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INNER TRACKING SYSTEM. THESIS ADVISOR : ASST. PROF. CHINORAT KOBDAJ,
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This dissertation presents an in-depth investigation of Monolithic Active Pixel
Sensors (MAPS) and their application in high-energy physics experiments, focusing on
advancements in sensor technology for the ALICE experiment at LHC. A new MAPS pro-
totype, developed using 65 nm CMOS imaging process technology, was designed for the
ITS3 upgrade, incorporating a deep p-well implant to enhance charge collection and re-
duce the material budget to 0.05% X, per layer. The prototype also employs innovative
stitching techniques to fabricate a large-area, ultra-thin sensor. The study specifically
examines the Analog Pixel Test Structure—Source Follower (APTS-SF) sensor, character-
ized by its high-speed analog readout. Laboratory tests optimized the sensor’s pulsing
behavior through variations in bias voltage and substrate voltage, achieving an optimal
trigger threshold for precise particle detection. The sensor was tested with an *Fe
radioactive source to evaluate CCE. Results indicate minimal impact of substrate bias
variation on CCE, although higher substrate bias improved signal amplitude. Radiation
hardness studies were conducted using a 70 MeV proton beam at KCMH, exposing the
sensor to total ionizing doses of 100 krad and 500 krad. The findings reveal a degra-
dation in CCE with increasing radiation dose. Beam tests at SLRI further characterized
the APTS sensor. While beam tests at the SLRI-BTF with a 1.2 GeV electron beam did
not yield ‘conclusive results, tests at CERN SPS using a 120 GeV'pion beam demon-
strated high detection efficiency (99%) despite irradiation: with a total ionizing dose of
300 Mrad. The sensor operated optimally at a charge threshold of 100 electrons with a
substrate bias of -4.8 V, balancing detection efficiency and spatial resolution. This work
contributes to the ongoing development of advanced MAPS technology for future up-
grades in high-energy physics experiments, providing key insights into charge collection

mechanisms, radiation tolerance, and optimal sensor operating conditions.
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