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ATLAS Upgrade — The End is Nigh

…nigh-er than last year anyway

Jon Taylor on behalf of the Liverpool ATLAS Upgrade Group
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• Matt Brown 

• John Carroll  

• James Coleman-Mills 

• Paul Dervan 

• Ashley Greenall (lead strip hybrid designer) 

• Tim Jones (Pixel GM co-Ordinator, UK Pix Integration lead) 

• Warren Jones 

• Carl Gwilliam 

• Helen Hayward (Outer Endcap Coordinator, UK Pix Integration lead) 

• David Vazquez 

• Paul Sinclair 

• Jon Taylor (Pixel module activity co-ordinator, UK pixel module coordinator) 

• Sven Wonsak (Strip Database lead) 


• Welcome:  

• Akhil Kumar 

• Andy Bukowski 

• Tony Watling 


Plus continued thanks to : Liam Boynton, Tom Lee, DFF, Julie, Angie, Hannah, and 
the ATLAS group


Who are we and what are we doing at Liverpool?
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HL-LHC schedule and where ITk fits in…
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Detector Area [m2] # channels Dose [1MeV neq/
cm2] ID Pixel 2.1 80M ≤ 1.4 x 1015

 ID strips 61 6.3M ≤ 2 x1014

 ID TRT N/A 350k ≤ 2 x 1013

 ITk Pixel >10 >1 x 10^9 ≤ 2 x1016

 ITk Strips 165 ~50M ≤ 2 x 1015

ATLAS SCT vs ATLAS ITk
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Strip hybrids & modules
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A. Greenall, S. Wonsak, T. Lee, A. Kumar, A. Bukowski



6HEP annual meeting 23/05/24

Strip hybrids & modules
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Strip hybrids & modules
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Strip stave cores
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T. Jones, W. Jones, T. Watling
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Strip stave core assembly in the LSDC
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Pixel mechanics CAD design and FEA input
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• Full 3-D model of Layer 2 including the services routing and their interfaces between the half-rings. 
• Work presented at three Endcap workshops and at the Final Design Review (May 15th)

•The model has been used to …
• Generate input for FEA and drawings for a full-scale prototype at Milan.  

•Work is currently focussed on …
• Completing the design of the Front and rear Supports, extending the services routing to Layers 3 and 4 and 
the design of the mechanical interfaces between the Outer Endcap and other Pixel sub-systems.

John Carrol & James Coleman-Mills
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Pixel mechanics assembly in the LSDC and AML
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Pixel Half-ring Co-curing in the AMLJ. Coleman-Mills, T. Jones, W. Jones, P.Sinclair, T. Watling

Layer 4 Half-cylinder Prototype design, manufacture and assembly

• L4 Prototype programme
• Completed the assembly of a full-length prototype 

of the Layer 4 half cylinder. 

• The primary aim of the programme was to complete 

the manufacture of the half-cylinder assembly 
tooling, commission it and evaluate its suitability.

• A core part of the programme was the manufacture 
of a prototype which will be used for integration 
studies at Frascati.

• Work is currently focussed on …
• Fixing some of the short-comings in the tooling to 
improve dimensional accuracy and stability and fully 
documenting the precision of the 

•All parts manufactured by DFF to tight tolerances
•Issue has been in assembling end-towers and positioning jigs to equal precision 
– making extensive use of 3D metrology
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Pixel modules - assembly
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Assembled ITkPix quad - 
we need to make 500!

• Pixel modules jointly organised in the UK by Liverpool (J.Taylor) and Oxford (D.Bortoletto)

• Parts and assembled modules passed around the UK as follows:


• Edinburgh: Hybrid QC

• Lancaster: Sensor QC

• Glasgow: Module building and testing, hybridisation (flip-chip)

• Oxford: Module building and testing, module loading

• RAL: Module loading and hybridisation (flip-chip)

• Liverpool: Module building and testing, parylene coating

A. Bukowski, 
D. Hollywood, 

A. Kumar, 

J. Taylor, 

M. Whitley

ITkPix tooling for Pre-production x4

New resin printer

Metrology tooling (DFF) < 10um precision!

Resin vacuum tooling 
~25um resolution
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Pixel modules - testing
C.Gwilliam, .P. Dervan, A.Taylor, J.Taylor, A.Bukowski, D.Vazquez

• Pixel modules planned to be tested in batches of four (need to test ~8 / week)

• Custom thermal cycling setup (MMCB) developed for thermal cycling in the range -55deg. to 

+60deg. (modules unpowered) to check for bump bond de-lamination

• Electrical testing of modules carried out close to the nominal operating temperature of -15deg.

• Current version of the chip (used by ATLAS & CMS) shows a problem with roughly ~10% of chips 

dubbed ‘the core column issue’ where columns of pixels have to be turned off for chip to work

• Problem only seen after wafer probing -> large yield loss for module production if not understood

• Taskforce to investigate is ongoing, results from the v2 ASIC still being collected

MMCB setup QC of shuntLDO’s

Threshold scan after 
calibration

ITkPix v1.1 showing ’Core-column’ behaviour
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Pixel system testing
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P. Dervan, D.Vazquez, G.Miller (Manchester)
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Pixel system testing
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Pixel integration… how it started

H.Hayward, T. Jones, M. Brown
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Pixel integration… how it’s going
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Save the date!
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Summary
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• ITk muddles on! 

• Lots of the Final Design Reviews (FDRs) are now complete and several 

Production Readiness Reviews (PRR’s) are also complete or scheduled 
as the project transitions from pre-production to production


• It’s encouraging to see ‘myth become fact’ as parts transform from the 
realm of drawings and models to become tangible objects in the lab


• (Pre-)Production has thrown up some interesting new problems:

• Cold-noise

• Cracking of modules

• Core-column issues

• To be expected that some subtleties will emerge as statistics are 

gathered in production and system level effects emerge

• It’s exciting to see Global Mechanics structures for strips and pixels are 

now being assembled and measured in the LSDC and AML

• At some point we will crawl over the finish line and surprise everyone 

including ourselves!


