A Large lon Collider Experiment

ALICE ITS3:
a bent stitched MAPS-based
vertex detector

Ola Groettvik*
on behalf of the ALICE collaboration

ALICE

TWEPP 2023
Topical Workshop on Electronics for Particle Physics
Geremeas, Sardinia, Italy

AN

*ola.groettvik@cern.ch



Outline

A ALICE Inner Tracking System Introduction
A ITS3 Detector Overview and Concepts
A Sensor Developments

A Services and Integration
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ALICE

Inner Barrel

A To be installed during LS3 (2026-2028)
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Inner Tracking System 3
Motivation

What can we improve?

|
/ . 8
1
iy

A Can the material be further reduced?
A Can we get closer to the interaction point?

October 5th 2023 TWEPP23: ALICE ITS3: a bent stitched MAPS-based vertex detector - Speaker: O. Groettvik 4



Inner Tracking System 3

Motivation Cloxible PCR
e (Aluminium and Kapton) ALICE

/

O sensors
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A Only 15% of total material is silicon

A Irregularities due to coolina and support structures
A Material degrades gl TS3 removes almost all unnece
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Inner Tracking System 3

A Removal of mechanical support

| Self-supported arched structure
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Inner Tracking System 3

Detector Overview Cylindrical
Structural Shell

I Wafer-scale sensor ASICs
I Fabricated with stitching

i All electrical signals and power Half Barrels
routed on-chip

I Ultra-thin and bendable: 50 pm
I 266 mm (Z) x variable width* (r()

i CMOS MAPS
A 65 nm technology

I Open-cell carbon foam spacers

A Key benefits
I Extremely lightweight
A Material budget: 0.35% X, => 0.05% X,
i Uniformly distributed material '

I Closer to interaction point

A Beam pipe radius; 18.2 mm => 16 mm
A Radial position: 24 mm => 18 mm

P y

18 m NS

open-cell carbon
foam spacers

* The sensor width (r) varies with layer
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Detector concept

Cooling

A Effects of air cooling is investigated in detail
| Breadboard model

I Wind-tunnel test setup

A Maximum vibrational level measured within +/- 0.5 pum

A Detector can be operated at 5 °C above inlet air temperature

ALICE
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Sensor developments
Early R&D and first stitching prototype (ER1/MOSS)

2026 2027 2028 2029
LS3
Installation and commissioning

Final
sSensor

Efficiency agnostic
to bending radius

EfflClency > 99% W
FHR < OOl plxel -1 s™ -1

65 nm CMOS process Bent MAPS MOSS. St'tfi‘ht'ng
- Digital and analog test structures Demonstrated operation and i | t'. atcomp; €le SENSOr
- Detection efficiency measurements detector efficiency - Investigate perrormance

- Assess yield
More @ TWEPP:

- G. Rinella: The Monolithic Stitched Sensor (MOSS) Prototype for the ALICE ITS3 and First Test Results
- C. Lemoine: Prototype measurement results in a 65nm technology and TCAD simulations towards more radiation tolerant monolithic pixel sensors
- C. Ferrero: Validation of the 65 nm TPSCo CMOS imaging technology for the ALICE ITS3
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Sensor developments
Engineering Run 2: towards a complete sensor (MOSAI

Layer 0: 12 x 3 rows

)
Layer 1: 12 X 4 rows =
c 1 i
Layer 2: 12 X 5 rows 8 4
o _
— O =
. | 2 C o I
Repeated (Stitched) Sensor Unit = N3 - :
(@)
S | ¥ % m
- |
O |
> 21,666 _ {
Z-axIs ,
\ beam length /
B 259,992 _
4,5 1,5
*llustrates repeatable unit on ER1 (MOSS) = \%\f—z/ .
More @ TWEPP:
- M. Rodriguez: Model and analysis of the data readout architecture for the ITS3 ALICE Inner Tracker System
- P. Dorosz: Development of the data transmission architecture of the stitched sensor prototype towards the ALICE ITS3 upgrade
- V. Gromov: Prototype of a 10.24Gbps Data Serializer and Wireline Transmitter for the readout of the ALICE ITS3 detector
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Sensor developments

Engineering Run 2: towards a complete sensor (MOSAIX)

/O and AT
-
supply - ]

Power and data carried via stitched backbone (27 cm!)

A 3 sub-designs:
I REC
I LEC
I RSU

A Stitched
backbone:

I Power distribution

I Control and data
readout

18.516 mm

Left endcap

PADS [CMOS/DIFFERENTIAL/POWER]

3x 10.24 Gb/s
Wireline Tx

TX@10G24

TX@10G24

TX@10G24

3x 10.24 Gb/s
Wireline Tx

TX@10G24

IpGBT
encoder

TX@10G24

TX@10G24

IpGBT
encoder
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Repeated Sensor Unit

ALICE

Supply

Top Half Sensor Unit

Bottom Half Sensor Unit

POWER PADS ONLY

Right endcap

21.666 mm
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