rail. In both cases the required
movability of the detector along the X direction, i.e. parallel to the propagation
direction of the X-ray beam, is achieved.

Preferably the proximal X-ray detector and/or the distal X-ray detector comprises an
X-ray sensor movable along the propagation direction (X) of the direct X-ray beam
connected to counting electronics at least part of which is located at a different
position than the X-ray sensor, wherein advantageously the part of the counting
electronics of the movable X-ray sensors of the proximal X-ray detector and/or the
distal X-ray detector which is located at a different position than the respective X-ray
sensor is a common part to both X-ray detectors. Such an arrangement makes it
particularly easy o elecironically implement the joint detection surface of the two
sensors of the detectors.

Generally any kind of X-ray detector can be used in the X-ray scattering apparatus
according to the present invention. Preferably, however, detectors should be selected
in which the detection surfaces of the movable X-ray sensors are limited on at least
one side by the borders only of the active areas of the respective sensors. In this
case the detection surfaces of the movable X-ray sensors extend to the respective
borders of the sensors where there is no “blind zone”. Such blind zones could be
caused by the sensor characteristics or by the sensor housings. Using such sensors
without blind zones at least at one border makes it easy to combine their individual
detection surfaces to the joint detection surface without any gap in between.
Particularly preferred are sensors that have no such blind zones at all so that the
detection surfaces extend over the entire areas of the respective sensors. In the
alternative case of sensors having some blind zones at their borders it should
preferably be made sure that these blind zones are not located in the junction area.
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In addition to or as an alternative to the above described movability of at least one of
the detectors in the YZ plane and its tiltability around the Y axis and/or around the Z
axis, the proximal X-ray detector and/or the distal X-ray detector may furthermore be
rotatable about at least one axis lying in the plane (YZ) essentially orthogonal to the
propagation direction (X) of the direct X-ray beam. In case of rotatability around an
axis passing through the sample position the apparatus according to the invention
then allows to carry out WAXS measurements at large scattering angles relative to
the direct beam.

A preferred embodiment of the X-ray scattering apparatus according to the invention
will be described in the following with reference to the attached drawings, in which:

Fig. 1a shows a schematic side view of the X-ray scattering apparatus in a 1%t
position;
Fig. 1b shows a schematic top view of the X-ray scattering apparatus in the 15t
position;
Fig. 1c shows a schematic front view of the two detectors of the apparatus, the

scattered X-ray wave field and the direct beam in the 15t position;

Fig. 2a shows a schematic side view of the X-ray scattering apparatus in a 2"
position;
Fig. 2b shows a schematic top view of the X-ray scattering apparatus in the 2nd
position;
Fig. 2¢ shows a schematic front view of the two detectors of the apparatus, the

scattered X-ray wave field and the direct beam in the 2 position:

Fig. 3a shows a schematic side view of the X-ray scattering apparatus in a 3
position;
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Fig. 3b shows a schematic top view of the X-ray scattering apparatus in the
3"position;

Fig. 3¢ shows a schematic front view of the two detectors of the apparatus, the

scattered X-ray wave field and the direct beam in the 3™ position;

Fig. 4a shows a schematic side view of the X-ray scattering apparatus in a 4t
position;
Fig. 4b shows a schematic top view of the X-ray scattering apparatus in a

5"position which differs from the 4% position in that the two detectors are tilted;

Fig. 4¢ shows a schematic front view of the two detectors of the apparatus, the
scattered X-ray wave field and the direct beam in the 4™ position.

Figs. 1a and 1b show a schematic side view and a schematic top view, respectively,
of a preferred embodiment of the X-ray scattering apparatus according to the
invention in a 15t position. The apparatus comprises a proximal X-ray detector 10
arranged downstream of a sample holder (not shown) for holding a sample 12 to be
analyzed by X-ray scattering in a holding position. A distal X-ray detector 14 is
arranged downstream of the proximal X-ray detector 10. The terms “upstream” and
"downstream” refer to the propagation direction X of the direct X-ray beam arriving
from an X-ray beam delivery system (not shown) arranged upstream of the sample
holder for generating and directing a direct X-ray beam along the propagation
direction X towards the sample holder. Such X-ray beam delivery systems typically
comprise an X-ray generator, for example a microfocus sealed tube source or
rotating anode tube, a collimating or focusing monochromator for selecting a
predetermined X-ray wavelength such as multilayer coated x-ray mirrors, and slits for
shaping the profile of the X-ray beam arriving at the sample holder and controlling its
divergence and shape towards the distal X-ray detector, and further X-ray equipment
known to the skilled person. In Fig. 1a and all other side views the direction from
upstream to downstream is therefore from left to right. In Fig. 1b and all other top
views the direction from upstream to downstream is from bottom to top. The X-ray
beam delivery system can generate a 1D conditioned X-ray beam using a line focus
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source and 1D X-ray beam shaping optics. In a preferred embodiment, the X-ray
beam delivery system generates a 2D conditioned X-ray beam using a point focus
and 2D X-ray beam shaping optics. In such a case the distal X-ray detector and the
proximal X-ray detector can have a 2D array of pixels adapted for the analysis of
anisotropic samples. X-ray scattering measurements usually require beam path
evacuation under vacuum or helium o reduce the generation of parasitic scattering
from air. The scattering beampath thus usually requires to be in vacuum and in a
preferred embodiment both proximal X-ray detector and distal X-ray detector are
located inside a vacuum diffracted beam pipe which can be connected to a vacuum
sample chamber or part of single volume chamber including the incident beam path
and sample chamber.

The proximal X-ray detector 10 is mounted on a proximal detector stage 16, and the
distal X-ray detector 14 is mounted on a distal detector stage 18. Each of these
stages 16, 18 comprises detector rails 16y,z and 18y,z, respectively, which allow for
independent translation of the respective detector 10, 14 in two orthogonal directions
Y and Z perpendicular to the beam propagation direction X. Displacement of the
detector stages 16, 18 along the Y direction is schematically indicated in the figures
by vertical double arrows. Furthermore each of these stages 16, 18 allows for
independent tilting of the respective detector 10, 14 about these directions Y and Z in
order to make sure that a normal to a detection surface of the respective detector 10,
14 can always be essentially directed to the sample holder. These translational
and/or rotational movements allow to increase the data collection surface during
SAXS/WAXS measurements using sequential exposures or a unique exposure at
predetermined coordinates of the respective detector 10, 14.

Iin addition the stages 16, 18 may also allow for a further rotation of the respective
detector 10, 14 about the X direction.

In the 15t position shown in Figs. 1a and 1b the proximal X-ray detector 10 may be as
close to the sample 12 as for example 0.15 m, depending on the size of the sample
holder, the sample 12 itself and the size of the potential vacuum or other sample
chamber in which the sample holder is arranged. Thus the proximal X-ray detector 10
can be used for WAXS measurements in the 15t position.



WO 2017/198736 10 PCT/EP2017/061894

The distal X-ray detector 14 may be as far away from the sample 12 as for example
10 m. Thus the distal X-ray detector 14 can be used for SAXS measurements in the
1% position.  Preferably the distances of the detectors 10, 14 from the sample 12 in
said 1%t position are chosen such that in the Y direction and/or the Z direction a
maximum scattering angle 264max detectable by the distal X-ray detector 14 is larger
than a minimum scattering angle 28pmin detectable by the proximal X-ray detector 10.
This overlap in momentum transfers Q enables the measurement of the scattered
radiation over a continuous range of angles extending from SAXS to WAXS.The
scattered X-ray beams corresponding to the scattering angles 28dmax and 28pmin are
indicated as dotted lines in Fig. 1a. The direct beam transmitted through the sample
12 is indicated as a dot and dash line. The scattered X-ray beams corresponding to
the scattering angles 28a4min, 28pmax Which correspond respectively to the minimum
scattering angle detectable by the distal X-ray detector 14 and the maximum
scattering angle detected by the proximal X-ray detector 10 are also indicated as
dotted lines in Fig. 1a.

Fig. 1c shows a schematic front view of the two detectors 10, 14 of the apparatus, the
scattered X-ray wave field and the direct beam in the 15 position. The distal X-ray
detector 14 is represented considerably smaller than the proximal X-ray detector 10
as a consequence of its much larger distance from the sample 12. The above-
mentioned overlap in momentum transfer Q during X-ray scattering is graphically
represented by the fact that some parts of the scattered wave field indicated as
circles hit both detectors 10, 14.

The detector stages 16, 18 of both detectors 10, 14 are mounted on a common rail
20 essentially extending along the propagation direction X of the direct X-ray beam.
Each stage 16, 18 can essentially be independently displaced along the common rail
20, as is schematically indicated in the figures by horizontal double arrows.
Displacement of the detector stages 16, 18 can be accomplished manually and/or by
means of electric motors. Therefore the proximal X-ray detector 10 can essentially be
displaced between the sample 12 and a current position of the distal X-ray detector
14 which in turn can essentially be displaced between the current position of the
proximal X-ray detector 10 and the distal end of the common rail 20. As a
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consequence the proximal X-ray detector 10 and the distal X-ray detector 14 are
movable with respect to each other between at least one first measurement
configuration in which the distal X-ray detector 14 is arranged downstream of the
proximal X-ray detector 10, see for example the 1%t position shown in Figs. 1a and
1b, and at least one second measurement configuration in which the distal X-ray
detector 14 and the proximal X-ray detector 10 are located at approximately equal
distances from the sample holder, see for example the 2" position shown in Figs. 2a
and 2b.

in order to allow an arrangement of the detectors 10, 14 essentially one above the
other along the Y direction whereas their respective detector stages 16, 18 are
positioned behind each other on the common rail 20 along the X direction, the distal
X-ray detector 14 is mounted to its detector stage 18 via a holder extension 14a
extending along the X direction.

In the 2" position shown in Figs. 2a and 2b as a specific example of the second
measurement configuration, the proximal and the distal X-ray detectors 10, 14 can
form a joint X-ray detector for SAXS measurements over a large range of azimuthal
angles, with their individual detection surfaces forming an essentially continuous joint
detection surface of the joint X-ray detector. In such case both the proximal and the
distal X-ray detector 10, 14 are placed at a relatively long distance (typically from 0.3
m to 10 meters) for SAXS measurements.

Fig. 2c shows a schematic front view of the two detectors 10, 14 of the apparatus, the
scattered X-ray wave field and the direct beam in the 2" position. Both detectors 10,
14 are represented having the same size since they have the same distance from the
sample 12.

Usually an opaque or semi-transparent beam stop is provided (not shown) for
preventing or attenuating the direct X-ray beam from reaching the distal X-ray
detector 14. Such a beam stop may for example be mounted on a specific beam stop
stage that can be easily placed on and removed from the common rail 20 for
translational displacement along the common rail 20. The beam stop stage may

comprise means for a manual and/or motorized displacement of the beam stop in the
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Y-Z-plane for alignment with respect to the direct X-ray beam. Such motorized
displacement can also be use to expose the direct beam on the distal X-ray detector
for short period in order to detect very low angles of scattering, when such detector
has the capability to withstand X-ray radiation and has a good measuring dynamic
range. The beam stop stage should preferably be formed such as to minimize any
shadowing effect on the distal X-ray detector 14 and possibly on the proximal X-ray
detector 10 if the second measurement configuration is chosen. In all cases shown in
the figures said beam stop should preferably be positioned close to and upstream of
the distal X-ray detector 14.

Figs. 3a and 3b show a schematic side view and top view, respectively, of the X-ray
scattering apparatus in a 3™ position which is another example of the 1%
measurement configuration in which the distal X-ray detector 14 is arranged
downstream of the proximal X-ray detector 10. Compared to the 15 position shown in
Figs. 1a and 1b the distal X-ray detector 14 is essentially arranged at the same
distance from the sample 12 whereas the proximal X-ray detector 10 is positioned
further downstream. In this 3" position the X-ray scattering apparatus according to
the invention allows to detect a particularly wide angular range of SAXS signals, or to
detect X-rays scattered between the SAXS and the WAXS domain.

This is graphically indicated in Fig. 3c which shows a schematic front view of the two
detectors 10, 14 of the apparatus, the scattered X-ray wave field and the direct beam
in the 3™ position. The distal X-ray detector 14 is represented slightly smaller than the
proximal X-ray detector 10 as a consequence of its slightly larger distance from the
sample 12. The fact that the proximal X-ray detector 10, compared to its pure WAXS
operation in Figs. 1a and 1b, is rather located between the SAXS and the WAXS
domain in the Figs. 3a and 3b is graphically indicated by the fact that the circles
representing the same scattered wave field as in Fig. 1c cover the entire sensor
surface of the proximal X-ray detector 10 in fig. 3¢ whereas they essentially only

cover its upper half in Fig. 1c.

Fig. 4a shows a schematic side view of the X-ray scattering apparatus in a 4"position
which is another example of the 2" measurement configuration in which the distal X-

ray detector 14 and the proximal X-ray detector 10 are located at approximately
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equal distances from the sample holder. Compared to the 2" position shown in
Figs.2a and 2b the two detectors 10, 14 are positioned further upstream allowing to
detect a large azimuthal range of X-rays scattered in the WAXS domain.

Figure 4b shows a schematic top view of the X-ray scattering apparatus in a 5%
position which slightly differs from the 4" position shown in Fig. 4a in that both
detectors 10, 14 are tilted about the Y axis. When combined with an additional
displacement of the corresponding detector 10, 14 along the Z direction such tilt
allows to always direct the normal of the detection surface towards the sample 12. In
other words, it can be assured that the corresponding detector 10, 14 always “looks
at” the sample 12. The 5" position shown in Fig. 4b is another example of the 2n
measurement configuration in which the distal X-ray detector 14 and the proximal X-
ray detector 10 are located at approximately equal distances from the sample holder.
In a preferred embodiment both detectors or at least the proximal X-ray detector are
tited about the Z axis, in order fo increase the larger maximum scattered angles
268pmax, 28dmax

In each of the positions shown in the figures the detectors 10, 14 may be positioned
with an overlap such as to avoid any gaps in the range of detected scattering and/or
azimuthal angles. Multiple exposures with detectors 10, 14 at different sample-to-
sensor-distances are also possible. Furthermore the translational displacement of the
detectors 10, 14 in the Y-Z-plane perpendicular to the propagation direction of the
direct X-ray beam and potential additional tilt displacements about the Y or Z axis can
be used to detect the scattering signal over a larger surface and comesponding range
of scattering and azimuth angles, thereby emulating the use of a much larger sensor.
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Claims

1. X-ray scattering apparatus, comprising:

- a sample holder for aligning and orienting a sample (12) to be analyzed by X-
ray scattering;

- an X-ray beam delivery system arranged upstream of the sample holder for
generating and directing an X-ray beam along a propagation direction (X)
towards the sample holder;

- a proximal X-ray detector(10) arranged downstream of the sample holder such
as to let the direct X-ray beam pass and detect X rays scattered from the
sample (12); and

- a distal X-ray detector (14) arranged downstream of the sample holder and
movable along the propagation direction (X) of the direct X-ray beam:;

wherein the proximal X-ray detector(10) is also movable essentially along the

propagation direction (X) of the direct X-ray beam.

2. X-ray scattering apparatus according to claim 1, wherein the proximal X-ray
detector (10) and the distal X-ray detector(14) are movable with respect to
each other between at least one first measurement configuration in which the
distal X-ray detector(14) is arranged downstream of the proximal X-ray
detector (10) and at least one second measurement configuration in which the
distal X-ray detector (14) and the proximal X-ray detector (10) are located at
approximately equal distances from the sample holder.

3. X-ray scattering apparatus according to claim 2, wherein in the at least one
first measurement configuration the distances of the proximal and the distal X-
ray detectors from the sample holder are selected such that the proximal X-ray
detector (10) allows measurement of WAXS scattering signals and the distal
X-ray detector(14) allows measurement of SAXS scattering signals.

4. X-ray scattering apparatus according to claim 2 or 3, wherein in the at least
one second measurement configuration the proximal and the distal X-ray

detectors are arranged such as to form a joint X-ray detector.
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5. X-ray scattering apparatus according to claim 4, wherein in the at least one
second measurement configuration the individual detection surfaces of the
proximal and the distal X-ray detectors form an essentially continuous joint
detection surface of the joint X-ray detector.

6. X-ray scattering apparatus according to claim 5, wherein in the at least one
second measurement configuration the proximal X-ray detector (10) is located
slightly closer to the sample (12) than the distal X-ray detector(14).

7. X-ray scattering apparatus according to any of claims 4 to 6, wherein in the at
least one second measurement configuration the center of the joint X-ray
detector essentially coincides with a projection of the direct X-ray beam.

8. X-ray scattering apparatus according to any of the preceding claims,
furthermore comprising a beam stop for preventing the direct X-ray beam from
reaching the distal X-ray detector (14), wherein said beam stop is mounted
such that it is displaced together with the distal X-ray detector (14) when said
distal X-ray detector (14) is moved along the propagation direction (X) of the
direct X-ray beam.

9. X-ray scattering apparatus according fo any of the preceding claims, wherein
the proximal X-ray detector (10) and/or the distal X-ray detector (14) is
furthermore movable in a plane (YZ) essentially orthogonal to the propagation
direction (X) of the direct X-ray beam.

10.X-ray scattering apparatus according to claim 9 in combination with claim 8,
wherein said beam stop is mounted such that it is not displaced together with
the distal X-ray detector (14) when said distal X-ray detector (14) is moved in
said plane (YZ) essentially orthogonal to the propagation direction (X) of the

direct X-ray beam.
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11.X-ray scaftering apparatus according to claim 9 or 10 wherein the proximal X-
ray detector (10) and/or the distal X-ray detector (14) is tiltable such that a
normal to its detection surface is essentially directed to the sample holder.

12.X-ray scattering apparatus according to any of the preceding claims, wherein
the proximal X-ray detector (10) and the distal X-ray detector (14) are each

movable on an individual rail or are both movable on a common rail.

13.X-ray scattering apparatus according to any of the preceding claims, wherein
the proximal X-ray detector (10) and/or the distal X-ray detector (14)
comprises an X-ray sensor movable along the propagation direction (X) of the
direct X-ray beam connected to counting electronics at least part of which is
located at a different position than the X-ray sensor.

14. X-ray scattering apparatus according to claim 13, wherein the part of the
counting electronics of the movable X-ray sensors of the proximal X-ray
detector (10) and/or the distal X-ray detector (14) which is located at a
different position than the respective X-ray sensor is a common part to both X-
ray detectors.

15.X-ray scattering apparatus according to claim 13 or 14, wherein the detection
surfaces of the movable X-ray sensors are limited on at least one side by the

borders only of the active areas of the respective sensors.

16.X-ray scattering apparatus according to any of the preceding claims, wherein
the proximal X-ray detector (10) and/or the distal X-ray detector (14) is
furthermore rotatable about at least one axis lying in the plane (YZ) essentially
orthogonal to the propagation direction (X) of the direct X-ray beam.
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