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SEEDARCADIgensorconcept

Sensing Pixel electronics:
electrode 1.2V MOSFETS

A Customized.10nm CMO®rocess
(LFoundry

A n-type highresistivity activeregion

A Reversebiasedjunction at the
bottom: depletiongrowsfrom back
to top .

A Sensingelectrodescan bebiasedat EERERERREE

lllllllllll

low voltage (< 1)

A nwellswith electronicsshieldedby n-substrate N\ PP b
deeppwells

A n-epilayer. reducepunchthrough

currentbetweenp+ and deepwells

Joint internationapatent (INFN¢ LFoundrygranted
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Pixel array crossection

) guard ring Perypheral PADS
Pixel array electronics

n-sub p+
\‘

/A Backside \—V—/

contact
ARC Guard rings

High-Resistivity
Substrate:
100 - 500 pm



MATISSHiirst pixelsensorprototype

Pixel layout
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Designedasatechnology
testbench

Characteristics
AThickness: 100 and 396
ADiearea: X2 mn?

Aarray of 2424 pixels
APixelsize:50>m
AReadoutspeed: up tbMHz
AReadoumoise:~40e rms



ARCADIA MARSsearcHine and follow up

Role of Tento in the project:

A Processustomization(interaction withLFoundry, sensor
design anccharacterizationL. Pancheri, &. Dalla Betta,

C.NeubuserT. Corradino)

A Application to astreparticle detectionand specificprototype

characterizationgR.luppa E.Ricci, P. Zuccon)
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ARCADIAmMotivation

A Largeareamonolithic pixel detectors forparticle tracking
low power, high rate capability, low cost pamit area, low

materialbudget
A Targetapplications
A High Energy Physiegperiments
A Astro-particledetection onsatellites
A Medicalimaging

— Proton beam

P" tracking dehocton
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Wafer posiprocessing: startingpaterialandbacksiderocess

p+ wafers - double epi

T
n-epi2
Active
thickness:
48um
Y High Resistivity n-epi 1

p+ substrate

Typel:
Postprocessingthinning
to 100 or 306m total
thickness
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Active

thickness:

100um

HR wafers - no backside lithography

AP P T

n-epi

High Resistivity n-type Si

AR O+

Type2:
Postprocessingthinning,
backsidedp+implantation
and lasermnnealing
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Active
thickness:
200pm
and more

Y

HR wafers - backside lithography

n-epi

High Resistivity n-type Si
il

Type3:
Postprocessingthinning,
lithography, backsidep+
Implantation and laserannealing
Insulatorsand metal deposion



Production

Front side
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Back side (on 208m
activethicknessonly)

L. Pancheri

Devices produced:

A Main demonstrator25>m pixel
sensor,512 x 51Zarray

A Strip detectorswith and w/o active
readout

A Severabmalldemonstratorswith
active pixelsfor particletracking and
timing applications

A Active pixel array foX-ray imaging

A Test structuredor sensors
characterization and process
gualification

Micrographof test
structuresblock



Pixelcharacteristics

A Measuredon pixel teststructures
A Pixel darlkcurrentroughly
proportionalto sensorthickness

N-well Sensor nodes pwell (GND)
guard ring
\ [y [y
< <
<, <,
,
n-epi
p I/ ' .': ;' ‘I‘. ‘
deep i
pwell SRR

HR n-type Si
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Sensorcharacteristicsrs. activethickness
Activethickness(> Y) 48 100 200
Sensombiasvoltage(V) 25 20-35 60-100

parkeurrentdensity. | 160350/ 230- 500 | 650- 2000

(PA’cm?)

Sensorcharacteristicsss. pixel size
(@ 10CG Yactivethicknesg
Pixel pitch & V) 10 25 50
Sensor area
0 0] 0}
(% of pixel area) 36% 19% 16%
SensoicapacitancefF) 1.9 3 12.7
Time for 90%harge
collection with 4 10 31
picosecondR laser (ns)

L. Pancheri
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Maindemonstrator 512 x 512 pixel array fohargecpartlcletracklng

A Pixel pitch: 25m ¢ Array core area: 1.28cm x 1.28cm f T

A Pixelelectronics:analogand digital. In-pixelthresholdand data storage : A

Matrlx 128x1 2B o | -133;

A Architecture:event-driven. Pixeldetectingevents(chargepulses sendtheir
address to the chiperipheralcircuits

A Lowpower and higheventrate (100 MHz/cr)

512 32 2
pixels pixels pixels
< > > ©
A = > > = > '
. Pixel Region 0
| ' Pixel Region 1 !
512 . : o|l~|a w0 o|lr~|a - R i
pixels Matrix ' cle| e - clele - ™ i
ol2| 8 S E| E|E £ o o
ISR B 5 =2|=2|=2 3 ko) o
- B|AB| b o 3|38|8 S - S SR -
. Pixel Region M |
:  Input Buffers and
Periphery \ S i Output Logic |
Chip Matrix Column Core
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Main Demonstratorg experimentakesults

A Readounoise < 50 erms
A Powerconsumption
10mW (low power mode)
A Spatialresolution (tracking): <3mrms

% I o
512 x 512 pixedensor
mountedon PCB

SERE I

SRR g A
| Digital- | " | 25um

Detall of pixel layout PhotoncountingX-rayimage of a PCB

Sensors @ TIFPA 2026 L. Pancheri

Cosmiaays(4hacquisitior)
Sensoiplacedvertically
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ARCADIA MAIREsearcHine and follow up ARCADIA
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Monolithicsensorswith avalanchajain
Maindriver: ALICE JoFlayers Target resolution: 20ps

FullyDepletedPADsensors FullyDepletedPADsensorswith avalanchegain

(a) DC-coupled (b) Ver

preamplifier

AC-coupled
preamplifier

Gain layer
pwell
\ \
deep deep
pwell pwell
High Resistivity Si
High Resistivity Si
VBback Vback

A Sensorgan bebiasedat low voltage A Highvoltageis neededon the top side
A DCcouplingwith front-end amplifieris possible A ACcouplingof front-endamplifieris needed

Sensors @ TIFPA 2026 L. Pancheri



Monolithicsensorsvith avalanchejain:junctiontermination

" p - type gain layer “ . ! | p - type gain layer !! .
pwell n-epil deep gap  pwell {npel

n-epil deep nwell
pwell pwell
n-epi2 n-epi2
Layout Al Layout A2
Terminationshieldedby deeppwell. Terminationdirectly facingthe activeregion:
electronsgeneratedbelowthe deeppwell electronsgeneratedbelowtermination can be
reachthe gainlayer collectedwithout gain

Sensors @ TIFPA 2026 L. Pancheri 16



Monolithicsensorawith avalanchajain:electricfield lines

Allthe fieldlinescross the gaimegion
- 100%fill factor
- non-uniformgain and timing

Peripheraffield linesR 2 ye@ds the gaimegiort
- «dead areavat the borders with gain 1
- better for timing uniformity

/

Layout Al

Sensors @ TIFPA 2026

Layout A2

L. Pancheri
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Summanpof available devices: passive aotive

Passive tesstructures

DIA PR 250

RN
Rectangulapassivepads activearea 256m x 80>m
(samegeometryasin active pixel array)

RRCAD IR &T

Testpadswith

Squarepassivepads
different terminations

250>m x 25Gm
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A Fabrication run witm y > Y [thigknés® S
using standardARCADIA substrate
A Severabain dosesplittings(for gain tuning)

Active pixel arrayMADpixchip

8 arrays of 64ixelswith
integratedamplifier
Pixelactivearea 256m x

80>m

TR

mgmmmuumunmmuuuuuu LTS wmm_mnmmlmm ARSRRIRE IR nmn .
8 3 ,_—-—-——-“_. ,"

—viiee
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Experimentatesults: gain and timing resolution

Gainmeasuredwith >>Fe Xrays

16

Temperature & T=-10°C
=95 = T=0°
14 a
% 90 -
12 i
585
10 <
- - 80
E 8 -——-."H g i
6 c—— O © 9 :g
—6—W6 TCAD simulation Al
4 W15 TCAD simulation ~48 ps 46 48 50 52 54 56 58 60
9 —l—- W6 experimental TOP voltaoe M
Vback=-25V W15 experimental
0
35 40 45 50 55 60 65 70 Timing resolutionwith MIPs< 75psat RT

Viop [V]
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Work in progress

AMonte Carlosimulations in 15>m sensors the
Intrinsicresolutionis ~20psincludingterminations

AlLargegain (> 50peededto reduce jitter

ANew production on 15 and 20n activethickness
sensordoth with n-type and ptype activeregion
devices justelivered

A Characterizatioiis on-going

N-epi thickness= 15m

100
90 Dose 1
80 —@— Dose 2
70

so ' TCAD gain
" simulations

40
30
20

10 g ———————— ¢

0
40 45 50 55 60

Ntop voltage [V]

Gain

Time Resolution vs CFD

22
p - type gain layer . i p - type gain layer ! i . 21-
n-epil deep gap  pwell |nwell 201
pwell
19+
3 181
n-epi2 High Resistivity p - epi 5 171 . Monte Carlo Jltter
N-type silicon . .
161 Thicknes4d5>m SImU|at|0nS Gain values
154 — [Gain = 15.3]
— [Gain = 19.3]
20 40 60 80
CFD [%]
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Smallvalancheixelsg 25>m pitch
AA1LIHIHHNminna Terminatior the electricfield linesconvergeinto the gainregiorn all the

generatedelectronsundergoavalanchanultiplication

DC gairmeasuredon 3 pixel arrays with NIR
TCABsimulatedelectricfield Light (850nm) floodllumination

D

Electric field [V/cm] 30
| W11 (split C) |
I 5.0006+05 o5 | |—o— W15 (split D) |
4.167e+05 |—e— W8 (split E)
3.333e+05 =
2.500e+05 20

1.667e+05
8.333e+04

=
.0.000e+00 ® 15
O

10 15 20 25 30 35 40
S Voltage [V]

Teststructurelayoutg Gain with 10009ill factor & small pitch
zoomeddetail

Sensors @ TIFPA 2026 L. Pancheri 21
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SpaceltUpMonolithicsensordor spaceapplications

Thick siliconneededfor improvedX and' -ray efficiency
Large aregrototype designgoingon ¢ led by INFN Torino

Alstproduction ofthick siliconusingARCADIA masiet andhigh-
resistivity substrates

ADemonstrateddepletion of the sensorsup to 700>m thickness

APlanneduse of a lase2photon absorptionsetup @ UniTN(lab. DIl
Mattarello) tocharacterizéhe sensors

Thin silicon:astroparticledetection

Lowpower smalpitch pixel pixeprototype designg IRIS (N. Massari) +
UnITN(Physics DII)



Goingthickl backsiddermination

Electrostatic

Electric

potential [V]

pad diode

p+ floating rings

/1N

Silicon

Passivation

Metal \ T f
Field plates
450 500 550 600
X [pum]
50 ,
0 -—Nox = 2el12 cm 2
50— Nox = lel2 cm ™2 i
100 _—1\',“. = 0.5el12 e~ |
-150 |
=200 —
=250 " : :
450 500 550 600
X [pm]
19 10 | |
. —N,, = 2el12 em ™
g 9-— N, = lel2 em™? ‘ ’ y
E. 6 _—1\'”.4- = 0.5el2 em - | | | | | ‘ l ‘ il
0
450 500 550 600
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X [pm]
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A Backside diodes with variable
numberof guardrings(GRN)

A Largebiasvoltage possibilityto

deplete a thick sensor(tested up

to 400>m thicknes$
900 ‘ ‘
F B .
800 -
= 700 |
2 600} | -
3 R _ :
g -
= 400t —
Q
e
~= 300 +
o .
R 200 ¢ 4 -
—
100 —
0 I I | | I
0 5 10 20 30

GRN

https://doi.org/10.3390/s21113809
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https://doi.org/10.3390/s21113809

Goingthick Alternativeswv/o backsideprocessing

A Terminationstructuresfor highvoltages multiplefloating Pguardrings

A Designedby TCABimulationstudy withparametrizechumberof guardrings to stand
the operationvoltage(with somemargin

multiple floating

guardrings
A External
External pwell , N\ N guard ring
—— —p

JixingYe

Sensors @ TIFPA 2026 L. Pancheri 25



ARCADIA MAIR&SearcHine and follow

up

(

\_

Medicallmaging

~

ElQoathfinder LIMICRON

ERC Si3
(started 2025)

J

ARCADIA

e i ipd [t fd



Medicalimaging projects

AEICPathfinderh LJS MIGRON
Goal: Utra-highrresolution Xray sensors for redlme cancer margin detection

A9w/ | ROIFIYS3BR DNyl a
Goal: multilayers of monolithic silicon detector designed for nuclear medical
Imaging (collimatoifree SPECT)

A Commonfeatures:stacksof thick

U
U
CMOSsensordor increasecefficiency . S
. X
U

APixel/stripgranularitydepending
on applicationrequirements

A Severafabricationrunsplanned
through 20262028

X and -rays

Sensors @ TIFPA 2026 L. Pancheri 27



ARCADIA MAIREsearcHine and follow up ARCADIA
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BOA: Brachytherapy Online monitoring flexible Assembly

A Brachytherapy radiation therapy for the
cure of prostate canceusing radiation
sources placed inside the body J
Bladder

A Proposed devicdlexible probe for radiation

monitoring based on CMOS integrated active COBRA

Detectors

detectors Prostate _ .
1 Radioactive
: mm R Urethra seed
COBRA Prostate
cancer

s CMOS detectowith
rads.  integratedamplifier
(designedusing
ARCADIA
technologyn)

Flexibleprobe

analog pads
Sensors @ TIFPA 2026 L. Pancheri
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Flexiblgorobe basedon monolithicdetector

BOA: INFN Technology Transfer project

goal:build andcharacterizea demonstratorby
the end of 2026

. \
" . Interface with CMOSmnonolithic
A COBRAMOSsilicon detector with externalboard adiationsensor

Integrated amplifier: highimmunity to
environmentalnoise

A Assemblybasedon FBKpTAHIexible 1st probe version usingstandardwire bonding
bonding compact anaobust

Flexand packaging (FBK)

_——— . ——— e - )

Flexibleboard — ]

/

Catheter
Sensors @ TIFPA 2026 L. Pancheri 30




Monolithic Active Pixebensorg@ FBK- IRIS

.
- ( FONDAZIONE @ IRlS
= \. BRUNO KESSLER

INTEGRATED
CENTER FOR READOUT ASICS &
SENSORS & DEVICES IMAGE SENSORS

Sensors @ TIFPA 2026 L. Pancheri



HVCMOS detectors @ FBRIS

Moving arm

Human

phantom 5

é Scattered i
| particles .--

o "= Eh an an En an En an @» @ -

Proton
beam

A " Detector Detector

DNIMNMMINIMMMININNIIMINN

Window

Application:

Characterizatiomf aproton source for
hadrontherapy. braggpeakand
scatteredparticlesidentificationin a
humanphantom

Sensors @ TIFPA 2026 L. Pancheri

deep-nwell Depletion

Zone

CMOS Detector 3

/" A Monolithic detector:
A Low cost
A Lower material budget
A Deepnwellisthe collectingdiode
A CMOSircuitcan beplacedon top

32



HVCMOS8etectorprototype @ FBKIRIS

AHVCMOS detector in 150nm technology p-source
A64x64pixels and organized in 4xfusters

A80>m pixelsize colimater .
AEnergyandarrival time of eventst(,. = 1ns) dete“”/ \

& 5b event counting

— @i 5! Friggers ***
Multi-layer controls
= M CRTE

ww G

Sensors @ TIFPA 2026 L. Pancheri



Work in progress angkerspectives

AAt the moment,severalprojects are running in HEShace
applications andmedicalapplications

AA goodbalancebetweenbasicand appliedscience projectss
essentialIMHO)

ANew proposalshavebeenrecentlysubmittedand newideasarein
the air!

ANew synergiesand collaborationare neededlocally at the national
and internationalevel
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Thankyou
Questionsare welcome

L. Pancheri
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Backup slides

Sensors @ TIFPA 2026

L. Pancheri
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Sensorcharacteristics IV curves

-3
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Y
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onsetvoltage Vy; voltage Vyep
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Measuredon pixel teststructures
(arrays ofpixelsconnectedn paralle)

N-well
guard ring

Sensor nodes pwell (GND)

220 10 0
bixas [V}
Fulldepletion

HR n-type Si
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PixelCurrentVoltagecurvesc comparisorwith TCADnodels

boveeeoa o, . ARCADIA 1st run Experimentaldata acquiredfor
1072 1—oeey o . Wafer#20 PM50 layoutlA different pixel layouts
e, . Viwen=0.8V
Intra-wafer and interwafer
10-4 - variationswere evaluated
® PM50 < I ey >
— Vpr = 20.25V :
2 s PM50 <pper > Procesparametersin TCAD
X | — Vee=240v @ simulationsadjusted on
= 1971 —— TCAD hues experimentalresults
—a— TCAD Ipwell
L
1078 4 N
107104 T T
0 5 10 15 20 25 30
|Vback| [V] Vdepl VPT
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PixelCapacitancéd/oltagecurvesc comparisorwith TCADnodels

40
!\
35 A :

ARCADIA 1st run SPM50 Vipack=-20V, 100kHz Experimentaldata for different
Wafer#10 —— E, layout1A: C(-0.8V)=14.1fF pixel layouts

- == TCAD: C(-0.8V)=12.6fF . ] ] ]
E, layout1C: C(-0.8V)=10.8fF comparisonwith TCADsimulation

30 - TCAD: C(-0.8V)=10.7fF results
E, layout2A: C(-0.8V)=10.3fF
25 1 TCAD: C(-0.8V)=12.6fF Capacitancés dominatedby the

—e— E, layout2F: C(-0.8V)=4.2fF
——- TCAD: C(-0.8V)=2.5fF

: —e— E, layout3A: C(-0.8V)=16.7fF
ks~~~ — = TCAD: C(-0.8V)=18.4fF

: — —#— N, layoutlA: C(-0.8V)=15.1fF
—»— S, layoutlA: C(-0.8V)=14.6fF

—
~— W
-
—
ﬁ-
l'b‘
-------
—

— ]
——

perimeter of the sensomode

Cn"pJ(I'Cpara [fF]
M
o

-
.--_l-—l—

0.00 025 050 075 1.00 125 150 175  2.00
|Votop| [V]
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Pulsedasercharacterizatiorg comparisorwith TCADnodels

Infraredlaserdiode @ 1060nm, < 100ps FWHM: generation inWiele activethickness
Pixel array tesstructureswith 100>m activethickness(maskles$acksidgy+ implantation)

1 | | I I I
—— Fxp.
- TCAD \ 50 pm pitch
{:It_) — Hi _22V ]
— V, 0.8V
() — | ' T ———— . N T T
— 0 l'f] 2[} 30 4(0) 50 60 70 &0 90
-—g 1 _Exp [ [.f -.III [ I I I I I
o0 TCAD \ 25 pm piteh
@ 0.5 H | V, -22V
SeSRS/ = , ¥ V, 0.8V
SRS RS 5 [ ]| I | ST I - - —
~— ?T =z 0 10 20 30 40) H0 60 70 80 90
” 1 I F I [ I | I I I
—Exp
T I I I T 0.5 TCAD / 10 pm pitch
o | Vi -32V
IR light (1060nm) j V, 0.8V
(] P S N — | I | | I
0 10 20 30 40 50 60 70 &0 90
Time [ns]
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Red lasescanc test pixel arrays

A 50 pumc pitch pixel tesstructures
A Focuseded laserincidenton the backsidec spot size 10 um FWHM
A Mechanicakcanning with 10 pm step size in x and y

. v A 3AT OOTA gA
1 &) 6
600 - |1 600 | 1138
L C i~ n oo
[ Ll A "AAE GEALD
14
- C 6
400 - 08 % 400 12 %
5 .5
300 - 2 300 2
06 2 08
200 - 200 - 0.6
04
04
100 + 100
0.2 02
0k ] 0k J M,
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Signalpeakamplitude higherin the Integratedsignal:uniform acrosshe pixel array

Pixel center (fasthargecollection)
Sensors @ TIFPA 2026 L. Pancheri 41



Pixelradiationhardness; ionizingradiation
TID with Xraysc Irradiation @ universityof Padovaltaly

[1l/A [nA/cm?]

Main effect: increseof pixelleakagecurrentwith dose (due tsurfacegeneration)

107_

105_

103_

10!

10—1_

103

ARCADIA 1st run
Wafer#20 E SPM50
Viwen=0.8V

layoutlA
lnwen, before irrad
lpwen, before irrad
—e— (0.01Mrad
—e— (.1Mrad
—e— 1Mrad
—e— 10Mrad

5 10

15

|thk|“”

20

25

30

Al/A [nA/cm?]

102 y

101'_

100 i

ARCADIA 1st run
Wafer#20 SPM50
Viwen=0.8V

Vback=-23V, 3 positions

layoutlA

dose [Mrad]

layoutlC
X layout2A
A layout2F
e layout3A
102 1071 10° 101




Pixelradiationhardness; ioniziongradiation

Cpr'cpara [ﬂ:]

70

60

50

40 +

30

20

10

Preirradiation¢ CVcurves

ARCADIA 1st run
Wafer#10

SPM25 Vpack=-20/-25V, 100kHz

TCAD: (3.0£0.4)fF
TCAD: (1.6+0.2)fF

—4— layoutlA: (4.5+1.0)fF
layout2C: (2.7+1.0)fF

TCAD: (10.0+£0.6)fF  —— layout3A: (10.9+2.1)fF

layout 1A layout 2C layout 3A

v y Y a
4 &
,7777777:5555555—:5555"‘

2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

|Votop| [VI

Goodagreement withsimulationresults

Postirradiation¢ C vs. dose

200 ARCADIA 1st run
Wafer#20
17.5F SPM50 Vpac=-(25/23)V, 100kHz
[ Hamamatsu
15.0 —4— layoutlA
layoutlC
125 —¥— layout2A
w —k— layout2F
g —4— layout3A
> 100 4
)
Q
d 75t
5.0 f
25F
0.0f *

'1'0‘2 ' — '”1'0‘1 ' — ””100
dose [Mrad]

i

Perugia model (with Hamamatgarametrizatior)
overestimateghe increasaen sensorcapacitance




Particledetection Monte Carlsimulationof chargeand cluster size

200MeV muons perpendicular incidence

Simulatedtotal charge distribution

Simulated cluster size distribution

- lhTotCharge

C : ~ [ 50 gm thick hCluSiz
250/ Sl 12007 m 100 um thick P —

: Mean 8.13 - W 200 gm thick Mean 2.329

I8 StdDev 1.187

. StdDev  3.707 1000 .
200~ i hCluSiz

= & Entries 2000

: 800 N Mean 2.995
150 B StdDev  1.253

i 600 hCluSiz
100 ; | B Entries 2000

E Active thickness: 400~ Mom 374
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Frontend board and DAQ

oscilloscope

2 2 Samtec FireFly connectors for ASIC signals (Clock, SPI, Data)
2> Connection to external low jitter Clock (via SMA connectors)
2 Bias to the DMAPS backside or (wirebonded) to top pads

2 Independent LDOs for 10 Buffers, Analog Core, Digital Core

2 PCB through-hole for matrix BSI

2 custom FMC-to-Firefly breakout board
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MadPIXayout

» 3.3V buffer out-pixel
2 1.2V FE electronics in-pixel

/ \ Capacitance
!
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§ 1 ))) 3x8 plxels 1n one matrix
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\ Q » 250pum x 100um pixel, non optimal for timing
N * g (Distortion term) but crucial in this R&D phase
N :
NR ; NRNARS g b Bigger pixels can be
X \*\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\"\ """ ~ —————— implemented in dedicated run

G.Gioachin U. Follo
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Passive tedtructureslayout

Designedor testat the
probe station and with

externalamplifiers

= c i | ||

o === WM - =

B =T

B Eaaa
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o p—— /Cj::/
Small passivpixelswith Testpadswith Al and AZRectangulapassivepads ~ Squarepassivepads
25>m x 25-m and50>m x 50>m variationsof activearea250>m x 80>m with largefill factor:
Pixel size termination 250>m x 250-m

geometry
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