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Concept
a thin, light, fast all-silicon tracking & PID detector

high luminosity with smaller ions (Ar)

Heavy-flavour and quarkonia

• Multiply Heavy Flavoured hadrons: Ξcc, Ωcc, Ωccc


• Ultimate precision on B mesons at low pT


• χc1,2	states	
• X, Y, Z charmonium-like states  (e.g. X(3872))

Unique low material budget and low-pT coverage

• Thermal radiation

• Chiral symmetry restoration: modification of !, a1 


• Quantum statistics effects

• Condensate physics

• Soft Theorems

B	=	0.2	Tesla	

Tracking efficiency
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Outline
‣ ITS2 (LHC LS2, i.e. now)


- Detector layout

- ALPIDE chip

- Highlights from commissioning
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TDR Commissioning

Idea Prototypes‣ ITS3 (LHC LS3, i.e. soon) 

- Detector concept + predicted 

performance

- R&D on bent MAPS

‣ ALICE 3 (LHC Run 5+)

- Future Heavy-Ion experiment at LHC

- Full-silicon detector



ALICE
Detector and main goals
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‣ Study of QGP in heavy-ion collisions at LHC

- i.e. up to O(10k) particles to be tracked in 

a single event


‣ Reconstruction of charm and beauty hadrons


‣ Interest in low momentum (≲1 GeV/c) particle 
reconstruction



ALICE today
LS2 upgrades with MAPS
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6 layers: 
  2 hybrid silicon pixel

  2 silicon drift

  2 silicon strip

Inner-most layer: 
  radial distance: 39 mm

  material: X/X0 = 1.14%

  pitch: 50 ⨉ 425 μm²

rate capability: 1 kHz

7 layers: 
  all MAPS 

Inner-most layer: 
  radial distance: 23 mm

  material: X/X0 = 0.3%

  pitch: O(30 ⨉ 30 μm²)

rate capability: 100 kHz (Pb-Pb)

LS2

Inner Tracking System

Muon Forward Tracker

new detector 

5 discs, double sided: 
  based on same technology as ITS 

ITS2

MFT



ITS2
Overview of the detector
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Layout

Inner Barrel (IB)

Outer Barrel (OB)
27 cm

40 cm

147 cm

3 Inner Layers: 12+16+20 Staves 
  1 Module / Stave 

9 sensors per Module 

96 Modules to be produced 
(2 Inner Barrels + spares)

2 Middle Layers: 30+24 Staves 
  2⨉4 Modules / Stave 
2 Outer Layers: 42+48 Staves 
  2⨉7 Modules / Stave 

2⨉7 sensors / Module 
(Middle and Outer Layers are 
equipped with the same Module 
Type) 

1880 Modules to be produced 
(including spares)

Flexible PCB

9 sensors

Cold Plate

Space Frame

Total: 
- 24k chips 
- 10 m2 
- 12.5 GPixel 
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Good news: it was all built, assembled and tested!



3cm

1.5cm

524 288 pixelsALPIDE
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ALPIDE
Technology

‣ Process: TowerJazz 180 nm CIS

- deep p-well to allow CMOS circuitry inside 

matrix

- reverse-substrate bias


‣ Detection layer: 25 μm high-resistive (>1 kΩcm) 
epitaxial layer


‣ Thickness: 100 μm (OB) or 50 μm (IB)
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ALPIDE
functionality

‣ In-pixel circuitry

- continuously active, low-power (40 nW) front-

end

- 3-level multiple-event memory

- masking and analog+digital testing circuitry 

(each pixel)


‣ Column readout 
- priority encoder, asynchronous, hit-driven


‣ Periphery 
- event handling (global shutter)

- data transmission, directly drives 8 m-long 

cables
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O(200) transistors/
pixel 

(wrt. traditional 
3T/4T 

arrangements)

2 ALPIDE data sheet

2.1 Block diagrams

A general block diagram of the ALPIDE chip is given in Fig. 2.1.

A block diagram including details on the internal structures, module and peripheral hard
blocks is given in Fig. 2.2.

16 double columns

32 readout regions

Matrix

Region Readout (1)
128x24b DPRAM

RR (2) RR (3) RR (32)

Chip Data Formatting

Module Data Management

Readout 
Sequencing

Control Bus 
Logic

Configuration 
Registers

Pixels Config8b DACs

11b ADC

Differential 
Control Port
(40 Mbps)

Single 
Ended 
Control Port

Bandgap +
Temp Sens Parallel Data Port 

(4×80 Mbps) 

Serial Data Transmission

PLL Serializer

Serial Out Port
(1200 Mbps / 
400 Mbps) 

24b×40MHz

24b×40MHz

8b/10b

30b×40MHz

32:1 DATA MUX

Triggers

Figure 2.1: ALPIDE chip block diagram.

2.2 Interface signals

The main functional I/Os of the ALPIDE chip are listed in Table 2.1. Figure 2.3 shows the
pinout of the chip with the locations of the pads.

The CMOS I/Os are 1.8 V compatible. Two types of CMOS I/O pad cells are used in
ALPIDE: one has an internal pull-up resistor and one an internal pull-down resistor. The
internal resistors are always connected to the pad. The driving strengths of the two cells are
equal and fixed. The pad cells are tri-state capable and their drivers can be turned o↵ and
placed in a high-impedance mode depending on configuration and conditions. The internal
pull-up or pull-down resistors remain connected and active in the high-impedance state.

The MCLK, DCTRL ans DCLK di↵erential ports are implemented with a custom designed
di↵erential transceiver block. This has been designed with reference to standard TIA/EIA-
899 Electrical Characteristics of Multipoint-Low-Voltage Di↵erential Signaling (M-LVDS)1.

1 See Texas Instrument Application Report SLLA108A
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}
This marks a new level of integration density for MAPS



ITS2 commissioning
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ITS2 commissioning
Cosmics
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One layer: 
one week of data taking



ITS2 commissioning
Cosmics (2)
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3 layers: 
real time!



ITS2 commissioning
(No) noise / fake-hit rate

‣ This is the real rate measured on-
detector, including final services


‣ Essentially, apart from a hand-full 
pixels per chip, the detector is noise-
free 

‣ Biggest contributor are cosmic rays 
(which were not excluded here)
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Excellent on-detector performance! Looking forward to recording collisions!



ITS3 — the golden detector
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ITS2 inner barrel

‣ ITS2 will already have unprecedented performance


‣ The Inner Barrel is ultra-light but rather packed → further improvements seem possible


‣ Key questions: Can we get closer to the IP? Can we reduce the material further?
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ITS2: global layout

27 cm

40 cm

147 cm

ITS2: assembled three inner-most half-layers



Motivation for ITS3
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‣ Observations:

- Si makes only 1/7th of total material

- irregularities due to support/

cooling
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‣ Observations:

- Si makes only 1/7th of total material

- irregularities due to support/

cooling

‣ Removal of water cooling

- possible if power consumption 

stays below 20 mW/cm2
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‣ Removal of the circuit board 
(power+data)

- possible if integrated on chip
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ITS3
detector concept
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‣ Key ingredients:

- 300 mm wafer-scale chips, fabricated 

using stitching

- thinned down to 20-40 μm (0.02-0.04% 

X0), making them flexible

- bent to the target radii

- mechanically hold in place by carbon 

foam ribs


‣ Key benefits:

- extremely low material budget: 

0.02-0.04% X0 
(beampipe: 500 μm Be: 0.14% X0)


- homogeneous material distribution: 
essentially zero systematic error from 
material distribution

open-cell carbon 

foam spacers

truly cylindrical 
detection layers

The whole detector will comprise six (!) chips – and barely anything else



Performance figures
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pointing resolution

improvement of factor 2 over all momenta

tracking efficiency

large improvement for low transverse momenta
[ALICE-PUBLIC-2018-013]



R&D on bent MAPS
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50 μm-thick ALPIDE



Bending ALPIDE
in a scientifically controlled way

‣ ALPIDE bends pretty much according to text book values for Si

- CMOS metal stack (~11 μm) seems not to influence this


‣ Bending force goes inversely with the third power of thickness
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y = 0,1451x - 3E-06
R² = 0,9965

0,000

0,500

1,000

1,500

2,000

2,500

3,000

3,500

0 5 10 15 20 25

Di
sp

l. 
[m

m
]

Force [gf]

Preliminary

Preliminary

Liniowa (Preliminary)

di
sp

la
ce

m
en

t (
m

m
)

force (grams)



Bending ALPIDE
example
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50 μm-thick ALPIDE

R = 18 mm jig

tension wire
100 μm-thick Kapton



Bending of wafer-scale chips
example
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50 μm-thick dummy silicon, 
full inner-layer size

Mylar foil

R = 30 mm mandrell



Testbeam
setup

‣ Second beam in August 
2020


‣ This time bent in the 
perpendicular direction, i.e. 
bond on the curved part
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Testbeam
setup II

‣ They work!


‣ Very interesting geometries are 
becoming possible


‣ Data look beautiful


‣ Analysis ongoing
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hitmap

double-crossing grazing

“ordinary”



Testbeam
results
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The chips just continue to work!
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ALICE 3
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Concept
a thin, light, fast all-silicon tracking & PID detector

high luminosity with smaller ions (Ar)

Heavy-flavour and quarkonia

• Multiply Heavy Flavoured hadrons: Ξcc, Ωcc, Ωccc


• Ultimate precision on B mesons at low pT


• χc1,2	states	
• X, Y, Z charmonium-like states  (e.g. X(3872))

Unique low material budget and low-pT coverage

• Thermal radiation
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Tracking efficiency
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ALICE 3
glimpse into the further future

‣ Tracking

- ~10 layers (blue, yellow, green) based on MAPS


‣ Particle identification

- Time-of-Flight layers (orange) in central barrel based on silicon timing sensors

- Pre-Shower Detector (outermost blue) based on dense material and MAPS
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‣ ALICE plans the next-generation heavy-
ion experiment

- targeting LHC Run 5 and beyond


‣ Based on an entirely new, compact 
detector fully based on silicon 
technology(-ies)



Summary
‣ ALICE ITS2 is the first really large-scale (O(10 m2)) application of MAPS in HEP


- the detector is fully built and ready for installation

- commissioning results verify excellent system-level performance


‣ The development of ALPIDE marks a new generation of MAPS in terms of 
functionality and performance figures


‣ ALICE ITS3 will push the technology even further, approaching the massless 
detector

- R&D encouraged by LHCC in Sep 2019 and progressing at full steam

- just proved the feasibility of curved silicon detectors, marking the start of a new 

chapter of silicon-detector designs


‣ Silicon detectors, and MAPS in particular, can take full advantage of semiconductor 
industry, making large-scale (not only “inner”) tracking applications possible

- ALICE 3 is based on full-silicon tracker
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!ank you!


