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Abstract

CMOS Monolithic Active Pixel Sensors (MAPS) for charged particle tracking consist of a novel detection technique, where the detecting element is inseparable from the readout electronics. In this original approach, both the detector and the front-end readout electronics are integrated on the same silicon wafer, using standard CMOS fabrication process. Thin, moderately doped, undepleted silicon layer is used as a radiation sensitive element with the readout electronics implemented on top of it. Due to this particular structure, the entire sensor surface is sensitive (100% fill factor), which allows straightforward application of the device for particle tracking in particle physics experiments. The viability of this solution and its unique tracking performances (2D spatial resolution of 1.4 µm) were demonstrated on series of small and large scale prototypes, using several different standard CMOS processes. In addition to high precision tracking, the MAPS based detector may provide extremely high granularity (order of 10 µm) and very low total equivalent radiation length (order of 50 µm of silicon per layer). It is therefore considered as a serious alternative for the next generation of vertex detectors, including RHIC STAR upgrade and future experiment at TESLA linear collider.
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Abstract

Possible application of Monolithic Active Pixel Sensors (MAPS) for future vertex detectors will strongly depend on a successful implementation of on-chip hit recognition and sparsification scheme. The readout scenario needs optimization to reduce data flow and minimize necessary power dissipation. Because of very low raw signal amplitudes, comparable or smaller than intrinsic CMOS electronics pedestal dispersion, the efficient on-chip hit recognition is a non trivial task. This is still complicated by the fact that only one type of transistors may be used over the sensitive area in order to preserve 100% fill factor. The basic 3T pixel concept with one transistor used for periodical restoring of the reverse bias of the charge collecting diode comes from visible light applications. New ideas for charge sensitive elements, optimized for vertex detector, will be presented. This includes the auto-reverse biased charge collecting diode and the current mode approach for pixel design. The use of self-biasing principle paves the way to the first amplification stage and double sampling operation integrated on pixel. Preliminary results of the first practical realization will be reviewed. The current mode element, called photoFET, offers an amplification capability built into the charge collecting diode, resulting in charge-to-current conversion. In addition, the use of photoFET allows easy implementation of on-pixel analog memory cell, necessary for further signal processing. First tests of a prototype photoFET cell showed its outstanding noise performance of the order of 5 electrons ENC at room temperature. Possible implementations of on-chip, real-time hit reconstruction readout architecture schemes will be presented and possible chip designs brought up for discussion.






