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ATLAS Pixel Overview

Atlas Pixel is the innermost detector

Of th e ATL AS tracker System Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
« 3 tracking points up to n<|2.5|
layers barrel and 3+3 disks

* 1744 modules with 46080 pixel
50x400 um?

* 80 millions channels total

Run 152166
Event 817271

http://utlas.ch
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ATLAS Inner Detector Upgrades

» Phase | : Insertable B Layer (IBL)

= Tracking robustness

» Recover the tracking performance in case of irreparable failure of modules in other pixel
layers

Improve tracking performance for luminosities up to 2-3 1034 cm-2s-"
» Current pixel detector was designed for lower peak luminosities
= Expected before the major LHC upgrade

Improve physics performance
= Impact parameter variables improved by a factor of ~1.5
» Rejection of light jets in tt events improves by a factor ~1.8

Installation during the first long LHC shutdown (2015-2016)

Radiation hard detector

= |BL is designed for 550 fb-!, providing some margin should luminosity evolve more rapidly
than expected or should the 2020 HL-LHC shutdown be delayedDifferent sensor
technologies

= 3D sensors, planar edgeless sensors, ...
= New rad-hard, larger readout chip (FE-14)

= Phase Il : Complete ID replacement

= Silicon-based technology
» To be installed during the High Luminosity LHC upgrade (2020)
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IBL

The Insertable B-Layer (IBL) is a fourth layer
added to the present Pixel detector between a new
beam pipe with reduced radius and the current
inner Pixel layer (B-layer)
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Basic Requirements for the IBL Layout

Some key numbers of the IBL.:

= One pixel hit over the full rapidity
range covered by the actual Inner
Detector (|n|<2.5)

» 14 composite supports (staves)
» R=32 mm mean sensor radius
= Sensor surface only ~0.2m?

= 1.5KW power cooled @ ~ -30-- 40°C
via an evaporative cooling system

= Insert able together with a new beam
pipe

The IBL is an approved ATLAS
project to be installed in the
2015-2016 LHC shutdown.

The TDR is being submitted.
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ATLAS ID Upgrade Layout (changing....)
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Layers: 4 Pixel, 3 Short strips, 2 Long strips
100 m? of long strips, 60 m? short strips, at least 5 m? of pixels

Final layout and border between pixels and strips is under discussion
Need realistic simulation of sSLHC events to take the final decision
Production cost of pixels and short strips might not be so different
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Strategy

= At IFAE , we have mainly a long term goal
» Make an important contribution to the construction of the pixel detector for the
HL-LHC upgrade

= R&D in
= Sensor technologies
= Cost optimization
= Bump-bonding techniques

= Contribution to
= Bump-bonding of the detector
= QA and module assembly
= Sensor manufacturing at CNM

= At medium term, the goal is to participate in the IBL construction
= Start collaborating with the ATLAS pixel community

= Participate in the same fields of future interest even if the size of the detector
implies a small contribution

» Maybe with the exception of the detector manufacturing depending of the
technology choice

= At short term, our first goal has been to exercise a loop of production/
assembly/testing of ATLAS pixel modules in our institute
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Synergy between IFAE and CNM
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Centre Nacional de Microelectronica  IMB
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New Sensor Technologies

* The Innermost layers of the Upgraded ATLAS Pixel detector need to be
~10 times more radiation hard than the currently installed sensors.
Solutions being investigated:

» 3D sensors (already produced at CNM-IMB)
= 3 dimensional arrays of p and n electrodes that penetrate into the
detector bulk
=Decouple the track direction vs. the drift field
=ow depletion voltage (closer electrodes)
= Short charge collection path (fast signal)
= Retain full charge from MIP in the Si thickness

n type

n+

* Thin sensors
= Thickness d < 125 uym
= Minimize material budget
=ower depletion voltage (= d?)
=Lower leakage current (= d) after irradiation
= Shorter collection time

= 3D thin sensor
= Combine advantages of both technologies
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New Sensor Technologies

» For the external layers, the currently used technology (planar sensors)
seems adequate and is the only one being considered. There are some

improvements to be investigated

» Surface of detectors to build is considerably larger than in the present
detector
= Yield and costs need to be optimized (p-on-n can be a good option)

= Need to improve the current mechanics and cooling system
= Cooling pipe and material homogeneously attached to the sensors

= \With less material

= Avoid sensor overlap in beam (z) direction

= Minimize material
= Can consider one single readout chip sensor production

» Edgeless sensors can provide the solution to a lot of these issues
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New FE-14 Chip design

» Why a new FE design?

= Radiation hardness has to be increased.

= New architecture to reduce the inefficiencies.

= Parameters of the new FE

= Pixel size = 250 x 50 um?

» Pixels =80 x 336

» Technology = 0.13 um (on the way to 90nm)
= Power = 0.5 W/cm? (max) , 0.25 W/cm?

FE-I3 @ R=5cm
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7.6mm
= Main blocks MPW submitted in Spring 2008 2 active ]\ ~19 mm
and under test now . . 3 16.8mm
= Working on Full-Size FE-14 ready for - )L
submission to build IBL prototype modules 2.8mm “2mm
next year
FE-13 74% FE-14 ~89%
Largest FE chip designed in HEP
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R&D in bump-bonding large thin chips
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= Bump-bonding large (FE-I4) thin chips to silicon sensors is
problematic

= \We have initiated (in collaboration with Genova) an R&D
to solve the open issues before the FE-I4 chip is available

» Manufacturing of dummy sensors and chips at CNM

» Different UBM processes
= Bump-bonding test starting now
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In-house production-testing chain

* Successfully exercised
production/testing chain at Barcelona!

* Sensor production
* Sensor/Front-end chip integration
* Device characterization

I. Leakage Current
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* Optimize device quality
e Results from testbeam
Next Steps-

* [rradiation tests

* FE-I4 devices!

CNM sensor (n-on-p, planar)
Single chip card manufactured in &
local company
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Test Beam results (preliminary)

EUDetTelescope - June "10: intillators telescope
120 GeV pions from CERN - SPS SCHNISatiors DUTs
* 6 planes: 660k Si pixels (18.4 uym pitch)
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Test Beam results (preliminary)

* Measured pixel resolution (~4.3
wm) for tracks with 1 and 2
clusters

* Expected 4-5 um

* Analysis still ongoing...
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Summary

» |[FAE has an strategic plan in developing pixel detector technologies for the ATLAS upgrades

= Short term:
= Commission IFAE-CNM as a sensor production/assembly/testing facility

= Medium term:

= Contribution to the IBL construction
= Gain experience
= |ntegration within the pixel community

» Long term:
= Important contribution in the HL-LHC ATLAS ID upgrade

= Full replacement of the ID with silicon-based detectors
= Challenges in sensor design, module assembly and cost optimization

» We have made progress in all areas

= A sensor produced in-house has been operated in the CERN test-beam
= Goal of this year achieved

» We are actively participating in the IBL
» Production and testing of 3D sensors
= We are one of the MoU institutions for this project

= We started collaborations and projects for the HL-LHC upgrade
= Contribute to the sensor communities (planar, n-on-p, 3D)
= R&D in cost optimized bump-bonding techniques for large and thin sensor-chip assembly

= We aim to gain experience and be able to join efforts with the rest of the Spanish groups in the
construction of a part of the detector for the ILC
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Rejection factor of light jets
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Figure 29. Rejection factor against light jets as a function of b jet efficiency for the IP3D tagger (right) and
for the combined IP3D+SV1 tagger (left). Compared are the results with and without IBL, using b and light

jets from tf events without pilep.
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IBL Impact Parameter Resolution
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Figure 23. Impact parameter resolution as a function of 1) for tracks in #7 events without pileup. Results with
and without IBL are compared; (right) transverse impact parameter distribution dp and (left) longitudinal
impact parameter distribution z; X sin @ with respect to the true primary vertex position of the event. Results
from tracks between 2 and 4 GeV are shown.
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Figure 22. Impact parameter distributions of reconstructed tracks with and without IBL for #7 events without
pileup; (right) transverse impact parameter distribution d and (left) longitudinal impact parameter distribu-
tion zo X sin @ with respect to true dp and zo x sin 6.
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Performance with Pile-up
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b tagging performance with IBL at 2 x 10°% cm?s™!
performance similar to the current detector w/o pileup
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Technology Challenges

» The specifications for the IBL are driven by expected radiation fluence, hit rate, proximity to
beam axis and tight space constraints

* Development of radiation hard sensors and front-end:
= Dose: ~ 5 x 10" n,,/cm? (incl. safety factor x2)

» Frontend IC4: IBM 130nm process; improve readout
architecture to minimize inefficiency at high hit rates and
radiation hardness

= Sensor options: 3D silicon, Planar silicon and CVD diamond

* Readout system: improve data through-put and redundancy

= Material reduction (IBL X/X; 1.5 %)
= Mechanics

= Cooling: CO, cooling system (-40°C), small diam. pipes
= Extraction/Insertion and installation of new beam pipe

= |BL design builds on the experience gained operating the current Pixel system
= Titanium pipes: corrosion resistant

= Permanent pipe joints inside the detector: avoid leakage at fittings.
= Move opto-boards to ID endplate: more easily serviceable

= The IBL is also a technology step to HL-LHC

FE chip

3D view of the IBL CF stave
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