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Abstract

During the 4th run of LHC, the collider luminosity will increase up to 5 - 10%* em™2s~! and the
generation of tracks inside the charge particle detectors of the experiments LHCb, ATLAS, CMS,
ALICE will become so high that the pattern-recognition and reconstruction system now available will
be slowed down and a great number of ghost tracks will be created, causing an inefficient extraction
of signals. This thesis work is performed in the context of the TIMESPOT project (TIME and SPace
real-time Operating Tracker), which ambitiously aims to develop a complete tracking demonstrator
capable of coping with the extremely high instantaneous luminosities foreseen in experiments at future
facilities. This demand pushes towards a new concept of vertex detector system. In particular this
work will focus on silicon pixel sensors with 3D technology.

A viable strategy to overcome the limitations deriving from the planned luminosity upgrades consists
of building trackers able to measure time with a precision better than 200 ps/hit. In this thesis work
the aim is to study and optimize the characteristics of an innovative pixel detector with 3D-trench
technology, developed in Trento at the Fondazione Bruno Kessler (FBK). Detection efficiency and
time resolution are measured with a 2 MeV proton beam at AN2000 accelerator in Legnaro. A time
tag system is developed and built; it is based on the scintillation light emitted by a thin layer of organic
scintillator deposited above the sensor. Scintillation light is detected by a SiPM put close to the 3D
device. Moreover, the uniformity of time resolution as a function of the particle hit position inside the
test structure is studied with a precision of 1 pm.

Beside the time resolution study, several test structures produced at the FBK are studied and charac-
terized. A variety of devices have been produced considering differing geometries. In particular, two
batches of sensors have been realized so far, one differing from one another by the fact that the second
one has a p-spray between the n-doped trench and the silicon oxide. Moreover the second batch has
many more available geometries.

This work will also be the basis for the radiation damage characterization of detectors based on pixel
3D trench technology, since high luminosities planned at colliders pose strict requirements not only on
spatial and time resolution, but also on radiation hardness.
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1.3. The TIMESPOT project

Junction trench

‘Ohmic trench
—_—

130 pm

Figure 1.27: Cross section of a 3D-trenched sensor unit cell, pointing out the position of the p-spray layer.
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Chapter 1. Introduction
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Chapter 2. Static Characterization
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