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A detector for a small-angle x-ray diffraction system uses
curved readout strips shaped to correspond to the expected
intensity distribution of x-rays scattered by the system. This
expected intensity distribution may be a series of concentric

(73)  Assignee: BRUKER AXS, INC., Madison, WI circles, and each of the strips has a shape that approximates a

(US) section of an annulus. The strips may be positioned on a
. substrate such that a center of curvature of the curved strips is
(21) Appl. No.: 13/833,346 located along an edge of a readout region within which the
(22) Tiled: Mar. 15, 2013 strips are located or, alternatively, at a geometric center of the
readout region. The detector may have a signal readout sys-
Publication Classification tem that uses a delay line or, alternatively, a multichannel
readout system. The detector may make use of electron gen-
(51) Int.ClL eration via interaction of the diffracted x-ray beam with a gas
GOIT 1716 (2006.01) in a gas chamber, or through interaction of the diffracted

GOIT 1724 (2006.01) beam with a semiconductor material.
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ONE-DIMENSIONAL X-RAY DETECTOR
WITH CURVED READOUT STRIPS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates generally to the field of x-ray
diffraction and, more particularly, to x-ray detectors that use
readout strips for the detection of electrons generated by
incoming X-ray energy.

[0003] 2. Description of the Related Art

[0004] In the field of x-ray diffraction, particularly small-
angle x-ray scattering (SAXS), a sample is subjected an inci-
dent x-ray beam, and a low-angle x-ray diffraction signal
from the sample is recorded with a detector. A typical SAXS
configuration, known as a Kratky camera, is shown schemati-
cally in FIG. 1. In this configuration, an x-ray beam 10 from
an x-ray source (not shown) is directed toward offset blocks
12 and 14 that, together, make up a Kratky collimator. The
Kratky collimator shapes the beam to a ribbon-like profile,
having a long, thin cross section. Due to the arrangement of
the blocks 12, 14, there is very little scattering of the x-ray
beam, and thus minimal background noise, to the side of the
beam on which the block 14 is located. In the path of the
collimated beam is located a sample 16 that, in this example,
is a liquid in a capillary tube. Small-angle scatter from the
sample 16 is then collected by a detector 18, which may be
either a one-dimensional or a two-dimensional detector. As
shown in the figure, the detector is positioned such that the
distribution of the diffraction signal is centered along the edge
of the detector, so that the detection surface resides in the
region of minimal x-ray scatter (i.e., to the same side of the
beam as collimator block 14). As such, only a portion (typi-
cally half) of the diffraction signal from the sample 16 is
collected.

[0005] Because the distribution of x-rays is isotropic, a
one-dimensional detector is often used to record the scattered
radial x-ray profile. One-dimensional detectors (also known
as linear or “strip” detectors) have the advantage of being
simpler, less expensive and less complex than two-dimen-
sional detectors. One type of linear detector makes use of a
series of straight readout strips as shown schematically in the
example of FIG. 2. The detector 20 may be based on a gas
electron multiplier, or it may be a semiconductor detector, and
it includes readout strips 22 that run parallel to one another,
covering an area upon which the diffraction signal is incident
(indicated at 24 in the figure). The strips may consist of, for
example, silicon diodes in a semiconductor strip detector, or
metallic strips in a gaseous detector.

[0006] Inthe example of FIG. 2, each of the readout strips
detects photoelectrons generated from the interaction of the
x-ray energy with a gas or a semiconductor material. There is
no spatial discrimination in a direction parallel to the strips,
and the accumulated electron signal for the entire strip must
be read out together. Typically, the readout strips are con-
nected to a delay line that is, in turn, connected to a time-to-
digital converter to record the x-ray positional data. Alterna-
tively, each strip may be connected a preamplifier which is
connected to multichannel readout electronics.

SUMMARY OF THE INVENTION

[0007] Inaccordance with the present invention, a detector
is provided for detecting a diffracted x-ray beam from a
small-angle x-ray diffraction system. The detector makes use
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of'readout strips at which electrons generated by the energy of
the diffracted x-ray beam are collected. The readout strips
each follow a different curved path that corresponds to a
region of substantially constant intensity of the x-ray beam,
and are each located adjacent to one another in a readout
plane. A signal readout system detects the presence of elec-
trical signals at the readout strips that result from the collected
electrons, and associates each electrical signal with the read-
out strip at which it originated.

[0008] The generation of electrons from the diffracted
x-ray beam may be done in different ways. For example, the
detector may have a gas chamber in which the diffracted x-ray
beam interacts with gas molecules to generate the electrons,
which are collected by metallic readout strips. It is also pos-
sible that the readout strips include a semiconductor material
within which the electrons are generated by direct interaction
with the diffracted x-ray beam.

[0009] The shape of the readout strips is based on the
expected distribution of the diffracted x-rays. In one embodi-
ment, each of the readout strips has a shape that approximates
a section of an annulus. More particularly, the readout strips
may comprise adjacent annular segments whose respective
curvatures correspond to a set of concentric circles in the
readout plane. The readout strips, taken together, form a read-
out zone on the substrate within which the electrons are
collected. In one embodiment of the invention, the concentric
circles followed by the readout strips are centered about a
point that is along the edge of the readout zone. This may
correspond to an arrangement in which the diffracted x-ray
signal originates from a sample illuminated by an incident
x-ray beam from a Kratky camera. In another embodiment,
the readout strips may be arranged such that the concentric
circles are centered about a point substantially at the center of
the readout zone. This may correspond to an arrangement in
which the diffracted x-ray beam originates from a sample
illuminated by an incident x-ray beam from a three pinhole
camera.

[0010] The signal readout system of the present invention
may also take different forms. In an exemplary embodiment,
the system comprises a delay line that is connected individu-
ally to each of the readout strips. Impedance elements may be
distributed along the delay line, each being located between
two connection points between the delay line and the readout
strips. In another embodiment, the readout system is a mul-
tichannel readout system to which each readout strip has an
independent input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic view of a small-angle x-ray
diffraction system using a Kratky camera, as is known in the
art.

[0012] FIG. 2 is a schematic view of the readout strips of a
detector from a prior art small-angle x-ray diffraction system.
[0013] FIG. 3 is a schematic view of the readout strips of a
detector from a small-angle x-ray diffraction system accord-
ing to an embodiment of the invention for which a delay line
readout system is used.

[0014] FIG. 4 is a schematic view of the readout strips of a
detector from a small-angle x-ray diffraction system accord-
ing to an embodiment of the invention for which a multichan-
nel readout system is used.

[0015] FIG. 5 is a schematic view of the readout strips of a
detector from a small-angle x-ray diffraction system accord-
ing to an embodiment of the invention for which the readout
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strips follow a set of concentric circles that are centered about
a center point of a substrate on which the readout strips are
located.

DETAILED DESCRIPTION

[0016] Shown in FIG. 3 is a schematic view of a one-
dimensional x-ray detector 30 according to the present inven-
tion. The detector 30 is arranged to receive an isotropic x-ray
distribution that is centered along a first edge 34 of the detec-
tor. The intensity of the x-ray energy in the detected signal
varies in a radial direction, the overall signal being circularly
symmetric about the center. Thus, the intensity distribution of
the diffracted x-ray signal may be viewed as concentric dif-
fraction rings (sometimes referred to as “Debye” rings) of
relatively constant intensity surrounding the expected center.
[0017] To detect the x-ray signal, the detector 30 uses a
series of readout strips 32 that are each connected to a delay
line 35. The readout strips 32 may be metallic, if used in
conjunction with a gaseous detector, or they may be of a
semiconductor material, with which the x-ray signal interacts
directly. As shown in the figure, the readout strips are curved,
each roughly following a line of expected constant intensity
of the diffracted signal. Thus, since the signal is centered
along the edge 34 of the detector, the curvature of the readout
strip 32a is more pronounced than that of strip 326, which is
much further from the center than strip 32a. However, those
skilled in the art will recognize that, although the strips 32 are
only partial rings, they each follow a path having a constant
distance from the expected center of the x-ray signal distri-
bution.

[0018] Because the shape of the readout strips follows the
different intensity rings of the x-ray diffraction signal, each
readout strip detects signal energy from only one radial posi-
tion relative to the expected center of the diffraction signal.
That is, x-ray signal energy from one radial position in the
signal distribution does not cross multiple readout strips, as
would be the case if the strips followed a straight line. In such
acase, the straight line strips would detect signal energy from
different intensity rings of the x-ray distribution, leading to a
smearing of the detected signal. Using the curved strips of the
present invention, however, such smearing effects are
avoided.

[0019] In the embodiment of FIG. 3, the delay line 35
allows for determination of the intensity detected at each of
the readout strips 32. As shown, each of the strips has a
connection to the delay line, and adjacent connection points
are separated by an inductive element 36 that, together with a
capacitanceto ground, provides a desired impedance between
the respective readout strips 32. Several examples of this
capacitance are shown in the figure and those skilled in the art
will understand that a similar capacitive ground connection is
provided for each of the readout strips 32. Thus, in this
embodiment, the delay line is an L.C lumped parameter delay
line. At each end of the delay line 35 is a preamplifier 40a, 405
that provides amplification to a signal detected at one of the
readout strips. The outputs from preamplifiers 40a, 405 may
then be compared to determine at which readout strip the
signal was received, since the relative delay between the
appearance of the signal at each of the preamplifiers indicates
the location of the detected signal relative to the delay line. In
this way, the intensity and position of the diffracted x-ray
signal relative to the readout strips may be determined.
[0020] Because of the curved shape of the readout strips,
the capacitance value is not constant from one strip to the
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next, as it would be if all of the strips were straight and
parallel. Because of this, the propagation of signals in the
delay line configuration shown in FIG. 3 will not be constant.
This effect can be compensated for by appropriate selection
of the delay line capacitance. For example, in a lumped
parameter delay line, the lumped capacitance in each delay
element (that is, between two adjacent strips) is decreased as
the strip length increases such that the total capacitance is
constant. This can be accomplished by adjusting the values of
either the inductance, the capacitance or both. Those skilled
in the art will also recognize that there are also other options
for implementing the delay line, including the use of a ser-
pentine-type delay line in which the delay is generated by a
conducting path which meanders between each strip in order
to produce the appropriate signal delay.

[0021] Another way to avoid the effect of the variable strip
capacitance is to connect each strip to a readout preamplifier
and then to a multichannel readout system, as is shown sche-
matically in FIG. 4. In this embodiment, a separate preampli-
fier 42 is provided for each readout strip 44, and the output of
each preamplifier is detected and recorded by multichannel
readout system 46. Thus, unlike the delay line embodiment,
the embodiment of FIG. 4 provides independent monitoring
of'each readout strip 44. In addition, by using a multichannel
readout system, all of the readout strips may be detected
simultaneously, allowing a much faster detection cycle. How-
ever, this embodiment is also more complex and costly to
fabricate than the delay line embodiment of FIG. 3.

[0022] As mentioned above, the focusing of the x-ray dis-
tribution along an edge of the detector sacrifices half of the
viewing angle, but avoids the x-ray energy scattered from the
collimator, which would otherwise greatly reduce the signal-
to-noise ratio. However, for other system arrangements, it
may be possible to use all of the diffracted x-ray energy in an
efficient manner. A detector for use in such a situation is
shown schematically in FIG. 5.

[0023] The embodiment of FIG. 5 is similar to that of FIG.
4, except that the curved readout strips of the detector are
centered about a point near the middle of the detector, rather
than along its edge. This alternative embodiment may be
more suitable for a camera based on a three pinhole geometry.
In such a camera arrangement, known in the art, an incident
x-ray beam is passed through three consecutive pinholes. The
beam has a width and an angular divergence, and the first two
pinholes are used to form a desired beam. The formed beam
then passes through the third pinhole, while x-ray energy
scattered by the second pinhole is blocked by the opaque
material in which the third pinhole is formed.

[0024] Because the arrangement of FIG. 5 does not have a
high amount of scattered x-ray radiation to one side of the
camera (as in the case of a Kratky camera), the diffracted
x-ray signal may be centered on the center of the detector 50.
Each curved readout strip 52, as in the embodiments of FIGS.
3 and 4, follows an arc that makes up at least part of a circle
that is concentric with circles followed by the other strips.
Thus, the readout strips follow the curved lines of x-ray
intensity expected in the diffracted x-ray signal, and are sub-
jected to a minimal amount of noise from scatter.

[0025] Asin the FIG. 3 embodiment, the detector of FIG. 5
uses a delay line 54 with a preamplifier 56 at each end. The
impedance elements separating the connections of the read-
out strips to the delay line include impedance elements 59
connected to the innermost readout strips, for which an entire
circular path fits within the detector profile. These impedance
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elements 59 are connected to an additional branch 57 of the
delay line 35, which terminates in a third preamplifier 56. If
the portion of the delay line 54 containing the impedance
elements 58 is viewed as two branches 60, 62 that are sepa-
rated by the point of contact with branch 57, the three
branches 60, 62, 57 should be configured using impedance
matching techniques. Those skilled in the art will also recog-
nize that the configuration shown in FIG. 5 may also be
applied to a multichannel readout arrangement such as that of
the FIG. 4 embodiment, in which each readout strip is con-
nected directly to a preamplifier and is detected indepen-
dently of the other strips.

[0026] While the invention is shown and described with
reference to a preferred embodiment thereof, those skilled in
the art will recognize that various changes in form and detail
may be made herein without departing from the spirit and
scope of the invention as defined by the appended claims.

What is claimed is:

1. A detector for detecting a diffracted x-ray beam from a
small-angle x-ray diffraction system, the detector compris-
ing:

aplurality of readout strips at which electrons generated by

the energy of the diffracted x-ray beam are collected, the
readout strips each following a different curved path that
corresponds to a region of substantially constant inten-
sity of the diffracted x-ray beam, and each being located
adjacent to one another within a readout plane; and

a signal readout system that detects the presence of elec-

trical signals at the readout strips resulting from said
collected electrons and associates each electrical signal
with the readout strip at which it originated.

2. A detector according to claim 1 wherein the detector
comprises a gas chamber in which said electrons are gener-
ated.

3. A detector according to claim 1 wherein the detector
comprises a semiconductor material within which said elec-
trons are generated.

4. A detector according to claim 1, wherein the readout
strips each have a shape that approximates a section of an
annulus.

5. A detector according to claim 1 wherein the readout
strips comprise adjacent annular segments whose respective
curvatures correspond to a set of concentric circles in the
readout plane.

6. A detector according to claim 5 wherein the readout
strips together form a readout zone within which said elec-
trons are collected, and wherein said concentric circles are
centered about a point substantially at an edge of the readout
zone.

7. A detector according to claim 6 wherein the diffracted
x-ray beam originates from a sample illuminated by an inci-
dent x-ray beam from a Kratky camera.

8. A detector according to claim 5 wherein the readout
strips together form a readout zone on the substrate within
which said electrons are collected, and wherein said concen-
tric circles are centered about a point substantially at a center
of the readout zone.

9. A detector according to claim 8 wherein the diffracted
x-ray beam originates from a sample illuminated by an inci-
dent x-ray beam from a three pinhole camera.

10. A detector according to claim 1 wherein the signal
readout system comprises a multichannel readout system to
which each readout strip has an independent input.
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11. A detector according to claim 1 wherein the signal
readout system comprises a delay line.

12. A detector according to claim 1 wherein the delay line
is connected individually to each of the readout strips, and
wherein impedance elements are distributed along the delay
line, each being located between two connection points con-
necting adjacent readout strips, respectively, to the delay line.

13. A detector for detecting a diffracted x-ray beam from a
small-angle x-ray diffraction system, the detector compris-
ing:

a plurality of readout strips at which electrons generated by
the energy of the diffracted x-ray beam are collected, the
readout strips each having a shape that approximates a
section of an annulus and being located adjacent to one
another within a readout plane such that the shape of
each of the strips follows a different one of a set of
concentric circles within said plane; and

a signal readout system that detects the presence of elec-
trical signals resulting from said collected electrons and
associates each electrical signal with the readout strip at
which it originated.

14. A method of producing a detector for detecting a dif-
fracted x-ray beam from a small-angle x-ray diftraction sys-
tem, the method comprising:

providing a substrate material;

determining an anticipated form of an x-ray distribution of
said diffracted x-ray beam at a readout plane, said dis-
tribution including different contours of substantially
constant intensity;

depositing on the substrate material a plurality of readout
strips at which electrons generated by the energy of the
diffracted x-ray beam are collected, each of the readout
strips having a curved shape that corresponds to one of
said contours; and

connecting each of the readout strips to a signal readout
system that detects electrical signals resulting from said
collected electrons and associates each electrical signal
with the readout strip at which it originated.

15. A method according to claim 14 further comprising
providing, adjacent to the substrate, a gas chamber in which
said electrons are generated.

16. A method according to claim 14 wherein the readout
strips each have the shape of a section of an annulus.

17. A method according to claim 14 wherein the readout
strips comprise adjacent annular segments whose respective
curvatures correspond to a set of concentric circles in the
plane of the substrate.

18. A method according to claim 17 wherein the readout
strips together form a readout zone on the substrate within
which said electrons are collected, and wherein said concen-
tric circles are centered about a point at the edge of the readout
zone.

19. A method according to claim 17 wherein the readout
strips together form a readout zone on the substrate within
which said electrons are collected, and wherein said concen-
tric circles are centered about a point near a center of the
readout zone.

20. A method according to claim 14 wherein the signal
readout system comprises a delay line.
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