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Introduction

This study aims at developing new charged particle detectors based on recent advances in 3D CMOS microelectronics for high energy physics and emerging medical
applications such as hadrontherapy and Proton Computed Tomography (pCT). These 3D CMOS Iintegrated detectors are based on two aligned avalanche diodes operated in
Geiger mode with on-chip coincidence detection. Such detectors will provide an alternative to existing technologies with expected advantages in terms of limit of detection (very
low noise count rate resulting from on chip coincidence detection), spatial (pixel size < 50x50um?) and timing (10-100ps with an hold-off time of 10-100ns) resolutions, high
counting rate (>10MHz), scalable solution (with detection areas from tens of um2 to hundreds of mm?), co-integrated low-complexity readout electronics (digital), low material

\budget, compact and efficient implementation based on standard CMOS technology. /
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L _ _ | _  test-structures for characterization purposes
* The passage of an ionizing particle through the pair of vertically aligned avalanche

diodes triggers a breakdown process in each cell, producing two substantially
coincident electrical signals

* The detection of a coincidence event allows discrimination of the signal produced by
an incoming ionizing particle from background ultra-violet, visible and near-infrared
photons and thermal dark counts

<« pixel luminescence:
no Premature Edge Breakdown
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The passage of the ionizing particle
translates into two coincident
avalanche current pulses
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