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Outline 

τInner Tracker Upgrade in nutshell. 

τSpanish Contribution 

τRecent R&D highlights: 

_ On Sensors 

_ Power systems and HDI design. 

τSummary 
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IT Upgrade in a nutshell : Layout & timeline 

τ Barrel detector with 4 layers (TBPX) 

_ First layer r = 2.9 cm 

_ Fourth layer r = 16 cm 

_ Max z = ±20 cm (±27 cm in Phase 1) 

τ 8 small double-discs per side (TFPX) 

_ First disk z = ±25 cm 

_ Eighth disk z = ±140 cm 

τ 4 large double-discs per side (TEPX) 

_ First disk z = ±175 cm 

_ Fourth disk z = ±255 cm 

τ Total active surface of ~ 4.9 m2 
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CMS Inner  Tracker Upgrade(2)  Challenges 
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τ Improve performance with 200 
pile-up events 

τ Radiation levels for 4000 fb -1 

τ Hit rate (3.2 GHz/cm 2 ) 

τ Trigger rate 750kHz 

τ Trigger latency 12.5 us 

τ Heat load about  50 kW ! 

 

Quite Likely  L1 to be replaced after 

1x10 16 neq /cm2 and 500 MRad 
(depending of  RD53 radiation tolerance, 
seems to be better than expected) 

Innermost layer: 2.3x10 16 neq /cm2 

Innermost layer: 1.2 GRad 



IT  Upgrade: Spanish contribution 
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Commitment:  

 To integrate 350 modules (innermost, 1x2 size)  out of 4k. 

 

 

2x1 ROCs 

R&D on sensors 

Readout ASIC 
(inside RD53) 
Power stage 
performance, 
PoR block  

HDI (2x1) 
design 

τ Gervasio Gomez (IT Sensor group coordinator) 

τ Esteban Currás (IT Sensor Irradiation contact) 

τ Jordi Duarte ( IT  Sensor Test beam analysis contact) 



R&D on sensors: Topics 

_ Radiation tolerance. 

_ Pixel cell form-factor (50x50 vs 25x100). 

_ Power dissipation (thermal runaway limits). 

_ Sparking (planar sensors) 

_ Edge sensor efficiency (slim edge designs). 

_ Biasing structures (for Quality Assurance).  
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R&D on sensors: last 12 months activities 

_ Within CMS productions of planar prototype sensor with 
HPK and FBK 

_ 3D sensors at FBK and CNM 

_ Last 12 months: Intensive testbeam and irradiation 
program based on ROC4sens R&D chip from PSI 

_ This year: Single Chip modules with RD53A.  

First test beams, irradiations ongoing 

 

Ą  Results on first RD53A assemblies, augmented by   

     ROC4sens-based studies 
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R&D on sensors: Planar Sensors 

τ focus on RD53A compatible sensors 

τ 3 types of wafer: FTH (150 mm), FDB (150+50 mm), FDD (150+50 mm) 

τ In bold: sensors considered in high priority plan 
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R&D on sensors: 3D sensors 
τ Columnar Vertical junction allow for simpler: 

_ radiation tolerant layout, Slim edge design , and operation 

τ More complex fabrication. 

τ CNM and FBK converged on single-sided process 

_ Shared production possible 

_  SOI and/or DWB ǿŀŦŜǊǎ όсΩΩ FBKΣ пΩΩ CNM) 

_ Active thickness 100, 130, 150 mm, support wafer thickness 50, 70 mm 

_ Pixel sizes of 50x50, 25x100 (1E) and 25x100 (2E) mm2 (E = junction column electrode) 

 

10 I. Vila - X CPAN days Oct 29  2018 



R&D on sensors: 3D sensors (2)   
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Å 9 RD53 50x50um2  (1-x) 
Å 9 RD53 25x100um2 2E (2-x) 
Å 2 RD53 25x100um2 1E (3-x) 
Diodes 
Å 5-x 50x50um2 100x100 electrodes 
Å 6-x 50x50um2  50x50 electrodes 
Å 7-x 25x50um2 50x50 electrodes 
Å 8-x 25x100um2  50x50 electrodes 
Å 64 test structures 3x3 matrix 
MOS 
Å 9-x   3500x3500 um2 
Å Polysilicon test structures 
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пΩΩ ¢Ƙƛƴ 3D-SS (150 µm thick Si-Si)   
-  yield, prototyping Market Survey bump bonding &  3D sensor. 

 

8 wafers @ to be delivered by Dec 18  



R&D on Sensors: Intense test beam campaign 

τ Since second half of 2018 (once ROCs became available) 

_ CERN-SPS: 1 week in June, July, August, September; 2 weeks in October 

_ DESY: 3 weeks in June, 2 weeks in September, 2 weeks in October, 2 weeks in 
November/December 

_ FNAL: dates to be decided, start as soon as November 

τ ¢Ŝǎǘ ōŜŀƳ άŎƻǾŜǊŀƎŜέ ŜȄǇŜŎǘŜŘ ōȅ ŜƴŘ ƻŦ нлму όǾŀǊƛŀƴǘ ŘŜǘŀƛƭǎ ƴƻǘ ǎƘƻǿƴ ŦƻǊ 
simplicity) 
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SPS test beam crew 
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R&D on sensors:  CNM 3D ROC4SENS @ 3e15 n/cm2 
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R&D on sensors:  FBK 3D  RD53A@ 1e16 n/cm2 

τ 25x100 (1E) Efficiency after 1e16 n/cm2 96.6%  
(normal incidence) 
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