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Silicon tracker detector 
for the ALICE upgrade
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ALICE upgrade in LHC LS2 (2019/20)
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Physics objective
Improve physics reach 
for rare probes: B, D, Λc

via higher:
vertex resolution
tracking efficiency
readout rate

Main improvements
Smaller beam pipe
New Inner Tracker
Muon Forward Tracker
GEM TPC readout chambers
Fast Interaction Trigger
New Online/Offline DAQ: O2
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New ITS layout: closer to IP,
more granularity and less material

New

First layer at 22 mm

Layers 0-2

27 × 29 µm

0.3 % X0 / layer

Layers 3-6

27 × 29 µm

1.16 % X0 / layer

Present

First layer at 39 mm

Layers 1-2:

Hybrid pixels

50 × 425 µm

1.14 % X0 / layer

Layers 3-4:

Silicon drift

250 × 294 µm

1.2 % X0 / layer

Layer 5-6:

Silicon strips

95 µm × 40 mm

0.84 % X0 / layer
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Silicon pixel detectors:
Hybrid -> Monolithic (MAPS)

Pixel pitch: ~50 µm

Material budget: ~1 % X0 per layer

Custom technology -> 
High cost

Pixel pitch: ~25 µm

Material budget: ~0.3 % X0 per layer

Commercial technology- >
Low cost

100 µm

150 µm

50 µm
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ALPIDE – ALICE pixel detector
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• TowerJazz 0.18 µm 
CIS process

• 2 µm low capacitance 
(~fF) NWELL diode

• Deep PWELL shields 
PMOS transistors

• 25 µm thick high 
resistivity 
(> 1kΩ∙cm) epitaxial layer

• Reverse bias (down to 
-6V) to increase depletion
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ALPIDE – ALICE pixel detector
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• Chip size: 30×15 mm2

• Pixels: 1024×512

• In-pixel amplification, 
shaping, discrimination and 
multi-event buffer

• In-matrix data sparsification

• On-chip high speed data 
link (1.2 Gb/s)

• Power consumption:
40 mW/cm2
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Ø The Upgrade of the ALICE Inner Tracking System with the 
Monolithic Ac?ve Pixel Sensor ALPIDE

Ø Radia?on Hardness of Monolithic Ac?ve Pixel Sensors for 
the ALICE Inner Tracking System Upgrade

ALPIDE


ze
ro

   
su

p
p

re
ss

io
n

ze
ro

   
su

p
p

re
ss

io
n

ze
ro

   
su

p
p

re
ss

io
n

ze
ro

   
su

p
p

re
ss

io
n

Bias, Data Buffering, Interface

THR

COMPAMP1024 pixel columns

5
1

2
 r

o
w

s

23/10/2018 Vertex 2018

More details on ALPIDE 
in the talk by Thanushan Kugathasan 
Thursday at 09:30



ALPIDE – radiation tolerance
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• Radiation requirements:
• 270 krad
• 1.7 × 1012 neq / cm2

• After 10x lifetime NIEL 
irradiation

Fake-hit rate: 
10-10 hit/event 
with 0.002% masked pixels

• Spatial resolution: 5 µm

• Negligible chip to chip 
variations

Nucl.Phys. A967 (2017) 900-903



From 3 to 5 times better 
pointing resolution
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Detector-barrel construction
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147 cm

40 cm

Total surface: 10 m2



ALPIDE production started in 2017
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ALPIDE series testing:
two main sites and one backup site
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CERN:
Wafer testing
50 µm chip testing

Yonsei:
100 µm chip testing 
24/7 schedule
1200 chips per week

Pusan/Inha:
100 µm chip testing
Backup site



ALPIDE series testing - yields
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Powering

Back bias

DACs Memory Dead pixels

Inner barrel: GOLD only chips
Outer barrel: GOLD and SILVER
Outer barrel spare: BRONZE

38 % BAD

25 % GOLD
24 % SILVER
13 % BRONZE

62 % GOOD



Inner barrel staves produced at CERN
Equip 3 innermost layers

9 chips per stave

Chip thickness: 50 µm

Aluminum FPC (Flexible 
Printed Circuit)

Material budget: 0.3 % X0
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HIC = Hybrid Integrated Circuit



Placement of chips 
by the Module Assembly Machine
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Production of 48 staves for first inner 
barrel is completed
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Yields:
HIC: 64%
Stave : 95%
Total: 61%

Additional 
production:

24 staves for 
spare half-barrel
16 spare staves
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Assembly of the first inner half-
barrel completed in June 2018
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Production of Outer barrel modules in
Bari, Liverpool, Pusan, Strasbourg, Wuhan

2 middle layers and 2 outer layers

14 chips per module

Chip thickness: 100 µm

Copper FPC

2500 modules to be produced

2x7 chips

Flexible Printed Circuit (FPC)
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Production started at all 5 sites
End of production: March 2019
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Nominal production rate: 50 HICs/week



Module qualification
and endurance test
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Every module is characterized by:
• Number of dead pixels
• Pixel thresholds
• Noise

All the qualified modules undergo 
endurance tests of 300 cycles:

• Power on
• Triggering
• Memory integrity scan
• Power off
• Cooling off



Overall yield of HICs: ~85%

20

84.8%

4.2%
2.7%

3.7%
4.6%

GOOD FOR STAVE ASSEMBLY

PARTIAL (1 chip missing)

NOT WORKING - Mechanical Damage

NOT WORKING - Permanent Short

NOT WORKING - Undefined
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Middle and outer layer (OL) staves:
Daresbury, Frascati, LBNL, NIKHEF, Turin
54 middle layer staves:

2 half-staves 
× 4 modules

90 outer layer staves:
2 half-staves

× 7 modules

Power bus

Space Frame

Cold Plate

Module
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OL stave assembly
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Assembled OL stave
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OL stave performance
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Pixel noise and threshold values measured on stave 
are compatible with single chip values.
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OB staves production:
planned end by August 2019
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All carbon fiber support structures are 
ready for the barrel assembly at CERN
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External structures (CYSS) are produced by LBNL (Berkley)

Internal end-wheels are produced by INFN (Padua)



Installation in the cavern:
May 2020
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New ITS readout chain

Detector barrel 8 meters
Total Ionizing Dose: 5 krad
Non-Ionizing Dose: 
1.6 × 1011 neq/cm2

High energy hadrons: 
1 kHz/cm2
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ITS Readout Unit – final version

SRAM–based Xilinx Ultrascale FPGA
Data readout
Trigger communication
Detector control and 
monitoring
Power-system control and 
monitoring

Production started in Sep 2018
192 boards + spares
to be completed by April 2019
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Sensor Series Production 

Stave Develop

2016 2017 2018 2019 2020

Installation

Commissioning in 
the cavern

Stave Mechanics

HIC Production

Hic and Stave

Stave Production

Mechanical Support Structures

Design & Prototyping Design & Prototyping Production & Test

PRR

PRR

Global Assembly

EDR PRR

Development Production

2016 2017 2018 2019 2020

EDR PRR

Readout Electronics

Commissioning on surface

Dry Assembly Test

Development

May 2020

7 months

Nov 2017 

Feb 2018 

Mar 2018 
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Global planning overview
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Sensor Series Production 

ALPIDE chip



Summary

New ITS will feature 
1000 times higher granularity  

3 times lower material budget in the inner barrel

Production of all detector components has started 
and is advancing well

Detector installation in the cavern in May 2020.
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