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A Large lon Collider Experiment & on @

U Optimized for the study of the Quark Gluon Plasma
(QGP) in heavy ion collisions at the CERN LHC

U Tracking and identification of particles in high
multiplicity events

U Interest in low momentum (M1 GeV/c) particle
reconstruction

Beam pipe

U Inner Tracking System 2ITS2). current vertex detector taking data
since September 2021
U Largest Monolithic Active Pixel SensorMAPS) detector in high
energy physics
A 7 layers: Inner Barrel (3 layers) + Outer Barrel (4 layers)
A 1stlayer radius24 mm
A Low material budget:0.36% X, per layer
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ITS3: upgrade of the ITS2

U Main physics motivations:
A improve the precision in heavyflavour measurements
A enable detailed studies of (anti)(hyper)nuclei
A observerare short-lived states

INFN

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

U Basic idea:minimize material budget and distance to

Interaction point Carbon foam

U ITS3 replaces the Inner Barrel of ITS2 in LS3 Half-layer sensor
Radii: ~ 31 mm
U 3 layers of MAPS divided into halfayers: ~ fg mm
~ mm

Innermost layer4mm closer to IP

Large area sensors bent around beam pipe
Self supporting , no rigid mechanical structure
Air cooling

No circuit boards

Layer thickness reduced t00.09% X,

o o o o T I

U Improvement of a factor 2 in the impact parameter

resolution with respect to ITS2
LOI: https://cds.cern.ch/record/2703140

Paola La ROCC@UniverSity & INEN Catania TDR:https://cds.cern.Ch/record/2890181
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Force nomalised to 50 um (mN)
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Bending of Silicon

U Project target for thicknesses and bending radii are in
a natbreaking 6 r egi me
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https://doi.org/10.1016/j.nima.2021.166280
https://doi.org/10.48550/arXiv.2502.04941
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Full mock-u pe INT®:3 6 | TS2 ALPI DE
ITS3 target radii

In-beam results show no performance degradation -
they work as flat chips!

Results validated on bent ITS3 smalkcale prototypes
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Mechanics and cooling solutions

Carbon foam used as support and radiator

Air cooling to keep material budget low

Tests in wind tunnelusing thermal mock-up with heaters & temperature sensors
Temperature rise well within limits,nT <5 C

c: c: c: c: c:

Vibrations perpendicular to beam axist 0.4 >m (RMS)
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Development of the sensor i v (B

Project requirements:

U 65 nm CMOS process

Spatial resolution ~ 5nm

High efficiency > 99%

Low Fake Hit Rate (FHR) < {pixellevent

Excellent radiation tolerance (up to 4 x1& 1 MeV n,cm@
and 400 krad)

Cc: c: cC:. C:
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Development of the sensor i i @

Project requirements:

Excellent radiation tolerance (up to 4 x1& 1 MeV n,cm@
and 400 krad)

U 65 nm CMOS process MLRZL Multi Layer Reticle 1

0 Spatial resolution ~ 5mm Y first submission in the 65 nm technology
. . Small area test structures:

U High efficiency > 99%

U Low Fake Hit Rate (FHR) < ¥0pixel/event ég

1991 Ea APTS DPTS CEG5
| 0 4x4 px matrix with 32x32 pxmatrix ~ 64x32 pxmatrix with
= 2 direct with digital rolling shutter
5 2 analog readout asynchronous analog
G 8 ] o readout readout
S £ —i— Detection efficiency
'§ 804 L 10-1 E -#~ Fake-hit rate
o 1 9 -irradiated : o
&L N L8 e T s DPTShttps://doi.org/10.1016/j.nima.2023.168589
%! S0 . RO RTINS B\ OGS SO SO (Y 10'* 1MeV neg cm™~2 DPTShttps://arxiv.org/abs/2505.05867
70 1 L10-3 —$— 10'° 1MeV neq cm™2 ] o
75 100 135 150 175 200 225 2_;,9 Be &5 85 5 10 kGy APTShttps://doi.org/10.1016/j.nima.2024.169896
i —+- 100 kGy APTShttps://doi.org/10.1016/j.nima.2024.170034
Paola La RoccadUniversity & INFN Catania —#- 10 kGy + 10" 1MeV neg cm™ 7
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Development of the sensor W Gt @

Project requirements:

U Wafer-scale chips

Reticle Modular design

Segment

Size of the chip usually limited to a few cm by the
reticle size in the production process

Split the design on the reticle:
Left End Cap LEQ
Repeated Sensor UnitRSU)
Right End CapREQ

Endcaps and multiple RSUs can be interconnected to a
Segment

Multiple independent Segments can be diced out
together forming awafer-scale sensor

Wafer-scale sensor

Segment 0

Endcap RSU Endcap Endcap RSU RSU

Paola La RoccaDUniversity & INFN Catania

RSU

RSU

RSU

Segment 1
RSU  Endcap
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Wafer-scale stitched MAPS

ENGINEERING RUN 1 (2022)
U First MAPS wafesscale stitched sensors

U 8cbo tfge s”oflrp baadyWPSEE . 044 |
U MOSS MOnolithic Stitched Sensor

A Size (14 x 259 mm):

A 6.7 million pixels organisedin 10 RSU

A Each RSU subdivided in 8 individual regions

1 RSU

Paola La RoccaDUniversity & INFN Catania 9
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U Detailed characterisation in:

A Laboratory
A Several tests beam at CERN PS and SPS beam lines

Paola La RoccaDUniversity & INFN Catania 10
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MOSSresults

U Detailed characterisation in:
/} Laboratory A functional yield higher than98%

€S

Before picking and bonding on carrier:
A Wafer-probing

In laboratory, 3 main steps:

A Impedance tests between power nets
A Power ramp
A Functional tests

Tests on all 82 sensors from 14 wafers
A Good performance, uniform behavior, high yield

Paola La RoccaDUniversity & INFN Catania 11
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MOSSresults 28!

U Detailed characterisation in:

Beam

A Several tests beam at CERN PS and SPS beam lines
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MOSSresults 8

U Detailed characterisation in:

Beam

A Several tests beam at CERN PS and SPS beam lines
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3x ALPIDEs 3x ALPIDEs

100 -

10°

s Region 0
Lo
1 ITS3 detection efficiency requirement N N R | 4 Type: 2.5 pm gap
99+ N - 10 Ipjas = 62 DAC
\\ 7, 3 — Ibiasn =100 DAC
S 981 N NON-IRRADIATED N (107 gl =50DAC
- \ : Q reset =
> 07 | Operating range 102 -Z—i Voo = 145 DAC
c A % Veasn =104 DAC
g 96 T \\ L 101 E Vpgub =-1.2V
& Y — Strobe length = 0.6us
v R 0o & T=27C
c 95 - \\ -10 ©
© AN :
C | I A K _____ITS3 fake-hit rate requitement | q -1
_§ 94 _E‘\ 10 'E —— Detection efficiency
[ =28 v — ;
O 93] ALICE ITS3 beam testW(p, [10-2 @ §- Fake-hit rate
@ CERN PS April 2025, S~ —— Top non-irradiated
| 7 GeV/c hadrons, N 10-3 Top 1013 1MeV neq cm~—2
927 Piotted on 20 May 2025 ‘- _ 10 Top 10 kGy =
91 Association window: 30 pm. (0,0,4) pixels masked. \\L EL l. JL 0

100 150 200 250 300
Threshold (electrons)
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MOSSresults

U Detailed characterisation in:

A Several tests beam at CERN PS and SPS beam lines
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A affects mainly the charge collection process 3x ALPIDES T
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MOSSresults

U Detailed characterisation in:

A Several tests beam at CERN PS and SPS beam lines
affects mainly the charge collection process

A
A

radiation affects the in-pixel front-end

Beam
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v (B

MOSAIX-full functionality prototype
ITS3 sensor

U MOnolithic Stitched Active plXel: incorporate learnings from MLR1, MOSS
and MOST testing

U Modular design : each sensor is divided into 3, 4, or 5 segments with 12 RSUs
U Pixel pitch: 20.8 x 22.8 >m? (9.97 M pixels in 1 segment)
U Stitched metal lines carry both power and data
U Sensitive area fraction:93% | - —
. : L : | 1\ (50 pm)
U Several variants of analodgront-end for optimization studies — &
h e ]“‘ icing
: ‘]‘ Bengc(iing
266 mm /
£ ;o i
: e
R EC 2 =300 mm (12") sil;on wafer

16
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l%“\%ﬁ ‘ﬂrg’l‘ CATANIA
Outl ook ... o

i CHARACTERIZATION OF ER2 MOSAIX CHI@Starting from Dec 2025
U QUALIFICATION MODELS (QMs)

A Fully integrated, finakgrade assemblies including MOSAIX sensors (+ mechanics, cooling, slow
"l kqol i % mltbofkd% ob”~alrqgAE

A Goals: test half-detector performance and serve as reference system for Run 4
i ENGINEERING RUN Zfinal sensor production (2026)
U ITS3 INSTALLATIONN 2028 for Run 4

..and concl usi ons

ITS3 activities progressing on schedule: ITS3 technology will seed the new ALICE3

i Bent MAPSDpperability proven tracker, proposed for LHC Run 5

65 nm CMOSprocess: validated (see D. ColellatalkkU" - * $& rmdo”~abp ¢

. e e u ~ka J)bvlI ka U
U Largeareasensors. qualification beingfinalized
i

Mechanical & thermal: validated

Paola La RoccaDUniversity & INFN Catania 17
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Backup slides
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From ITS2t0 ITS3

Cooling plate

9 ALPIDE sensors

Glue dots

I Flexible PCB

Innermost halflayer: 54
sensors replaced by 1!

Paola La RoccaDUniversity & INFN Catania

ITS2 Inner half-barrel

Asrarasm (14 %)

B Gue (5 3%)

- T Water (9 7%

B Kagton (24 3%

E07¢ S Carton (26 8%)

5 E Sicon (13 4%

=0 i B Ower (8 1%

—~ b

o

P

X0

>

ITS2 Layer 0

—0.35

o (%

0.

X/

v (B

LO [r) = 19 mm
L1(r] = 25.2 mm

L2 [r] = 31.5 mm

[Ts3to, <1, 2, =0

.| ] carbon Foam

( XIX,)=0.086 %

[ Glue

il ] Silicon

ITS3 Layer 0
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ITS3 Physics Motivations it (et ()

ALICE 2A ALICE 2.1
A Impact parameter resolution reduced by a factor of2 in

low p; region
A Tracking efficiency up to more than 30% higher, in lopr 1
region g_ ATLAS/CMS Run 2 ATLAS/CMS Run 3
> ] ey, 5
Most striking improvements in the study of: &l

ATLAS Run 4-6

80

A Low momentum charm and beauty hadrons & ALICE Run 2
A Low-mass dielectrons 7
¥ CMS Run 4-6
A Beautybaryons z Lhe R
A Beauty-stange mesons S w gk
i k= LHCb Run 3

A C_harm strange and mu!t+strange baryons 2 _— = ® ALICE Run 3
A Light charmhypernuclei 2 2 s W

:: LHCb Run 4-6 (%) ALICE 3 Run 5-6

2 ALICERun4 » &

1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)

Paola La RoccaDUniversity & INFN Catania 21
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Measurement of Lamba -c ([ C) &

In heavyion collisions the production of charm and beauty baryons is expected to be significantly enhanced:
A recombination with light-flavour quarks present inside QGP
A hadron-mass-dependent radial collective flow

However current results have limited
statistical precision ! n

The measurement requires very precise tracking
and impact parameter resolution

Paola La RoccaDUniversity & INFN Catania
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Measurement of Lamba -c ([ ) e (vn (O

Large improvement \vrt ITS2) of significance (factor 4) and S/B ratio (10), thanks to:
AHUODgqaqll WGYRUqRUNDWI Wt YGeqRYUY WsWGc! NI W WTWHqRYUWYnnL
A larger efficiency for the signal selection

Precise measurement of D ratio at

Q 180 o C
S [ ALICE Upgrade = ITS3 S | ALICE Upgrade = ITS3 low p
1] B - (@] 1= - 4 T
L 160 A.— pKn . ITS2 5 E Ac—pPKm . ITS2 ¢ .
T [ Pb-PbO-10%, {5, =55 Tev 2 F Pb-Pb0-10%, {5, =55 TeV A ' c production A total cc cross
D2 — L =10nb" © B .
U) : Int EE 10—1E SeCtlon
120 + o) 3 .
- 3 . . .
100 —_
B © |-
C -+— C 102
80 _+_ N Ug)j E o —e——"—
£ T e BENCHMARK FOR ITS3
E 10'3:_
40~ E
+
20=_._++++ [+
B 104
G=?_II|IIIIIII|IIIIIIIIIII|IIIIIIIIIII IIIIIIIIIII|IIIIIII|III|IIIIIII|III
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
P, (GeVl/c) P, (GeV/c)
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ITS3 Performance from simulations

Large improvement for low transverse momenta

L S O B 1 B B O I S 1

o(DCA,,) (um)

0.8 —— e 8y

o T

efficiency primary particles

Full sim (ITS) 2 | < 1, Pb-Pb {5, = 5.5 TeV || 5 L {Full sim (ITS) o 5] < 1.0, Po—Pb {5,,, = 5.5 TeV |1

ITS2 —LOI ITS3-LOI H 0 2" o= |TS2 i

4x107" |||.-..|T82. — -I'II'S?: P ) 4x107" A R A T . _5.7..|.T83. N — gy
107" 1 10 107" 1 10 107" 1 10

P, (GeV/c) P, (GeV/c) P, (GeV/c)
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The 65 nm CMOS technology

U Tower PartnersSemiconductor Co. (TPSC9 65 nm CMOS imagingrocess for
Monolithic Active PixelSensors(MAPS)

U Chosenfor ALICE ITS3 detector and under study by the CERN EP R&D on
monolithic pixel sensors

v (B

Key advantages:
@ )fde onaf ~pf P0k2D spatial segobiop i
& -1t mltbo & kpgrojdligfti"icbop ER 066 | j

mvel collection

NMOS PMOS Slechods NMOS MOS octrod
[} m ] == — — — == ) = = ]
| I R - - - 7 T T . I iJ g - - g . B o s i T s e
pwell | el : \ el el | puvell nwell & pwell | el pael l well (=~ i\ ¢ | rwell

eep pwel . ceopw | denp puet 5 T . SR e ’ SR :
| e ) |
. ' | low dose n-type impiant \\4 | ow cose N-typa Implant
. g E
STANDARD | - MODIFIED et s MODIFIED WITH GAP  perseonsone
| / |
: ‘ * / |
depieted zone | 2
! // |
RS | / :
| depleted zone // { depleted zons
deplation boundary | / E
| P epitavial layer
|
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MLR1 sensor prototypes

APTS Analog Pixel Test Structure
gg@%ﬁ"‘; i

%?ﬁ?&@z‘%ﬁ’iﬁﬁ%ﬁ@

\ 4
*  6x6 pixel matrix
* Pitch: 10, 15, 20, 25 pm
* Analogue readout of central
4x4 submatrix
* Qutput buffer in two versions:
Source Follower (SF) and Op
Amp (OA)
~ * Goal: explore pixel designs

Paola La RoccaDUniversity & INFN Catania

1.5mm

CE65 Clrcwt Explorat0|re 65

64x32 pixel matrix, 15 um pltch
(3 subvariants: AC, DC and SF)
48x32 pixel matrix, 25 pum pitch
Rolling shutter readout (50 ps
integration time)

Goal: explore pixel matrix
uniformity and rolling shutter

1.5mm

\

32x32 pixel matrix, 15 um pitch

-

Asynchronous digital readout
Time-encoded pixel position
Time-over-threshold
measurements

Goal: study the in-pixel front-

end
4

®
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MLR1—-Radiation hardness

1%— ITS3 -10°
"""""""""" biorg/1B10 6/ ima 2023 TS89 7|
DPTS, Vo = -2.4V
95 102
S
o 90+ -10t
=
o
w
. 4 | L o
dﬂ:J 85 % 10
[ W
= &
_ L -1
E 80 v \ 10
Q II1‘.
a 4] \ S
?5_ g \'\‘ \ ‘lﬁ_é
AT
ol |}
"""""" E‘B‘*E‘“ﬂ*"‘=‘E”?ﬁ%‘ﬁ:ﬁﬁmﬁa&,?ﬁt.a‘ﬁ“{.i"' ,
70 L10-2
75 100 125 150 175 200 225 250 275 300 325 350

Threshold (via Vasp) (€7)
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Fake-hit rate (pixel=! s7%)

bHtbEb4et

CNE

In-pixel track intercept y (um)

100 100

1
95% . 95 I
R X = R B
g oy ]
90 S g 90 1
] A
& &
v a
85 5 5 854
¥ T
v @
Z &
v U
-80 O o 80
Stat. error
S e 75 75 1
75 -5.0 -25 00 25 50 7.5 0.0 75 15.0 22.5

In-pixel track intercept x (pm)

Distance along the path (um)

DPTSOW22B17
105 1MeV n.q cm™?
wafer: 22

chip: 7

version: O

split: 4

Irzser = 35 pA

Irizz= 100 nA

Iiasa = 10 nA

Iab= 50 nA

Veass = 200mV

Veas =190mV
Vouwsl) = Vaup = =12V
Threshold = 160 &~

Detection efficiency
Fake-hit rate
MNon-irradiated

102 1MeV n,, cm2

10'* 1MeV ngy cm~—?

101 1MeV n,, cm™2

10 kGy

100 kGy

10 kGy + 10'* 1MeV ngy cm™?
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MLR1-Spatial resolution

4.50 - 1.8
Pixelpitehyv12 | IN ) || A

4.25 A 1.7
= E
g 4.00 | 1.6°'5 —#— Spatial resolution
= ';J' —-#— Average cluster size
= . .
_g 3.75 A ALICE ITS3 1.5 E —— Non-irradiated '
= doi.org/10,1016/j.nima.2023/168589 5 10 1MeV ngq cm—2

DPTS, Vo = -2.4V ;
3 3.50 ] = 147 1014 1MeV n,, cm~2
= - T —§— 10 1MeV neg cm~2
© 3.25 ~E 13 0 o4
B ®Lg m::'-i'ﬂ g 10 kGy
o < B .
W 3.00 L. S0 e 128 —§— 100 kGy ,
R e T < —#- 10kGy + 10" 1MeV neg cm
Taw. | ; m |
2.75 * ———ﬁ_ﬁf__w__ﬁ*m%,,;:ﬂﬂh__ﬁ 1.1
2.50 A 1.0

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Veasp) (87)

Spatial resolution and average cluster size Vs threshold and irradiation levels, as measured ti@stbeams on
15 >m pitch DPTS:

Y The spatial resolution measured slightly better than pixel pitch 112 (no degradation with received dose)
Y Slight systematic decrease of average cluster size with the increasing neionising radiation dose

Paola La RoccaDUniversity & INFN Catania 28
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/ggﬁv_&@
MLR1-pixel pitch & e

100 -
— ,
g9 I P S A S = . === 0 e EEEEEE R EESR RS SRR
__ 981 H'"'M,‘_E_h.
& *\
T 96- ~
=
o
b
= 941
o
o
T 92
% 10 um pitch
] 90 15 um pitch
—4— 20 pm pitch
25 um pitch
88 1

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (e~}

The detection efficiency increases with increasing pixel pitch
A Relative fraction of pixel border area decreasing with the increasing pixel pitch
A Pixel border only being less efficient due to geometrical sharing of the charge among neighboring pixels
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MLR1-pixel pitc W

8 5.0
0.7 10 pm pitch
7 r4.5 15 pm pitch
_ - @ 0.61 [ 20 um pitch
o L4 55220 oo B O P PP S Fe AU 4.0 2 > 25 um pitch
= _ , £ _4 spatial resolution c 0.5 oL
c  |ITS3 requirement | o] . ]
FC U e ey e e 1 3-5.5 —-+#- Average cluster size =
5 L5 10 um pitch goa
o 4 3.0 & . .
o 3 15 pm pitch 203
% 3 125 0 —4— 20 pm pitch % '
E g 25 um pitch g
a2 +2.0 o
< 0.1
11 S S — 1.5 |
L SN N S p— 0.0 . . ! ! |
0 . . ‘ . . ‘ . . . . 1.0 1 2 3 4 5 6 7
75 100 125 150 175 200 225 250 275 300 325 350 Cluster size (pixel)

Threshold (e™)

Spatial resolution and average cluster size VS threshold and pixel pitch, measured with APTS

A More charge sharingd, improved resolution

A Considering the ITS3 target pitch size of 20.8mx22.8 >m, the expected spatial resolution is about5 >m
for a threshold of 100 e

A For the ITS3 it is expected to have on average less tharb pixels above threshold for a minimum ionizing
particle hit
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MLR1—Power consumption it dved (B

100 —4— Det. efficiency | 142
99 |- e -4-- Fake-hit rate
) lbias = 10 nA -
= d L 1 1
e 98 le=20nA [0 @
) T
§ | + |bias=30 nA o E
g 961k lpias = 50 NA 100 %
% :L + |bias =100 nA o
o \ <
% 92 \ i\‘ 102 jc'lJ
[a] i VR I ©
| ‘\1,_.;:_‘1‘75\ s - DU N PR SR . =
FHR measurement sensitjvity limjt _3
901 r10

50 75 100 125 150 175 200 225 250 275 300 325 350
Threshold (e™)

DPTS front end designed to investigate power consumption (ITS3 target <@@W/cm?) :
A At least a main currentl, .. of 30 nAis needed

A 16 mW/cm2as measured on 15>m pixel

A 7.6 mW/cm2if projected to the final ITS3 sensor pixel pitch
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MQOSS structure

A 10 Repeated Sensor Units (RSU)
A 2 Half Units (HU) with 4 regions (each with different electronics)
A TOP regions: 256 x 256 pixels, 22.5 em pitch
A BOTTOM regions: 320 x 320 pixels, 18 em pitch

INFN

1.4 cm

|
3,
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MQOSS tests

Dedicated
Impedance
setups
measurements

s
and readout A MOSS: 2200 bonds!
, A Need dedicated large-scale test setup
‘ - $ A Several functional tests on all 82 MOSS
Yield ~89 % (~98% excluding readout
measurements issues)
{ MOSS_ s A Good performance and uniform behavior
NO wafer or sensor position
Full powering and Full test dependence
functional tests system

\

Dedicated setup
+reduced test system

Beam tests

Paola La RoccaDUniversity & INFN Catania
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MOSS tests - Yield

Wafer-to-wafer variations
100

801
60

40+

Region yield (%)

[ Powering failures
20{ BB Functional & performance failures
[ Readout architecture failures

I Fully functional

— o~ m < s} o r~ [o0] M~
o o o o o o o o ~

Wafer (#)

20
21
22
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23
24

Number of half-layers

| mmm Excluding failures due to readout architecture and powering

W Excluding failures due to readout architecture

from a set of 12 wafers

o o~
1 1)
s 5 &
1] 1]
< z
® [
== I

2% 3% 5%
Maximum allowed region failures per layer (%)
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MQOSS tests — spatial resolution

=~

Spatial resolution (um)

[

o

(o)}

L

D

w

N

Pixel pitch / V12

1.8

o e e
M W I L oy -~
Average cluster size (pixel)

T
=
[

=
o

(]

5 10 15 20 25 30 35
Veaso (DAC)

Paola La RoccaDUniversity & INFN Catania

NS
o

INEFN

CATANIA

®

—$— Spatial resolution
-+- Average cluster size
Top region 0
Top region 1
—4— Top region 2
Top region 3
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MOST tests

MOnolithic Stitched sensor with Timing (MOST)

U Denser layout and power segmentation

U 25.9x0.25 cm?

u 0.9 million pixels, 18>m pitch

U Aimed at testing the transmission quality of highspeed data
over the full length of the ITS3

Paola La RoccaDUniversity & INFN Catania
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MOST tests

) MOST 259cm
= = -
T 7/
Bottom | Repeated 8X Repeated Top
Endcap | Sensor Unit | RSU | Sensor Unit | Endcap
“READOUT /' , 77 7
007 [ [\ — ouT[6] ».».76 1 ST —
| ~ —— OUT[0] p [N
, e —— 0UT[@] - OUT[0] |
01 ' A —— Discriminated SIgnal s
.\\\ ////
;)". -100 - |" Vo “'] \\\\1. /// \
S _11010010101100101 10000001 | 0 1000000011
g | f 74 21 I W | - »
-300 A1 ' ] w - > o
25 30 35 45 290 310 315
0 50 100 150 200 250 300 350 400
Time (ns)
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Test of thedata transmission across the
full length
U Pulsing and readout of different MOST
RSUs
U Data transmission verified:
1)1 Gbit/s
2) over 25.9 cm
3) across 10 stitched RSU
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MOSAIX architecture details o ®

12x REPEATED SENSOR UNIT

TX@10G24
THE10G24 DATA,

TXE10G24 [ [ENCODING|
THE10G24

TILE | TILE | TILE TILE | TILE | TILE

TILE LINK RECEIVERS

CLOCKING
SERVICES
CONTROL
CORE
CONTROL
TR@10G24
THE10G24 DATA,

TXE10G24 [ [ENCODING|
THE10G24

105 / POWER PADS
DIFFERENTIAL
DRIVERS | RECEIVERS

19.564 mm
LEFT END CAP
POWER PADS
RIGHT END CAP

TILE | TILE | TILE TILE | TILE | TILE

TILE LINK. RECEIVERS

v L 72xH Ll
< > < > <
4.5 mm 21.666 mm 1.5 mm
LEC: 12 RSUs: REC:
A power pads A pixel matrix: 12 tiles , individually powered and reaebut A power pads
A data/control 1/0 A 12 variants of analog front frontend (1 per tile) for (for supply
A 8 x 10.24 Gb/sserializers optimization studies redundancy)

A on -chip ADC for monitoring A Independent operation improves reliability and yields
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é\\ﬁ?uﬂ"!

MOSAIX powering challenges # ol

SUPPLIES—, i +
/0s —al 1 .+ |« | RSU|| - SEG'VIEN ; * , + ||k SUPPLIES
I T

_ Vun\\\\\\\\\\\\\\\\\x\\w VDD TS L LSRR RN N TR R LNV LN
Challenges: D—/NH/HHHH/Hf/,f,fn VSS 77777777 T I T ITI7 77777

U Voltage drops on the onchip
metals of the CMOS stack
significant

U Complex segmentation in
many independent domains
(tiles)

Supply level [V]
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Development strategy

U BreadBoard Models (BBMs)
A Initial prototypes representing selected features
of the final design

U Engineering Models (EMs)
A Used for design development; composed of a
mix of final-grade and commercial components

U Qualification Models (QMs)
A Fully integrated, finaktgrade assemblies
including MOSAIX sensors (final full functional
prototype), used for qualification tests

U Final Models (FMs)
A Two final haltdetectors for installation, plus two
spare half-detectors

Paola La RoccaDUniversity & INFN Catania
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Mechanics and cooling solutions

Ultra-light mechanics Y material budget record
Carbon foam used as support and radiator:

A Carbon (RVCDuocel® for mechanical support
A Allcomp K9 standard density as cooling radiator

Longerons
(Allcomp K9 SD)

ERG Carbon @Duocel
" = 0.045kg/dm3
k =0.033 Wm-K

Half-ring ) 1
(Allcomp K9 SD) 0

Paola La RoccaDUniversity & INFN Catania

K9 Standard Density
" =0.2-0.26 kg/dm3
k =>17 Win-K

Suppor &oolng

®
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Wind tunnel: cooling test

ITS3 Breadboard Model 3 for thermal ¥

characterisation od >

U Copper heating traces on silicon in \ /s
polyimide /4] ~ \\

U Temperature variation can be kept <5K 4 f i\ \

42

Paola La RoccaDUniversity & INFN Catania



European Nuclear Physics Conference —CAEN 21-26 September 2025

RIB INEN %

Wind tunnel: cooling test

% 2 ° 04 06 ; 8. ((}?
2 1 ® O 3 [ ] 5 y) 7. %
T 10
C-side _: v T} exp.
Tlow 8t 4 T exp.
= H i 17 exp.
A-side [ iy A{? Ty exp.
> \-é -o- C‘;_i_ ......... Ty and T sim.
S " - =17 and Tg sim. |
/ | p@r. .........
& ol M \/f@q/ g % W |
Tdetector'Tair<5K .'.;Ts""'~..___l_='=| et
ol e .
0 1 2 3 4 5 0 2 4 6 8 10
T, (K) Voo (m/s)

Cooling 25 mW/cm?2
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Wind tunnel: cooling test

ITS3 Breadboard Model 3 for thermal

characterisation ad y U Laser
U Copper heating traces on silicon in \ / meas_urement
polyimide /4] = \\ machine for
U Temperature variation can be kept <5K 4 f ) \ vibration
/ s analysis

44
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Wind tunnel: cooling test

Vibrations center (8 m/s)

1

0 10 20
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Bending

| SNamadt

R=30 mm

pITS3: 6 bent ALPIDEs

— - -
LN 3

Paola La RoccaDUniversity & INFN Catania
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Bending
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Bending

0.200
ALICE ITS3 WIP
Fe55 source measurements
0.175 1 Plotted on 18 Jan 2024
APTS SF
0.150 - pitch: 15 pm [ (FLAT) AF15P_W16B3
type: modified with gap (LONG-EDGE) AF15P_W16B101
split: 2 [ (SHORT-EDGE) AF15P_W16B104
0.125 - Veub = Vpwen = — 4.8V [ (LONG-EDGE) AF15P_W16B105
Ireset = 100 pA M
Ipiasn = S HA
0.100 A Ioiasp = 0.5 WA L

-'.hiasll =150 |JA
Ipias3 = 200 HA
0.075 H Vieset = 500 mV

Relative frequency (per 0.5 mv)

0.050 -

0.025 A

0.000
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ITS3 Layout

- Cylindrical support
“stplcture (CYSS)

Paola La RoccaDUniversity & INFN Catania
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ITS3 assembly tests
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First layer assembled
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Detector Service Electronics

* 1 Detector Power Board for central power distribution, control and monitoring

ard
: Segmentec‘ Contro":o?i:g & slow control
ulation, mont .
POV(‘;‘:_"‘;E?DC converters, 1pGBT, VT
bP

17/06 /20
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ITS3 general parameters

Beampipe inner/outer radius (mm) 16.0/16.5

IB Layer parameters Layer 0 Layer 1 Layer 2
Radial position (mm) 19.0 25.2 31.5
Length (sensitive area) (mm) 260 260 260
Pseudo-rapidity coverage® +2.5 +2.3 +2.0
Active area (cm?) 305 407 507
Pixel sensors dimensions (mm?) 266 x 58.7 266 x 78.3 266 x 97.8
Number of pixel sensors / layer 2

Material budget (%Xo / layer) 0.07

Silicon thickness (um / layer) <50

Pixel size (1m?) O(20 x 22.5)

Power density (mW /cm?) 40

NIEL (1 MeV neq cm™2) 1013

TID (kGray) 10

“ The pseudorapidity coverage of the detector layers refers to tracks originating from a
collision at the nominal interaction point (z = 0).
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