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Introduction

• The technology chosen for the EIC Detector 1 Silicon Vertex and Tracking 
Detector is the ITS3 MAPS sensor.

• For the vertex layers, we will adopt the ITS3 sensor and the ITS3 detector 
concept.

• For the sagitta layers and disks, we will create a smaller version of the ITS3 
sensor and develop our own support structures and cooling infrastructure.

• The EIC SC is exploring a number of optimisations of the reference design 
folding in technology constraints.

• This talk and the talks from Stephen and Ernst will present some of the 
ongoing studies for the barrel region.

• Please note that nothing is final yet.
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The ITS3 sensor and detector concept

• Three layers vertex detector with 0.05% X/X0 per layer.

M. Mager | ITS3 kickoff | 04.12.2019 |

Material budget
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➡  Si only 1/7th of total material

➡  irregularities due to overlaps 
+ support/cooling

Inner-most layer (ITS2)

Wafer-scale, low power sensor design in 65 
nm CMOS technology, thinned and bent
around the beampipe.

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
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Table 1: Geometrical parameters of the upgraded ITS.

Beampipe inner/outer radius (mm) 16.0/16.5

IB Layer parameters Layer 0 Layer 1 Layer 2

Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 270 270 270
Pseudo-rapidity coveragea ±2.5 ±2.3 ±2.0
Active area (cm2) 305 408 508
Pixel sensors dimensions (mm2) 280⇥56.5 280⇥75.5 280⇥94
Number of pixel sensors / layer 2
Pixel size (µm2) O(15⇥15)b

a The pseudorapidity coverage of the detector layers refers to tracks originating from a
collision at the nominal interaction point (z = 0).

b For the fallback solution the pixel size is about a factor two larger (O(30⇥30) µm2).

vacuum chuck keeps the half-layer 2 curved to the nominal radius and, by mating 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 spacer, positioned at the edge
of the half layer, provides the fixation interface for the 5 mm wide area at the chip edge, where
the mechanical and the electrical connections to the FPC are made. A second set of spacers
is then glued to the internal surface of the half-layer 2. The same procedure 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
and are the basis for the detector and physics performance studies that are presented in Sec-
tions 4 and 5.

3.2 Cooling

The heat dissipated by the sensors is removed by convection through a forced airflow between
the layers; in addition, the carbon foam rings in thermal contact with the sensors act as radiators
reducing the thermal gradient along the layer. The enhancement of convective heat transfer due
to the carbon foam rings results from the passage of the air through the open-interconnected
void structure, which has an internal surface with an area to volume ratio as large as 5000 m−1

to 50 000 m−1. However, the complex internal structure of the foam could induce flow resistance
and a relatively high air pressure drop. In order to reduce this pressure drop, a heat radiator with
slots that open preferential flow paths in the carbon foams must be used.

A combination of excellent thermal conductivity with low density has made carbon foam ma-
terials prime candidates for use in modern heat exchangers. Materials such as KFOAM feature
a thermal conductivity similar to that of aluminum at one-fifth of the density and with a coeffi-
cient of thermal expansion that is close to that of silicon. POCO HTC, which is a new porous
graphite material specifically designed for high thermal performance, shows two-thirds of the
thermal conductivity of copper at only one-tenth of the weight [11] [12]. During the design pro-
cess, the airflow speed will be optimised to guarantee the thermal performance and mechanical
stability by avoiding airflow-induced vibrations.
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One sensor on 
the bottom half

One sensor on 
the top half

https://cds.cern.ch/record/2703140/
M. Mager | ITS3 kickoff | 04.12.2019 |

Material budget

6

➡  Si only 1/7th of total material

➡  irregularities due to overlaps 
+ support/cooling

➡possible by reducing power 
consumption in fiducial volume 
to <20 mW/cm2

➡ remove water cooling

➡move mechanical support 
outside acceptance
➡benefit from increased stiffness by 

rolling Si wafers 

➡ remove external data lines + 
power distribution
➡possible by making a single large 

chip and that for distribution 

Inner-most layer (ITS2)

https://cds.cern.ch/record/2703140/


4

Stitching for ITS3 sensor

• Stitching deployed to design a wafer scale sensor.

4/12/2019 ITS3 Chip Development and Characterization - Gianluca Aglieri Rinella 13

Basic unit cell (called reticule
in the following) repeated 

multiple times to form pixel 
matrix.

Periphery of sensor on one side.

Stitching in one 
direction only.

It allows to use one 
mask to obtain 
different sensor 

widths.

Example of stitched wafer layout.

Cannot cut arbitrary 
forms. See example 
of possible cutting 
along dotted lines.
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ITS3 stitched sensor

• The ITS3 reticule size is not yet fixed!

• The best value to hit the ITS3 radii is 18.85 mm x 30 mm.

We will NOT change the size of the ITS3 reticule because this requires 
resources (personnel and time) that we do NOT have.
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EIC vertex layers

• Reference detector radii for vtx layers in proposal = 33/43.5/54 mm.

• These cannot be achieved with the ITS3 reticule size.

• We now also know for beam pipe bake up we need to be at 36 mm with the 1st

layer.

• Option using ITS3 sensor sizes

• 4 sensors per layer.

• L1/2/3 radii = 36/48/60 mm.

• L1/2/3 active length = 270 mm.

• 280 mm w/ periphery.

• Periphery on one side only,

no services in active area.
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Work by 
Peter Jones

This solution will require some more 
EIC dedicated design of the vertex 
layers mechanics and possibly add 

some more material for the support.
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EIC vertex layers

• Option modifying stitching plan of wafer-scale sensor.

• 2 sensors per layer.

• L1/2/3 radii = 36/42/48 mm.

• L1/2/3 active length = 240 mm.

• 250 mm w/ periphery.

• Periphery on one side only, no services in active area.
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18.85 x 8 = 150.8; R = 48; 30 x 8 + 10; L = 250
18.85 x 9 = 169.7; R = 54; 30 x 7 + 10; L = 220

30

18.85
Digital Periphery

Work by 
Peter Jones

Stephen’s talk will show 
simulations of these two options.

Ernst’s talk will show a re-
arrangement of vertex layers.

This solution will require more 
designer time and an EIC specific 
mask for fabrication of the vertex 
detector as well à more expensive.
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EIC barrel layers

• Reference detector barrel layers in proposal:

• L4: R = 210 mm, L = 540 mm.

• L5: R = 227 mm, L = 600 mm.

• There are various arguments why these layers cannot have the same 
configuration as the vertex layers and need more conservative support 
structures and cooling that inevitably increase the material.

• Stitched, wafer-scale sensor yield.

• Air cooling and stability of larger structures.

• Depending on radius, length might exceed 2x max sensor active length (i.e. 54 
cm); if more that 2 sensors are needed in z, services need to run along stave, 
which impacts material.

• This is the case for the L5 of the reference detector.

• The original estimate by the EIC SC for barrel layers X/X0 is 0.55% X/X0 à
this number is conservative and very likely to go down.

• Initial thoughts on what might be possible in Ernst’s talk.
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EIC barrel layers

• For the barrel layers we will need to create a stitched, large but not wafer-
scale sensor – EIC Large Area Sensor (LAS).
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Note: radii and lengths adjusted slightly to work with reticle size 18.85 x 30.00 mm2

Length of vertex layers is made of one sensor read out at ONE end
Length of barrel layers is made of two sensors read out at BOTH ends

ATHENA L3 = 2 x 6 reticles (5 per wafer; usage = 51%; 48 LAS required; 10 wafers)
ATHENA L4 = 2 x 8 reticles (4 per wafer; usage = 53%; 64 LAS required; 16 wafers)

ECCE L3 = 2 x 9 reticles (2 per wafer; usage = 30%; 72 LAS required; 36 wafers)
ECCE L3 = 5 x 9 reticles (1 per wafer; usage = 37%; 32 LAS required; 32 wafers)

ECCE L4 = Length not achievable with two single-wafer sensors

240

48
42
36

h = 1.09

Example study of LAS sizes to 
maximise wafer usage using 

ECCE/ATHENA radii. 

Work by 
Peter Jones
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Initial work on disks

• Disks design is challenging to balance low material with full acceptance, 
down to the beam pipe.

• Various tiling options considered trying to find some common sensor sizes 
with some different sizes/shape to close around the beam pipe and at disk 
outer radius.

Some Ideas on Tiling of Disks

[mm][mm]

- Maximum length for all disks is 14 reticles, which exceeds maximum on a wafer
                                                                                 can be layed-out as 9 + 4,
- A further counting exercise of (filled-in) lengths suggests that 1, 2, 3, 4, (5), and 9 are good stitching lengths,
- Non-circular beam-pipe cross-section is a WIP
- X/X0 model, heat load, yield model + layout ono wafer,
- And now for something “out there” - “bending at the inner and/or outer disk radii to further optimize acceptance?”

[mm]
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Work by Ernst Sichtermann

Looking ahead to the forward/backward region
• Transition from reference to baseline would, to me, seem likely to involve an additional disk in the electron going direction 

and possibly in the hadron going direction, as well as extensions in |z|,

• May need to revisit material impact, in view of practical layout possibilities, with somewhat larger material at outer radii,
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P. Jones

• Sensor layout on disks remains an open challenge; 
most approaches aim at a combination of elements 
common to most/all disks and an element specific to 
the beam-pipe opening at a particular location.

• Shown on the left is a recent example, courtesy 
Peter, showing a possible approach and illustrating 
material overlaps (and, hence, additional 
measurement points as well as increased material 
budgets).
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Work by Peter Jones

Example studies of 
best way to tile disks


