Performance of Phase-2 CMS Inner Tracker CROC-V1
modules Iin a serial power chain
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The CMS Phase-2 Inner Tracker Upgrade

e During the long shutdown 3 (LS3) the LHC will be upgraded to collide protons at a
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center-of-mass energy of 14 TeV and to reach a peak instantaneous luminosity of
22 75 x 103 cm™? 57!
e The upgrade to the HL-LHC brings significant challenges for the CMS inner tracker
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e 3-4 x more pileup (200 proton collisions per bunch crossing)

e Hit rate up to 3.2 GHz/cm? in layer 1
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3 X longer trigger latency (12.8 ps)
10 x more radiation (TID 1.2 Grad, hadron fluence 2.3 x 10'® n,/cm?)
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“ e To deal with these conditions, a complete new Tracker will be built, aiming to

maintain and even improve the performance of the current tracker
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To achieve this goal, the Phase-2 Inner Tracker needs

e Increased granularity: ~2 billion pixels of 25 pm x 100 wm (6 x smaller)

Inner Tracker: 2x1 pixel chip modules, , 3D modules

e Increased coverage: pseudorapidity region up to | = 4

e |ower material budget: light mechanics, powering

CROC V1 TEPX HDI Serial Powering of Pixel Modules

e With increased granularity and pseudorapidity coverage, parallel powering of the pixel

modules would require a huge number of cables — increased material budget

® The Phase-2 Inner Tracker will need serial powering (up to 11 modules per chain)

— This has never been implemented in |
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e Production chip RD53C-CMS is
currently being finalized
Performance tests of 2x2 pixel chip modules in a serial powering chain
Conclusions

e Climate chamber with -35°C ambient temperature

e Test setup for serial powering of up to 8 quad modules
e Comparing the behaviour of digital and sensor modules
either standalone and in a serial powering chain:

Test of the serial power chain on the innermost ring (R1, 5
modules) of a prototype TEPX half-disk, designed for RD53A
quads, cooled down by pipes filled with liquid CO2.
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Noise of the CROC modules chips

Demonstration of digital and sensor modules working in a

serial power chain

Threshold and noise are similar standalone and in serial

power.

RD53A module tests in a disk PCB with CO; cooling are

performed

Additional tests with a larger number of modules

powered in series will be performed

CROC module tests will be performed in a prototype disk
PCB
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® Thresholds are comparable standalone and in serial power
for both digital and sensor modules

e Noise levels are similar standalone and in serial power

e Noise levels of the sensor module are slightly higher than

those of the digital module, as expected

Noise of the RD53A modules in ringl
The noise distribution for one chip per module in the five po-
sitions of the serial power chain is shown, and it is compatible

with the measurements of the CROC modules.
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