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ARCADIA MAPS researchline and follow-up

SEED
CSN5 project 
(2015 ς2018)

ARCADIA
CSN5 call 

(2019 ς2022)

Largearea
demonstrator: 1.5cm2

Thickness: 50 ς200˃ m 

ALICE 3 ToF
Timing
CSN3 

(started2022)

MedicalImaging
EIC pathfinder1MICRON

ERC - Si3
(started2025)

BOA
Medicaldosimetry
TT R4I project 2026

SpaceItUp!
X - aɹnd astroparticles

Low power!
(started2024)

Process: modifiedLFoundry110nm CMOS

Versatile CMOS
MAPSprocess
100 ς300˃ m 

Thinner:
15- 20 m˃

50 ˃ m

Up to
700 ˃ m
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SEED - ARCADIA sensorconcept

ÅCustomized110nm CMOS process
(LFoundry)

Ån-type high resistivity activeregion

ÅReverse-biasedjunction at the 
bottom: depletiongrowsfrom back 
to top

ÅSensingelectrodescan be biasedat
low voltage(< 1V) 

Ånwellswith electronics shieldedby 
deep pwells

Ån-epi layer: reduce punch-through
currentbetweenp+ and deep pwells
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Joint international patent (INFN ςLFoundry) granted



Pixel array cross section
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MATISSE - first pixel sensorprototype

Characteristics:

ÅThickness: 100 and 300˃m

ÅDie area:  2×2 mm2

Åarray of 24×24 pixels

ÅPixel size: 50˃ m

ÅReadout speed: up to 5MHz

ÅReadout noise: ~40e- rms 

6

55Fe cluster
signal
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Designedasa technology
test bench

Matisse chip layout
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Role of Tento in the project:
Å Process customization(interaction with LFoundry), sensor

design and characterization(L. Pancheri, G.-F. Dalla Betta, 
C. Neubuser, T. Corradino)

Å Application to astro-particledetectionand specificprototype
characterizations(R.Iuppa, E.Ricci, P. Zuccon) 
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ARCADIA - motivation

ÁLarge-area monolithic pixel detectors for particle tracking: 
low power, high rate capability, low cost per unit area, low 
materialbudget

ÁTarget applications:

ÁHigh Energy Physics experiments

ÁAstro-particledetection on satellites

ÁMedicalimaging

Piero Giubilato, ERC project iMPACT

CSES-01 http://cses.roma2.infn.it

New ITS

ALICE Inner
Tracking System
LHC - CERN



Wafer post-processing: starting materialand backsideprocess

Type3: 
Post-processing: thinning, 
lithography, backsidep+ 
implantation and laser annealing, 
insulatorsand metal deposion

Type2:
Post-processing: thinning, 
backsidedp+ implantation
and laser annealing

Type1:
Post-processing: thinning
to 100 or 300˃m total
thickness
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and more



Production
Devices produced:

ÅMain demonstrator: 25˃ m pixel 
sensor,  512 x 512 array

ÅStrip detectors with and w/o active 
readout  

ÅSeveralsmall demonstratorswith 
activepixelsfor particletracking and 
timing applications

ÅActive pixel array for X-ray imaging

ÅTest structures for sensors 
characterization and process 
qualification

Front side
Back side (on 200- m˃ 
activethicknessonly)

Micrographof test 
structuresblock
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Pixel characteristics

ÁMeasuredon pixel test structures
ÁPixel dark current roughly

proportionalto sensorthickness

Sensor characteristicsvs. activethickness. 

Active thickness(˃Ƴ) 48 100 200

Sensor biasvoltage(V) 25 20-35 60-100
Dark currentdensity

(pA/cm2)
100-350 230 - 500 650 - 2000

Sensor characteristicsvs. pixel size 

(@ 100˃ Ƴ activethickness)

Pixel pitch (˃ Ƴ) 10 25 50
Sensor area 

(% of pixel area)
36% 19% 16%

Sensor capacitance(fF) 1.9 3 12.7
Time for 90% charge

collection with 
picosecondIR laser (ns)

4 10 31
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Maindemonstrator: 512 x 512 pixel array for chargedparticletracking

Å Pixel pitch: 25˃m ςArray core area: 1.28cm x 1.28cm

Å Pixelelectronics: analogand digital. In-pixel thresholdand data storage

Å Architecture: event-driven. Pixel detectingevents(chargepulses) sendtheir
address to the chip peripheralcircuits

Å Low power and high event rate (100 MHz/cm2)
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M. Rolo
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MainDemonstratorςexperimentalresults

M. Rolo

Detail of pixel layout

512 x 512 pixel sensor
mountedon PCB

ÅReadoutnoise: < 50 e- rms
ÅPower consumption: 

10mW (low power mode) 
ÅSpatialresolution (tracking): < 5˃m rms

Cosmicrays(4h acquisition)
Sensor placedvertically

Photon-countingX-ray image of a PCB
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ÅSensorscan be biasedat low voltage

ÅDC couplingwith front-end amplifier ispossible

Monolithicsensorswith avalanchegain

L. Pancheri 15

FullyDepletedPAD sensors FullyDepletedPAD sensorswith avalanchegain

ÅHigh voltageisneededon the top side

ÅAC couplingof front-end amplifier isneeded

Sensors @ TIFPA 2026

Main driver: ALICE 3 ToFlayers. Target resolution: 20ps



Layout A1

Terminationshieldedby deep pwell: 
electronsgenerated belowthe deep pwell
reachthe gain layer
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Monolithicsensorswith avalanchegain: junctiontermination

Layout A2

Terminationdirectly facingthe activeregion:
electronsgenerated belowterminationcan be 
collectedwithout gain
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Monolithicsensorswith avalanchegain: electricfield lines

Layout A1 Layout A2

All the field linescross the gain region: 
- 100% fill factor
- non-uniformgain and timing

Peripheralfield linesŘƻƴΩǘcross the gain region: 
- «dead area» at the borders with gain 1
- better for timing uniformity
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Summaryof available devices: passive and active

Rectangularpassive pads, activearea 250˃ m x 80˃ m 
(samegeometryasin activepixel array)

Passive test structures

Squarepassive pads: 
250˃ m x 250˃ m

Test padswith
different terminations

Active pixel array: MADpixchip

8 arrays of 64 pixelswith 
integratedamplifier
Pixel activearea 250˃ m x 
80˃ m 

Å Fabrication run with пу˃Ƴ ŀŎǘƛǾŜ thickness
using standard ARCADIA substrates

Å Several gain dose splittings (for gain tuning)



Experimentalresults: gain and timing resolution

Gain measuredwith 55Fe X-rays
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Vback= -25V

Timing resolutionwith MIPs< 75psat RT

G. Fabbri ςTREDI 2026

G. Gioachin, U.Follo,C.Ferrero



Work in progress

ÅMonte Carlo simulations: in 15˃ m sensors, the 
intrinsicresolutionis~20ps includingterminations

ÅLargegain (> 50) neededto reduce jitter

ÅNew production on 15 and 20˃m activethickness
sensorsboth with n-type and p-type activeregion: 
devices just delivered

ÅCharacterizationison-going
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N-epi thickness= 15˃ m

N-type silicon
Thickness15˃ m

20ps

TCAD gain 
simulations

Monte Carlo jitter 
simulations



Small avalanchepixelsς25˃ m pitch

Sensors @ TIFPA 2026 L. Pancheri 21

DC gain measuredon 3 pixel arrays with NIR
Light (850nm) flood illuminationTCAD-simulatedelectricfield

Test structurelayout ς
zoomeddetail

Termination: the electricfield linesconverge into the gain region: all the 
generated electronsundergoavalanchemultiplication

J. Endrizzi

Gain with 100% fill factor & small pitch
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SpaceItUp! Monolithicsensorsfor spaceapplications

Thick silicon: neededfor improvedX and ɹ -ray efficiency:
Large area prototype design goingon ςled by INFN Torino

Å1st production of thick silicon usingARCADIA mask-set and high-
resistivity substrates

ÅDemonstrateddepletion of the sensorsup to 700˃ m thickness

ÅPlanneduse of a laser 2photon absorptionsetup @ UniTN(lab. DII 
Mattarello) to characterizethe sensors

Thin silicon:astroparticledetection:

Low-power small-pitch pixel pixel prototype design ςIRIS (N. Massari) + 
UniTN(Physics& DII)
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Going thick! backsidetermination

Á Backside diodes with variable
numberof guardrings(GRN)

Á Largebias voltage: possibility to
depletea thick sensor(tested up
to 400˃ m thickness)

T. Corradino, Sensors2021, 21(11), 3809
https://doi.org/10.3390/s21113809

https://doi.org/10.3390/s21113809


Goingthick! Alternativesw/o backsideprocessing

ÅTerminationstructuresfor high voltages: multiple floatingP guardrings

ÅDesignedby TCAD simulationstudy with parametrizednumberof guardrings to stand 
the operation voltage(with some margin)

multiple floating
guardrings
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JixingYe
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ÅEIC PathfinderhǇŜƴ ά1MICRONέ
Goal: ultra-high-resolution X-ray sensors for real-time cancer margin detection

Å9w/ !ŘǾŀƴŎŜŘ DǊŀƴǘ άSi3έ 
Goal: multi-layers of monolithic silicon detector designed for nuclear medical 
imaging (collimator-free SPECT)

ÅCommonfeatures:stacksof thick
CMOS sensorsfor increasedefficiency

ÅPixel/stripgranularitydepending
on applicationrequirements

ÅSeveralfabricationrunsplanned
through2026-2028
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Medicalimaging projects

X and ɹ-rays
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BOA: Brachytherapy Online monitoring flexible Assembly
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Å Brachytherapy: radiation therapy for the 
cure of prostate cancer using radiation 
sources placed inside the body

Å Proposed device: flexible probe for radiation 
monitoring based on CMOS integrated active 
detectors

Flexibleprobe

Rivelatori

Cancer Research UK / 
Wikimedia Commons

Radioactive
seed

COBRA
Detectors 

Prostate      
cancer

Prostate

Urethra

Bladder

COBRA
CMOS detectorwith 
integratedamplifier
(designedusing
ARCADIA
technologyh)

1mm



Flexibleprobe basedon monolithicdetector
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Flexibleboard

Flex and packaging (FBK)

Catheter

ÅCOBRA CMOS silicon detector with 
integratedamplifier: high immunity to 
environmentalnoise

ÅAssembly basedon FBK spTABflexible
bonding: compact and robust

BOA: INFN Technology Transfer project
goal: build and characterizea demonstratorby 
the end of 2026

1st probe version: usingstandard wire bonding

Interface with
externalboard

CMOS monolithic
radiationsensor



Monolithic Active Pixel Sensors@FBK - IRIS
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deep-pwell

ÁMonolithic detector:
ÁLow cost
ÁLower material budget

ÁDeep-nwell is the collecting diode
ÁCMOS circuitcan be placedon top

Application:

Characterizationof a proton source for 
hadrontherapy: braggpeakand 
scatteredparticlesidentificationin a 
human phantom

HVCMOS detectors @ FBK - IRIS

Reference person@ IRIS ςFBK: N. Massari
Collaboration with Uni. Liverpool (G. Casse)
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ÅHVCMOS detector in 150nm technology 

Å64x64 pixels and organized in 4x4 clusters

Å80 ˃ m pixel size

ÅEnergy and arrival time of events (tmin = 1ns) 
& 5b event counting

64x64 

Pixels 

4x4

Clusters

5
 m

m
HVCMOS detector prototype@ FBK - IRIS
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Work in progress and perspectives

ÅAt the moment, severalprojects are running in HEP, space
applications, and medicalapplications

ÅA goodbalancebetweenbasicand appliedscience projects is
essential(IMHO)

ÅNewproposalshavebeenrecentlysubmittedandnew ideasare in 
the air!

ÅNew synergiesand collaborationare neededlocally, at the national 
and international level
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Thank you
Questionsare welcome

L. PancheriSensors @ TIFPA 2026 35



Backup slides
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Sensor characteristics- IV curves

Pixel dark current

Full depletion
voltageVdepl

Pwell
Punch-through
current

Punch-through
onsetvoltageVPT

Backsidebiascurrent
(thermal generation at
the dicingline)

Measuredon pixel test structures
(arrays of pixelsconnectedin parallel)
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Pixel Current-Voltage curvesςcomparisonwith TCAD models

Experimentaldata acquiredfor  
different pixel layouts

Intra-wafer and inter-wafer 
variationswereevaluated

Processparametersin TCAD 
simulationsadjusted on
experimentalresults
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C. Neubüser

Vdepl VPT



Pixel Capacitance-Voltage curvesςcomparisonwith TCAD models

Experimentaldata for different
pixel layouts
comparisonwith TCAD simulation
results 

Capacitanceisdominatedby the 
perimeter of the sensornode
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C. Neubüser



Pulsedlaser characterizationςcomparisonwith TCAD models

Infraredlaser diode@ 1060nm, < 100ps FWHM: generation in the wholeactivethickness
Pixel array test structureswith 100˃ m activethickness(masklessbacksidep+ implantation)
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T. Corradino



Red laser scanςtest pixel arrays

Á 3ÅÎÓÏÒÖÏÌÔÁÇÅȡ
πȢψ6

Á "ÁÃËÓÉÄÅÂÉÁÓȡ
ςς6

Å50 µm ςpitch pixel test structures
ÅFocusedred laser incidenton the backsideςspot size 10 µm FWHM
ÅMechanicalscanning with 10 µm step size in x and y 
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Signal peakamplitude: higherin the
Pixel center (fast chargecollection)

Integratedsignal: uniform acrossthe pixel array



Pixel radiationhardnessςionizingradiation
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TID with X-raysςIrradiation@ universityof Padova, Italy
Main effect: increseof pixel leakagecurrentwith dose (due to surfacegeneration)

C. Neubüser
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Pixel radiationhardnessςioniziongradiation
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Pre-irradiationςCV curves Post-irradiationςC vs. dose

Goodagreement with simulationresults Perugia model (with Hamamatsu parametrization)
overestimatesthe increasein sensorcapacitance.

C. Neubüser
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Particledetection: Monte Carlo simulationof chargeand cluster size

Active thickness: 
млл˃Ƴ

нр˃Ƴ ǇƛȄŜƭ pitch
Simulation domain: 5x5 matrix 

Simulated cluster size distributionSimulated total charge distribution 

200MeV muons - perpendicular incidence

Threshold: 200 e-

C. Ferrero
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M. Rolo

Front-end  board and DAQ



MadPIXlayout
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G. Gioachin, U. Follo

Capacitance
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Passive test structureslayout

A1 and A2: Rectangularpassive pads
activearea 250˃ m x 80˃ m 

Designedfor test at the 
probe station and with 
external amplifiers

Squarepassive pads
with large fill factor: 
250˃ m x 250˃ m

Test padswith 
variationsof 
termination
geometry

Small passive pixelswith
25˃ m x 25˃ m and 50˃ m x 50˃ m
Pixel size 


