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Report:

Diamond based radiation detectors have recently demonstrated considerable attraction. Due to the low at:
number of carbon that results in a high transparency, they present many advantages for the monitoring of
X-ray beams: the large band gap of diamond (5.5 eV) results in low leakage currents (typ. 1pA) and excel
thermal stability. They also can be used in a high temperature environment (up to 250°C), and exhibit h
resistance to radiation damage. Diamond has enabled the fabrication of semitransparent X-ray detectol
interests in the low energy domain: the transmission of a 5 um thick CVD diamond detector at low energ
(2 to 5 keV) lies in the 60 to 95 % range. New techniques have emerged in the last years as a way to pro
thin layers of diamond with varying thicknesses and material qualities. Namely, the chemical vapo
deposition (CVD) technique now enables the production of high quality materials from which radiatio
detection devices have been fabricated. In close collaboration with ESRF beamline, namely 1D26, ID1Z
and BM5, devices have been fabricated and characterised that enable the in-line monitoring of synchro
beams (intensity, position, profile, and temporal response) [see 1].

One inherent problem however associated with CVD diamond synthesis is the formation of a polycrystalli
material, with grain sizes in the micrometer range that can be detrimental to the behaviour of detect
devices when they are destined for use with small beam sizes. Preliminary experiments were performed o
21 as part of experiment MI-347 where a micrometer size beam was used to induce photocurrents in C
diamond devices. Significant non-uniformities of detector response were observed that could be correle
with the grain structure [see 2]. Such observations are complicated to interpret since the surface roughne
the as-grown film contributes significant film thickness variations which lead to local electric field
inhomogeneities whose effects are convoluted with those due to crystalline defects and grain boundaries
order to assess further these observations, other investigations were performed within MI-452 on polis|
surfaces, as well as at lower energies (3 keV), allowing probing of the surface of the polycrystalline diamc
(< 10-20pm, resp.) on a depth scale comparable with the film grain size.



Maps of the sensitivity were probed on several samples, using varying electric fields, and varying be.
energies. Among the results obtained, these experiments demonstrated that the material sensitivity is gr
affected by the grain structure, and that only part of the material actively contributes to the detector sigt
This is shown in figure 1 where is displayed a map of sensitivity of a high quality CVD diamonc
commercially available. Also, the variation of the sensitivity map with respect to electric field variations fror
3 kV/cm to 30 kV/cm are shown on figure 2. It appears that the sensitivity only increases in localised regic
in the sample, or in other words that the velocity of saturation has been reached in other areas.

This work confirms that strong non uniformities are to be expected when diamond is used for bes:
monitoring. As long as the measurement relies on the variation of the measured signal between sepat
pixels, the material can fit applications such as beam position or beam profile monitoring. However, whet
high resolution is required with respect to the measurement of the X-ray beam intensity, it seems that
diamond response may be affected by the small beam position instabilities. Since monocristalline diamon
not so far an easy alternative, one solution can however be to couple a diamond intensity monitor to a b
position monitor and to compensate the beam displacements.
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