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EIC Silicon Consortium

• Building on from the work carried out by the eRD16 (LBNL) and 
eRD18(Birmingham/RAL) projects, now merged into eRD25, within the EIC 
Generic Detector R&D meeting since 2016

• EOI: https://indico.bnl.gov/event/8552/contributions/43219/

… and more institutes expressing interest/joining
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Develop a well-integrated and large-acceptance EIC vertex and 
tracking detector concept, based on Monolithic Active Pixel Sensor 

(MAPS) in a commercial 65 nm CMOS imaging process

https://indico.bnl.gov/event/8552/contributions/43219/
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MAPS in 65 nm

• A large effort is emerging to develop new generation MAPS in a commercial 65 nm 
CMOS imaging technology

• Large interest in the HEP community to develop this process for future experiments:
CERN EP R&D programme and ALICE ITS3 project

• This path is very attractive for the development of an EIC MAPS

• With respect to older CMOS imagining technologies (for instance 180 nm), 65 nm 
offers 
• Improved performance in terms of granularity and power consumption that are key for 

precision measurements at the EIC

• Process availability on the EIC project timescale

• Lower cost per area but higher entry cost and complexity than older technology nodes, 
however…

• … the EIC SVT development could leverage from the ALICE ITS3 project
• The ITS3 sensor specifications and development timescale are largely compatible with 

those of the EIC 

• Non-ALICE members are welcome to contribute to the R&D to develop and use the 
technology for other applications

• See L. Greiner at the EIC Yellow Report Kick-Off meeting 
https://www.jlab.org/indico/event/348/session/5/material/0/0.pdf

Laura Gonella | ECCE workshop | 11 February 2021

https://www.jlab.org/indico/event/348/session/5/material/0/0.pdf
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ALICE ITS3 project

• The ALICE ITS3 project aims at developing a new generation MAPS sensor at the 65 
nm node with extremely low mass for the LHC Run4 (HL-LHC)
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• ITS3 sensor  
• Specifications meet or even exceed the 

EIC requirements
• Higher granularity (10 um pixel pitch) 

and lower power consumption 
(<20mW/cm2) with respect to pre-CD0 
simulation baseline (that was 
ITS2/ALPIDE derived)

• Also integration time, fake hit rate and 
time resolution better than required at 
the EIC

• ITS3 detector 
• Three layers vertex detector, 0.12 m2

• Truly cylindrical layers
• Design and post-processing techniques 

to reach an extremely low material 
budget of 0.05% X/X0 per layer
• Low power, wafer-scale sensor, 

thinned to 20-40 µm, bent around the 
beam pipe = air-cooling, support and 
services outside active area

3 Detector Layout, Implementation and Main Parameters

3.1 Mechanical Structure

The ITS3 will consist of two separate barrels, referred to as Inner Barrel and Outer Barrel. The
Outer Barrel, containing the four outermost layers (Layer 3 to Layer 6), will be that of ITS2.
A completely new Inner Barrel, consisting of the three innermost layers (Layer 0 to Layer 2),
will instead replace the current Inner Barrel of ITS2. The ITS3 IB will consist of two halves,
named half-barrels, to allow the detector to be mounted around the beampipe. Each half-barrel
will consist of three half-layers. The half-layers are arranged inside the half-barrel as shown in
Fig. 7. They have a truly (half-) cylindrical shape, with each half-layer consisting of a single
large pixel chip, which is curved to a cylindrical shape.

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beampipe.

As shown in Fig. 8, the main structural components of the new Inner Barrel are the End-Wheels
and the outer Cylindrical Structural Shell (CYSS), both made of Carbon Fibre Reinforced Plas-
tic (CFRP) materials, and a series of ultra-lightweight half-wheel spacers, made of open cell
carbon foam, which are inserted between layers to define their relative radial position.

The End-Wheels are connected to the CYSS, which provides the external supports for the three
detection layers. Starting from the outermost layer (Layer 2), the half-layers are connected to
the outer CYSS and to each other by means of the half-wheel spacers.

The half-layer consists of a single large chip. Its periphery and interface pads are all located on
one edge, the one facing the A-side End-Wheel (see Fig. 8). At this edge, the chip is glued over
a length of about 5 mm to a flexible printed circuit to which it is electrically interconnected using
for instance aluminum wedge wire bonding. The flexible printed circuit is based on polyimide,
as dielectric, and aluminum, as conductor. The flexible printed circuit extends longitudinally

10

ALICE-PUBLIC-2018-013 
https://cds.cern.ch/record/2644611

https://cds.cern.ch/record/2644611
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Pions, momentum range up to 5 GeV/c
-0.5 < η < 0.5 
Uniform 1.5T magnetic field

Result by H. Wennlöf

Green Blue Red (ITS3 
derived EIC 
SVT)

Beam pipe radius [mm] 18 31 31

x/X0 vertex 0.3% 0.3% 0.05%

x/X0 tracking layers 0.8% 0.8% 0.8%

Pixel pitch [um] 20 20 10

A beam pipe radius of 18 mm and a pixel pitch of 20 um
were used in pre-CD0 simulations. Note that a pixel pitch of
20 um is not the ALPIDE, ALPIDE has ~28um pitch. Here
binary readout is assumed so the spatial resolution is ~ 6
um (20 um pitch) and ~ 3 um ( 10 um pitch).

Simulation driven technology choice

• Initial simulations showed 

• The need for ITS3 like spatial resolution and material budget to reach required 
vertex resolution

• Momentum resolution at large eta also strongly affected by spatial resolution
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Forward region studied; η = 3
Single electrons fired from centre
Magnetic field: uniform 1.5 T and 3 T
Vertex layers and disks: 0.3% x/X0 
Tracking layers: 0.8% x/X0
Beam pipe radius: 18 mm

See H. Wennlöf at 
https://indico.jlab.org/event/400/contributions/6529/
and  http://cern.ch/go/xKk6

Disk pixel sizes - results
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7 disks, 1.5 T

7 disks, 3 T

5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
factor of ~2, as expected 
from theory

� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

1.5T

Disk pixel sizes - results
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7 disks, 1.5 T

7 disks, 3 T

5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
factor of ~2, as expected 
from theory

� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

3T

https://indico.jlab.org/event/400/contributions/6529/
http://cern.ch/go/xKk6
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ITS3-derived EIC SVT

• Vertexing inner layers
• Use ITS3 sensor

• Adapt ITS3 detector concept to different length                                                                 
and radii of the EIC vertex layers

• Tracking layers and disks
• Staves and discs will be based on a forked EIC specific sensor design based on the ITS3 

sensor

• The primary concern is yield for long rows of stitched sensors. The plan is to assess yield in 
the first engineering run and adjust the EIC sensors to optimize yield for the number of 
stitched sensors in a row.

• Staves and disks will need to optimize the stitched sensor layout on the wafers to provide 
the right number of stitched sensor lengths to give the proper needed lengths for each 
stave/disc. This needs study and optimization.
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EIC strawman design (modification of ITS3)

Reach larger radii by 
using 3 bent sections.
Services exit from both 
sides of inner layers.

Flex PCB for power/signal

Stitched
sensors

Stave support structure

Power/signal exit

DC-DC converter?
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Patch panel

stave Stave 
X/X0

Stave transition
(per 100 cm^2 
of Si surface)

Services (per 
100 cm^2 of Si
surface)

Patch panel (per 
100 cm^2 of Si
surface)

ITS3 like vertexing ~0.1% 6.66 cm^3 of 
material with 
X/X0 of 0.031 
per traversed cm

2.96 cm^2 cross 
section with X/X0 
of 0.002 per 
traversed cm

4.32 cm x 1cm x 
1 cm with 
0.03423 X/X0 per 
traversed cm

ITS3 like barrel (up to 
1.5m length)

0.55 % 4.286 cm^3 of 
material with 
X/X0 of 0.0306 
per traversed cm

1.905 cm^2 
cross section 
with X/X0 of 
0.002 per 
traversed cm

2.778cm x 1cm x 
1 cm with 
0.03423 X/X0 per 
traversed cm

ITS3 like disc (up to 60 
cm diameter)

0.24% 6.66 cm^3 of 
material with 
X/X0 of 0.031 
per traversed cm

2.96 cm^2 cross 
section with X/X0 
of 0.002 per 
traversed cm

4.321 cm x 1cm 
x 1 cm with 
0.03423 X/X0 per 
traversed cm

ITS3-derived EIC SVT – Material budget estimates

• See L. Greiner’s talk at the 2nd YR workshop for details
• https://indico.bnl.gov/event/8231/contributions/37955/
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https://indico.bnl.gov/event/8231/contributions/37955/
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YR baseline SVT concepts

• Two tracking detector scenarios developed as YR baseline concepts based on the 
proposed ITS3-derived EIC SVT
• Beam pipe for both is a beryllium cylinder of radius of 3.17 cm and thickness of 760 μm 

• All-silicon concept
• See talk from R. Cruz-Torres at this workshop

• Hybrid: Silicon + gaseous detector tracking
• Work by H. Wennlöf, https://indico.bnl.gov/event/7919/contributions/43180/ and in YR 

chapter 11
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x/X0 vertex 0.3%

x/X0 tracking layers 0.3%

x/X0 disks 0.3%

Pixel pitch [um] 10

x/X0 vertex 0.05%

x/X0 tracking layers 0.55%

x/X0 disks 0.24%

Pixel pitch [um] 10

https://indico.bnl.gov/event/7919/contributions/43180/
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YR baseline SVT concepts against physics requirements 

• Both concepts tested against the tracking requirements provided by the YR 
physics WG
• Full results published in the YR, here only selected plots for hybrid concept

• Transverse pointing resolution

• 1.5T, 3.0T, PWG requirement
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Results by H. Wennlöf
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YR baseline SVT concepts against physics requirements 

• Both concepts tested against the tracking requirements provided by the YR 
physics WG
• Full results published in the YR, here only selected plots for hybrid concept

• Relative momentum resolution

• 1.5T, 3.0T, PWG requirement

Laura Gonella | ECCE workshop | 11 February 2021

Results by H. Wennlöf
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YR baseline SVT concepts against physics requirements 

• Both concepts tested against the tracking requirements provided by the YR 
physics WG
• Full results published in the YR, here only selected plots for hybrid concept

• Transverse relative momentum resolution

• 1.5T, 3.0T, PWG requirement

Laura Gonella | ECCE workshop | 11 February 2021

Results by H. Wennlöf
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EIC Silicon Consortium status

• Sensor development
• RAL/Birmingham/LBNL already involved in first 65 nm submission with ITS3 Work Package 2

• More groups signing NDA and collaboration agreement to join 
• Second submission now plans to start implementing stitching already

• Simple extrapolation of material budget into staves/discs based on ITS3 sensor 
specification exists (slide 7)

• A document on EIC tracker powering options has been produced 
• Detector/power system requirements

• DC-DC conversion and serial powering

• Material budget and development time 

• Physics performance simulations continue

• Started EIC SC monthly meeting; assigning groups to tasks and tasks to work 
packages; discussions ongoing with ITS3 for EIC SC groups to join relevant work 
packages beyond WP2
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§  IPHC:	rolling	shutter	larger	matrices,	DESY:	pixel	test	structure	(using	charge	amplifier	with	Krummenacher	
feedback,	RAL:	LVDS/CML	receiver/driver,	NIKHEF:	bandgap,	T-sensor,	VCO,	CPPM:	ring-oscillators,	Yonsei:	
amplifier	structures	

§  Transistor	test	structures,	analog	pixel	(4x4	matrix)	test	matrices	in	several	versions	(in	collaboration	with	IPHC	
with	special	amplifier),	digital	pixel	test	matrix	(DPTS)	(32x32),	pad	structure	for	assembly	testing.	

§  After	final	GDS	placement,	GDS1	is	instantiated	twice,	~300	placements	per	wafer.	
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Some more references

• Description of ITS3 R&D project and silicon survey at EICUG YR meeting at Temple
• L. Greiner https://indico.bnl.gov/event/7449/contributions/35955/

• L. Gonella https://indico.bnl.gov/event/7449/contributions/35954/

• eRD25 

• Proposal talk https://wiki.bnl.gov/conferences/images/1/1c/ERD25-proposal-Jul20.pdf

• Full proposal and progress report https://wiki.bnl.gov/conferences/images/6/6d/ERD25-
Report-FY21Proposal-Jun20.pdf

• Talks at EIC SVT workshop

• L. Gonella https://indico.jlab.org/event/400/contributions/6533/

• G. Contin https://indico.jlab.org/event/400/contributions/6536/

• L. Greiner https://indico.jlab.org/event/400/contributions/6541/
• A. Collu https://indico.jlab.org/event/400/contributions/6544/

• I. Sedgwick https://indico.jlab.org/event/400/contributions/6535/

• H. Wennlöf https://indico.jlab.org/event/400/contributions/6529/

• R. Cruz-Torres https://indico.jlab.org/event/400/contributions/6532/

• E. Sichterman https://indico.jlab.org/event/400/contributions/6519/
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