High precision mapping of singlaixel Silicon Drift Detector for

application In astrophysics and advanced light source
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Abstract

Measurements

A Silicon Drift Detector with 3x3 nfreensitive area was designed by INFN of Trieste and builForegoing measurement (in an-awonditioned room with an ambient temperature of 18):
- searched dimension of gaussian shape beam: for the X axis the FWHM of the beam Is
It represents a singtpixel precursor of a monolithic matrix of multipixel Silicon Drift Detectors 165.48 um and for the Y axis is 128.83 um;

and, at the same time, a model of one cell Fluorescence Detector System (XAFS) for SESAME&ligned the detector with the -Ray tube, searched for the center position;

by FBKTrento.

The pointby-point mapping tests of the detector were carried out in thea) facilities at
INAFIAPS In Rome, equipped with a motorized 4aas micrometric positioning system.
High precision characterization of this detector was done with a radioatkeesource and a
collimatedTiX-ray tube equipped with a Bragg crystabnocromator

The mapping in different positions and bias condition was specifiaatigd to the detailed
analysis of the charge collection efficiencies at the edge of the detector.

The result is important to understand and verify the aspects related to the collection of the
signal with respect to the position of interaction of the photons, especially in consideration of

the new design and development of monolithic multipixel detectors.

Introduction: the detector

On the left- Working principle and structure of the detector
In the center- Section of SDD sensor (a) and potential energy of the electrons (b)
On the right (in clockwise directionpicture of the detector from the side of the
window, from the side of the readout and picture of the detector circuit
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1. Detector and SIRIO amplifiers
2. Tianode Xray tube equipped with a Bragg diffractor to select &, line (4.5keV),

crystal: Fluorite CgKk220), The Xay tube was configured at 35 kV and 0.6 mA. A 14D

diaphragm (purple box in 2) is between the tube and the diffractor, the diaphragm between

the diffractor and the detector is composed of: a second Irdtib diaphragm (green box in
2), a 34 mm length diaphragm and a diaphragm with 100 um hole size (pink box in 2)
3. Two motorized micrometric rails for twdimensional positioning

4. Supply voltage needed for depletion voltage (windoyy,Y and the anode (inner ring,Y
for the detector

5. Supply voltage needed for the cathode (outer ringg Wor the detector

6. Supply voltage needed for the SIRIO preamplifier

/. Supply voltage needed for the amplifier

8. Resetpulser

9. DP5 digital pulse processor

10. Oscilloscope

11. Amplifier

12. Low voltage filter for the SIRIO preamplifier supply voltage

13. High voltage filter for the detector
14. Nitrogen
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- calibration withradioactive>>Fe source andiX-ray tube.

For the pointby-point mapping, we have used a different step between the points for the
central zone (500 um) and a thinner step (100 um) for the edges of the detector.

The measurements have been made for different 4 outer ring voltages.

Outer ring Windows Inner ring
voltage (\,r)  voltage(Vy,)  Voltage(Vr) e e
-144,6 V 85,10 V 23,8V B
-124,4 V -80,66 V 21,13V
104,06 V 80,85 V 19,81V L
841V R

On the left¢ The 4 different voltages used for 4 mapping measurements

On the right¢ Scheme of the map used for acquisition with different step for the inner and the edge of the detector
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In order to have a better view of the results, we
mirrors points to obtain a square representative
of the detector.

Values between the experimental points were
obtained through linear interpolation.

165

3 SpectraTiK, line) at points: green
(-1.0-1.0), purple {1.2-1.2) and
blue ¢1.3-1.3) with \4= 124.4 V.

The centroid of the peak is,
respectively, at 4.51, 4.50 and 4.47
ke\/

Instead the triangles have less than 25 counts for
YR 6SNB RAAOI

The outer ring voltage changes the efficient area of the detector. This detector has a larger

effective area (2.7x2.7 mththan the previous designed one tested in 2016 (2.5x2.5)moait
still less than the nominal 3.0x3.0 marea.

Conclusiond-uture work

The mapping is useful for analysis of the detector behaviour. In particular, it allows to verify
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Increases progress in the design and development of new monolithic matrix of multipixe
Silicon Drift Detectorfor application in astrophysics and advanced light source.
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