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● 7 layers, divided in staves of ALPIDE MAPS 180 nm
● Innermost 3 layers (Inner Barrel, IB) material budget as low as 0.36% X0 per layer
● Run 3 is ongoing: ITS2 can handle up to 1 Mhz pp and 50 kHz PbPb IR (Nov 2024: 800 kHz pp and 

50 kHz PbPb max)

ALICE ITS2: the state-of-the-art

2



  

Run 4: a new frontier for ALICE

What will be the next steps for ALICE Run 4?

● Reduction of statistical uncertainties on heavy-flavoured hadron measurements (e.g. Λc
+, Λb

0)
● Reduction, at least by a factor of 2, of systematic uncertainty on estimated average medium 

temperature from e+e- invariant mass spectrum analysis

Needed improvement in impact parameter resolution and tracking precision wrt ITS2:
→ Decreased material budget and thinner beampipe
→ Start tracking closer to IP

ALICE ITS2 → ITS3: first curved, large-scale tracking layers!
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The ALICE Collaboration - Upgrade of the ALICE Inner Tracking System during LS3: study of physics performance. 
ALICE-PUBLIC-2023-002 (2023). https://cds.cern.ch/record/2868015
The ALICE Collaboration - Technical Design report for the ALICE Inner Tracking System 3. A bent wafer-scale monolithic pixel detector. 
CERN-LHC-2024-003, ALICE-TDR-021. https://cds.cern.ch/record/2890181

https://cds.cern.ch/record/2868015
https://cds.cern.ch/record/2890181


  

Upgrade to ITS3 scheduled for Long Shutdown 3 
(LS3, 2026-2030):

● ITS2 IB replaced with 6 bent, large-scale, stitched MAPS 
(TPSCo 65 nm)

→ Material budget: average 0.09% X0 per layer
→ Beampipe: 16.0 – 16.5 mm
→ Layer radii: 19.0 mm (L0), 25.2 mm (L1) and 31.5 mm (L2)
→ Pseudo-rapidity coverage: |η| ≤ 2.6 (L0), 2.3 (L1), 2.1 (L2)
→ Power density: < 40 mW/cm2 and air cooling system 
(Tair ~ 20° C)
→ Radiation hardness: 10 kGy TID + 1013 1 MeV neq cm-2 NIEL.

The ALICE Collaboration - Technical Design report for the ALICE Inner Tracking System 3. A bent wafer-scale monolithic pixel detector. 
CERN-LHC-2024-003, ALICE-TDR-021. https://cds.cern.ch/record/2890181

The ITS3 upgrade project
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https://cds.cern.ch/record/2890181


  

The ITS3 R&D: towards large-scale 
ITS sensors
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Several intermediate goals to achieve before LS3, some important ones:

● Multi-Layer Reticle 1 (MLR1): small scale sensor characterisation, completed in Q2/24

● Engineering Run 1 (ER1): wafer-scale stitched sensor characterisation, ongoing

● Engineering Run 2 (ER2): full sensor prototype design finalised in Q4/24, awaiting submission 
by mid 2025

● Qualification Model (QM): sensor integration tests, awaiting ER2 delivery

● Engineering Run 3 (ER3): full sensor design and production, expected to start in 2026



  

● Multiple structures tested under charged particle beams: both analog and digital readout, w/o pre-irradiation
● Efficiency > 99%, FHR < 0.1 pixel-1 s-1, spatial resolution < 5 μm for a wide operational margin, even at 10 kGy TID + 

1013 1 MeV neq cm-2 NIEL (ITS3 goal)
● Fast time resolution ~63 ps

MLR1: the first, small test devices
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DPTS TB
Vbb = -2.4 V
T = 20° C



  

● Large-area ER1 sensors (259 mm length): wafers tested through electrical scans; sensor efficiency, FHR and 
spatial resolution studied under charged particle test beams

● Large number of shorts in ER1 wafers, but reason identified as shorts between metal layers
● Efficiency > 99%, FHR < 10-6 pixel-1 event-1, spatial resolution 5-6 μm

ER1: large-area, wafer-scale sensors

F. Reidt – ALICE Inner Tracking System 3 Overview. PIXEL2024 (Strasbourg, 18-22 November 2024). 
https://indico.in2p3.fr/event/32425/contributions/142728/
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MOSS

https://indico.in2p3.fr/event/32425/contributions/142728/


  

ER2: MOSAIX, the full ITS3 sensor 
prototype
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23.04 Gb/s 
input

30.72 Gb/s 
output

P. Dorosz on behalf of the MOSAIX design team and the ALICE collaboration - Data transmission architecture of the ALICE ITS3 stitched sensor prototype MOSAIX. 
2024 JINST 19 C04050. https://doi.org/10.1088/1748-0221/19/04/C04050
G. Aglieri Rinella - MOSAIX as a Case Study: Overview of the Stitched Chip for ITS3. MAPS detectors technologies for the FCC-ee vertex detector (CERN, 1-2 July 
2024). https://indico.cern.ch/event/1417976/contributions/5961837
See contributions by W. Snoeys and A. Kluge & M. Mager at ALICE Upgrade Week 2024 (Krakow, 7-11 October 2024). https://indico.cern.ch/event/1415726/

https://doi.org/10.1088/1748-0221/19/04/C04050
https://indico.cern.ch/event/1417976/contributions/5961837
https://indico.cern.ch/event/1415726/


  

ER2: MOSAIX, the full ITS3 sensor 
prototype

P. Dorosz on behalf of the MOSAIX design team and the ALICE collaboration - Data transmission architecture of the ALICE ITS3 stitched sensor prototype MOSAIX. 
2024 JINST 19 C04050. https://doi.org/10.1088/1748-0221/19/04/C04050
G. Aglieri Rinella - MOSAIX as a Case Study: Overview of the Stitched Chip for ITS3. MAPS detectors technologies for the FCC-ee vertex detector (CERN, 1-2 July 
2024). https://indico.cern.ch/event/1417976/contributions/5961837
See contributions by W. Snoeys and A. Kluge & M. Mager at ALICE Upgrade Week 2024 (Krakow, 7-11 October 2024). https://indico.cern.ch/event/1415726/ 9

23.04 Gb/s 
input

30.72 Gb/s 
output ● Power consumption ~400 mW

● Different pixel front-end variants implemented for 
performance optimisation: varying biasing and 
transistor size to investigate temperature effects 
and signal/noise.

https://doi.org/10.1088/1748-0221/19/04/C04050
https://indico.cern.ch/event/1417976/contributions/5961837
https://indico.cern.ch/event/1415726/


  

Mechanics, cooling, integration

BreadBoard Models (BBMs): 
initial prototypes have been 
produced for thermal and 
aeroelastic tests (up to BBM6).

Engineering Models (EMs): prototypes closer to ITS3 layout, for 
assembly jigs assessment, sensor layout and integration studies 
(up to EM3 ready, EM4 & EM5 in preparation).
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Already available models

EM1
EM2 EM3



  

Mechanics, cooling, integration

Qualification Models (QMs): fully integrated models 
mounting ER2 MOSAIX sensors, waiting for ER2 
delivery (by mid 2025):

● QM1: to integrate ER2 tested & untested sensors
● QM2: to integrate ER2 tested sensors.
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Upcoming



  

Mechanics, cooling, integration
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Endcap Matrix

Cooling air temperature vs inlet speed, results for dummy 
half-L0 (BBM)

Dummy half-L2 center (BBM) 
displacement under inlet speed v∞ = 8 m/s

T∞, v∞ = inlet temperature, speed



  

Conclusions
● ITS3 will replace the current 3 ITS2 IB layers with flexible, truly cylindrical, stitched TPSCo 65 nm 

sensors – the first curved large-scale sensors in a HEP experiment – contributing to a dramatic decrease 
of material budget (0.09% X0/layer)

● Smaller layer radii, higher radiation hardness needed: up to 10 kGy TID + 1013 1 MeV neq cm-2 NIEL

● TPSCo 65 nm technology validation: MLR1 and ER1 showed detection efficiency > 99%, FHR < 0.1 hits 
pixel-1s-1 (MLR1) or FHR < 10-6 hits pixel-1events-1, spatial resolution ~5 μm or better, at 10 kGy TID + 
1013 1 MeV neq cm-2 NIEL radiation hardness goal, and even 10 times larger NIEL 

● ER2 final sensor prototype (MOSAIX) design being finalised: devices to be submitted for fully integrated 
QMs and characterisation tests, in view of full ITS3 sensor design and production.
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Thank you for your attention!
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Backup slides
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Multi-Layer Reticle 1 (MLR1, 2021): 
small test CMOS MAPS devices (1.5×1.5 mm2 area) for 
TPSCo 65 nm technology validation

● Analog Pixel Test Structures (APTS):
→ 4×4 matrix, 10-25 μm pixel, w/o process modification
→ Analog readout

MLR1: the first 65 nm prototypes

APTS DPTS CE65

Standard No gaps With gaps
Process modification

16

G. Aglieri Rinella et al. - Characterization of analogue Monolithic Active Pixel Sensor test structures implemented in a 65 nm CMOS imaging process. 
NIMA 1069 (2024) 169896. https://doi.org/10.1016/j.nima.2024.169896
G. Aglieri Rinella et al. - Digital pixel test structures implemented in a 65 nm CMOS process. NIMA 1056 (2023) 168589. 
https://doi.org/10.1016/j.nima.2023.168589

● Digital Pixel Test Structures (DPTS): 
→ 32×32 matrix, 15 μm pixel, modified with gaps
→ Digital readout, time-encoded signal amplitude 
and position

● Circuit Exploratoire 65 nm (CE65):
→ Rolling shutter readout, 3 submatrices, both 
amplifier and source-follower output buffers. 

https://doi.org/10.1016/j.nima.2024.169896
https://doi.org/10.1016/j.nima.2023.168589


  

MLR1 front-end

APTS-SF

APTS-OA

DPTS
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MLR1: spatial resolution (DPTS)
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MLR1: time resolution (APTS-OA)
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Engineering Run 1 (ER1, 2022): 
large-scale stitched sensors for yield and stitching assessment. 
Stitching technique: connecting small-scale sensor units at wafer production stage 

● MOnolithic Stitched Sensors (MOSS):
→ 259×14 mm2, 10 independently powered and read-out Repeated Sensor 
Units (RSU): 8 pixel matrices each, 2 half-units per RSU (top and bottom)
→ babyMOSS: single MOSS RSUs, easier transportation and testing setup. 

● MOnolithic Stiched sensor with Timing prototype (MOST):
→ 259×2.5 mm2, 10 stitched matrices with 4 sub-matrices each, shared wafer-
scale asynchronous readout.

ER1: wafer-scale stitched sensors

MOSS

MOST



  

MOSS front-end
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Region 0 Region 1 Region 2 Region 3
TOP Standard Larger M1 Larger M11 Larger M2
BOTTOM Standard Standard Standard Slightly diff. 

layout*

*Smaller parasitic capacitance → less signal stability, higher gain

MOSS Carrier Board
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ER1: spatial resolution (MOSS)



  

ITS3 final sensor structure
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Final large-area ITS3 sensors to 
be produced by stitching 
~266×18.5 mm2 sensors 
(segments) along the long side: 

● L0 → 3 segments
● L1 → 4 segments
● L2 → 5 segments
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