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Background

Non destructive X-ray Beam Position Monitors (XBPMs) are vital for real-time monitoring of beam position
and intensity.

Currently single crystal CVD diamond XBPMs (sc-diamond) are well established for the detection of
ionising radiation due to their transparency, radiation hardness and thermal conductivity (see talk by Chris
Bloomer).

4H-SiC XBPMs are a recent development that have potential to provide the same benefit with larger
apertures.

A direct comparison between these two devices has yet to be completed on a synchrotron X-ray beamline.
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comparison:

* A10.5 pm thick 4H-SiC XBPM

A 50 um thick sc-diamond XBPM
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Experimental Set-up

Two X-ray Beam Position Monitors (XBPMs) have
comparable X-ray transmission used for direct

Fluorescent

Single
crystal CVD screen and
diamond FMO_S
XBPM imaging
system
X-ray 4H-SiC
XBPM __ .-
beam ____---~ Graham Cook
DLS

The two XBPMs were mounted in series with the camera upstream, the whole
detector system was mounted on a x-y motion stage.

The distance between the three devices is small enough the incident beam can
be considered identical.
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Surface Sighal Uniformity

A 4.5 mm 2D raster scan across the surface of both XBPMs, showing the signal current on each quadrant
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Validation that 4H-SiC active region is larger than sc-diamond.
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Surface Sighal Uniformity

A 1.5 mm 2D raster scan across the surface of both XBPMs, showing the signal current on each quadrant
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Observation of some defects at the edges of sc-diamond
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Surface Sighal Uniformity

A 0.17 mm 2D raster scan across the surface of both XBPMs, showing the signal current on each quadrant
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Both XBPMs visually indistinguishable
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Temporal Response: Intensity

Taking synchronous intensity data from

both XBPMs at a rate of 20 kHz along 1.08 o g
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Temporal Response: Position

The four quadrants of the XBPMs can be used
to calculate the position of the beam.

As the beam passes through the XBPMs
electron-hole pairs are generated these travel
to 4 electrodes, a combination of the current
gives rise to the position of the beam.

_ (A+D) —(B+C)
X= Ky A7BFC+D
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Temporal Response: Position

Both the XBPMs measure comparable
vertical beam position variation over a 5 , |

200 ms data collection. ——sc-diamond
The beam motion is relatively small, ~ 4% Ei — Camera
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A one dimensional stepper motor scan
was completed, during which the bias
voltage applied to both XBPMs was
varied.

The sc-diamond XBPM requires an
applied bias voltage > 0.5 V in order to
achieve a high signal current.

Interestingly the 4H-SiC XBPM can

operate without any bias voltage
applied
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Bias Requirements
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Bias Requirements: CCE

The Charge Collection Efficiency (CCE)
demonstrates the difference in the
performance of the two XBPMs with
various applied bias voltages.

The 4H-SiC XBPMs can operate
without a bias due to the doping of
the surface. The device can be thought
of as a p-n junction diode.

When there is no bias applied to 4H-
SiC, there is still a built-in bias causing
the charge carriers to flow to the
electrodes.
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Flux Linearity

The flux of the incident beam was varied by use

of different thicknesses of aluminium filters 10° ¢ ——— ——————— —————
available on the beamline. } e
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Flux Linearity

The flux of the incident beam was varied by use
of different thicknesses of aluminium filters

available on the beamline. ] [1]
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Conclusion

An experimental comparison between the existing commercially available sc-diamond and a new
4H-SiC non-destructive X-ray Beam Position Monitors has been conducted.

* The 4H-SiC XBPM has equivalent operational performance to the sc-diamond XBPM in signal
uniformity, temporal resolution and flux linearity.

* 4H-SiC XBPMs can be operated without a bias voltage simplifying the installation on beamlines.

* For beamlines with large beam size the 4H-SiC has a larger surface area to allow for in situ
beam position measurements

 The XBPMs were tested in a nitrogen environment, with no differences in the handling despite
the thickness.

* The cost of the two devices is roughly equivalent.

Based on these results the 4H-SiC should be considered an option for non-destructive monitors
for synchrotron X-ray beamlines in the future.
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