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Abstract Background: X-ray position sensitive detector is indispensable for beamlines at synchrotron radiation
facilities. Synthetic single-crystal diamond position sensitive detectors have been developed to take advantage of
next-generation synchrotron sources, which are trending toward use of high-flux beams and/or beams requiring
enhanced stability and precise understanding of beam position and intensity from the front end of the beamline all the
way to the sample in recent years. Purpose: It is aimed to provide accurate real-time position and flux for high-flux
X-ray beams. Methods: Based on the principle of potentiometers, the transmission-mode diamond X-ray position
sensitive detector works as a “solid” ionization chamber. When the X-ray beam comes into the detector’s sensitive
region, electronic-holes occur due to the effect of ionization and the charges or the current pulses on the electrodes of

the detector are given. According to the collected currents on the electrodes, the location of the incident X-ray can be
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determined by the ratio between the current difference of electrodes and the total current. Results: A signal/noise ratio

of (S/N)>5x10° and a position resolution of o=(136+11) nm for the synthetic single-crystal diamond position sensitive

detector with an active area of 2.5 mmx2.5 mm, respectively, have been obtained. The measurement precisions for the

X-ray beam intensity and position linearity are less than 0.1%. Conclusion: We have demonstrated the feasibility of

building a transmission-mode synthetic single-crystal diamond X-ray position sensitive detector, which could

measure X-ray beam intensity and position in real time. Its performance was determined on the macromolecular

crystallography beamline (BL17U1) at SSRF. Experimental data show that the diamond detector has good linear

response and measurement precision of beam intensity within the whole active area.

Key words Transmission-mode diamond X-ray position sensitive detector, Submicron position resolution
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Table 1 The specific requirements of the X-ray beam position monitor on synchrotron radiation beam lines.

FeAF Target

SE M BE 2 12K Qualitative or quantitative requirements

R E oy HRe
Position resolution

ST AR 0.1-50 pm (S o LD 10%
The stability of the beam size within 0.1-50 pm: ~10%.

X EREE RS RGN (B 100 nm) FOCBER) 5y HERE /), ZAA R AR M) HFR—10 nm

The resolution capability of the spot whose focus size is nanoscale (such as 100 nm) should achieve

ideal goal>10 nm.

MEEAE G ~1 kHz (BRI, HiFeik ] 10 kHz K H b5
Measuring frequency (bandwidth) ~1 kHz (sound wave frequency). It’s best to reach the target 10 kHz.
AR IR B 53 H e 7002 H BT R 2 B0 R 2k

Most beam line now require the position resolution capability to submicron level.
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Intensity The measurement accuracy and linearity of intensity should achieve <0.1%.
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Meet the demand of single impulse response experiment like “Laser pumped X-ray pulse probe”.

The pulse width of synchrotron radiation ~50 ps, so the bandwidth should achieve

F 7 B[]
Fast time 50ps, tHALEEILE 10°-10° pulses ' [ %
response
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bifmiR ey P B 4R A BE 77>10% Gray s ™

The radiation-proof ability

The ionizing radiation-proof ability >10* Gray-s .
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Absorptive capacity of X-ray thermal power (max): < a few mill watt (monochromatic beam
line). For white light of insertion device, capacity should be at least =100 W-mm ™. Only possible

material is diamond.
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others 2k LA IR 3 25 1

To reduce the absorption from X-ray and the loss of light intensity from scattering, the contact area
with the beam should be as small as possible.
Rgdde, e, MESNE SRR IsT

High integration, adapted to atmosphere, low vacuum and high vacuum environment.
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Fig.1 Two typical working modes of the transmission-mode
position monitors.
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Fig.2 Schematic display of the transmission-mode diamond
XBPM Structure.
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Fig.3 Detector current spectra.
(a) and (b) are obtained from horizontal position, (c) and (d) from vertical position
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Fig.4 Position calibrations for the detector.
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Fig.5 Time spectra of the horizontal position (up) and vertical position (down) obtained by the detector at the BL17U1 of SSRF (a),
two dimension position display for the beam orbits (b).
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