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Outline

• Monolithic sensors for the ALICE: ITS and FoCal

• Stitched Monolithic Pixel Sensor (MOSS) for ITS3

• Stitched Monolithic Sensors for EIC

• Characterization of Single Event Effects
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The Inner Tracking System (ITS2) of the ALICE Experiment

7 layers

- All silicon pixels

- Rate capability ~100 kHz Pb+Pb

- 24k chips 

- 10 m2

- 12.5 GPixel
Inner Barrel Outer Barrel
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FoCal: Forward Calorimeter for ALICE detector for Run 4 of the LHC

FoCal-E
20 Layers (LG + HG Si detectors + 
W absorbers). Tot ( ~ 20 X0)

FoCal-H
Transversally segmented 
spaghetti calorimeter
Tot thickness ~ 6 𝝀𝝀had

High spatial resolution of ALPIDES 

guarantees 2 photons discrimination
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Limitation of ITS2: toward ITS3

Si makes only 1/7th of total material!! 

M. Mager, ALICE ITS3 a next generation vertex detector based on bent, wafer-scale CMOS sensors

Removal of mechanical support - benefit from increased stiffness by rolling Si wafers 

Removal of water cooling - possible if power 
consumption stays below 20 mW/cm2 

Removal of the circuit board (power+data) -
possible if integrated on chip

https://indico.cern.ch/event/1071914/
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MOSS: prototype of monolithic stitched sensor

TDR for the ALICE Inner Tracking System 3 - ITS3 A bent wafer-scale monolithic pixel detector

Detection efficiency and resolution 
measured with MOSS at the CERN PS
using a MOSS wire-bonded on its 
carrier card
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Barrel layers and disks
EIC Large Area Sensor (LAS), i.e. ITS3 sensor size 

optimized for high yield, low cost, large area 

coverage.

Inner Tracker for ePIC at the EIC
Silicon Vertex and Tracker (SVT)

ITS3 wafer-scale stitched 

sensor, thinned and bent 

around beam pipe.

Inner Barrel (IB)
3 curved layers

Outer Barrel (OB)
2 stave-based layers

Electron/Hadron Endcaps (EE, HE)
5 disks on either side of the IP

R. Milner: The ePIC Detector I. Sedgwick: MOSAIX and EIC LAS L. Gonella: Status of MAPS tracking

https://indico.cern.ch/event/1199314/contributions/5266550/attachments/2618445/4526555/ePIC_DIS2023.pdf
https://indico.bnl.gov/event/20473/contributions/84984/
https://indico.cern.ch/event/1176019/contributions/4938989/attachments/2472800/4242612/20220630-EIC-UK.pdf
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Single Event Effects

A single particle passing through the silicon is 
depositing energy: Linear Energy Transfer (LET)

Single Event Latchup (SEL):
the inadvertent creation of a low-impedance path between the 
power supply rails of a MOSFET circuit, triggering a parasitic 
structure which disrupts proper functioning of the part, possibly 
even leading to its destruction due to overcurrent. A power 
cycle is required to correct this situation.

Single Event Upset (SEU):
change of state caused by one single ionizing particle
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SEU tests: Nuclear Physics Institute @CAS (CZ)

SEU1

Flux of 2x109 protons/cm2/s

- asymmetry between 1->0 and 0->1 bit 

flips for all FIFOs

- significant differences between individual 

types of FIFO structures

SEU2

- no asymmetry between 1 -> 0 and 

0 ->1 observed

- SEU occurrence linear with the 

beam flux

Testbeam results of single event effect studies on prototype memory chips for the ALICE ITS3 upgrade

https://indico.cern.ch/event/1323113/contributions/5823774/
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SEL tests: Heavy Ion Facility @UCLouvain (BE)

5 mA

SEL

Power off to protect the chip

Testbeam results of single event effect studies on prototype memory chips for the ALICE ITS3 upgrade

https://indico.cern.ch/event/1323113/contributions/5823774/


11

Summary

• Monolithic sensors (ALPIDE) are currently used in ALICE: ITS and FoCal (and MFT)

• It is possible to design a wafer scale monolithic sensor that allows lower and more 

uniform material budget

• Technical Design report of ITS3 approved by CERN LHC Committee (LHCC) and the 

CERN Research board (RB)

• SEE tests performed at Louvain-la-Neuve (BE) and BASE (USA)

• ER1 sensors are working and are currently characterized

• Characterization of Single Event Effects (and much more…) is needed to provide 

feedback to the designers for ER2 (exp. <Q1 2025)

Z. Ye: Update on Irradiation and Beam Tests

https://indico.bnl.gov/event/20727/contributions/93926/
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FoCal-E: low granularity pad sensors, high granularity ALPIDEs

20 layers of W (each of 3.5mm thickness) and Si sensors

High granularity layers (positions 5 & 10): 

monolithic pixel sensors (ALPIDE)

Performance of the electromagnetic and hadronic prototype segments of the ALICE Forward Calorimeter

https://arxiv.org/abs/2311.07413
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The ALPIDE monolithic sensor

Pixel Sensor CMOS 180 nm Imaging Process (TowerJazz) 

High-resitivity (>1 kΩ cm) p-type epitaxial layer (25 μm) on p-type substrate

- Small n-well diode (2 μm diameter) è low capacitance (~5 fF)

- Reverse bias voltage (-6V < VBB < 0V) to substrate to increase depletion region

- Deep p-well shields n-well of PMOS

- Continuously active front-end

- Global shutter (STROBE signal)

- Zero-suppressed matrix readout

- Triggered or continuous readout modes

ALPIDE, the Monolithic Active Pixel Sensor for the ALICE ITS upgrade

1.5 cm
512 pixels

https://www.sciencedirect.com/science/article/pii/S0168900215011122
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The ALPIDE monolithic sensor

ALICE ITS2 A Monolithic Active Pixel Sensor based Inner Tracking System for ALICE

https://indico.cern.ch/event/1210704/
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The Inner Tracking System (ITS2) of the ALICE Experiment

Space 
Frame

Cold Plate

9 sensors
3 Inner Layers: 12+16+20 Staves

1 Module/Stave

9 sensors per Module

50 µm sensors

2 Middle Layers: 30+24 Staves

2x4 Modules/Stave

2 Outer Layers: 42+48 Staves

2x7 Modules/Stave

2x7 sensors / Module

100 µm sensors
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SEE Investigation

Testbeam results of single event effect studies on prototype memory chips for the ALICE ITS3 upgrade

https://indico.cern.ch/event/1323113/contributions/5823774/
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The ALPIDE monolithic sensor

Pixel Sensor CMOS 180 nm Imaging Process (TowerJazz) 

ALPIDE, the Monolithic Active Pixel Sensor for the ALICE ITS upgrade

Each pixel (29 µm x 27 µm) has: 

- Amplification

- Discrimination 

- 3 hit storage registers (MEB) 

- Test charge injection 

- Masking

https://www.sciencedirect.com/science/article/pii/S0168900215011122
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Wafer-scale sensors

Reticle

Splitted Stitched

12”

6 wafers make the
entire ITS3 production

P. Leitao, Development of a Stitched Monolithic Pixel Sensor prototype (MOSS chip) towards the ITS3 upgrade of the ALICE Inner Tracking system

https://iopscience.iop.org/article/10.1088/1748-0221/18/01/C01044/pdf
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Wafer-scale for AI

CEREBRAS WSE-3

https://www.cerebras.net/product-chip/
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