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Figure 6.22: I-beam concept prototype and cross-section diagram for two inner pixel layers

The core of the mechanical support will be made of extremely light weight carbon foam, which
still provides a very high thermal conductivity. The heat from the electronics is cooled with CO2

evaporating in very thin titanium pipes. Two cooling tubes serve both layers in a common carbon
structure. A circular arrangement of I-beams creates the two innermost pixel layers as shown in
Figure 6.23. It can easily accommodate the clam shell installation requirement.

Figure 6.23: End view illustrating layout of I-beams for two inner pixel layers.

A 1000 mm I-beam prototype was built with carbon foam, carbon face-sheets and stainless
steel tubes. By changing stainless steel tubes into titanium tubes and optimizing the glue, the
material can decreased from actual 0.87% X0 to 0.43% X0. Several tests on the mechanical stability
such as bending and vibrational properties showed an excellent performance.

The baseline for the outer two barrel layers, and an option for the innermost layers, is an
improvement of the IBL stave [36]. These also use carbon foam as core material and embedded
hard bonded titanium cooling pipes. The stiffness of the structure is provided by an omega shaped
carbon fibre laminate, which is bonded to the foam. The IBL bare staves have a material budget
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have been added to the IBL production order for such R&D efforts world-wide (the total order of
96 FE-I4B wafers contained more pixels than the present ATLAS and CMS detectors combined).
A first prototype quad-module with the FE-I4-A chip is shown in Fig 9.51.

Figure 9.51. Prototype of the quad-module with four FE-I4 chips.

Four side buttable dual and quad modules with via last TSVs (when micro holes are produced1440

after transistors and in a different factory) are under development in the ATLAS pixel institutes.
Such modules will relax the constraints on the mounting of the modules on the stave and potentially
reduce the material budget.

9.3 Local Support

For the different regions of the pixel system there are several designs for the local supports. These1445

are presently being developed as independent solutions. The criteria upon which different designs
will be evaluated to enable the selection of the best choice must be defined. These design parame-
ters include the loads that the local support will be subjected to (including; operational temperature
range, heat load and radiation dose), and the required performance under the load case (for ex-
ample: displacement, stability, Thermal Figure of Merit). To this end the Local Support Design1450

criteria task force has been established. The task force will report by November 2014.

9.3.1 Pixel barrel supports

An I-beam solution is considered as the baseline for the innermost two layers. Figure 9.52 shows
the concept of the I-beam staves. At the outer and inner radius, thin carbon-fibre laminates provide
stiffness and a mechanical support for the pixel modules. These are connected by a light weight1455

carbon element, made possible by the different module sizes in the two layers. Because of its in-
herent stiffness, the I-beam solution does not need an external support structure. The total material
is 1.21% X0 per layer, while the bare stave contribution to the material budget is only 0.43% X0 at
normal incidence (see Table 9.8). In addition to the low material budget, an I-beam solution allows
fast replacement. In particular, an important further constraint for the innermost two layers is that1460

they can be mounted as “clam-shells” for extraction without breaking the LHC vacuum.
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The challenge for detector upgrade 
!  High instantaneous  luminosity: 

•  Up to 200 minbias events/BC 
•  Increased detector occupancy and 

larger event size; saturation of the 
bandwidth 

•  Essential to refine the hardware 
(Level-1) and software (high level) 
triggers to maintain sensitivity to 
physics.  
•  maintain threshold for single isolated 

leptons at low as possible and rejection 
on pile-up 

!  High integrated luminosity: 
•  Increased Radiation damage especially 

close to the beam pipe; fluences up to 
1016 neq/cm2 

•  Increased activation of the materials. 

6#

An increase of threshold 
from 20 to 30 GeV 
results in a reduction in 
acceptance of between 
1.3-1.8 
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Alta	
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  dell’occupanza	
  degli	
  aMuali	
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  e	
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bandapassante	
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  modo	
  vicino	
  alla	
  beam	
  pipe	
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  Trigger	
  e	
  DAQ	
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  a	
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  4	
  layer	
  +	
  5	
  dischi,	
  25x150	
  (in)/	
  50x150	
  (out)	
  µm2	
  

	
  î Eventuale	
  5°	
  layer	
  di	
  pixel	
  ed	
  estensione	
  ad	
  alto	
  η	
  
Sistema	
  a	
  Strip:	
  5	
  layer	
  +	
  7	
  dischi	
  stereo	
  

Il	
  layout	
  preliminare	
  proposto	
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  of	
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  un	
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  Detector	
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  in	
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  con	
  14	
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e	
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  copertura	
  fino	
  |η|	
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  2.7	
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  m2	
  di	
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  ~200	
  m2	
  di	
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650	
  Milioni	
  di	
  canali	
  (Pixel),	
  75	
  Milioni	
  canali	
  (Strip)	
  
3200	
  10	
  Gb/s	
  connessioni	
  di	
  readout.	
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Inner Tracker Detector 
!  Present tracker limitations for Phase-II 

•  Progressive radiation damage in the Strip and Pixel detectors will 
make them inefficient. Too large occupancy in the Transition Radiation 
Tracker.  

•  Readout bandwidth limitation " need of higher granularity and larger 
bandwidth to operate at larger pile-up occupancies. 

!  Complete replacement with an all-silicon tracker.  
!  Baseline layout proposed in the LoI  provides tracking for |η|<2.7 

with barrel cylinders and endcap disks. 

!  Very much work in progress! Several ideas to optimize and extend the 
layout are in discussion and will be frozen at the TDR time (2017). 

ATLAS Today Tracker in HL-LHC 
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Figure 6.7: Channel occupancies (in percent) with 200 pile-up events.

to a better precision, less photon conversions reduce tracking confusion and provide a bet-
ter photon identification and the reduced number of secondaries from interactions leads to
increased detector occupancy. The expected material distribution shown in Figure 6.8 repre-
sents a major improvement with respect to the current ID; the current ID (including the IBL)
contributes > 1.2 X0 for all regions |h |> 1 [36], while the new tracker remains below 0.7 X0

up to |h | = 2.7, excepting a few small regions. To improve tracking performance in gen-
eral and particularly to improve the electron efficiency in the forward region, the amount of
services material inside the tracking volume has been minimised. This is achieved through
services from the pixel barrels going inwards to small radius, then out along z, which re-
moves them as soon as possible from the tracking region. It also allows the pixel detector to
be removed for repair without disturbing the strips.

Consideration has also been given to avoiding large distances between successive hits on
a track. This improves the pattern recognition, reducing fakes due to multiple-scattering
induced effects. Those fake tracks which are produced, constituting less than 10�3 of all
reconstructed tracks, are located mainly in the region 1.5 < |h |< 2.5, as discussed in [46].

Tracking efficiency: Efficiencies for tracking muons, pions and electrons in the presence of 140
pile-up are shown in Figure 6.9. The longer barrel with respect to the current ID moves the
difficult transition region to higher |h |. The very high electron efficiency is in part due to the
use of bremsstrahlung refitting in the reconstruction.

Primary and secondary vertexing: The tracker must be able to reconstruct the primary vertex for
the hard scatter of interest in the event. In Figure 6.10 (right), the number of reconstructed
primary vertex candidates is displayed as a function of the number of pile-up interactions.
Whereas a significant fraction have too few tracks for a vertex to be reconstructed, the figure
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Figure 6.10: Performance of b-tagging in tt̄ events, for a range of pile-up levels for the proposed Phase-II
Tracker layout in comparison with ID+IBL (left). On the right, the number of reconstructed primary vertex
candidates as a function of the number of pile-up interactions.

6.2.1 Alternative layouts

A few alternative layouts are considered, which modify the pixel part of the inner tracker. These
are the conical layout, which smoothes the transition between barrel and end-cap with a cone
shaped structure at the end of the barrel; the 5-layer pixel layout, which simply adds an extra pixel
barrel; and the alpine layout, with a novel arrangement of sensors on structures. These layouts are
considered as options requiring more detailed studies and development work.

Conical layout

The conical layout [47] is based on a bent integrated stave, with a flat middle section and bent ends.
This concept reduces the material in the forward region, because the end of stave cards are moved
to higher h . The crossing angle for particles incident on the stave is closer to perpendicular in the
conical region, further reducing the material traversed by a track.

One possible layout is shown in Figure 6.11. The outer barrel layers are at the same radius
as the default layout, but they are shortened, taking advantage of the fact that the modified conical
section covers the gap. As a result, the barrel pixel silicon area is reduced from the default 5.1 m2

to 4.6 m2. The resulting material budgets are depicted in Figure 6.12 and shows some reduction at
| h | > 1.5.

Other layouts with conical structures use a larger radius of the outermost pixel layer without
introducing a significant gap to the disks, and the end cap outer radius can be reduced to match the
barrel, which has additional advantages for mechanical assembly and integration.

Five pixel layers

The impact of modifying the layout by adding a fifth pixel layer. This allows, e.g., a more robust
pattern recognition seeded in the pixel detector alone, and a better two-particle separation in high
pT - jets.

A possible layout is shown in Figure 6.13. It assumes shorter outer pixel barrel layers relative
to the baseline layout [48] to reduce costs. The strip stub barrel is removed, since the extra pixel
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Il	
  design	
  oGmale	
  per	
  ITk	
  sarà	
  un	
  compromesso	
  tra	
  performance	
  di	
  tracking,	
  
oGmizzazione	
  dei	
  cosZ,	
  semplicità	
  di	
  costruzione	
  e	
  installazione	
  

   AMualmente	
  sono	
  in	
  studio	
  diverse	
  Bpologie	
  di	
  layout	
  
§  Aumento	
  volume	
  dei	
  pixel	
  	
  
§  Transizione	
  Barrel-­‐EndCap	
  ridoMa	
  	
  
§  Estensione	
  alto	
  η	
  
 I	
  layout	
  possono	
  essere	
  tra	
  loro	
  combinaB.	
  

	
   	
  Il	
  layout	
  dovrà	
  essere	
  pronto	
  prima	
  del	
  TDR	
  delle	
  Strip	
  (2016).	
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Figure 6.12. A schematic of the endcap ring layout

The Pixel Ring layout (presented in figure 6.12) modifies the endcap of the LoI layout by
replacing the solid pixel disks with a series of open pixel rings on which sensors are mounted.
Three types of pixel rings are defined, based on radial dimensions and number of pixel modules
carried, and the rings are placed at specific positions in Z to ensure hermiticity for tracks originating
at ±15cm. The pixel endcap sensor area can be reduced from 3.1m2 in the LoI layout to 2.6m2.655

The layout offers good flexibility in routing the services, with design variants utilising either two
or three additional support tubes on which the pixel rings are mounted. Further details on this
design, including 3D figures, and on routing the services can be found in sections 9.3.2 and 9.4.1
respectively. The design may also be easily extended with additional pixel rings to the very forward
region, as discussed in section 6.1.5. Impacts of this design on the alignment strategy will need to660

be studied.

6.1.2 Conical

Another proposal for the revised ATLAS detector geometry is a conical layout in which each end of
some of the cylindrical barrel layers in the outer pixel detector are modified to become a frustum, as
shown in figure 6.13. The ends of the staves making up each layer would be bent inwards towards665

the beam pipe by some angle, changing the position and orientation of the pixel modules mounted
upon them and thus allowing a greater spacing between the barrel and endcap pixel systems. This
additionally may provide better coverage at high h values.

6.1.3 Alpine

The Alpine layout, shown schematically in Figure 6.15, is an attempt to achieve the ideal sensor670
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L’alpine	
  layout	
  parte	
  con	
  l’idea	
  che	
  i	
  sensori	
  dovrebbero	
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idealmente	
  perpendicolari	
  alla	
  traccia	
  che	
  arriva	
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î  Contro:	
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Figure 9.60. The first prototupe of a layer 2 Alpine stave.

9.3.4 Extension to high Eta

Two options are under study regarding the mechanics to realise an extension of the pixel system to
cover the eta range from 2.7 to 4.0. The first is an extension of an IBL like inner barrel pixel layer
to cover the full eta range. The second is an extension of the rings layout to include rings at both1570

larger z and smaller radius. The two options are not mutually exclusive, and could be combined to
maximize the reconstruction performance in the very forward region.

The first option proposes an extended IBL to cover the full eta range of interest. Such a solution
uses a longer carbon foam section to support additional modules. Outwith the additional data tapes,
and the modules and foam core, little additional material is added to the system due to the ample1575

cooling capacity of the CO2 system and the use of serial powering for module low voltage. For
a highly segmented pixel detector tracks at high eta, low incident angle, produce many hits inside
a single pixel module. These hits can be reconstructed to form a long cluster, which can give an
estimate of the direction of track from a single pixel sensor. There are several possible applications
for such a track element: the track will point back to the track vertex and allow stand alone vertex1580

tagging; by counting the number of tracks in the sensor triggerless luminosity measurement may
be possible, the track rz information can be used to seed the track reconstruction at L1 and lepton
ID maybe possible. This approach requires the use of new information from the tracker used in
a novel fashion and as such detailed studies are required to understand the full impact of such a
proposal.1585

The rings layout extension builds on the fact that the open rings concept is extremely flexible:
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Figure 6.13: The alternative layout with five pixel barrel layers.

silicon required to 4.6 m2. A prototype of a small section of an alpine stave is shown in Figure
6.15 which has been used to demonstrate the low material and required thermal performance are
achievable.
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Figure 6.14: The pixel sensors in the alpine layout. Whereas the barrel region is not changed, the default
end caps are replaced by modules placed perpendicular to the long stave direction.

Other concepts under consideration include a greatly extended forward region either with more
disks, or, for the alpine layout, a much larger number of inclined modules. Preliminary physics
studies indicated that it may be advantageous to extend the pixel coverage |h | ⇠ 4 and this option
is also being considered. For all the alternative layouts, any final choices will require detailed sim-
ulation to compare their performance with that of the baseline, as well as evaluation of differences
in complexity of engineering and installation, along with estimation of their costs.

6.3 The pixel system

The Phase-II pixel system presented in this LoI is largely based on existing solutions. Before the
start of production of the detector there will be several more years of R&D, addressing the require-
ments of HL-LHC physics, in particular finer granularity, higher bandwidth and reduced material.
This effort should allow the use of more performant technologies as they become available.
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§  AMualmente	
  in	
  corso	
  diversi	
  studi	
  per	
  l’estensione	
  del	
  tracker	
  
ad	
  alB	
  valori	
  di	
   	
  (fino	
  a	
  3-­‐4).	
  

§  Questo	
  porterebbe	
  beneficio	
  ad	
  alcuni	
  canali	
  di	
  fisica	
  in	
  
avanB	
  (ad	
  esempio	
  la	
  produzione	
  di	
  Higgs	
  per	
  Vector	
  Boson	
  
Fusion).	
  

	
  Questo	
  potrebbe	
  essere	
  faMo	
  con	
  più	
  dischi	
  che	
  coprono	
  le	
  regioni	
  ad	
  
	
  alta	
  rapidità	
  o	
  con	
  un	
  lungo	
  layer	
  molto	
  vicino	
  alla	
  beam	
  pipe.	
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Quando	
  e’stata	
  scriMa	
  la	
  LeMer	
  of	
  Intent	
  nel	
  2013	
  lo	
  schema	
  di	
  trigger	
  
previsto	
  era	
  di	
  500	
  kHz	
  a	
  L0,	
  seguito	
  da	
  200	
  kHz	
  a	
  L1	
  

	
  
î  In	
  questo	
  contesto	
  l’esistente	
  chip	
  di	
  Front-­‐End	
  (FE-­‐I4	
  a	
  130	
  nm)	
  

usato	
  per	
  l’Insertable	
  B-­‐Layer	
  (4°	
  strato	
  di	
  pixel	
  installato	
  in	
  ATLAS	
  
nel	
  2014)	
  poteva	
  essere	
  una	
  buona	
  	
  soluzione	
  per	
  i	
  layer	
  piu	
  esterni	
  
 î AMualmente	
  si	
  sta	
  considerando	
  un	
  nuovo	
  readout	
  a	
  1	
  MHz	
  
	
   	
  supportato	
  anche	
  dal	
  futuro	
  non	
  chiaro	
  del	
  processo	
  a	
  130	
  nm	
  
	
   	
  faMo	
  da	
  IBM	
  	
  
	
   	
  	
   	
  	
  L’idea	
  è	
  quella	
  di	
  adoUare	
  chip	
  a	
  65	
  nm	
  in	
  tuG	
  layer	
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  x	
  50	
  µm2	
  

65	
  nm	
  (TSMC)	
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§  Cell	
  size:	
  50x50	
  µm2	
  

§  CompaBbile	
  con	
  sensore	
  pixel	
  di	
  50x50	
  e	
  25x100	
  
µm2	
  	
  

§  Soglia	
  a	
  1000	
  e-­‐	
  
§  Alimentazione	
  costante,	
  può	
  operare	
  solo	
  una	
  

frazione	
  dei	
  canali	
  
§  Algoritmi	
  di	
  clustering	
  on-­‐chip	
  	
  

	
  (per	
  ridurre	
  l'occupanza	
  di	
  banda	
  passante)	
  
§  2	
  Gb/s	
  serial	
  output	
  
§  Primo	
  ProtoBpo	
  in	
  2	
  anni	
   13	
  



§  Bulk	
  material	
  (n-­‐in-­‐n	
  e	
  n-­‐in-­‐p,	
  potenzialmente	
  economici)	
  
§  Spessore	
  dei	
  sensori	
  (150,	
  100	
  µm	
  o	
  meno):	
  meno	
  materiale,	
  veloce	
  e	
  

più	
  efficiente	
  raccolta	
  di	
  carica,	
  dimensione	
  dei	
  cluster	
  più	
  piccola	
  
§  Pixel	
  più	
  piccoli	
  (25	
  x	
  500	
  µm2	
  invece	
  degli	
  aMuali	
  	
  50	
  x	
  250	
  µm2)	
  
§  In	
  studio	
  sensori	
  con	
  bordi	
  soeli.	
  
§  Completa	
  efficienza	
  dopo	
  irraggiamento.	
  	
  

§  Dimostrata	
  fino	
  a	
  2	
  x	
  1016	
  neq/cm2	
  a	
  1-­‐1.5	
  kV.	
  

Zona	
  di	
  
Svuotamento	
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§  Bulk	
  material	
  (n-­‐in-­‐n	
  e	
  n-­‐in-­‐p,	
  potenzialmente	
  molte	
  economici)	
  
§  Spessore	
  dei	
  sensori	
  (150,	
  100	
  µm	
  o	
  meno):	
  meno	
  materiale,	
  veloce	
  e	
  

più	
  efficiente	
  raccolta	
  di	
  carica,	
  dimensione	
  dei	
  cluster	
  più	
  piccola	
  
§  Pixel	
  piu	
  piccoli	
  (25	
  x	
  500	
  µm2	
  invece	
  degli	
  aMuali	
  	
  50	
  x	
  250	
  µm2)	
  
§  In	
  studio	
  sensori	
  con	
  bordi	
  soeli.	
  
§  Completa	
  efficienza	
  dopo	
  irraggiamento.	
  	
  

§  Dimostrata	
  fino	
  a	
  2	
  1016	
  neq/cm2	
  a	
  1-­‐1.5	
  kV.	
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Zona	
  di	
  
Svuotamento	
  

Sono	
  cosBtuiB	
  da	
  	
  un	
  array	
  di	
  colonne	
  di	
  entrambi	
  i	
  drogaggi	
  
che	
  hanno	
  la	
  funzione	
  di	
  eleUrodi.	
  Quest’ulBmi	
  aUraversano	
  il	
  substrato	
  di	
  silicio	
  

perpendicolarmente	
  alla	
  superficie.	
  

IBL	
  3D	
  

125	
  µm	
  	
  

§  Bassa	
  tensione	
  di	
  svuotamento	
  a	
  fine	
  vita	
  

§  Minore	
  distanza	
  tra	
  gli	
  eleUrodi	
  
(~1	
  ns	
  Vs	
  ~	
  10	
  ns	
  dei	
  Planari)	
  	
  

§  Il	
  bordo	
  e’un	
  eleUrodo:	
  bordi	
  aGvi	
  



Sono	
  cosBtuiB	
  da	
  	
  un	
  array	
  di	
  colonne	
  di	
  entrambi	
  i	
  drogaggi	
  
che	
  hanno	
  la	
  funzione	
  di	
  eleUrodi.	
  Quest’ulBmi	
  aUraversano	
  il	
  substrato	
  di	
  silicio	
  

perpendicolarmente	
  alla	
  superficie.	
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Lorentz Angle Fit for IBL 3D
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§  Il	
  percorso	
  della	
  carica	
  all’interno	
  del	
  sensore	
  è	
  
direMo	
  lungo	
  la	
  direzione	
  r	
  −	
  φ	
  del	
  rivelatore	
  per	
  
i	
  planari	
  e	
  lungo	
  le	
  colonne	
  per	
  i	
  sensori	
  3D	
  

§  Per	
  i	
  planari	
  la	
  dimensione	
  minima	
  dei	
  cluster	
  è	
  
raggiunta	
  quando	
  l'angolo	
  d'incidenza	
  della	
  
parBcella	
  coincide	
  con	
  quello	
  di	
  driR	
  

§  Il	
  valore	
  dell’	
  angolo	
  di	
  Lorentz	
  dei	
  sensori	
  3D	
  di	
  
IBL	
  è	
  compaBbile	
  con	
  0	
  come	
  aspeMato	
  



Sono	
  cosBtuiB	
  da	
  	
  un	
  array	
  di	
  colonne	
  di	
  entrambi	
  i	
  drogaggi	
  
che	
  hanno	
  la	
  funzione	
  di	
  eleUrodi.	
  Quest’ulBmi	
  aUraversano	
  il	
  substrato	
  di	
  silicio	
  

perpendicolarmente	
  alla	
  superficie.	
  

25	
  x	
  100	
  µm2	
  	
  
	
  

50	
  x	
  50	
  µm2	
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AUualmente	
  in	
  fase	
  di	
  studio	
  e	
  di	
  test:	
  
§ 	
  Pixel	
  piu	
  piccoli	
  (preferibilmente	
  50	
  x	
  50	
  µm2)	
  
§ 	
  Sensori	
  piu	
  soeli	
  (Tecniche	
  differenB:	
  DWB,	
  SOI,	
  EPI)	
  
§ 	
  Bordi	
  soeli	
  o	
  aevi	
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have been added to the IBL production order for such R&D efforts world-wide (the total order of
96 FE-I4B wafers contained more pixels than the present ATLAS and CMS detectors combined).
A first prototype quad-module with the FE-I4-A chip is shown in Fig 9.51.

Figure 9.51. Prototype of the quad-module with four FE-I4 chips.

Four side buttable dual and quad modules with via last TSVs (when micro holes are produced1440

after transistors and in a different factory) are under development in the ATLAS pixel institutes.
Such modules will relax the constraints on the mounting of the modules on the stave and potentially
reduce the material budget.

9.3 Local Support

For the different regions of the pixel system there are several designs for the local supports. These1445

are presently being developed as independent solutions. The criteria upon which different designs
will be evaluated to enable the selection of the best choice must be defined. These design parame-
ters include the loads that the local support will be subjected to (including; operational temperature
range, heat load and radiation dose), and the required performance under the load case (for ex-
ample: displacement, stability, Thermal Figure of Merit). To this end the Local Support Design1450

criteria task force has been established. The task force will report by November 2014.

9.3.1 Pixel barrel supports

An I-beam solution is considered as the baseline for the innermost two layers. Figure 9.52 shows
the concept of the I-beam staves. At the outer and inner radius, thin carbon-fibre laminates provide
stiffness and a mechanical support for the pixel modules. These are connected by a light weight1455

carbon element, made possible by the different module sizes in the two layers. Because of its in-
herent stiffness, the I-beam solution does not need an external support structure. The total material
is 1.21% X0 per layer, while the bare stave contribution to the material budget is only 0.43% X0 at
normal incidence (see Table 9.8). In addition to the low material budget, an I-beam solution allows
fast replacement. In particular, an important further constraint for the innermost two layers is that1460

they can be mounted as “clam-shells” for extraction without breaking the LHC vacuum.

– 66 –

§  Per	
  IBL	
  sono	
  staB	
  usaB	
  moduli	
  a	
  singolo	
  e	
  doppio	
  chip	
  di	
  FE	
  
	
  
§  Per	
  abbaMere	
  i	
  cosB	
  dovuB	
  alle	
  ampie	
  superfici	
  da	
  coprire	
  nei	
  layer	
  

più	
  esterni	
  sono	
  in	
  sviluppo	
  4	
  (6)	
  chip	
  di	
  FE	
  collegaB	
  tramite	
  bump	
  
ad	
  un	
  sensore	
  di	
  ∼	
  4	
  ×	
  4	
  cm2	
  (6	
  ×	
  4	
  cm2	
  ).	
  QuesB	
  dovrebbero	
  essere	
  
usaB	
  anche	
  negli	
  anelli	
  (Ring	
  Layout)	
  

§  DifferenB	
  soluzioni	
  sono	
  aMualmente	
  in	
  studio	
  per	
  coprire	
  le	
  zone	
  
tra	
  i	
  chip	
  (pixel	
  lunghi)	
  e	
  il	
  possibile	
  bow	
  generato	
  dal	
  processo	
  di	
  
bump-­‐bonding	
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Quando	
  una	
  parZcella	
  ionizzante	
  aUraversa	
  il	
  sensore,	
  viene	
  generata	
  
una	
  carica	
  che	
  si	
  muove	
  nella	
  zona	
  di	
  svuotamento	
  del	
  semiconduUore	
  

(giunzione	
  P-­‐N	
  polarizzata)	
  soUo	
  l’azione	
  del	
  campo	
  eleUrico.	
  	
  

Per	
  ogni	
  pixel	
  il	
  segnale	
  prodoUo	
  passa	
  aUraverso	
  un	
  connessione	
  
metallica	
  (bump)	
  all’eleUronica	
  di	
  leUura	
  (Front-­‐End).	
  

Questo	
  processo	
  di	
  unione	
  tra	
  sensore	
  e	
  Front	
  End	
  prende	
  il	
  nome	
  
«Bump-­‐Bonding»	
  



sensor	
  
3D/planar	
  

FE	
  chip:	
  
FE-­‐I4/RD53	
  

Chip-­‐to-­‐chip	
  	
  
bump-­‐bonding	
  

→	
  	
  Costoso	
  

amp.	
  +	
  disc.	
  +	
  logic	
  

Pro	
  
Tecnologia	
  matura	
  
RadiaBon	
  hard	
  

Moduli	
  MulB	
  chip	
  
(Ad	
  Esempio	
  Quad)	
  

	
  

Contro	
  
Costo	
  Sensore/bump	
  	
  

4”÷6”	
  wafer	
  
Risoluzione	
  spaziale	
  
Costo/yield	
  delf	
  BB	
  

HV-­‐CMOS	
  
	
  

FE	
  chip:	
  
FE-­‐I4/RD53	
  

Incollaggio	
  Wafer-­‐to-­‐wafer	
  	
  
…	
  o	
  chip-­‐to-­‐chip	
  	
  

amp.	
  +	
  disc.	
  +	
  logic	
  
diodo	
  +	
  amp.	
  +	
  disc.	
  
	
  +	
  ToT	
  addr.	
  encode	
  

→	
  	
  Più	
  semplice/economico?	
  

Pro	
  
8”	
  (or	
  12”)	
  HV-­‐CMOS	
  wafers	
  

“Standard”	
  IC	
  Processo	
  
BB	
  piu	
  economico	
  	
  
(da	
  dimostare)	
  

Pixel	
  piu	
  piccoli→	
  Risoluzione	
  

Contro	
  
Nuova	
  tecnologia	
  

Minore	
  carica	
  (800÷1500	
  e)	
  
Chip	
  singolo	
  	
  

(mulB-­‐chip	
  difficoltoso)	
  

ACCOPPIAMENTO	
  CAPACITIVO	
  BUMP-­‐BONDING	
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Idea:	
  
§  Usare	
  la	
  tecnologia	
  standard	
  (HV-­‐)	
  CMOS	
  per	
  

costruire	
  rivelatori	
  di	
  parBcelle	
  
§  Alto	
  voltaggio	
  per	
  svuotare	
  il	
  volume	
  del	
  sensore	
  

(50-­‐100	
  V)	
  
§  La	
  carica	
  è	
  raccolta	
  per	
  driR	
  

§  Diodo	
  “Smart”	
  
§  Pre-­‐Amplificazione	
  già	
  a	
  livello	
  di	
  sensore	
  
§  Gli	
  HV-­‐CMOS	
  possono	
  essere	
  accoppiaB	
  

capacitavamente	
  al	
  FE	
  aMraverso	
  resine	
  o	
  
colle	
  

§  RadiaZon	
  hard	
  fino	
  a	
  1015	
  neq/cm2	
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PRIMI	
  PROTOTIPI	
  (864	
  PIXEL	
  DI	
  33	
  ×	
  125	
  µm2)	
  IN	
  TEST	
  
HANNO	
  OTTENUTO	
  RISULTATI	
  INCORAGGIANTI.	
  

PROTOTIPI	
  FULL	
  SCALE	
  (FE-­‐I4)	
  IN	
  8-­‐12	
  MESI	
  

FE-­‐I4	
  

4.4	
  mm	
  

2.2	
  mm	
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2014	
   2016	
   2017	
   2018-­‐2019	
   2020-­‐2022	
   2023-­‐2024	
  

§  ITk	
  sarà	
  una	
  sfida	
  tecnologica	
  e	
  produGva	
  	
  
§  La	
  comunità	
  italiana	
  ITk	
  è	
  molto	
  aGva	
  su	
  diversi	
  fronZ:	
  

Sviluppo	
  di	
  sensori	
  (CMOS	
  e	
  3D)	
  
Bump-­‐Bonding	
  (Selex)	
  
EleMronica	
  e	
  DAQ	
  
Meccanica	
  
Simulazione	
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The ATLAS detector in Run1 
Calorimeter system 

EM and Hadronic energy 
 

•  Liquid Ar (LAr) EM barrel and end-
cap 

•  LAr Hadronic end-cap 
•  Tile calorimeter (Fe-scintillator) 

hadronic barrel 

Muon spectrometer 

µ Tracking 
Toroid Magnets 
 

Precision Tracking: 

•  MDT (Monitored drift tubes) 

•  CSC (Cathode Strip Chambers) 
Trigger: 

•  RPC (Resistive Plate Chamber) 
Trigger 

•  TGC (Thin Gas Chamber)  

Inner Detector (ID) 

Tracking 
2T Solenoid Magnet 
 

•  Silicon Pixels 50 x 400 µm2 

•  Silicon Strips (SCT)  
80 µm stereo 

•  Transition Radiation Tracker (TRT) 
up to 36 points/track 

Three Level Trigger system  
 

•  L1 – hardware:   70 kHz, 2.5 µs latency 

•  L2 – software:   6.5 kHz, 10 ms latency 
•  EF – software:    600 Hz, 1-2 s latency 

Muon detectors        Tile Calorimeter      Liquid Argon Calorimeter       

Toroid Magnets    Solenoid Magnet    SCT Tracker   Pixel Detector   TRT Tracker 

C.#Gemme,#INFN#Genova#4#
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system and consists of a feature extractor (FEX) based on calorimeter electromagnetic and
jet triggers, and the Phase-I Level-1 muon trigger. The Level-0 accept is generated by the
central trigger system which incorporates topological triggering capability.

• the Level-1 system will reduce the rate to 200 kHz within an additional latency of 14 µs. This
reduction will be accomplished by the introduction of track information within a Region-of-
Interest (RoI), full calorimeter granularity within the same RoI and the introduction of a
refined muon selection based on the use of the MDT information.

• an increased use of offline-like algorithms in the High-Level Trigger (software trigger) with
an anticipated readout rate of 5�10 kHz.

A block diagram of the architecture is shown in Figure 2.2. A more detailed description of the
Phase-II trigger and DAQ system is given in the following sections.

Calorimeters!

Muon Trigger!

Central Trigger!

Calorimeter Trigger!

  Level 1!
Topo/CTP!

  Level 0!
Topo/CTP!

eFEX/jFEX!

Tracker!

L1Calo!

MuCTPi!

MDT!

Endcap/NSW!

Muon!

L1Track!

Endcap Sector!
Logic!

Barrel Sector!
Logic!

    MDT !
  Trigger!

ITK RODs!

DPS/TBB!

Calo RODs!

Barrel!

L0A!

L0A!

L1A!

Level-0! Level-1!Front End!
500 kHz, 6 µs! 200 kHz, 20 µs!

Figure 2.2: A block diagram of the architecture of the split Level-0/Level-1 hardware trigger proposed for
the Phase-II upgrade. (The MDT trigger is shown as part of the Level-1 but may be used at Level-0).

2.1 Projected trigger rates for the Phase-I trigger at HL-LHC luminosities

The Phase-I Level-1 trigger [2] is composed of the Level-1 calorimeter trigger (L1Calo) and the
Level-1 muon trigger (L1Muon). The resulting triggers and regions of interest are combined in the
Topological Processor and Central trigger system where the Level-1 accept is generated within a
latency of 2.5 µs. The trigger rate is limited to . 100kHz by the detector readout capability.

The performance of the Phase-I system at Phase-II luminosities is taken from a simulation of
the functionality of the new electron feature extractor (eFEX) and extrapolations of the performance
of the muon trigger based on current data. The performance of the Phase-I trigger at Phase-II
luminosities is summarised below.
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