ATLAS ITk Barrel Strip Module Production

Yuzhen YANG
on behalf of IHEP/THU ATLAS ITk group
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Outline

ATLAS Inner Tracker (ITk)

Module Production:

- Module production at RAL
- Hybrid and module assembly, electrical tests
- Wire bonding: bond testing, 2x2 jig, encapsulation

IHEP/THU clean room

Summary



Introduction: LHC -> HL-LHC

High Luminosity-LHC (HL-LHC) is foreseen to be completed in 2026.

- Aim to increase the integrated luminosity to about ten times the
original LHC design.

- Improve the precision of the Higgs measurement, better
sensitivity to new physics.

Current LHC

ATLAS Inner Tracker will improve resolution and solve signal pile-up.
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ATLAS Inner Tracker (1Tk)

New all-silicon Inner Tracker (ITk) will replace current

ATLAS inner detector.
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IHEP/THU will contribute

1000 barrel strip modules (10
m? silicon) for ITk.



ITk Silicon Strip Detector Concept

* Global structure: 4 layers of silicon strip tracker in Barrel
* Local structure (Stave): 28 barrel modules on each stave

Wire-bonds

DC-DC converter

HCCsStar Power
Wire-bonds board ABCStar

Module
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/’ ~97mm

Hybrid modules EoS

1400 mm

>
>

Stave = 28 modules + electronic (bus tape) + thermal (cooling pipe) + mechanics (carbon fibre)
IHEP/THU will contribute 1000 barrel strip modules.
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Strip Module Assembly
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Quality Control

Based on the prototype study, along with the current ATLAS SCT
detector experience, improve the quality control (QC) of module
production process.
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ITk Strip Module Schedule

2018 2019 2020 2021 2022 2023 2024 2025
Strips

Pre-production

Production )

Integration v |

[ | Barrel L3 & L2
[ | Barrel L1&LO
[ ] EC @ DESY
= , : | EC @ NIKHEF

SR1 activities « — -
» Pre-production: Q2 2019 — Q2 2021 # ocsyEcacenn

[7] Test DESY EC

€ NIKHEF EC @ CERN

* Production: Q1 2020 - Q3 2024 I8l Test NIKHEF EC

’ Barrel Ready
[7] EC insertion

e |Tk-Strips ready by beginning of Oct. 2024 Il Strip Cold performace Quacrant

‘ Itk-Strips ready

IHEP/THU plan: 1000 barrel strip modules (including hybrids)

e Half number of modules will be produced in Rutherford Appleton Lab (RAL),
the other half at IHEP.

* Milestone: Plan to produce the first electrical strip module.
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Strip module assembly in RAL

IHEP staff and postdoc located in RAL to make modules for the first
double-side ABC130 Short-strip electrical stave.

* Hybrid: Metrology, ABC130 gluing, wire bonding, electrical tests

* Module: Hybrid and power board gluing, wire bonding, electrical tests
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Assembly and Electrical Tests

ITSDAQ is used in the development of ITk strlp detector read-out

Software Configuration:

- Initial, Hybrid/Module, Chip
Calibration Tests Essentials:

- Strobe Delay

- Trim Range

- 3-point gain and response curve

- Noise Occupancy DAQLoad f .

+ABC130
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Wire bonding

25um Aluminum Wire

4-row front-end bonded from sensor to readout
- Long strip: 2560 channels
- Short strip: 5120 channels

ABC130 to PCB: hybrid and power board
Bond pad size of ABC130: 60um x 200um




Optimize parameters for wire bonding

* Main parameters:

Bond force

Ultrasonic
Deformation

Tail length

Loop shape and height

* Wire bond testing: pull test

Pull Force (gram force)
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Improve wire bonding efficiency

* Developed 2x2 jig: One module each time - 4 module each time
* Optimize bonding program: pattern search works well for each module
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Wire protection: encapsulation

* Lesson from IBL pixel detector: wire corrosion
- Al wire Bond Corrosion due to humidity
- Humidity control became most important step in quality control
* Another way to protect wire bond: encapsulation (R & D with Oxford)
- Fully encapsulate ASIC back-end wires (ASIC to hybrid)
- More tests on going check the performance before and after
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IHEP/THU Clean room

80m? Class 10,000 clean room being constructed
— dedicated for the ATLAS strip module production

.

Total Weight: 2625kg
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- Probe station

- Almost waiting for check and accept
- Waiting for the setup of machines
- Plan to produce 1st electrical module in Q1 2019

Smart scope

2018-12-21 Yuzhen Yang 15



Summary

e ITk strip module schedule:
- Pre-production: Q2 2019 — Q2 2021, production: Q1 2020 — Q3 2024

* Module production:
- Hybrid assembly, module assembly, electrical testing
- Wire bonding: Parameter optimization, improve bonding efficiency,

encapsulation

e |HEP/THU group process:

- Clean room will be dedicated into ITk strip module production
- Plan to produce 1%t electrical module at Q1 2019
- Staff and postdoc based at RAL to produce modules for 1st double sided

electrical stave
oL
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Strip Module Pre-production
Prior to PRR — Preproduction

Summary schedule

2018 2019 2020 2021 2022 2023 2024
Strips
Pre-production v |
@ Sensor FDR
[ Sensor pre-production
@ ASICsFDR
[ ASIC pre-production
4@ Module FDR
[ ] Module pre-production
& 'S-eFDR
[ LS-e pre-production .
@ EosFOR Preproduction starts next year.
Gaps between FDR and SRS £o8 pre-production
actual preproduction due @ LScFDR
to procurement_ ] LS-c Stave pre-production
LS-c Petal pre-production
Sensor and ASICs cannot be @ LSmfR e
shortened. For modules [ LS-m Stave pre-production
gap could be shortened. BN LS-m Petal pre-production
@ Global Mechanics FDR

Site qualification and Production (N
additional prototyping Integration »
should be happening in the SRiactivities » NS
gaps.

https://indico.cern.ch/event/772184/contributions/3210581/attachments/1750738/2836720/2018.11-AUW-Strips-Schedule.pdf
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Strip Module Production

Production

8 2019 2020 2021 2022 2023 2024 2025
Strips
Pre-production .
Production v
@ Sensor PRR

| | Sensor production
4@ ASICPRR
[ | ASIC production
4 Module PRR
[ ] LS module production
[ ] SS module production
! 1 EC module production

. @ LS<ePRR
Horizon 2020, , ! 180 prodalion
when production starts @ coser
I  EoS production

@ LS<PRR

[ ] LS-c Stave production

[ ] LS-c Petal production

& Ls-mPRR

[ | LS-m Barrel module loading
[ ] LS-m EC module mounting

‘ Global Mechanics PRR
[ ] Barrel global supp. (parts prod.)
[T Assemble 2 EC structures
I Finalize 1st EC structure
[ Finalize 2nd EC strcutrure

@ Services FDRPRR
[ ] Production barrel services
I Production EC1 services
[ Production EC2 services

Integration
Summary schedule T SR1 activities » G
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Layer Radius Maximal Fluence Maximal Dose
[mm] [neq/em? ] [MRad]
Strips
Long Strips 762 42x10*" 10.7
Short Strips 405 8.1x10% 35.7
End-cap 385 1.2x10" 50.4
Pixels
Layer 0 39 2.25 x 10'® 1710
Layer 1 75 0.82 x 10'6 715
Layer 2 155 0.25 x 10% 148
Layer 3 213 0.12 x 10'® 96
Layer 4 271 0.12 x 10'® 61
End-cap 80 0.67 x 10'® 687
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