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(54) Title: X-RAY BEAM POSITION MONITORS

(57) Abstract: An X-ray beam position monitor has a first plate assembly (1, 3) for detecting the position of the X-ray beam in a
horizontal plane and a second plate assembly (6, 8) for detecting the position of the X-ray beam in a vertical plane. The first plate
assembly (1, 3) and the second plate assembly (6, 8) are located at the same position along the direction of propagation of the X-ray
beam, to provide a compact arrangement suitable for use with X-ray diffractors and for laboratory use.
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TITLE: X-RAY BEAM POSITION MONITORS

This invention relates to X-ray beam position monitors.

X-ray diffractometers and cameras, especially those intended for macromolecular
crystallography, are relatively large and heavy. The problem of aligning such instruments
to the X-ray beam from a rotating anode generator requires very sturdy yet precise
translational adjustments. Recently, compact sealed micro-focus X-ray tubes have been
developed with a magnetically focused and steered electron beam (Arndt, Long &
Duncumb, 1998). These tubes make it possible to keep the diffractometer stationary and
to move the X-ray beam into alignment. In most of our applications the tube is used with
focusing mirrors (Arndt er al., 1998) which are first aligned with respect to the tube; this
alignment can be carried out with small and compact translations or, indeed, can be
effected entirely by magnetically deflecting the electron beam on the X-ray tube target.
The assembly of tube and collimators can then be moved into position relative to the
diffractometer by relatively light translational adjustments. In those applications where
pin-hole collimation without focusing mirrors is used, mechanical movements can be
dispensed with entirely and the X-ray beam moved using the magnetic deflection of the

focal spot on the tube target only.

In both applications alignment is greatly helped by an X-ray beam position monitor,
preferably by one which has an electrical output which can be used for controlling the
translations so as to make alignment automatic. We have found the split ion chamber
(Koyama, Sasaki & Ishikawa, 1989; Schildkamp & Pradervand, 1995; Billing, 1998) ideal
for our purposes. Beam-position monitors such as split-plate ion chambers are commonly
employed in synchrotron radiation beam lines (Alkire, Rosenbaum & Evans, 1999).
However, for laboratory sources and diffractometers compactness is of paramount
importance and we have constructed a chamber which allows position monitoring in two

orthogonal planes.
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According to the invention an X-ray beam position monitor comprises a first plate
assembly for detecting the position of the X-ray beam in one plane, the first plate
assembly comprising a first pair of collection plates and a first biasing plate, a second
plate assembly for detecting the position of the X-ray beam in another plane transverse to
said one plane, the second plate assembly comprising a second pair of collection plates and
a second biasing plate, switching means for applying a bias voltage to the first biasing
plate or the second biasing plate and signal processing means for processing electrical
signals which are generated at the collection plates and which are representative of the
position of the X-ray beam, wherein the first plate assembly and the second plate assembly
are positioned at substantially the same axial position along the direction of propagation
of the X-ray beam. The placement of the first plate assembly and the second plate
assembly at substantially the same position along the direction of propagation of the X-ray
beam provides a compact arrangement which renders the monitor particularly useful for

use with X-ray diffractometers and for laboratory use generally.

The plates of the first assembly are preferably orthogonal to the plates of the second
assembly, so that said one plane and said another plane are mutually orthogonal. In this
case, the first and second plate assemblies preferably constitute the four walls of a square-

section tunnel-like structure through which the X-ray beam is propagated.
The X-ray beam position monitor preferably acts as a null-seeking device, the beam being
centred by means of successive adjustments in the two planes of positioning, until the

electrical signals are representative of a centred position of the X-ray beam.

An X-ray beam position sensor according to the invention will now be described, by way

of example, with reference to the accompanying drawings, in which:
Figure 1 is a view showing the structure of collection and bias plates in the sensor,

Figure 2 is an end view of the structure of Figure 1, shown mounted in a tube,
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Figure 3 shows the electrical circuitry of the sensor, and

Figure 4 is a graph showing how an observed output signal varies with

displacement of the X-ray beam.

Referring to Figures 1 and 2, the sensor comprises a first plate assembly comprising a first
pair of collection plates 1 printed on a first anode board 2, and a first biasing plate 3
printed on a first cathode board 4. The anode and cathode boards 2 and 4 occupy
vertically spaced horizontal planes, with the first pair of collection plates 1 facing the first
biasing plate 3. The first biasing plate 3 is rectangular in shape, the two collection plates
1 having a similar rectangular outline which is divided along a non-conducting diagonal

5 to form the two individual collection plates 1, each substantially triangular in shape.

Similarly, the second plate assembly comprises a second pair of collection plates 6 printed
on a second anode board 7 and a second biasing plate 8 printed on a second cathode board
9. The anode and cathode boards 7 and 9 occupy horizontally spaced vertical planes, with
the second pair of collection plates 6 facing the second biasing plate 8. The second
biasing plate 8 is rectangular in shape, the two collection plates 6 having a similar
rectangular outline which is divided along a non-conducting diagonal 10 to form the two

individual collection plates 6, each substantially triangular in shape.

Each plate 1, 3, 6, 8 constitutes an electrode and is formed by an area of copper deposited

on the appropriate board.

The first and second plate assemblies thus form a tunnel-like structure of square cross-
sectional shape, through which the X-ray beam is propagated. Hence, the first and second
plate assemblies are positioned at the same axial position along the direction of

propagation of the X-ray beam, the centred direction of which is indicated at 11 in Figure
1.

The square section tunnel structure is housed within a tube 12, shown diagrammatically

in Figure 2. In a preferred embodiment, each board 2, 4, 7, 9 is a rectangle 12mm wide
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by 35mm long, the tunnel-like structure is 35mm long and has a square cross-sectional
shape with an edge dimension of 14mm. This structure fits within a 25mm diameter tube

12, thus providing a compact arrangement.

The two cathode or biasing plates 3 and 8 are connected to a double-pole switch 13, in one
position of which (illustrated in Figure 3) the plate 8 is grounded and the plate 3 is
connected to a -300 volt source 14, and in the other position of which the plate 8 is

connected to the -300 volt source 14 and the plate 3 is grounded.

The two collection plates 1 are respectively connected to two current-to-voltage amplifiers
15 each having a feedback resistor 16 of 20 GQ. The amplifiers have respective voltage
outputs Vp and V.. In a corresponding manner, the two collection plates 6 are
respectively connected to two current-to-voltage amplifiers 17 each having a feedback

resistor 18 of 20 GQ2. The amplifiers 17 have respective voltage outputs V; and V.

With the switch 13 in the position illustrated in Figure 3, the horizontal position of the X-

ray beam within the sensor is represented by a first differential voltage ratio:

VeV

Ve+VL

With the switch 13 in the alternative position, the vertical position of the X-ray beam

within the sensor is represented by a second differential voltage ratio:

Vi-Vg
Vi+Vy

The beam is positioned so as to be maintained in its central position, the centring of the
beam being carried out by successive adjustments in the vertical and horizontal planes until
both differential voltage ratios are zero. This centring process may be carried out

automatically by a central processing unit.

Figure 4 is a plot showing how the first differential voltage ratio varies with horizontal

displacement of the X-ray beam from a central position, represented by Smm along the
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horizontal axis.

The first differential voltage ratio should theoretically vary from -1 through zero to +1.
Figure 4 shows that, except for a small end effect, the ratio behaves in this way in
practice. The linear range of the ratio is about Smm and the precision about Sum. The
intensity of the X-ray beam is about 2.5 x 10° 8KeV photons mms™'; the beam diameter
is 0.3mm. One photon generates ~ 30 ion-electron pairs in air and with a field of about
300 volt cm™* there is a negligible recombination so that there is a long range of intensities
over which the output is linear. The fraction of the beam absorbed in the sensitive volume
of the chamber is about 0.06. Accordingly the value of (Vg+V,) = (V;+Vj) is about

1 volt so that the signal-to-noise ratio of the device is good.
It will be appreciated from considerations of symmetry, that the second differential voltage

ratio varies with beam displacement in a vertical plane, in a similar way to that in which

the first differential voltage ratio varies with beam displacement in a horizontal plane.
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CLAIMS

1. An X-ray beam position monitor comprising a first plate assembly for detecting the
position of the X-ray beam in one plane, the first plate assembly comprising a first pair
of collection plates and a first biasing plate, a second plate assembly for detecting the
position of the X-ray beam in another plane transverse to said one plane, the second plate
assembly comprising a second pair of collection plates and a second biasing plate,
switching means for applying a bias voltage to the first biasing plate or the second biasing
plate and signal processing means for processing electrical signals which are generated at
the collection plates and which are representative of the position of the X-ray beam,
wherein the first plate assembly and the second plate assembly are positioned at
substantially the same axial position along the direction of propagation of the X-ray beam.
2. An X-ray beam position monitor according to claim 1, wherein the plates of the first
assembly are orthogonal to the plates of the second assembly, so that said one plane and

said another plane are mutually orthogonal.

3. An X-ray beam position monitor according to claim 2, wherein the first and second
plate assemblies constitute the four walls of a square- section tunnel-like structure through

which the X-ray beam is propagated.

4. An X-ray beam position monitor according to any of the preceding claims, wherein
the beam is centred by means of successive adjustments in the two planes of positioning,

until the electrical signals are representative of a centred position of the X-ray beam.
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Fig. 1
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Fig. 2
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