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Design and expected performance
of the ALICE ITS3 tracker upgrade

Bong-Hwi Lim (INFN Torino)
on behalf of ALICE collaboration
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The ALICE experiment

INE

Study of strongly interacting matter at
extreme densities (QGP) in heavy-ion
collisions at the LHC (CERN)

* Very high multiplicities:
tracking of up to O(10k) particles in
single event

 Charm and beauty hadron reconstruction

« Low momentum (=1GeV/c) particle
reconstruction
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The ALICE experiment
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tracking of up to O(10k) particles in
single event

 Charm and beauty hadron reconstruction

« Low momentum (=1GeV/c) particle
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What will be changed? INEN
Conceptual understanding of ITS3 ALICE " ToRio
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What will be changed? &) INFN

Conceptual understanding of ITS3

ALICE, CERN-LHCC-2019-018, 2019
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What will be changed?

INEN
Conceptual understanding of ITS3 ALICE
ITS Inner barrel
ol ALICE, CERN-LHCC-2019-018, 2019
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What will be changed?
Conceptual understanding of ITS3

cacecdTe

ITS half IB

ALICE, CERN-LHCC-2019-018, 2019
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What will be changed?

Conceptual understanding of ITS3 ALICE

INT

ITS half IB

* Replace the inner barrel (3 layers) of the current ITS
— new 3 layers of ITS3 (wafer-scale size one chip)

ALICE, CERN-LHCC-2019-018, 2019
& HP2024
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What will be changed?

Conceptual understanding of ITS3

Cylindrical support structure

Half-layer
Sensor

Half-ring Longeron

Beampipe

(B

ALICE

INE

* Replace the inner barrel (3 layers) of the current ITS
— new 3 layers of ITS3 (wafer-scale size one chip)

ALICE, CERN-LHCC-2019-018, 2019
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How can we achieve?

INT

- - ALICE
Possible improvements ¢
0 ALICE, CERN-LHCC-2019-018, 2019 035 ALICE, ALICE-TDR-021, 2024
. - V. LIS LI N N B L B L L N L L B
o Other S i : ; : ; ; P -
0.7 Avg. 0.35 % X/XO m— Water &0 305_ _____ ITS3LO, |n|<1,Z,. =0 R
Ts2 | =, S S M v e I
v 061 B Kapton 0.25F---- E Carbon Foam eeeie
IS B Glue r -
< 05 ilicon
:
S .y . 1 Reduce J,
< 0.3 ‘%//7
. -
X oo lk‘hwlv“v W ITS3 layer
0.1 | | w
0 10 20 30 40 50 60 o 05 1 15 2 25 3

Azimuthal angle [ “] @ (rad)
1. Removal of water cooling:

 Possible if reduction of power consumption < 40 mW/cm?2
2. Removal of the Flexible Printed Circuit (FPC)
* |ntegrate it on the chip (data & power)

3. Removal of the mechanical support

 Thinned silicon [ 50 um ] — bending
ITS2 IB stave
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Some key points
of ITS3 upgrade

INFN

HLICE TORINO
C¥} ITS2 ITS3
i e
L‘ \ Technology 180 nm 65 nm
IIVS\SN 448 ®m ' |
e Chips 432 6
T CE RSN O 4 7 5 e B B ..
E,fﬁ, ’ Pixel size 29 x 27 pm2 | 20.8 x 22.8 pm?

Material 0.35 % x/XO 0.086 % x/X0
budget / layer

I'Beam pipe 18.2 £ 0.8 mm 16 + 0.5 mMm

ITS3 engineering model

3 wafer-scaled bent CMOS active silicon
sensor for half barrel

~26 X ~10 cm size for last layer

Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 5



Some key points
of ITS3 upgrade
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Module structure (stave)

Wafer-scaled sensor (1chip)

ITS3 engineering model

INFN

~ TORINO

ITS2

Technology

Material
budget / layer

I'Beam pipe

180 nm

18.2 + 0.8 mm

16 + 0.5 mm

e 3 wafer-scaled bent CMOS active silicon
sensor for half barrel

e ~26 X ~10 cm size for last layer
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Some key points
of ITS3 upgrade

Module structure (stave)

Wafer-scaled sensor (1chip)

) INFN

HLICE ~ TORINO

ITS2

ITS3

Technology

Material
budget / layer

rLo

I'Beam pipe

180 nm

0.35 % x/XO

24 mm

18.2 + 0.8 mm

65 nm

20.8 x 22.8 pm?

0.086 % x/XO0

19 mMm

16 + 0.5 mm

e 3 wafer-scaled bent CMOS active silicon
sensor for half barrel

e ~26 X ~10 cm size for last layer
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How can we make such a large sensor? INFN
Stitching (simplified) ALICE TORNG

"What we want to fabricate"

"What we designed"

S R[OOI [ T
o — ' TESTCHlPS

IIIII

.................................................................................................................

Reticle (mask)

‘,l'l H P2024 Wafer (¢p=300mm)
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How can we make such a large sensor? INFN
Stitching (simplified) ALICE TORNG

"What we want to fabricate"

"What we designed"
S S e e = TOTTEOOTOOCY] (L] I

IIIII

B I el
L -

Left endcap

.................................................................................................................

Reticle (mask)

HP2024 Wafer (¢=300mm)
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How can we make such a large sensor? INFN
Stitching (simplified) ALICE TORNG

"What we want to fabricate"

"What we designed"
S S e e = TOTTEOOTOOCY] (L] I

IIIII

. X MOSSEE
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Reticle (mask)
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What we can get?
ITS3 performance improvements

k(l I\LIJ _I I I l IIIII I I l I IIII[ l

INTY

ALICE, ALICE-TDR-021,

LI 2 AL S R N A L O DU LU 0 AL

6(DCA,) (um)

{Full sim (ITS) 7 |7/ < 1.0, Pb—Pb {5 = 5.5 TeV [FAT sim 7= 0.5, Pb-Pb o= 55 TeV
1~ |ITS?2 1 1--- ITS2 —— ITS2 + TPC
; 1--- ITS3 —— |ITS3 + TPC
4X10_1 i'Tt.I.TS3 I  S———— - I  ——— - I 4X10_1 .;iiiil i [ i i iiiail i
107" 1 10 107" 1 10
P (GeV/c) P. (GeV/c)

LA
L1 1111l
L rill

« 2x improvement in the pointing resolution (left: rg, right: z) of primary charged pion
* Drastic reduction of material budget (0.35 — 0.086% Xo/layer)
 Being closer to the interaction point (24 — 19 mm)

 Thinner and smaller beam pipe (700 = 500 pm; 18.2 = 16.0 mm)

& HP2024
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What we can get?

ITS3 performance improvements ALICE

ALICE, ALICE-TDR-021, 2024

LUV U A 0 AN AN UL 0 0 L IO
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6(DCA,) (1m)
6(DCA,) (um)

{Full sim (ITS) 7 |7/ < 1.0, Pb—Pb {5 = 5.5 TeV [FAT sim 7= 0.5, Pb-Pb o= 55 TeV
1~ |ITS?2 1 1--- ITS2 —— ITS2 + TPC
; 1--- ITS3 —— |ITS3 + TPC
4X10_1 i'Tt.I.TS3 I  S———— I  ——— - I 4X10_1 .;iiiil i [ i i iiiail i
107" 1 10 107" 1 10
P (GeV/c) P. (GeV/c)

T rrni
L1 1111l
T rrni
L rill

« 2x improvement in the pointing resolution (left: rg, right: z) of primary charged pion
* Drastic reduction of material budget (0.35 — 0.086% Xo/layer)
 Being closer to the interaction point (24 — 19 mm)

 Thinner and smaller beam pipe (700 = 500 pm; 18.2 = 16.0 mm)
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What we

can get?

Measurements benefitting from ITS3

ALICE, ALICE-PUBLIC-2023-002

o 700r
:c; - ALICE Upgrade = |ITS3
O 600-A; = pK 7’ ¢ ITS2
€ [ Pb-PD0-10%, [5y=5.5TeV
> [
& 500__Ln =10 nb’
-]
- T
400
-
300 T
200?_ i e
I .
100_— —— "
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

I\)O

4 6 8 10 12 14 16 18 20
pT(GeV/C)

Expected significance

_L_L_L|\)

AA

ALICE, ALICE-TDR-021, 2024

O B | | | | | | | | | | | | | | I | | ]
] [ ALICE Upgrade Projection B -» D, E
"~ 0-10% Pb-Pb, \s = 5.5 TeV -
6 L =10nb" o ITS2 .
4 :_ m |TS3 _:
B & |TS3 without dead zones i
2 :_ Unc. signal estimation _:
O -
8l - -
6 I\ RS 1\ f s _
i o I I
4— N\ N —
B N WY %_ """""" :
21 = = E
u NN _
O B | | | | | | | | | | | | | | | | | |
0 5 10 15

* Directly boosts the ALICE core physics program that is largely based on:

e Low momenta

e Secondary vertex reconstruction

& HP2024
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What we can get?
Measurements benefitting from ITS3

ALICE ~ TORINO

ALICE, ALICE-PUBLIC-2023-002 ALICE, ALICE-TDR-021, 2024
G) 700 B q) 20 B [ | [ | | | | | | | | | | | I | | |
2 - ALICE Upgrade = |ITS3 Q gf ALICE Upgrade Projection SN
I3 _ : - —
O 600_—A — pKn* e ITS? _8 ~  0-10% Pb—Pb, |s\, = 5.5 TeV ’
.‘E : Pb_Pb O 1 010/0, v SN 5 5 TeV :‘é 1 6 :_ |nt — 10 nb 1 o ITS2 _:
9’ B L = 10 nb C_D B ]
¢ 500 B 14 = TS3 -
- | H®) B ~&- |TS3 without dead zones  _
- D . r -
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= [+ 510 -
300 - N .
- ~4x 8 § —
- - ~2X :
2004 . 6 1\ oompeee —
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[ 4 \ e -
100 —o— " - - N e I N i
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S - Ere -
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* Directly boosts the ALICE core physics program that is largely based on:
* Low momenta

e Secondary vertex reconstruction

& HP2024
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ITS3 design and R&D Activities

 Can we bend it?

* Can we cool it down?

* (Can it withstand vibration from cooling?
 (Can we use 65 nm technology?

 (Can we do the stitching?

AAAAAAAA

% INFN
ALICE TORINO
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ITS design and R&D CINFN
Flexibility of silicon ALICE

1000
 Monolithic Active Pixel Sensors are quite flexible
~ 800 -
 Bending force scales as (thickness)-3 £
-
= 3
* Large benefit from thinner sensors R 500
,15mm 3
t £ 400 -
= § 98 um
S £ 200- 50 um
3 40 pm
3 /_" 30 um
-', % breaking point
/ 0 L 1 ' ] I
'y 0 2 3 4 5 6

o Displacement (mm)

ALPIDE (ITS2)

30 18 10
Approximate radius (mm)
ITS3 innermost layer radius

 Bending test with ITS2 sensor:
Target radii (19 mm) easily achievable
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ITS design and R&D

Bending ALPIDEs (ITS2) performance

INTY

-1 .
2 [ A R-0mm AU sSeares et :
§ B R =24 mm ilfggg'o\ilbfisoest 2022 :
b @ R=18mm |
= :
2107 2p--mmmm e e e e I :
3 |
>§ 99% efficient
53
:g 4‘6‘ 10—3 ___________________________________________ ; r
538
f 10 e et { -
c 99.99% efficient ¥ |
a3 | |
g !
- = [
« "uITS3": 6 ALPIDEs (180 nm) bent to ITS3 target radii e
_ _ o Threshold (e™)
* No degradation of detection efficiency observed Inefficiency test results

 Results validated on bent 65 nm pixel test structures

* Electrical interconnections to FPC after bending through
wire bonding tested

65 nm sensor with FPC

I
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ITS design and R&D

Bending ALPIDEs (ITS2) performance

INT

p—
S
(-

---------------------

) A R=30mm ALICEITS3 beam test preliminary
W) ' @DESY 5.4 GeVJc electrons
o B R=24mm  feie o) 22502022
% @ R=18mm .
E 10~ 2f=====mmm- R R 7y SRR T ;
K '
O d
>§ 99% efficient
c3
-G 4‘%‘ 10_3 ------------------------------------------- { -
5%
a5 | Re g ‘
ALICE, NIM.A 1028 (2022) 166280 £107* | [ ettt ittt I )
|J|TS3 ; 99.99% efficient
E
- o
« "ulTS3": 6 ALPIDEs (180 nm) bent to ITS3 target radii =

o

* No degradation of detection efficiency observed
 Results validated on bent 65 nm pixel test structures

* Electrical interconnections to FPC after bending through
wire bonding tested
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ITS design and R&D (®

Ai Y COOI i ng test Power consumption tested: ALICE

INE

Endcap: 1000 mW/cm2, Matrix 25 mW/cm2

- : A-side 280 mm (C-side
3 layers of Silicon chips, embedded gt =gy : :
in Kapton PCB with heating traces Fgges=— = B | T T, /4
e =T — e o4 o6 < S8e -+
L|1® o3 o5 y e L
FLOW

6 mm
| 1 140 mm

Measured points Matrix region

. €.
. 20 ———— . . . 10 .
Air duct adapter 3 -.
: v+ 1 exp. ve4 5 exp.
2' . nulu b % 4 T exp. KL 4 15 exp.
15+ ‘\ ‘ HH 3 exp. | LY wH 17 exp.
P (e = | % ' T, exp. 26 * Ty exp.
FER ‘_ Y W M : 3 10 e e e s T1 and 75 sim. | \g > ......... Ty and T} sim.
. UL R - ~ Y “vres |- -T3 and T} sim. &~ 4l T, - - .T- and Tj sim. |-
. | BN e
Endcap region . e ~ . -
5 I . I—H —q T : 2 i N .« ——
~ ~ H—| N - * .............
g MR o Tt~o =i
—.— T T = - 0 — R i “EEr
) T s 5
0 2 4 6 8 10 0 2 4 6 8 10
Uso (m/5) Voo (M/8)
] =  The CFD simulations and the experimental results agree well
ITS3 "bread board" model 3 - The simulations slightly over-predict the values in all cases.
| [
3
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ITS design and R&D (®

Air cooling test Power consumption tested: ALICE

INTY

Endcap: 1000 mW/cm2, Matrix 25 mW/cm2

- : ¢ A A-side 280 mm C-side
3 layers of Silicon chips, embedded gt g == =— - : |

in Kapton PCB with heating traces e = | I 114

e e e o4 o6 ¢ B -
1 ¢ L/4

L l? .3 ‘5 < 7. - [

FLOW
Cover 1

1 ]
1 1

O mm

| { 140 mm - Matrix region
Measured points J
10
oA T1 €xXp.
3 M 1o exp. &t
\\ ‘ HH T3 exp. i
\ .@ T, exp. 6L
\\ e T, and 75 sim. \g
Yo “ves  |--Tyand Ty sim.|| & 4|
R |
\\\ i L B~ >
. |—H .......... 2
. i —0—
* ~ .
—_— T - 0
0 | ' |
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Uso (m/s)

 The CFD simulations and the experimental results agree

'ITS3 "bread board" model 3 - The simulations slightly oV S TR o e Ik R
5 HP2024

Ao Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 12



ITS design and R&D

INE

2 ALICE
AeroeIaStlc teSt displacement vs t power spectral density (PSD)
A-Side [ C-Side . | | g x107°
< >
4 0.5t - §1.5-
Center position C-side position |H/2 ~ o
H Y™ i 1
h 0.5 B 05
! . 2 0.
< > | | | L |
L/2 L/4 o 10 20 0 1 10 100 1000
t (s) | f (Hz)
] 9 x107° S
Ist f, -
550 Hz

d (pm)

 Air flow: 8 m/s

inE)L 100 1000
» Measured displacement: f (Hz)
st f | amdf,

° RMSairrow: <04 MM

550 Hz 850 Hz |

e Maximum: ~1.1 pm

d (pm)

* Requirement: <2 pm

-1 s 1 0 | l .
0 10 20 30 1 10 100 1000

0 f ()
& HP2024
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ITS design and R&D (INFN

Aeroelastic test o
eroeliasic tes displacement vs t power spectral density (PSD)
A-Side L C-Side . | | g X107
< >
4 0.5t - /§1.5-
Center position C-side position |H/2 ~ ~
H ER™ \% 1
h 0.5 3 05|
! . 2 (.
< - | | | L |
L/2 L/4 o 10 20 0 1 10 100 1000
t (s) f (Hz)
x107?
1 o 22V

Ist f, |
550 Hz

 Air flow: 8 m/s

« Measured displacement:

° RMSairrow: <04 MM

e Maximum: ~1.1 pm

* Requirement: <2 pm
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ITS design and R&D

Qualification of 65nm CMOS ALICE

INE

ALICE, NIMA 1056 (2023) 168589 ALICE, arXiv:2403.08952
| 103 —#— Detection efficiency 0.08 -
- — PAr === redecccateannntnnnn oo e 10 &~ Fake-hit rate Y i APTS
— e - i e [ 1 Non-irradiated
-i i 071 I Yk
, —#— Non-irradiated s 0.0 - - e ——
_ 951 (10° -~ 10% 1MeV neg cm? z = 3 - 18 eq
§ |1.h 1014 1MeV neq cm-z — 006 T : l:l 1014 1 MeV neq Cm_z
S 90 L1010 T —$— 10%° 1MeV ng cm™? 9 0.05 10151 MeV negcm™2
o % 10 kGy NG 15 -2
S 2 > [ 1 2X10"1MeVnegcm
pum ' () ()
£ gs5- L1000 T $ 0.04 15 -2
S e o L —. [ 10'®*1MeVnegcm™2
:8 80 1 1012 :é " T & 0.03 M L
= : £0.021
= b § N s [E 2 s 0.02
75 A . \\\\\\ . (a'd 0.01
»»»»»» s-ﬁ\l‘éeﬂ-eo}-@-a»g—}m--—-ag-—--: :-E\»ﬁva%g-qfe:fvr-e-ff‘Tf‘ﬁ o '
. 107 0.00 — —
75 100 125 150 175 200 225 250 275 300 325 350 = 0 20 40 60 80 100 120 140
Threshold (via V ) (€7) Seed pixel signal (mV)

* (Concentrated effort ALICE ITS3 together with CERN EP R&D

* Prototype sensors: APTS (Analogue pixel test structure), DPTS (Digital pixel test structure), CE65
 DPTS (left): Efficiency ( > 99%) with low fake-hit rate ( < 2x10-3 pixel-1s-1)
 APTS (right): Charge collection not deteriorated by irradiation

¢ HP2024
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ITS design and R&D

Qualification of 65nm CMOS
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ALICE, arXiv:2403.08952

10131 M ceacy LI

[ 10 1MeVneqcrh?

| 10151 MeV neqcrp 2
[ 2x10*1MeVnf;cm~2
1 5x10”1MeVnfcm™2

— [ 10'®1MeVneqcrh~

2 T%wm ;Mﬂ & APTS 1 Non-irradiated

- S ]
e

0 20 40 60 80 100  12% 140

Seed pixel signal (mV)

Irradiation ITS3 requirements

* (Concentrated effort ALICE ITS3 together with CERN EP R&D

* Prototype sensors: APTS (Analogue pixel test structure), DPTS (Digital pixel test structure), CE65

DPTS (left): Efficiency ( > 99%) with low fake-hit rate ( < 2x10-3 pixel-1s-1)

APTS (right): Charge collection not deteriorated by irradiation
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ITS design and R&D

Qualification of 65nm CMOS
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Irradiation ITS3 requirements

DPTS (left): Efficiency ( > 99%) with low fake-hit rate ( < 2x10-3 pixel-1s-1)
APTS (right): Charge collection not deteriorated by irradiation

We can make the pixel sensor with this technology !

140
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ITS design and R&D & CNFN

Stitched MAPS -

* Goal: Feasibility of stitching process

 MOnolithic Stitched Sensor (MOSS):

10 Repeated Sensor Units stitched
together: 259 mm x 14 mm per sensor

@ &
e 2 pixel pitches (18 um and 22.5 um)
and 5 front-end variants
Endcap L Repeated Sensor Unit Endcap R
Pads 1 2 Pdds 10

!

: || ALF UNIT TOP 300 mm ER1 wafer

S. I iz;m;ﬁ- %iizmsz == s - eee

| Me— L———— — 11—t -1 ) =1 « MOSS is operational and reaches full efficiency

2.39mm . parinheral clrcufts.  IPads L5 [ » Yield: currently under study with extensive characterization
campaign with wafer prober.

* First beam tests performed at PS@CERN
Detection efficiency: in line with expectations from MLR1 study
|
D e
N !-lAPGZA(s)AzKAl Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 15



ITS design and R&D

Stitched MAPS

ey aygs . . 100
* Goal: Feasibility of stitching process 2
98
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* 10 Repeated Sensor Units stitched | £ °*
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« MOSS is operational and reaches full efficiency

* Yield: currently under study with extensive characterization

campaign with wafer prober.

* First beam tests performed at PS@CERN
Detection efficiency: in line with expectations from MLR1 study
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ITS design and R&D

Stitched MAPS

* Goal: Feasibility of stitching process

 MOnolithic Stitched Sensor (MOSS):

10 Repeated Sensor Units stitched
together: 259 mm x 14 mm per sensor

e 2 pixel pitches (18 um and 22.5 um)

and 5 front-end variants
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We can readout the stitched sensor !'

INFN

~ TORINO

1073
_______________________________________________________________________ MOSS-4 W24B5 T6
ALICE ITS3 beam test prehmmary a : :
@ CERN PS September 2023, -107° %,tsg.' 52 2'2] ‘g:p
10 GeV/c hadrons, . A I -~ 62uDAC
Plotted on |12 Dec 2023 o | A 10-5 = Ib'as 100 DAC
- biasn =
| ﬂZl‘!;/ Q>) Ireset = 10 DAC
,’U g lsp = 50 DAC
// i 10_6 <>'_<) Vshift =192 DAC
/'/@/ /Er, E‘ Vcasn =64 DA_C
i = Strobe length: 6 ps
Xl A 9 T=30°C
Z /E{ m’/ -10-8 C
‘ /Jﬂ‘ m/' E —— Detection efficiency
$/= // | 10-9 % -#-- Fake-hit rate
1Rl ) ;F' L —#4— Region 0
ISUUURUTTTRNN D N Y it rfﬁ .............. ,me.f ..................................... .F.HB.me?.SHtemsr).t.%?.r!%'.t.'y.'ry.'.'m'F..._ L0-10 Region 1
// —#— Region 2
7 Association window radius: 150 um | .
| | / i ", Masked plxels per region: (1 0, 0, 0) 0 Reglon 3
0 5 10 15 20 25 30 35 40

Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 15



R¢ (azimuthal direction)

Sensor development

Outlook
o) A side
L
G e
z B
©
QO )
e . l
5 3 : : I
O 5 B | < SEGMENT !
@ IR R D A A R A I R
= e | . | .
< T
S [ |
_ayer 0: 3 segments\ 21 666 /
Layer 1: 4 segments | \\ 259,992 / ’
Layer 2: 5 segments .\ Z-axis (equatorial direction) beam length .
Repeated NZM’ 265,992 :/‘
Sensor Unit
(RSU)

N, S

® (NFX
ALICE TORINO

e MOSAIX: Final size 2D stitched sensor

* Modular design: each sensor is divided

into 3, 4, or 5 segments with 12 RSUs.

 Each RSU is divided in turn in 12 fully

independent tiles (powering, control and
readout)

* Currently working to submission !

Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 16



Summary

INTY

 ALICE is preparing the new ITS upgrade:
Truly cylindrical wafer-scale MAPS

 [ITS3 key R&D questions answered:

e (Can we bent it?
— Bent MAPS demonstrated in beam

e (Can we cool it down?
Can it withstand vibration from cooling?
— Air cooling tested with aeroelastic

« (Can we use 65 nm technology?
— 65nm process qualified with radiation

« (Can we do the stitching?
— Stitching (MOSS) qualified

Next steps:

* Finalisation of the design and production of final
prototype sensor (ER2)

 ALICE ITS3 on track for installation in LS3 (2026-2028)

ITS3 "bread board" model 3

* HP2024

/ N A G A S A K | Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 17






Monolithic Active Pixel Sensor (MAPS)
CMOS MAPS

|

Pulsmg, oL
Maskmg, Vi

P —_— .- & Sy 4o}
-

2 X 26.88 um

ALPIDE chip

2 29.2u —
Layout of 4 pixels

Single silicon chip contains both the detection volume and the
readout electronics

* as opposed to hybrid pixel sensors, which use two chips that
need to be interconnected

180 nm CMOS imaging process by Towerdazz

ALPIDE (MAPS)

e 3cmx 1.5cm (1024 x 512 pixels) with thickness 50 um for IB

ol * Size of pixel pitch: 29 pym x 27 pm
® HAEZAQAZKA' Bong-Hwi Lim (INFN Torino) | Hard Probes 2024 | 24/09/2024 | 19
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* 7 layers as barrel structure

* New ITS2 for ongoing Run3, fully
operational (installed 2021, LHC LS2)

 Largest MAPS and pixel detector
ever built

e ~10 m2, 24k chips, 12.5 Giga-pixels
 Fast readout rate: 100 kHz (Pb-Pb)

HP2024

N A G A S
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ITS2 in operation (2023 Pb-Pb)

Run 3 Pb-Pb
\/SNN = 5.36 TeV

27 September 2023, 04:50
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What can we achieve?

,
e
‘n”'

ITS Inner Barrel Stave

ITS half IB
Coldplate

material

High Modulus fibres

High Thermal
{/'i\\ H P2024 Conductive fibres
/‘\/ N A G A S A K I o

Polyimide pipes

INFN

~ TORINO

o
w

ALICE
0.8
ITS2 innermost layer Other
0.7 - . Water
B Carbon
Aluminum
— 0.6 -
% B Kapton
[S Bl Glue
£ 0.5- Silicon
(7))
< —_— mean = 0.35 %
S 0.4+
— -lu
NS
*
X
<

O
N

Mwﬂl W,glw M!Wﬂmwa

0-0 | 1 1 | 1 1 |
0 10 20 30 40 50 60

Azimuthal angle [ °]

O
=

 [ITS2 IB one layer material budget

» Silicon makes only ~15% of the material.

* Irregularities: support structures, cooling, and
overlaps
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ITS3 upgrade project

Milestones of prototype sensor submission ALICE
-Now

INE

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Bent
ALPIDEs

MLR 1 ER 1 ER 2 ER 3 Commissioning LHC Run 4

 Tower Partners Semiconductor (TPSCo) 65 nm CMOS
Imaging Technology:

 Smaller transistors: higher integration density
* Lower power consumption
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» Larger wafers 300 mm :
* MLR 1 tape out (2020-12): e B 0.0
Qualify the 65 nm process MAPS with 3 prototypes: APTS, CE65, DPTS MLR1 wafer (1/4) and Iayout
« ER1 tape out (2022-11): P , e e IO [ F
Stitching 1D (+ assess yields by the foundry) with 2 large sensors: ! o\ Sy =i T.EST?“'SE@IDZD iniRini
MOSS, MOST i e s e s i\ |

« ER2 tape out (2024-fall): ITS3 full-size prototype with full
functionalities (power, readout, etc)

 ERS tape out (2025-middle): ITS3 sensor production

""' ; HP2024
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ER1 wafer and layout



Spatial resolution (um)

Detection efficiency (%)

ITS design and R&D

Qualification of 65nm CMOS: MLR1
Concentrated effort ALICE ITS3 together with CERN EP R&D

* Prototype sensors: APTS, CE65, DPTS

ALICE NIMA 1056 (2023) 168589
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APTS-0OA

- Efficiency (>99%) and spatial
resolution (< 5pm) matches ITS3
requirements

- matrix power consumption 40mW/
cm2

 APTS:
- SF: Charge collection not
deteriorated by irradiation

- OA: Sensor time resolution < 70 ps
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