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Pixel Modules 3D CAD Design – Readout El. Topology :

Side B ( 30 x 12 Chips )
(Reversed)

Side A ( 30 x 12 Chips )
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Pixel Modules 3D CAD Design – Readout El. Topology :

Side B ( 23 x 12 Chips )
(Reversed)

Side A ( 23 x 12 Chips )
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Pixel Modules 3D CAD Design - ASICs, Flex Tape Assembly, HDI

Alex Bitadze On behalf of the MT Mechanics & Modules team.

* Footprint: +200 µm

1 x 12 Flex Assembly 2 x 12 Flex Assembly HIGH DENSITY 
INTERCONNECT (HDI) PCB
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Pixel Modules 3D CAD Design  - Exploded View

Alex Bitadze On behalf of the MT Mechanics & Modules team.

23.35 mm
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Pixel Modules 3D CAD Design  - Long Module

Alex Bitadze On behalf of the MT Mechanics & Modules team.

23.35 mm
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Pixel Modules 3D CAD Design  - Short Module

Alex Bitadze On behalf of the MT Mechanics & Modules team.

23.35 mm
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Pixel Modules 3D CAD Design  - Beam Pipe Thermal Insulation

Alex Bitadze On behalf of the MT Mechanics & Modules team.
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Pixel Modules 3D CAD Design  - Services distribution

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Long Module Services – Front & Back - Same Direction
Short Module Services – Front & Back - Opposite Direction

Front View 

* Stations 1, 3, 5 Upwards
Stations 2, 4, 6 Downwards

**
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Pixel Modules 3D CAD Design  - Services distribution

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Back View 

* Stations 1, 3, 5 Upwards
Stations 2, 4, 6 Downwards

**

Long Module Services – Front & Back - Same Direction
Short Module Services – Front & Back - Opposite Direction
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Pixel Modules 3D CAD Design  - Overall Design (Scenarios – Low 321 – 1.4m2 / 8.6 m2 )

Alex Bitadze On behalf of the MT Mechanics & Modules team.
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Pixel Modules 3D CAD Design  - Overall Design (Scenarios – Low 32 – 1.3m2 / 7.8 m2 )

Alex Bitadze On behalf of the MT Mechanics & Modules team.
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Pixel Modules 3D CAD Design  - Overall Design (Scenarios – Baseline – 2.1m2 / 12.7 m2 )

Alex Bitadze On behalf of the MT Mechanics & Modules team.
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Pixel Modules 3D CAD Design  - CAD Files on EDMS

Alex Bitadze On behalf of the MT Mechanics & Modules team.

https://edms.cern.ch/document/2432309/1

https://edms.cern.ch/document/2432309/1
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Mode details in Stefano’s talk

https://indico.cern.ch/event/1249629/contributions/5250512/attachments/2585449/4463141/decapua_230202.pdf
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Metrology presentation

https://indico.cern.ch/event/1282549/
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Alex’s presentation

Bilal’s presentation

https://indico.cern.ch/event/1312954/contributions/5523029/attachments/2693768/4675802/FEM%20Analysis.pdf
https://indico.cern.ch/event/1347695/contributions/5673206/attachments/2754032/4794783/Beyond_Foam_Bilal_161123.pdf
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Experimental set-up

T1 T2

T5 T5

Some of the probes detached
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Difference in glue thickness not included!!!
(Heaters tilting)

FEA (0.3W per block – 1.2W per chip)

1. FEA
1. Convection is not included
2. Heater tilting not included
3. Assuming temperature inside the 

cooling line at 0∘C
4. 1.2W per heater (192mW/cm2)
5. ΔTinitial~28

∘C

2. Measurement
1. Largest convection estimated as 

1.6W (25W/m2K at ΔT~25∘C) -> 
loss of additional 62mW/cm2

(link)
2. Effective power -> 254mW/cm2

3. ΔTinitial~ 21∘C (254mW/cm2)
4. ΔTinitial~ 25∘C (300mW/cm2)

✓ First cooling performance results obtained and compared to FEAs
✓ Intermediate upgrade to HFE7100 soon
✓ Upgrade to CO2 evaporative cooling in the coming month or so (Ti tubes prototypes)

✓ New samples 1x3 chips size will allow us to estimate the cooling performance for 1 and 2 chips cooling spacing
2 Kapton tube samples assembled
Titanium sample will also be assembled
Comparison

✓ Custom-made heaters coming
20mm x 20mm (~10 working days)

https://www.engineeringtoolbox.com/convective-heat-transfer-d_430.html
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

EP-DT day meeting

https://indico.cern.ch/event/1233482/contributions/5264267/subcontributions/413873/attachments/2596202/4481784/20230220_EPRD_WP4_TRACKER.pptx
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Reinforcement

Seal fitting

We used a compact reinforcement test stand 
to assess the seal fitting. During the 
procedure, we incrementally raised the 
pressure to detect any potential leaks or tube 
ruptures.

At approximately 40 bar of pressure, there were no observable leaks detected. 
Upon surpassing the 40 bar threshold and reaching around 50 bar, leaks remained 
undetected. However, there was noticeable deformation in the plastic tubes, 
eventually leading to tube rupture
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

Marco’s presentation

Fixation points in between 
modules in empty columns

https://indico.cern.ch/event/1347695/contributions/5673207/attachments/2753877/4794558/MinimalInterconnects.pdf
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Pixel Modules - R&D

Alex Bitadze On behalf of the MT Mechanics & Modules team.

No Foam alternatives (TPG calculation)

G
TPG

Distance

Ti

3mm titanium squared tube (250um wall)

TPG: k||=1500W/mK, kT=20W/mK, X0=19.23cm
G: kT=1W/mK, X0=35.5cm
Ti: k=16W/mK, X0=3.56cm

X0 calculated averaging the Ti tube over 8 cm, 4cm and 2cm respectively
(one cooling line every 4, 2 and 1 chip columns)

NOMEX

G

TPG
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Prototype R&D:

Ongoing activities and plans

✓ Implement cooling connection fittings into the CAD

✓ Implement module interconnection clamps into the CAD

✓ Finalise the 3D CAD Design for the Pixel Module Assembly

✓ Cooling connection fittings pressure tests / Reliable interconnection design

✓ Thermal test setup (FEA validation) – New sample tests - Novec HFE7100 and CO2

✓ Validate the on-detector cooling system (DT)

✓ FEA Analyses for No Foam solutions (New Materials)

✓ FEA Analyses for Full assembly (thermal box / support structures) for Gravitational sag and vibrations 

✓ Define QA/QC procedure for chips/flexes assemblies, along with the implementation of proper reworkability
procedures

✓ Define Pixel module assembly serviceability and maintenance procedures after installation

Alex Bitadze On behalf of the MT Mechanics & Modules team.


