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‣ALICE ITS2 + motivation to go further
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‣ ALICE had a very 
successful ITS in 
Run1+Run2


‣ ALICE will get a novel 
MAPS-based ITS2 in LS2 
(i.e. right now), see:

- Jian Liu: “The Inner Tracking System 

upgrade for ALICE”


‣ This upgrade aims at 
replacing the inner-most 
part of ITS2 with an even 
better detector

ALICE in Run3 (LS2-LS3)
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ITS2 commissioning
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ITS2 Inner Barrel
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ITS2 overview

‣ ITS2 will already have unprecedented performance


‣ The Inner Barrel is ultralight but rather packed → further improvements seem possible


‣ Key questions: Can we get closer to the IP? Can we reduce the material?
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ITS2 layout Layer 2 (20 staves)Inner barrel



Material budget
‣ Observations:


- Si makes only 1/7th of total 
material


- irregularities due to support/
cooling
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‣ Removal of water cooling

- possible if power consumption 

stays below 20mW/cm2
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‣ Removal of the circuit board 
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- possible if integrated on chip
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‣ Removal of water cooling

- possible if power consumption 
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‣ Removal of the circuit board 
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- possible if integrated on chip

‣ Removal of mechanical support

- benefit from increased stiffness by 

rolling Si wafers
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‣ITS3 layout and integration
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Layout
‣ New beam pipe:


- “old” radius/thickness: 18.2/0.8 mm 

- new radius/thickness: 16.0/0.5 mm 


‣ Extremely low material budget:

- Beam pipe thickness: 500 μm 

(0.14% X0)

- Sensor thickness: 20-40 μm 

(0.02-0.04% X0) 


‣ Material homogeneously distributed:

- essentially zero systematic error 

from material distribution
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Integration

‣ Possible layout based on air-cooling


‣ Sensors held in place with low-density 
carbon foam 


‣ Fixation into the experiment by surrounding 
support structure, as well as at both ends


‣ Cooling at the extremities (chip peripheries)
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Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beam pipe.

Figure 8: Layout of the ITS3 Inner Barrel. Two end-wheels and the CYSS provide precise
position of the detector relative to the beampipe. On the C-side, the cables first exit from the
C-side End-Wheel, then they are folded to the outside of the CYSS and routed towards the
A-side.

the baseplate, brings it in position on the carbon foam spacers inside the CYSS. A thin layer
of glue, at the interface, provides the mechanical fixation of the half-layer. The two spacers,
positioned at the two edges of the half layer, provide the fixation interface for the 5mm wide
area at the chip edge, where the mechanical and the electrical connection to the FPC are made .
A second set of spacers is then glued to the internal surface of the half-layer 2. The same proce-
dure is then repeated for half-layers 1 and 0, respectively, using their corresponding cylindrical
vacuum chucks and carbon foam spacers with the appropriate curvature radii.

The main layout and geometrical parameters of the ITS3 Inner Barrel are summarized in Tab. 1

10

open-cell carbon 

foam spacers



Integration (2)

‣ Simply replaces the “old” Inner Barrel, reuses services (power, readout, cooling)


‣ Remaining ITS2 stays in place as is
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‣R&D topics (selection)
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Wafer-scale chip
‣ Chip size is traditionally limited by 

CMOS manufacturing (“reticle size”)

- typical sizes of few cm2

- modules are tiled with chips 

connected to a flexible printed 
circuit board
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Stave design

FPC (power+data)

ALPIDE chips

support + cooling
FPC + chips

27 cm

200 mm ALPIDE prototype waferPrinciple of photolithography



Wafer-scale chip
‣ Chip size is traditionally limited by 

CMOS manufacturing (“reticle size”)

- typical sizes of few cm2

- modules are tiled with chips 

connected to a flexible printed 
circuit board

‣ New option: stitching, i.e. aligned 
exposures of a reticle to produce 
larger circuits

- actively used in industry

- a 300 mm wafer can house a chip 

to equip a full half-layer

- requires dedicated chip design
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Courtesy: R. Turchetta, Rutherford Appleton Laboratory

Wafer-scale sensor

14 c
m

200 mm ALPIDE prototype waferPrinciple of photolithography



Wafer-scale chip (2)

‣ Starting from ALPIDE architecture


‣ Porting to 65 nm technology node

- smaller pixels

- larger wafers (300 mm instead of 200 mm)


‣ Basic building block of 15 mm height

- to be repeated n times in vertical direction 

to obtain the sizes needed per layer
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half-layer of the Inner Barrel.

The large sensor will be thinned to values of about 20–40 µm, which correspond to a radiation
thickness of 0.2–0.4 o/oo X0, and its surface finished with plasma polishing to release mechani-
cal stress. The possibility to bend and operate ultra-thin sensors to a curvature radius of about
20 mm seems very promising [10], opening the way to the construction of a silicon-only cylin-
drical layer.

Figure 6: Diagram of stitched sensor in one direction (horizontal and vertical dimensions not to
scale). Stitching in the vertical direction is also possible.

2.3.1 CMOS TECHNOLOGY OPTIONS

The baseline technology for the development of the proposed sensor is the 65 nm CMOS pro-
cess of Tower Semiconductor, which offers a number of advantages with respect to the 180 nm
process used for the development of ALPIDE:

• The process, which uses wafers that are 300 mm in diameter, allows the realization of
the entire half-cylinder as a single chip. On the other hand, the 180 nm process uses
wafers that are 200 mm in diameter. In this case, each half-cylinder would need to be
further segmented in the longitudinal direction (at z = 0) in two halves (quarter-cylinders),
with each quarter-cylinder realized as a single chip. This would not only complicate the
mechanical and electrical integration, but also increase the material budget as it would
require electrical interconnections (i.e. a flexible printed circuit board) to the second chip.

• Owing to the smaller feature size of the transistors, the pixel pitch can be reduced by a
factor larger than two. This allows a significant reduction of the charge collection time
and also a better position resolution.

The 180 nm is the fall-back option in the unlikely case the 65 nm would turn out to be too
sensitive to radiation damage or inadequate for the realization of pixel sensors. Generic and
specific R&D is planned to address this in the initial phase of the project (see Sec. 6.1).

The 180 nm fall-back option is estimated to be slightly cheaper. The 65 nm option, however,
will not only allow a simplification of detector layout and assembly, but will also enable the
realization of a circuit with significantly enhanced performance, especially in terms of time
resolution and of rate capabilities. This will certainly be beneficial also in terms of synergies
with other projects and applications.

9

Possible architecture



Thinning and bending silicon

‣ CMOS sensors are already very thin

- ALPIDE is 50 µm thick

- it uses an epitaxial layer of 25 µm as sensing layer, 

i.e. 50% of volume is active

- thinner (18, 20 µm) epitaxial layers were also tried 

and yield similar performances


‣ Realistically heights of ≈ 30-40 µm are already possible 

- The 65 nm process has even thinner metal stack

- smaller pixels would likely allow for even thinner epi-

layers 


‣ Below 50 µm, Si wafers become flexible, “paper-like”
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schematic cross-section of ALPIDE



Thinning and bending silicon (2)
‣ Bending Si wafers and circuits is generally possible and done in industry


‣ Radii much smaller than our needs have been achieved


‣ Results can depend on circuitry


- Demonstration with ALPIDE wafers under way


‣ Interconnection options to be studied

M. Mager | ITS3 | TREDI 2020 | 18.02.2020 | 17

D
.A. van den Ende et al., M

icroelectronics 
R

eliability, vol. 54, pp. 2860-2870, 2014 
http://dx.doi.org/10.1016/j.m

icrorel.2014.07.125

Silicon Genesis: 20 micron thick wafer

Chipworks: 30µm-thick RF-SOI CMOS



First trials with ALPIDE
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“Standard”, 50 μm thick ALPIDEs as used for the ITS2 IB, are already quite flexible!



First trials with ALPIDE (2)
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“Office supply” material as motivation for more appropriate mechanics



First trials with ALPIDE (3)
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More adequate tools are being prepared



First trials with ALPIDE (4)
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Sketch of how ALPIDEs could be bent based on existing test systems



First trials with ALPIDE (4)

M. Mager | ITS3 | TREDI 2020 | 18.02.2020 | 21

bond pads

Sketch of how ALPIDEs could be bent based on existing test systems



First trials with ALPIDE (4)

M. Mager | ITS3 | TREDI 2020 | 18.02.2020 | 21

bond pads

Sketch of how ALPIDEs could be bent based on existing test systems



First trials with ALPIDE (4)
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bond pads

by PowerPoint CAD™

Sketch of how ALPIDEs could be bent based on existing test systems



First trials with ALPIDE (5)
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… mechanically this works! electrical tests underway
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Interconnection
‣ Different concepts under study


- main question: bond or bend first?


‣ Possibly different options for final integration and sensor R&D
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R&D examples

SpTAB bonding then bending Wire bonding on cylindrical bonding jig



‣Perfomance projections
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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]



Impact on physics

‣Low-mass di-electrons 
- Less conversions (x 1/3), one of the main “soft” backgrounds

- Better low-pT standalone efficiency to reconstruct and reject 

conversions

- Better precision to reject or subtract conversion and charm-decay 

electrons (displaced)


‣ Heavy flavour in particular those with small cτ (Λc ≈ 60 µm, Ds ≈ 150 µm)

- Better precision to separate secondary vertex

- Increased efficiency also helps in multi-prong decays
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Lambda-c (Λc)
‣ Analysis difficult due to large 

combinatorial background:


- O(10k) charged particles in a 
central Pb-Pb collision


‣ Discrimination of background via:


- Particle identification (relatively 
low yield of protons and Kaons 
wrt. pions)


- Topology: cut on DCA of single 
tracks (before making the 
combinations) and decay vertex 
position (needs combinations) 
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schematic view of a Λc decay



Lambda-c (Λc) (2)

‣ Large improvement of S/B + significance due to better separation power of secondary 
decay vertex (Λc ≈ 60 µm)


‣ Allows for precision measurements over a wide pT range
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There is much more
‣Beauty baryon Λb 

- b quark recombination in QGP?

- Λb → Λcπ

- Limited to pT > 4 GeV/c with ITS2

- Expected improvement from better Λc S/B


‣Charm-strange baryons 
- Interplay of c recombination and s 

“enhancement” in QGP

- Ξc (cτ ≈ 80 μm) → pKπ, Ξp

- Ωc (cτ ≈ 130 μm) → Ωp


‣Non-prompt Ds and Λc  
- From impact parameter fits of inclusive Ds 

and Λc 

- Give access to Bs and Λb

- Try Bs → Dsπ as well


‣c-deuteron search 
- Λcn bound state

- Would be the lightest hyper-nucleus with 

charm

- Statistical hadronisation model: 

dN/dy ≈ 104 with Lint=10 nb-1 Pb-Pb

- Similar cτ and decays as Λc: 

≈ 60 μm, → pKπ, → dK0S


‣Charm correlations and jets 
- DD correlations & c-tagged jets sensitive 

to details of charm energy loss 
mechanisms (radiative, collisional,…)


- Expect with improvement with ITS3 (short 
D0 decay length)


‣… many more under study
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‣R&D + Construction Timeline
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LHCC-139 (Sep 2019)



ITS3 R&D kickoff
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ITS3 R&D kickoff meeting (Dec 4th, 2019)



Project milestones

‣ EoI details milestones for all 
activities, grouped by:

- Sensor Chip

- Thinning and bending

- Mechanics and cooling

- Beam pipe


‣ R&D is ongoing


‣ TDR is foreseen for 2022
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6.1 Sensor

A total of five chip production runs are foreseen to complete the R&D for the pixel sensor.
They are listed in Tab. 3. The list is largely based on the experience gained from the successful
ALPIDE R&D program and takes into account both the new design aspects and the benefits
from already established methodologies and set-ups.

Table 3: Planned chip submissions.

Milestone Description Productiona Date

1
Technology test structures
single pixels, transistors, small memory cell array
for studying the radiation hardness of the technology

MPW Q4 2019

2 Pixel test vehicle
optimization of pixel and diode geometries MPW Q3 2020

3
Large area prototype
basic blocks: pixel matrix, periphery, output serial links
exercising of stitching different parts

ER Q4 2021

4 Full-scale prototype
prototype of final chip with all functionality ER Q4 2022

5 Final Chip
possible minor adjustments wrt milestone 4 ER Q4 2023

a MPW: multi-project wafer run, ER: engineering run

The motivations for the migration to a 65 nm process were already discussed in Sec. 2.3.1. This
technology will have to be verified in terms of radiation hardness and of pixel performance,
respectively. At the moderate fluxes and fluencies ALICE is operating, radiation hardness is not
expected to be an issue, nor does one expect the need of special mitigation beyond what was
already routinely applied to ALPIDE (e.g. triplication of logic for SEU-hardening). Therefore,
this part of the R&D is expected to be rather straightforward and will essentially consist of
designing and testing a standard test circuit (milestone 1 in Tab. 3). Like done in the past
with the 180 nm process, we also plan to extend this characterization to values beyond ALICE
requirements, which not only will provides us with enough safety-margin, but might also be
of interest for other applications with higher demands in this respect. Should the outcome of
the radiation or pixel performance tests be unsatisfactory, we plan to fall back to the 180 nm
process.

The reduction in pixel pitch by a factor of about two has the potential to significantly reduce
the charge collection time, and therefore to increase the radiation hardness, and to increase the
position resolution. To fully benefit from this, the precise geometry of the charge-collection
diode in the pixel needs to be optimized. A test vehicle chip (milestone 2 in Tab. 3), similar to
the one used for the development of ALPIDE, is foreseen for this purpose. At this stage we will
take the decision weather or not to continue the development using the 65 nm or to fall back to
180 nm process.

Stitching is a well-established process in CMOS manufacturing. It does, however, require to
follow specific design rules and guidelines, which are foreseen to be prototyped in a first engi-
neering run (milestone 3 in Tab. 3). At this stage, also all other circuits will be prototyped as

24

example: chip design

[ALICE-PUBLIC-2018-013]



Summary and Outlook
‣ ALICE is starting the R&D for a nearly massless, truly cylindrical, Si-only, wafer-

scale Inner Tracking System


‣ Unprecedented performance figures, especially for low-momentum particles, will 
largely increase the ALICE physics yield


‣ Needed technology is within reach 

‣ At its 139th meeting (Sep 2019), the LHCC endorsed the R&D with the goal of 
presenting the TDR in 2022  

‣ An intense R&D phase has just started and already gained momentum 

‣ Installation is foreseen for LS3
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Thank you!



‣Supplemental material
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Assembly procedure
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Air cooling

‣ air cooling possible from 
20 mW/cm2 (was indeed 
studied as option for ITS2)

‣ ALPIDE is already close: 
≈ 40 mW/cm2
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Air cooling

‣ air cooling possible from 
20 mW/cm2 (was indeed 
studied as option for ITS2)

‣ ALPIDE is already close: 
≈ 40 mW/cm2

‣ Actually, already largely 
sufficient if its periphery 
can be placed outside the 
fiducial volume
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… it was already done…

‣ Indeed “warpage” is omnipresent when 
working with thin sensors


‣ We accidentally produced curved 
ALPIDEs


‣ On chip and on wafer level
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beam pipe 
investment

Milestone summary
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Sensor
(submissions)

Thinning
Bending

Mechanics
Cooling

Beampipe

2019 2020 2021 2022 2023 2024

MPW1
65nm tech. test

MPW2
65nm pixel opt.

ER3
final chip

ER1
building blocks

stitching

ER2
full-scale

ALPIDE wafers
300mm 
dummy 
wafers

300mm 65nm 
prototype 

wafers
full-scale 
prototype

BM
material selection

EM
half-barrel

QM FM

market 
survey qualification 

samples

tender execution of 
contract pre-installation

MPW: multi-project wafer run, ER: engineering run, BM: breadboard module, EM: engineering module, QM: qualification module, FM: final module



Project milestones
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standalone parts for detailed characterization.

Eventually, we plan two engineering runs to arrive at the final chip (milestones 4 and 5 in
Tab. 3).

Table 4: Thinning and bending R&D.

Milestone Description Date

1

ALPIDE wafers
based on existing 200 mm ALPIDE wafers
characterization of mechanical stability
characterization of sensor performance

Q4 2020

2
300 mm dummy wafers
based on pad wafers (top metal only)
characterization of mechanical and thermal properties

Q1 2021

3

Wafers with large prototypes
using ER with larger arrays (milestone 3 of Tab. 3)
characterization of influence of realistic circuitry onto mechanical properties
beam tests

Q3 2022

4

Full-scale prototype
using full-scale prototype (milestone 4 of Tab. 3)
validation of mechanical, electrical, and detection properties
beam tests

Q3 2023

For the R&D related to thinning and bending of the wafer/chip to 20–40 µm, first tests will be
based on already existing ALPIDE wafers. After a first mechanical stability test, an electrical
verification of the detector performance using the current readout system will be carried out.
Finally, beam tests and irradiation tests are planned to rule out any loss in detector performance
in terms of detection efficiency or radiation hardness. These tests will be routinely repeated on
all new circuits (fabricated in 65 nm) as soon as they become available. A list of milestones is
summarized in Tab. 4.

6.2 Beampipe

A new beampipe with smaller outer diameter (OD= 33mm) and wall thickness (WT = 500µm)
is foreseen for the ITS3 upgrade. New studies will be launched to assess manufacturing feasi-
bility, structural, vacuum, aperture, impedance and other effects on the machine performance.

The machining of a thin-walled tubular segment (OD = 33mm; L = 500mm; WT = 500µm)
made of beryllium S-200-F presents technological challenges in terms of geometrical toler-
ances. In order to verify the feasibility of achieving the target straightness of 600 µm, multiple
machining trials are foreseen.

In particular, the design of the weld joints between beryllium and aluminum parts is critical.
It should follow the existing baseline with minimum wall thickness of 800 µm, which implies
a progressive increase of the thickness on the beryllium part from 500 µm to 800 µm. This
increase should apply over a sufficient length before the weld joint to prevent distortions of
the geometry due to thermal stresses induced by the welding process. The applied welding
technology should ensure low energy deposition within the weld zones (e.g. e-beam welding).

25

Table 6: Development of mechanics and cooling.

Milestone Description Date

1

Breadboard Module (BM)
selection of carbon materials based on structural and thermal properties
production of samples for material characterization
development of FE and CFD models for structural and thermal simulations

Q2 2020

2

Engineering Module (EM)
production of one half-layer with dummy chips
thermal and dynamic stability tests (including wind tunnel)
development of half-barrel assembly procedures and jigs
production of first half-barrel with dummy chips
thermal and dynamic stability tests (including wind tunnel)
drawings, FE and CFD analysis reports

Q1 2022

3

Qualification Module (QM)
production of two half-barrels with prototype chips
thermal and dynamic stability tests (including wind tunnel)
electrical functional test
final assembly and test procedures, technical specifications and drawings

Q4 2023

4
Final Module (FM)
production of four half-barrels with final chips
electrical and mechanical acceptance tests

Q4 2024

The CFD analysis will be used to simulate the forced air flow between layers and guide the
design of the carbon-foam heat exchanger rings for optimum thermal management. Different
carbon foams with best thermal properties and low pressure drop, as well as different configu-
rations of fin patterns will be analyzed. Their shape will be optimized to reduce impedance and
to achieve the best flow distribution and the optimum flow direction. The definition of a correct
CFD model will require experimental tests, aiming at measuring the heat transfer and pressure
drop across different samples of porous carbon foam.

Both the thermal and the vibrational behavior of the detector under a gas flow will be tested in a
benchtop wind tunnel. As first step in the validation of the gas cooling solution, the behavior of
a single curved silicon half-layer will be tested under the action of a gas cooling stream in the
wind-tunnel. Eventually, a thermal-mechanical mock-up of the vertex detector, with the three
layers, will be built and tested.

In order to evaluate the influence of the gas cooling on the mechanical stability of the ITS3
layers, the amplitude of the out-of-plane vibrations of the half-layers will be measured in the
wind tunnel. The results will serve as feedback to tune the design to achieve the best stability.

A summary of development milestones for mechanics and cooling is given in Tab. 6.

6.5 R&D Milestone Summary

Table 7 summarizes the key R&D milestones, leading to the preparation of the Technical Design
Report in 2022, which marks the start of the construction phase.
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Table 5: Beampipe qualification, procurement and installation.

Milestone Description Date

1

Market survey
preparation of beampipe technical specifications
definition of technical and commercial criteria for the selection of suppliers
preparation of technical specifications for the qualification samplesa

selection of candidate supplier

Q1 2021

2
Evaluation of candidate suppliers
production of qualification samples (by candidate suppliers)
evaluation of qualification samples (by CERN)

Q2 2021

3
Tender
preparation of technical specification document
invitation to tender

Q4 2021

4
Execution of contract
R&D phase (until Q2 2022)
production

Q4 2023

5 Pre-installation phase (CERN)
Acceptance and post production activities Q2 2024

a Details on the qualifications samples are given in the text.

The leak tightness of the central vacuum chamber (10�10 mbar · l/s) is a critical parameter to
ensure safe operation of both the ALICE experiment and the LHC machine. Here, the reduction
of wall-thickness to 500 µm increases the risk of through-bulk leaks into the beam vacuum.
This risk is already present with the existing 800 µm-design due to fact that the beryllium raw
material is processed from powder (hot-isostatic-pressing or vacuum-hot-pressing). Risk of
voids and/or porosity is therefore always present and possibilities of effective mitigation for
segments with 500 µm thickness are the subject of R&D.

The NEG Coating of the small aperture chambers with internal diameter down to 22 mm has
already been successfully demonstrated at CERN using Direct Current Cylindrical Magnetron
(DCCM) sputtering technology. The proposed 32 mm inner diameter of the beryllium part
should not present a limit for current technology of NEG deposition.

A detailed study of the aperture loss due to the proposed central part of the beampipe will
be performed. Preliminary computation shows that the new beampipe would still stay within
the target aperture, specified for bottlenecks in the ring, that are needed at injection. A more
detailed analysis including possible failure scenarios at injection and including a more thorough
estimate of manufacturing and installation tolerances is planned.

To conclude, the main R&D activities required to select the supplier of the beampipe and qualify
the manufacturing process are summarized in Tab. 5 and further explained below. The first
step will be a market survey to identify candidate suppliers. This will be done on the basis
of a technical questionnaire to assess the capabilities in terms of manufacturing processes and
quality assurance. The candidate suppliers that pass the first selection will be asked to produce
samples to demonstrate their capabilities to meet the design requirements:

• Samples for the development and for the optimization of the cleaning procedure;
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6.1 Sensor

A total of five chip production runs are foreseen to complete the R&D for the pixel sensor.
They are listed in Tab. 3. The list is largely based on the experience gained from the successful
ALPIDE R&D program and takes into account both the new design aspects and the benefits
from already established methodologies and set-ups.

Table 3: Planned chip submissions.

Milestone Description Productiona Date

1
Technology test structures
single pixels, transistors, small memory cell array
for studying the radiation hardness of the technology

MPW Q4 2019

2 Pixel test vehicle
optimization of pixel and diode geometries MPW Q3 2020

3
Large area prototype
basic blocks: pixel matrix, periphery, output serial links
exercising of stitching different parts

ER Q4 2021

4 Full-scale prototype
prototype of final chip with all functionality ER Q4 2022

5 Final Chip
possible minor adjustments wrt milestone 4 ER Q4 2023

a MPW: multi-project wafer run, ER: engineering run

The motivations for the migration to a 65 nm process were already discussed in Sec. 2.3.1. This
technology will have to be verified in terms of radiation hardness and of pixel performance,
respectively. At the moderate fluxes and fluencies ALICE is operating, radiation hardness is not
expected to be an issue, nor does one expect the need of special mitigation beyond what was
already routinely applied to ALPIDE (e.g. triplication of logic for SEU-hardening). Therefore,
this part of the R&D is expected to be rather straightforward and will essentially consist of
designing and testing a standard test circuit (milestone 1 in Tab. 3). Like done in the past
with the 180 nm process, we also plan to extend this characterization to values beyond ALICE
requirements, which not only will provides us with enough safety-margin, but might also be
of interest for other applications with higher demands in this respect. Should the outcome of
the radiation or pixel performance tests be unsatisfactory, we plan to fall back to the 180 nm
process.

The reduction in pixel pitch by a factor of about two has the potential to significantly reduce
the charge collection time, and therefore to increase the radiation hardness, and to increase the
position resolution. To fully benefit from this, the precise geometry of the charge-collection
diode in the pixel needs to be optimized. A test vehicle chip (milestone 2 in Tab. 3), similar to
the one used for the development of ALPIDE, is foreseen for this purpose. At this stage we will
take the decision weather or not to continue the development using the 65 nm or to fall back to
180 nm process.

Stitching is a well-established process in CMOS manufacturing. It does, however, require to
follow specific design rules and guidelines, which are foreseen to be prototyped in a first engi-
neering run (milestone 3 in Tab. 3). At this stage, also all other circuits will be prototyped as
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 CERN/LHCC-2019-010 
 LHCC-139 

  September 2019 

 
LARGE HADRON COLLIDER COMMITTEE 

Minutes of the one-hundredth-and-thirty-ninth meeting held on 

Wednesday and Thursday, 11-12 September 2019 

 

OPEN SESSION – STATUS REPORTS 
1. LHC Machine Status Report: Katy Foraz 

2. ALICE Status Report: Mohamad Tarhini 

3. ATLAS Status Report: Bogdan Malaescu 

4. CMS Status Report: Gaelle Boudoul 

5. LHCb Status Report: Mark Tobin 

6. RD42 Status Report: Harris Kagan 

7. RD50 Status Report: Michael Moll 

8. RD51 Status Report: Silvia Dalla Torre 

9. RD53 Status Report: Maurice Garcia-Sciveres 

 

CLOSED SESSION:  

Present:  H. Burkhardt, V. Beckmann, R. Calabrese, G. Casini, F. Di Lodovico, J. Dunlop, 
E. Elsen, E. Kajfasz, M. Krammer, P. Krizan, K. Krüger, M. Kuze, A. Kuzmin, 
M. Mangano, F. Moortgat, M. Morandin, P. Salabura, C. Sfienti (by vidyo), 
F. Simon (Chairperson), S. Smith, B. Panzer-Steindel, B. Petersen, D. Waters, 
T. Wengler (Scientific Secretary), H. Wilkens, W. Wisniewski  

Excused:  D. Glenzinzki 

 

1. Procedure 
The chairperson welcomed the committee members. The minutes of the previous session 
were already approved by email. The chair then introduced a more standardised labelling 
of the different types of meetings throughout an LHCC week and clarified the expected 
attendance. Looking ahead to the next session of the LHCC, the open session will be 
somewhat extended, with presentations from FASER and XSEN in addition to the usual 
reports. The CMS in-depth review will take place on the Monday of the next LHCC 
week, with Focus session still being planned for the Tuesday. 

 

2. Report from the Director of Research and Computing 
The Director of Research and Computing (DRC) reported on issues related to the 
European Strategy process, the LHC and CERN in general. The briefing book reporting 
on the recent strategy meetings and discussions will be shown to CERN Council in about 

– 4 – 

 

 

 

done) and since May 2019 a 24/7 commissioning of the whole system is under 
way. 

x Steady progress has been reported on the TPC upgrade. All MWPCs have been 
uninstalled, the A-side GEM installation has been completed and the C-side 
installation is ongoing. A TPC Sector test with final readout electronics and HV 
system is currently set up at P2. The committee is looking forward to first results 
from the TPC commissioning on the surface. 

x Good progress has been reported in all areas of the electronics upgrade. The 
tendering process for the production of CRUs in India was not successful, and the 
production of the corresponding cards needs to move to the European vendor. 

x The Muon System upgrade is progressing well, although there are still shifts in the 

schedule leading to a reduction of the contingency.  

x Good progress has been reported on the MFT upgrade: 70% of the ladders have 
been already produced and are undergoing qualification tests. Mechanics and 
services are well on track. 

x The FIT upgrade is also proceeding well: FT0C is now fully assembled, tested, 
and ready for integration. Delivery and tests of MCP-PMTs are almost completed. 
Assembly and commissioning of the whole detector is foreseen for the end of 
2019. The FV0 are also almost complete and will be assembled at CERN for the 
end of 2019 as well. 

x A new Forward Diffractive Detector (FDD) will also be installed as part of the 
FIT upgrade, consisting of two layers of four modules each of plastic detector 
readout via WLS and PMT. A preliminary schedule has been presented. An 
updated and a final time plan will be presented at the next LHCC. 

x Good progress has been reported in all three sub-projects of the O2 framework. 
The First Level Processor (FLP) procurement is underway with the first batch 
expected for acceptance tests in September 2019. Physics and Data Processing 
(PDP) is managed under a new structure, coupled more strongly to analysis. The 
vertical slice test has been delayed due to procurement delays. A separate system 
for continual benchmarking of code changes has been set up. Prototype options 
for the Event Processing Nodes (EPN) are under test. 

 

x The LHCC congratulates ALICE on its continuing rich physics output, and in 
particular on the progress made on its upgrade programme, with all projects 
progressing well and on schedule, and in preparing for Run 3. 

x The LHCC is impressed by the new concept for the ITS3 with significantly 
reduced material budget, recognises the physics case presented in the LoI and in 
the dedicated ITS3 session and appreciates the on-going simulations on various 
physics channels to further demonstrate the expected gain from better resolution 
and efficiency at low transverse momentum. The LHCC endorses the plan of 
ALICE to carry out the necessary R&D studies to demonstrate the technical 
feasibility of this upgrade project. A TDR to be submitted on a timescale 
compatible with installation in LS3 will have to include in addition a 
comprehensive study of its physics gains with respect to the ITS2 detector. 

x The LHCC recognizes the good progress made in the muon upgrade but remains 
concerned about continuing shifts in the schedule and reduction of contingency. 

x The LHCC expects at the next session a set of benchmarks of the final algorithms, 

including clusterisation performance, on the final hardware options in preparation 
for the December EPN PRR. 
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Expression of Interest for participating in the                                                           
H2020 Innovation Pilot on detector technologies at accelerators 

 

Title: Development of an ultra-thin, wafer-scale CMOS Monolithic Active Pixel Sensor in 65nm 
technology for applications in tracking and calorimetry. 

Participants 

Name of the legal entity Type Country 
CERN Institute Switzerland 
University of Bergen University Norway 
Utrecht University University Nederland 
Fraunhofer Institute for Reliability and Microintegration (IZM) Institute Germany 

 

Contacts 

Participating institute / company Main contact person E-mail 
CERN Magnus Mager Magnus.Mager@cern.ch 
University of Bergen Dieter Roehrich dieter.rohrich@ift.uib.no 
Utrecht University Thomas Peitzmann Thomas.Peitzmann@cern.ch  
Fraunhofer Institute for Reliability 
and Microintegration  (IZM) 

Thomas Fritzsch Thomas.Fritzsch@izm.fraunhofer.de 

 

Description 

We propose the development of a new CMOS Monolithic Active Pixel Sensor (MAPS) in 65 nm 
technology with a size of up to 28 x 10 cm (!) and a thickness below 40 μm. Table 1 gives a summary 
of the key specifications that we plan to achieve and compares them to the ALPIDE chip, which is the 
current state-of-the-art of MAPS in HEP and which was developed within the ALICE experiment under 
the lead of the CERN team. 
Table 1. Key specification of the proposed sensor. ALPIDE, our current state-of-the-art, is given for 
reference. 

While ALPIDE is a very successful development, finding many applications (HEP, space, medical) 
outside its main target (the new ALICE ITS), we could – for time reasons – unfortunately not take 
advantage of all features the technology has to offer. In particular, with this EoI, we would like to 
address the following three items: 

Parameter  ALPIDE (existing) Wafer-scale sensor (this proposal) 
Technology node 180 nm 65 nm  
Silicon thickness 50 µm 20-40 µm 
Pixel size 27 x 29 µm O(10 x 10 µm) 
Chip dimensions  1.5 x 3.0 cm scalable up to 28 x 10 cm 
Front-end pulse duration  ~ 5 µs ~ 200 ns 
Time resolution ~ 1 µs < 100 ns (option: <10ns) 
Max particle fluence  100 MHz/cm2 100 MHz/cm2 
Max particle readout rate 10 MHz/cm2 100 MHz/cm2 
Power Consumption 40 mW/cm2 < 20 mW/cm2 (pixel matrix) 
Detection efficiency > 99% > 99% 
Fake hit rate < 10-7 event/pixel < 10-7 event/pixel 
NIEL radiation tolerance ~3 x 1013 1 MeV neq/cm2 1014 1 MeV neq/cm2 
TID radiation tolerance 3 MRad 10 MRad  



Spending profile
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to the specifications are very suitable for the development and optimization of the thinning
process. In fact, since the ALPIDE wafers have a physical layout that is very similar to
the final sensor, they also present very similar mechanical properties. The thinning to such
low values will require a planarization of the CMOS wafers and an oxide bonding to a
temporary carrier wafer. This development will require a total investment of the order of
500 kCHF.

• Hybrid printed circuit. The flexible printed circuit (FPC) board will be based on the
CERN’s flexible printed circuit technology (EP-DT). The interconnection of the sensor to
the FPC using conventional aluminum wedge wire bonding will also be done at CERN
(EP-DT bonding lab). This activity is estimated to cost 200 kCHF.

• Mechanics and Cooling. The detector mechanical support structures and the tooling for
the assembly and installation of the detector will be mostly developed at CERN using
the ALICE composite laboratory and the CERN mechanical workshops and metrology
service. The development will require a total investment of about 950 kCHF. The cost of
the R&D and construction of the cooling system is estimated to be 250 kCHF.

• Services and patch panels. The data copper cables and power cables installed during
LS2 for the ITS2 should also be suitable for the ITS3. However, the last segment of the
services (typical length of about 8 m) and the patch panels in front of the detector may
need to be adapted to match the new mechanical layout. The total cost is estimated to be
of the order of 250 kCHF.

• Readout Electronics and Power Supplies. The readout and power distribution system
that will be installed in LS2 will also be compatible with the ITS3. No additional costs are
expected for these systems.

Figure 16: Tentative spending profile.
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Old beam pipe, new ITS
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Low-mass di-leptons

‣ background: all pairs of particles, 


‣ dominated by conversions, i.e. 
material


‣ reduction by  50% due to lower 
material
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Low-mass di-leptons (2)
‣ In addition benefit from better 

reconstruction of of charm
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Low-mass di-leptons (2)
‣ In addition benefit from better 

reconstruction of of charm

‣ (Unidentified) charm background is 
reduced by 50%
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Low-mass di-leptons (2)
‣ In addition benefit from better 

reconstruction of of charm

‣ (Unidentified) charm background is 
reduced by 50%

‣ Temperature fit:


- 

- Systematic uncertainties of 

temperature fit reduced significantly
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Hybrid Integrated Circuit
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Interconnection technology
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Selective laser soldering Wire bodning

220 µm



Bonding
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Bending tests

‣ 50 μm-thick ALPIDE


‣ Extracted Youngs Modulus: ~ 140 GPa (literature Si: 140-180 GPa)
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