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Abstract

In high-energy physics experiments, Monolithic Active Pixel Sensors (MAPS) have become crucial components of vertex and tracking detectors over the past
decade due to the integration of readout circuitry with the detection volume in a single chip. The low material budget requirement to achieve precise tracking and
vertexing capabilities for upgrade of HEP experiments, such as ALICE at LHC and future experimental facilities like ePIC at EIC, leads to a direct attention towards
an ultra-thin (a few tens of um), bent, wafer-scale silicon sensors produced with stitching technology.

Recent ongoing activities performed at the INFN and UniBa Laboratory in Bari will be described. The characterization of analogue silicon pixel sensors of 65 nm
CMOS technology using electrical test pulsing and °>Fe as a soft X-ray source will be discussed. Furthermore, a study on timing performance will be presented.

Bent wafer-scale sensor

The 65 nm CMOS Analogue Pixel Test Structure Laboratory Measurements

The APTS is a prototype test structure based on TPSCo CMOS 65 nm ISC technology. The chip testing is performed as follow:
CMOS pixels sensors with small collection electrode are characterized by a small sensor capacitance and
consequently a high signal-to-noise ratio. From the monolithic design itself, a low material budget is
reached allowing to a better resolution at low transverse momentum.
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Experimental Setup at INFN and UniBa Laboratory - Bari Experimental facilities for outgassing studies in vacuum
Multi Layer Reticle MLR1 Bl PG bardﬁ Proximity board  Carrier Card Future vertex detectors will be mounted close to the beampipe where the order of vacuum will be about
First sensor prototypes in 65 nm process used to validate the —— L ERLIE 1019 mbar. Thus, it is very important to study the outgassing properties of the vertex detectors components.

technology in collaboration with CERN EP R&D.
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Three ways to perform outgassing measurement:

MLR1 DAQ board (FPGA-based): * Comparing the vacuum level with and without sample

* Powering and biasing the chip. oo
e Hosting the ADCs that sample the 16 pixels at 4MSa/s. 297 e
Proximity and carried card:

 Comparing residual atmosphere of vacuum
chamber with and without sample using Residual Gas
Analyzer (RGA)

 Comparing the Total Mass Loss (TML) of sample before
and after pumping
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* Designed specifically for each chip flavour.
Oscilloscope Rohde & Schwarz RTO RTO 1044:

e Bandwidth: 4GHz - Sampling Rate: 20GSa/s

e Sampling the 2x2 inner pixel matrix for timing studies

Particular of the setup for sample
transportation under vacuum
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Schematics of the experimental setup
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Schematics of the leakage currents measurement .

3D printed AlSi samples disks
e Carbon (LAYPUS) Substrate of the cold plate

Optical Fiber with connector
* NASA Epoxy

"""""" e Carbon Fleece of the cold plate * Siwafer
» Carbon foam All comp high density * Wire bonded Si water
. FPC

References

* [1] Rinella et Al., Characterisation of analogue Monolithic Active Pixel Sensor test structures implemented in a 65 nm CMOS imaging
process, arXiv, Instrumentation and Detectors, (2024) 2403.08952

* [2] W. Deng et Al., Design of an analog monolithic pixel sensor prototype in TPSCo 65 nm CMQOS imaging technology, Journal of
Instrumentation, 18 (2023) C01065

Silicon Lab @ University of Bari and INFN Waveform at 20GSa/s. Time window 50 ns
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