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ITS upgrade :
Overview, challenges and production status
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Outline

   A.  The basic tool (MAPS… for ALICE)

   B.  Where we want to go (foreseen physics performances)

   C.  How we plan to go there (friendly facts and challenges)

   D.  Where we are (production status)
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Part A – the basic tool
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CMOS pixel sensor →

I.1 – Pixel detectors : Monolithic Active vs Hybrid techno.

Hybrid pixel sensor →

Hybrid pixel sensor CMOS pixel sensor

Advantages :
- thinner
- smaller pixel size accessible
- lower power consumption
- cheaper
- .

Advantages :
- faster readout
- better radiation-hardness
- .
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I.2 – Pixel detectors : ALPIDE chip

ALPIDE – 3D and 2D views of 2x2 pixels

(Here, in the 50-µm-thick version.)

Sensor using 
TowerJazz 0.18µm CMOS Imaging Process
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I.3 – Pixel detectors : ALICE upgrade ITS, first figures

TDR ITS Upgrade 
- CERN-LHCC-2013-024

Beam pipe : Rupgrade1.72 cm •

•  7 pixel-only layers 
•  12.6 x109 pixels, 
•  ~ 10 m² in total
•  13.6 x106 CHF

(0.18-μm CMOS
 technology 
by TowerJazz)

RAVG(uITS, Layer 0) 
   = 2.34cm  •

• Beam pipe : 
     Rcurrent = 2.9 cm

RAVG(SPD, Layer 0)  •
   = 3.9 cm

Current ITS

upgraded ITS

•  Chip = 1.5 x 3 cm²
•  Pixel size = 29x27 µm² 

(current SPD : 50 x 425 µm²)

Note :
No dE/dx information, 

     binary pixel readout “0/1”

Unlike current SDD, SSD.

SPixelD x2
 R =3,9 / 7,6 cm

SDriftD x2
  R = 15 / 24 cm

SStripD x2
  R = 38  / 43 cm

http://cds.cern.ch/record/1625842
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Stefania Beolè, Vertex 2016

I.4 – Pixel detectors : ITS (expected) facts and figures

in-pixel discriminators 
+ in-matrix address encoder 
with asynchronous 
sparsified readout.
• 

→ “triggerless” readout 50 kHz Min Bias Pb-Pb + a few 100 kHz  pp collisions  
// presently ~1 kHz

Note :
upgraded ITS 
 ~x102 faster than SDD 

(~ 1 000 µs)
but slower than SPD 

(0.1 µs/0.3 µs) 

→ tracking will rely 
on space “+time” info

https://indico.cern.ch/event/452781/contributions/2297487/
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Part B – Where we want to go
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II.1 – Run-III (2021-.) physics : ITS perf.

Fig 7.12

Chapter 7 - « Detector Performance »,
TDR ITS Upgrade - CERN-LHCC-2013-024

~x6 ~x5 in z
~x3 in xy

ITS stand-alone

ITS+TPC combined

Fig 1.1

NB : “+TPC” .
some hypotheses done
i.e.  TPC perf. run III ≈ TPC run I

(= goal of TPC upgrade)

http://cds.cern.ch/record/1625842
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PhD, Felix Reidt, Heidelberg
CERN-THESIS-2016-033

II.2 – Run-III (2021-.) physics : example, D meson in Pb-Pb

i.e. Significance for L
int

=10 nb-1 = 8.109 evts :    •

~50 for p
T
<1 GeV/c, ~103 at high p

T
 .

(~100 for D*+,  ~50 for DS
+)

NB : better control on systematics
   - ease signal extraction (S/B, pT resolution.)
   - bigger data sample to play with
   - feed-down correction more straightforwardRejection of combinatorial background :

≈ 5-10x (≈ 2x for DS
+)

http://cds.cern.ch/record/2151986
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II.3 – Run-III (2021-.) physics : example, B+ in Pb-Pb

Hypotheses :

•  ITSu+TPC tracking
•  TPC PID for e± / TPC+TOF for K+

NB : Stat uncert.  ⇔  8x109 events, 10 nb-1
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II.4 – Run-III (2021-.) physics : physics-case summary table

TDR ITS Upgrade 
   - CERN-LHCC-2013-024

    Run I+II
= 1 nb-1 MB Pb-Pb delivered
→ 0,1 nb-1 recorded

Run III
= 10 nb-1 MB Pb-Pb delivered
→ 10 nb-1 recorded

Tab 8.6

http://cds.cern.ch/record/1625842
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Part C – How we plan to go there.
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III.1 – ITS friendly facts : material budget

ITS Runs I+II

SPD, SDD, SSD
6 layers

• x/X0 (per layer) ≥ 1.1%
→ x/X0 (ITS) ~ 7.4%

Single technology : CMOS (ALPIDE)
7 layers

• IB, Layer 0,1,2 :   x/X0(per layer) ~0.3%
• OB, Layer 3,4,5,6 : x/X0(per layer) ~0.8%

→ x/X0 (ITS) ~ 6.9%

ITS upgrade Run III

NB : 50-µm thick IB 
/ 100-µm thick OB, 

not of big impact +0.1%/layer
Plots courtesy 
B. Hippolyte
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TDR ITS Upgrade 
- CERN-LHCC-2013-024

Tab 1.1

III.2 – ITS friendly facts : η coverage

• η coverage for outer layers 
larger than current ITS !

To be compared with :
•  SPD, Layer 0 :  | η | < 1.95
•  SPD, Layer 1 : | η | < 1.4
•  SDD+SSD : | η | < 0.9
•  TPC : | η | < 0.9

http://cds.cern.ch/record/1625842
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Fig 4.12

TDR ITS Upgrade 
- CERN-LHCC-2013-024

Tab 1.1

IV.1 – ITS challenges : sagging

• η coverage for outer layers 
larger than current ITS !

1,5m-long staves for Layers 5+6 •
200g = mass of HIC

+power bus
+coldplate

→ Predicted sagitta ~45-80 µm 
// Cluster precision ~5 µm

→ 1st natural frequency >50 Hz 
// Vibrations from cooling .

http://cds.cern.ch/record/1625842
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IV.2 – ITS challenges : CPU used for tracking

Iouri Belikov, Quarks 2016, arXiv:1607.01171
ALICE internal : https://aliceinfo.cern.ch/node/27132

https://arxiv.org/abs/1607.01171
https://aliceinfo.cern.ch/node/27132
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IV.3 – ITS challenges : pile-up

Iouri Belikov, Quarks 2016, arXiv:1607.01171
ALICE internal : https://aliceinfo.cern.ch/node/27132

https://arxiv.org/abs/1607.01171
https://aliceinfo.cern.ch/node/27132
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IV.4 – ITS challenges : 9.4 m².

TDR ITS Upgrade 
- CERN-LHCC-2013-024Tab 1.1

0.4 % / 0.6% / 0.7% || 11%  / 14%  / 34%  / 39%
Percentage of the active surface

~9.4 m² of surface to be equipped
→  “industrial” production

with 73% of active surface for the last 2 layers

Where things could go wrong :

1/ Produce raw wafers
2/ Do wafer QA
3/ CMOS manufacturing of the wafers
4/ Thinning
5/ Dicing
6/ QA chips
  → chips ready to be assembled

1/ Pick & place
2/ Glue chip on Flexible Printed Circuit
3/ Wire bond 25-µm Al wire
4/ QA modules
  → modules ready for stave mounting

.

http://cds.cern.ch/record/1625842
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Part D – Where we are.
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V.1 – Chip performance : irradiated chips / efficiency, fake hits

Full-scale ALPIDE prototype (pALPIDE3, i.e. version (n-1) proto) mounted on a telescope
= Final pixel layout and front-end circuit selected

• Test beam Campaigns : 
PS (CERN),   BTF (Frascati),   DESY (Hamburg),  Pohang (Korea),   SLRI (Thailand) 

→ Radiation effects visible
→ Large operational margin maintained after NIEL and TID irradiation

Stefania Beolè, Vertex 2016

https://indico.cern.ch/event/452781/contributions/2297487/
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V.2 – Chip performance : irradiated chips / spatial resol°

→ Spatial resolution stay within 5µm, even after irradiation

Full-scale ALPIDE prototype (pALPIDE3, i.e. version (n-1) proto) mounted on a telescope
= Final pixel layout and front-end circuit selected

Note : 
Ongoing chip response implementation, f(incident angle, incident position, βγ)

Stefania Beolè, Vertex 2016

https://indico.cern.ch/event/452781/contributions/2297487/
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V.3 – Chip performance : final ALPIDE, first tests

Full-scale ALPIDE prototype (ALPIDE, i.e. pre-prod final version) mounted on a telescope

First batches of pre-production wafers delivered.
Many tests ongoing (readout, DAQ, irradiation, beam tests .)

Beam test (CERN PS)
16-17 sept 2016

Beware : 
only preliminary results !

Note :

“≈ 9 pixels masked .”
out of 1024 x 512 = 524 288 pixels per chip
   → ~ 2.10-5 fraction of (continuously) noisy pixel/chip to mask a priori

Stefania Beolè, Vertex 2016

https://indico.cern.ch/event/452781/contributions/2297487/
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VI.0 – ITS project : “(half)-stave of modules of chips”

1 module 
  = 9 chips in a raw, 
  ≈ 1.5 cm x 27 cm
directly put on stave

Inner Barrel 

Outer Barrel 

1 module = 2x7 chips
≈ 3 cm x 21 cm ,

Then, up to 7 modules to build half-stave

Chip ≈1.5 x 3 cm²
~65 glue spots
46 double wire bonds
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VI.1 – ITS project : production organisation

Stefania Beolè, Vertex 2016

https://indico.cern.ch/event/452781/contributions/2297487/
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VI.2 – ITS project : placing + bonding

2. Electrical interconnection 
(wire bonding)

e.g.  provider : Delvotec (Germany)
model :    G5

Bonds per module 
 = 2 bonds/pad x 46 pads/chip x 14 chip
 = 92 bonds/chip x 14 chips
= 1288 bonds/module

1. Automated Module Assembly MAM-ALICIA (custom-made machine) 

Provider : IBS (Netherlands)

Delivery schedule : 
Fabric Acceptance Test + Site Acceptance Test
Done for CERN (May 2016)
+ tbd for 5 more machines before Dec 2016

(Bari, Pusan, Strasbourg, Wuhan, Liverpool)
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VI.3 – ITS project : production status and timeline

HIC mi-2016 – mi-2017
Stave Fall 2017 – Summer 2018

 ✔ Engineering 
Design Review 

✔Final design
ALPIDE

☞ Production Readiness Review

✔LHCC “in-depth” review

 ✔ Chip pre-series run (Apr.- July 2016)
 + validation final chip, ongoing

Series production (~25 wafers/week), Nov. 2016 - Oct. 2017
Module production

Stave production
Global stave assembly

☞ Installation in the cavern

Commissionning (surface)
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Conclusions and Prospects

Conclusions :
• ITS renewal
• with specific physics points
• only pixels, over 7 layers

Prospects :
We are about to produce 
ITS+MFT.
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Appendices
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A.1 – Pixel detectors : features, expmt by expmt

Courtesy Jérôme Baudot,
Séminaires IPHC, jan 2015

https://indico.in2p3.fr/event/10909/
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B.2 – ALICE uITS : ALPIDE chip design

Stefania Beolè, Vertex 2016
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B.3 – ALICE uITS : material budget, layer per layer

Fig 4.3 -
   Inner Barrel

Chapter 7 - « Detector Performance »,
TDR ITS Upgrade - CERN-LHCC-2013-024

Fig 4.6 -
   Outer Barrel

Courtesy B. Hippolyte

https://indico.cern.ch/event/452781/contributions/2297487/
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B.4 – ALICE uITS : mechanics aiming at “fast” insertion

Stefania Beolè, Vertex 2016

http://cds.cern.ch/record/1625842
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C.1 – Run-III detectors : TDRs

https://indico.cern.ch/event/452781/contributions/2297487/
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C.2 – Run-III detectors : TPC

ALICE, TPC upgrade
CERN-LHCC-2013-020
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C.3 – Run-III detectors : TPC distortions

ALICE, TPC upgrade
CERN-LHCC-2013-020

https://cds.cern.ch/record/1622286
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