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Test beam characterisation of single chip assemblies has been carried out at CERN SPS (120 GeV pions), Fermilab FTBF (120 GeV protons) and DESY (5.2 GeV electrons). Fresh and irradiated 3D sensors bonded
to the CROC_v1 ROC have been studied in 2022 and 2023. 2024 beam time will be employed to study the performance of irradiated 1x2 3D modules.
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Hit resolution as a function of the track impact Hit detection efficiency as a function of the At higher irradiation fluencies (1.6 x 1016 neq/ The impact of an increased threshold is larger
angle: a minimum of 2 pm is reached before applied bias voltage at normal incidence. The cm?) the efficiency plateau is reached for higher when the sensors are more irradiated —> an
irradiation. Studies on irradiated sensors are acceptance is defined as 1 - (Nmasked/ Ntotal) bias voltages —> a detection efficiency larger increase of 300 electrons reduces the efficiency
ongoing. and accounts for the stuck and noisy pixel. A than 96% at normal incidence is reached at by 5%.
fraction lower than 2% is tolerated after 110 V meeting the specification
irradiation. requirements.
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- NN, » CMS R&D effort on 3D sensors in collaboration with Fondazione Bruno Kessler (FBK, Italy) and Centro
. s Nacional de Microelectrénica (CNM, Spain).
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» high resistivity layer —> active region of the sensor
One quarter of the CMS Inner Tracker [1] detector: planar sensors will be assembled in 1 x 2 pixel modules or

while 3D sensors will be assembled in modules with 2 sensors and 2 ROCs. e N+ and p+ COIUmnS etChed on the same S|de —_—> Cheaper than preViOUS tWO S|ded prOCGSS

In order to improve vertex reconstruction the first layer of TBPX will be located closer to the beam pipe and the material
budged will be reduced —> new mechanical structure required

» Production contract signed with FBK in June 2023 —> first order to be received in July 2024
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See the poster by Michael Grippo for more details on the readout chip (ROC)
“Hybridisation” is the name given to the process of assembling sensors and ROCs into modules. The powering scheme of the modules in the current CMS pixel detector could not be ported to the
design of the upgraded CMS Inner Tracker because of the limited radiation tolerance of the DC-DC

INFN Firenze team assembled 6 double modules using 3D single chip modules produced by Advafab
converters.

Bump bonding quality assessed using two methods:
P 94 Y J Modules in the CMS IT will be connected in “serial powering” chains composed by 8 to 11 modules.

+ Exposure to X-rays or beta-sources: limited by the availability of instruments but easy selection to ROCs in each module will be connected in parallel. This scheme will be implemented through special
identify disconnected bumps (pixel occupancy < threshold —> disconnected bump) regulators named Shunt-LDO (Low DropOut) [2].

» “Forward bias”: The regulator provides the correct voltage (1.2 V) to the analog and digital domains of the
ROC while the shunt dumps the current not consumed by the domain (current consumption is
variable!) and provides a safety mechanism against single failures in the chain.

2.5

- Compare threshold and noise distributions obtained for a high threshold value (e.g. 6000
electrons) applying a reverse bias voltage (-5 V) and small forward bias voltage (+ 0.5 V)
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2D map of the noise and threshold The rows and columns of the

shifts for a chip belonging to a disconnected bumps are extracted from exposure of the same module
double 3D module: a group of and a 2D map is filled for better to a beta source —> same
disconnected bumps is identified visualisation disconnected pixels are identified
near (0,0)
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