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® Introduction to I'TKk.

e Introduction to Cold Noise and Cracking.

® Testbeam studies in Cold Noise and Cracking.
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[Tk

e New inner tracker for the ATLAS experiment.
o Designed to cope with the harsher conditions that will be produced by the
HL-LHC.
o Full silicon design, with electronics glued into the silicon sensors.
o The combination of sensor with the electronics is known as modules.
® Divided into two Sub-systems.

. . e Higher radiation tolerance
o  Pixels, for the innermost part of I'Tk.

e Finer granularity

O  Strips for the outer part of ['Tk.  Higher trigger rate
Endcap Side A Barrel Endcap Side C e Less material in the tracking
volume

e i For I'Tk Strips:

e coverageup to = 2.7

W, ITk Pixel detector ;.” e~ 18000 strip sensors
/ Y | e ~165m2 of silicon

S L e ~ 60 million channels
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[Tk Strips

® There are eight different modules types.
o Two types in the barrel: Short Strip (SS) and Long Strip (LS) modules.
O  Six types in the Endcap: RO to R5.
o RO to R2 are single sensor modules while R3 to R5 are double sensor modules.

Long strip Short strip

https://cds.cern.ch/record/2888039/plots
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https://cds.cern.ch/record/2888039/plots

Barrel

® The barrel modules are glued into staves.
o The barrel is composed ot 4 layers of staves. For a total of 392.
o 28 modules per stave. For a total of 10976 modules installed.

® 'Two flavours of staves
o Shot Strip staves. Cover the two innermost layers.
o Long Strip staves. Cover the two outermost layers

Stave design
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https://www.researchgate.net/figure/The-ITK-will-take-advantage-of-a-stave-concept-design-in-the-barrel-pixel-and-strip_fig3_273477867

Endcap

® The endcap modules are glued into petals.
o There are six disks per endcap and 32 petals per disks. In total 384 etals
o Each petal has 12 modules. In total 4608 modules. | avs [

Endcap structure built at NYKHEF

Top: Empty core. Bottom: full loaded petal
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https://www.sciencedirect.com/science/article/pii/S0168900224004789
https://cds.cern.ch/record/2892425?ln=es

[Tk strips testebeam setup
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Specification requirements at the end of lifetime:
» Efficiency >99%
¢ Noise occupancy <0.1%

Test beam setup @DESY

Tel

e@5GeV
epix

Adenium telescope
Telepix timing plane
Scintillator trigger signal

DUT cooling box
DUT Testbeam convention:

Adenium Adenium

Scintillator
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e High noise channels observed during cold module testing.
o The opposite of what it 1s expected with silicon sensors.
o Barrel modules were aftected but also some endcap modules types.
® (old Noise seems to be produced due to coupling between mechanical vibrations
produced on DC-DC switching circuit on powerboards and electronic noise.
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Input Noise (ENC)
Input Noise (ENC)

Input Noise (ENC)
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Cold Noise on Testbeams.
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windows of the different modules’ types.
Larger levels of noise complicate the finding ot operational window.
The operational window has to be calculated strip by strip for CN modules.
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Cold Noise on Testbeams. &

® 'The CN studies has been also performed in irradiated modules.
o Irradiated modules has smaller operational windows.
o CN can make impossible to find operational windows.

Work in progress by Yajun He Work in progress by Yajun He
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Cracking

® Cracking of sensors during QA of loaded objects.
® Studies has shown higher mechanical stress in certain regions of modules due to
different thermal coefficients.
® One solution and one mitigation strategy.
o Interposer solution.

o Improved nominal mitigation strategy. scheme made by Andrew Blue

Peak stress

Flexes l l
gtel:‘fsglrue I S S — - -
Soft Glue /‘—‘*‘=_\

Stave
® When cooling down, the sensor wants to bend up.

® The attachment to the local support constraints this eftect, creating local bent
regions with high stress
® Peak stress occurs in gaps between flexes.
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Interposers o

Solution based on adding an extra layer of kapton
between the hybrids and sensor. CEE e

I N . ﬁg%g
. . . — 8 K B
Success in solving cracking. - S S — |

———
Concerns related to production rates and « Add soft glue under flexes to

development. decouple thermal stress

» Simulation predicts up to ~95%

Need to add an extra step in the production chain.  gtess reduction

* More complex to integrate into
workflow

Scheme made by Carles Solaz.
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Cracking in testbeam

® The testbeam studies has focused on studying the impact of interposer on modules’

operational window.

First interposed modules were tested at testbeam before and after irradiation.

® Key to understand if the interposer affects the predicted performance of the

modules.
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Work in progress.
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Conclusion

The testbeam studies has been key to understand the problems I'Tk strips
collaboration was facing.

The studies has shown the behavior of CN in modules and different irradiation
conditions.

In the case of the cracking issue, it has shown the feasibility of the interposer
solution under beam conditions.
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Backup
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Improved nominal

® More information in Luise Poley ITk week talk .

® Solution based on changing glue patterns in hybrids
and petal cores.

e Mitigation of cracking observed.

e [Lasier to implement into production workflow.

VANG
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https://indico.cern.ch/event/1393705/contributions/6336654/attachments/3002939/5298471/Improved%20Nominal%20concept.pdf

