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— Overview & Requirements for the Phase-ll Pixel Upgrade
— Modules — FE Chip and Sensors

— Services, Serial Powering and DCS

— Local Supports

— Data Transmission and Readout

— Integration and Prototyping

- Expected Performance
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universiTATERDE $THE ATLAS EXPERIMENT AT THE LHC

- Large Hadron Collider
- p-p, p-HI, HI-HI collider
- up to 14 TeV p-p collisions
- several experiments with different physics focus

Overall view of the LHC exeriments.

— ATLAS experiment

- multi-purpose experiment
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jetcone
™~

— HL-LHC Physics Goals
- Higgs Precision Measurements

T-cone

— VBS Precision Measurements
- BSM Searches
- Vector Boson Fusion/Scattering

- forward jets

- tracker for large pseudo-rapidities: pile-up rejection by jet-vertex association
- Requirements for the Tracker:

- low occupancy

- low material budget

- radiation hardness

- high efficiency

- good track/vertex resolution
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universiTATEORM @ PHYSICS MOTIVATION & GOALS
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5 barrel layers:
- flat section up to z=500mm
- inclined section up to z=1200mm
- endcap rings up to z =3000mmm
- coverage of tracks with |n| <4
- about 10.000 hybrid pixel modules
- planar and 3D sensors

- CMOS modules considered as a
candidate for outermost barrel layer

- 50x50 um? or 25x100 um? pixels

- 2 innermost layers will be replaceable
after collecting 2000 fb!

INNER TRACKER PIXEL DETECTOR
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Candidate Layout from the ITK Pixel Technical Design Report

- general reference: CERN-LHCC-2017-21; ATLAS-TDR-030
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radiation hardness: up to 10 MGy (TID) and 1.4x10%6 neq/cm2 in the innermost layer
track reconstruction efficiency: > 99% for muons, > 85% for pions and electrons
fake rate < 10~

robustness against loss of up to 15% of individual channels E &S] ATLAS Simulation
- FLUKA + PYTHIAS
readout: &0 Tk Inclined Duals

— innermost layers: 1MHz
- outermost layers: 4MHz (L1 track trigger)
- output bandwidth: up to 5.12 Gb/s per front-end chip

application of a serial powering scheme for multi-chip modules

10"

10"

10"

10"
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three different sensors to be used
- 3D sensors for innermost layer
- 100 um thick planar sensors for L1
- 150 um thick planar sensors for L2-L4

PLANAR

I
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I A E o @ Layer0
o L ATLAS Simulation :
UNIVERSITAT LI FRONT-END CHIP Sos g0 icncined Duts - (o 3
% 2005.. t, <> =200 M !_ayers
- joint ATLAS and CMS development (RD53 Collaboration) e . R
C . ]
- chip design in 65nm technology, final dimensions: 2.1x2 cm? 150; ot eoc°’
- 156k pixels per chip, expecting up to 250 hits per chip per event 100
- trigger frequency up to 4MHz 50’
m
- Shunt-LDO regulator for serial powering #Q!W £ z"* il
400 600 800 1000 1200 [1400 ]
Z|mm

- RD53A prototype chips received end of last year
- testing with single chip cards and module assemblies since then
- evaluation of three different analog front-ends ongoing

Single analog Example of
Front End square pixel
on sensor
above
Digital “sea” Bump bond
location
Analog
“island”
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- FE Chip bump-bonded to sensor

Flex

- up to 4 FE chips per sensor in L1-L4 Sensor
- single chip modules in LO W
- flex PCB glued on top of the sensor v
- Araldite applied with stencil Front-end chip
- wire-bonded to FE chips

g and gluing jig |
© UHU Endfest 300 dots

Module in
® PP| 577RF tape

pick-up tool

- provides connection to inner services

Module PCB, with SMDS\
- - T R B

/ Encapsulated wire bonds
4 | Sensor
Solder/Indium Bumps
Local Support —* FE chips
23.10.2018 Vertex 2018 — Matthias Hamer
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- new technology as an alternative for outermost layer M
g e
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- thin modules with smaller pixels at smaller cost 0.094F- I
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coupled rings in the inner system

end-cap half-ring

pixel module

-
N\,

longeron in the outer barrel

‘ support cylinder ‘
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Detector Control .
. DAQ 3¢ . P S |
- up to 7A required per module { ’:ys o J S‘T"‘)” J { o rpp'es J
- parallel powering of individual modules not an option FELIX bes ntriock
q q 0 ff del
- powering of modules in series on local supports offdetector

- up to 14 modules in a single serial powering chain @ m

- risk to loose full chain

- PSPP chip for monitoring and bypassing on detector
&Q_J module module module
Readout I I |
v = Ll L] L Optical interconnection

Interface EoS/PPO

sub-structure with multiple modules

DCS system with 3 paths:
- Safety: hardwired interlock

EoS Board /
PPO

DCs
Controller
Power (V)
Tobcs __ | Conlroller —— —————————+————--<
computer
PSPP chip
power (V,,)

Coctes— —> Diagnostics: additional information from FE chips

- Control: PSPP Chip + DCS controller on local supports
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Experimental . ora -1
- flex and rigid PCBs on local supports (Type-0) I d HallUxtg) G 0 A L Y
: Type-lil
- twisted pair cable bundles for powering and DCS services Nm L VFP;L v
— twin-ax cables for electrical data transmission ,

- regrouping of cables at several patch-panels

Type-ll

- opto-electrical conversion on optoboards

- optical fibres up to the readout elements in service cavern

Outer Barrel Patch Panel Study d || Endcaps TyPe-O services - | Distributed Patch Panel in inner system
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1.95 mm

- FE chip with up to 4 x 1.28 Gb/s = aggregation to 5.12 Gb/s on local supports

- losses to be kept below 20 dB between elements, BER < 10712

- pre-emphasis on FE chip
- equalization on opto-boards

- serial powering: all data transmission AC coupled

- downlink follows same path (160 Mb/s per module)

Single module

data cable bundle

‘ %j sz twin-ax cables: up to 5m
FE : Aggregator

- flex PCB: 2cm to 100cm

ok

i 4% 128 Gbis
§ [ FE ] [ FE |

N SR

Quad module

23.10.2018

5.12 Gbls 5.12 Gbis (optical)
—>
To off-detector
5.12Gbs (optical) readout

Opto-board

5.12 Gbis

optical fibre: 100m

up to 4 aggregator units per ASIC:
16 aurora inputs, 4 aurora outputs

Vertex 2018 — Matthias Hamer
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- two different triggering scenarios considered
- 1 MHz pixel readout
- fast track reconstruction processor for HLT
- 4 MHz pixel readout

- L1 track trigger (outer layers + strips only)

DAQ/
Event Filter

Trigger
Output rate / Latency

Level-0
1+ 4 MHz (max) /
11 10us

i Level-1
i1 B0O kHz (max) /
i} 35 ps (max)

Detector Links <-> Switched Network
Interface

l

Data Handlers |

" Event ”
Builder |

ey

Storage Handlers ||

Event filter || Event ||
Processor Hardware
Track Output
Farm Trigger 10 kHz
Permanent
Storage

Data Input to Trigger
Trigger Signals: LO, L1
trigger, Regional Readout
Request (R3)

Trigger Data to Readout

Data to DAQ/Event Filter

— 6
r- e Layer0
O 5k m Layer 1
o 4+ lLayer?2
g 4: o Layer 3
o ;.. Joo® e ® ¥ Layer4
SR LY T A
- o ATLAS Simulati
data-rates currently F ATLAS Simujation
o r Barrel
being re-evaluated 2 2 i 500
1 .
amm lllllll.;-. R
N e\
0 200 400 600 800 1000 1200 1400
z[mm]
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communication between off-detector backend and on-detector electronics handled by FELIX
trigger and configuration commands sent to modules in single bit-stream

DC balanced data encoding (AC coupling)

about 2% of all output frames reserved for transmission of non-hit information (diagnostics path)

local trigger interface for several FELIX systems

— distribution of triggers from central trigger systems

- broadcast of triggers for calibration loops

’—>| Data Handler I

- o L]
1 register word 1 register word Detector FELIX O card [OH]

| N data words [ | N data words | | N data words |- Specific
Electronics

FELIX /O card (SN

[8b Aurora [10b address | 16b value [10b address| 16b value |4b stat|

0-511 are global registers
512-895 are offset pixel row numbers

| 7bTag [16baddress | 16bToT | oboffset | 16bToT |
OR

——> Front-End links
——> PON or P2P links
\ Idle Frame | —> Multi-Gigabit network

|—>| Ctl. & Cfg. I
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integration scheme for outer barrel

- integration of outer barrel local supports into half-cylinders ee el Tipe-ISeiicoP TEp e ohvine

Service Support Shells

Outer-Barrel (Half 1)

- integration of half-rings into half-shells and finally a full end-cap |
- integration of inner system from 3x4 quadrants
- stepwise integration into strip system -> installation in detector

rings in the endcap and global support structures

Heavyweight Pixel
Endcap support
flanges

Outer Pixel Layers
3 Layers

Half rings

Pixel Support Tube

&

§ 2- Forward platform S3
N = P

Z

Inner Support Tube

Beam Pipe

lowering of the ITk in 2 steps

Lightweight Pixel Endcap Support Flanges
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- extensive prototyping program targeting multiple aspects
- serial powering with representative local supports, services and power supplies
- AC-coupled multi-module readout and DCS o

%
&

OB local support with FE-14-
SP chain and PSPP chips

Vertex 2018 — Matthias Hamer 23
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- extensive prototyping program targeting multiple aspects

- serial powering with representative local supports, services and power supplie

- AC-coupled multi-module readout and DCS

- thermal and mechanical performance of local supports

- integration of local supports and module loading

- transport of modules and loaded local supports

- design verification for all components
- pre-production starting next year

- production and integration of loaded
local supports until end of 2023

- ready for integration in 2024

Vertical Deflection at Loading Point (um)

g

g

B

8

g

8

g

)

+ TestC1 (Proto 1)
=-Test C2 (Proto 1)
+ TestC1 (Proto 2)
x-Test C2 (Proto 2)
- - FEA (Edge Load)

e i Exp. Mass ~43.2g
FEA Mass ~ 45.6g

500

thermal prototype for inner system

end-cap half-ring + transport frame
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EXPECTED PERFORMANCE
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high requirements for ATLAS phase-Il tracker upgrade
upgraded pixel detector:
- 5layers with pixel module with coverage up to |n| <4
- up to 4 MHz readout for L1 track trigger
- new FE chip and new sensors being developed (3D and thin planar)
- CMOS modules as an alternative for outermost layer
expected performance will enable a rich physics program

extensive prototyping campaigns started covering critical aspects

pre-production starting soon
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