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Challenge addressed

An X-ray photon counting pixel array
« Indirect (using a “scintillator”) X-ray detection
« Charge packet = 100 to 500 electrons per X-photon
e Counts up to 1000...5000
« Counting speed 100 to 100.000 Hz

SiI demonstrator realization as a
« 16x16 pixel array, 100um pixel pitch
« 27...40 transistors per pixel (8 variants)
 Detection threshold noise & variability ~15e s
« Covered with a GdOS scintillator sheet
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Outline

d Direct and indirect X-ray detection
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Direct and Indirect
X-ray detection pixel
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Outline

glndirect Photon counting pixel
concept and layout
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First generation of 2D photon
counting pixel array
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Pixel sees both
“direct” and “indirect” X

From X-ray source From X-ray source

GdOS scintillatgqr sheet
100 pum thick \
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charge packet charge packet
Direct detection: Indirect detection:
* Rare in Si, "spurious” . “efficient” in high-Z scintillator
* Localized and large * Indirect charge packet is small
charge packet and smeared out
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X-photon counting pixel topology
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Pixel layout

100um pitch

0.18um CMOS technology
75..80% FF

Variants with 27...40 MOSFETs




Outline

d Direct and indirect X-ray detection

g Indirect Photon counting pixel
concept and layout

d Pixel key subcircuits
J Measurement results & performance

J Future developments and
conclusions
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Charge integrator

(CTIA)
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Very compact analog counter
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Outline

d Measurement results & performance
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pixel's analog count

Under LED illumination:
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X-ray lllumination:
comparators’s real time signal

X-ray source: 70kVp, 1mA
Beam hardened with 1/2mm Cu
Distance 1.5m

Scintillator: GAOS 100um thick

BEAM ON

Peaks correspond to Photon rate is about 0.5 X-photon/ms
100..300 electrons

8 BEAM OFF anISE corresponds to -

about 70 electrons p/p,

10...15 electronsg,s ”
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X-ray lllumination:
pixel's analog count
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Outline

J

Future developments and
conclusions
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Conclusions

Indirect X-ray photon counting
demonstrated
« Detects and counts charge packets <100e-

* Pixel has only 27 MOSFETSs
* Pixel has ~80% fill factor

Future challenges
* Increasing array size
* Improving performance (noise, speed)
- Enhancing functionality (energy dlscrlmlnatlon)
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