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Monolithic sensors
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Some possible solutions
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SEED Project

� SEED : Sensor with Embedded Electronics Development

Goal: fully depleted monolithic pixel sensor

Good timing resolution O(ns)

Integrated CMOS pixel electronics

Process development with an industrial partner: LFoundry

INFN Divisions: Torino, Padova, Trento, Frascati, Perugia

INFN-LFoundry patent pending
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SEED: Proposed monolithic sensor

� Goal: full depletion in 100-500 um. The present prototype is 300 um.
� Technology: 110 nm CMOS technology, high-resistivity bulk
� Custom backside process developed (collab. industrial partner)
� The depletion starts from the backside
� At the backside, the main diode is surrounded by a guard-ring
� Both NMOS and PMOS transistors
� The pixel capacitance is kept low ≈ 20 fF
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Sensor bias
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First silicon prototyping
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The MATISSE Demonstrator

� MATISSE is a full monolithic
sensor with embedded
electronics on board.

� The electronics built on the top
side is compatible with a
standard CMOS process
fabrication flow

� matrix of 24 x 24 pixels
organised in 4 columns

� Each pixel implements an
analog readout in global shutter

� 2x2 mm2 die, VDD=1.2V
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MATISSE Pixel Architecture
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MATISSE Characterisation: X-Ray
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MATISSE Characterisation: Laser measurements
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Outlook for developments with SEED Technology

First production: 300 um fully depleted thick monolithic CMOS
sensor developed and tested with excellent results

good process for X-ray imaging (backside optimisation)

lower thickness envisaged for particle trackers

limited device portfolio with current LF11IS PDK

Future steps:

Processing of thinner substrates (down to 100 µm)
qualification of low-Vth FET devices
Dedicated laser measurements to study the charge collection
Studies of radiation damage with neutrons
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ARCADIA

� ARCADIA : Advanced Readout CMOS Architectures with
Depleted Integrated sensor Arrays

INFN CSNV Call Project: budget ≈ 1MEur

INFN Divisions: Bologna, Milano, Padova, Pavia, Perugia, Torino,
TIFPA , ≈ 14 FTE

Evaluation results by September 2018 → kick-off January 2019

Project duration: 3 years

Manuel Rolo (INFN-TO) ARCADIA RD FA Collaboration Meeting 13 / 16



ARCADIA: roadmap and deliverables

ARCADIA will target the development of a novel CMOS sensor platform
allowing for:

� Active sensor thickness in the range 50 um to 500 um or more;

� Operation in full depletion with fast charge collection only by drift;

� Small charge collecting electrode for optimal signal-to-noise ratio;

� Scalable readout architecture with ultra-low power capability (O(10
mW/cm2));

� Easy compatibility with standard CMOS fabrication processes.

� Deliverable: full-size system-ready demonstrator of a low-power
high-density pixel matrix CMOS monolithic sensor
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ARCADIA: organisation

� WP1 - CMOS Sensors
? TIFPA, PG, MI

� WP2 - Mixed-signal IP Block design and Chip integration
? BO, PV, PG, TO

� WP3 - Data Acquisition
? BO, TO

� WP4 - Application and system characterisation
? MI, PD, TIFPA

� WP5 - Radiation-hardness
? PD, PV
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ARCADIA platform
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