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Qutline

r Inner Tracker Upgrade in nutshell.
r Spanish Contribution

1 Recent R&D highlights:

_ On Sensors
_ Power systems andDIdesign.

T Summary
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IT Upgrade in a nutshell : Layout & timeline

Green: 2 ROCs modules : 4 ROCs modules
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Barrel detector with 4 layer§BPX
First layerr =2.9 cm
Fourth layer r = 16 cm
Max z =20 cm £27 cm in Phase) 1

8 small doublaliscs per sideTFEPX
First disk z 225 cm
Eighth disk z £140 cm

4 large doublaliscs per sideTEPX
First disk z 2175 cm
Fourth disk z £255cm

Total active surface of ~ 4.m
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CMS Inner Tracker Upgi@l€hallenges

v Improve performance witR00 _

£ 250+

pile-up events
. Radiation levels o000 fbl ..
¢ Hit rate(3.2 GHz/cm) - -
v Trigger rate/50kHz Innermost layer:2.3x10% n, /cm?
v Trigger latency2.5 us
¢ Heat load about0 kW !

[mm]

QuiteLikely L1 tbe replaced after

1x10® n,,/cnfand 500MRad
(depending of RD53 radiation tolerance,
seems to be better than expeCtEd) l. Vila- XCPANlays Oct 29 2018 5
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[T Upgrade: Spanish contribution

Commitment: F

To integrate 350 modules (innermost, 1x2 size) out of 4k.
2x1ROCs

g2 HDI(2x1)
A ReadoutASIt
O— (inside RD53 @

Power stage
performance,

PoRblock

\

R&D on sensorg
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R&D on sensors: Topics

_ Radiation tolerance.

_ Pixelcell formfactor (50x50 vs 25x100

_ Power dissipation (thermal runaway limits).
_ Sparking (planar sensors)

_ Edge sensor efficiency (slim edge designs).
_ Biasing structures (for Quality Assurance).

Highlights
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R&D on sensors: last 12 months activiies i'fﬁ

4
F

_ Within CMS productions of planar prototype sensor with
HPKandFBK

3D sensors &BKandCNM

Last 12 months: Intensivestbeamand irradiation
program based oROC4sen’&D chip from PSI

This year: Single Chip modules VRIDS3A

First test beams, irradiations ongoing

2
A Results on first RD53A assemblies, augmented by '?_5)
ROC4senbased studies 5
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R&D on sensors: Planar Sensors

v focuson RD53A compatible sensors
v 3 types of wafer=TH150 mm) FDB(150+50 mm)FDD(150+50 mn
v In bold: sensors considered in high priority plan

e _ | e __ . 25x100 pum? - 50x50 pm?
o

no bias 5P1 no bias

P 4 P2 common punch through 5P2 (open p-stop)

P3  polySi 5P3 common punch through, straight <

Eaa = 5P4 common punch through, wiggle M
P5  polySi P5  polySi \ -

PN P6  polySi
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R&D on sensors: 3D sensors

v Columnar Vertical junction alldar simpler: :
_ radiationtolerantlayout,dim edge designandoperation

More complex fabrication

t  CNMandFBKconvergedn singlesided process
Shared production possible
SOland/orDWBg | T S NeBK 6 @GN®@)Q
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 ele
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R&D on sensors

& 3D sensort

Centre Nacional de Microelectronica
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R&D on Sensolgtensdest beam campaign i’fﬁ

4
F

t  Sincesecond half of 2018 (on¢&OCdecame available)
CERPSPS: 1 week in June, July, August, September; 2 weeks in October

DESY3 weeks in June, 2 weeks in September, 2 weeks in October, 2 weeks in
November/December

_ FNALdates to be decided, start as soon as November
r ¢Sad oSFY a020SNI 3S¢ SELISOGSR o8
simplicity)

B O T O P T

RD53A 25x100 planar 0,5, 10
RD53A 50x50 planar HPK 0,5,10
RD53A 25x100 3D FBK 0, 10
RD53A 50x50 3D FBK 0, 10
RD53A 50x50 planar FBK 0
ROCASENS 25x100 planar HPK 0,214
ROCA4SENS 50x50 planar HPK 0,24
ROCASENS 50x50 3D CNM 0,3
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SPS test beam crew

Here just a part of the team, but we would like to thank all the people
involved before, during and after Test Beams, shifters, data analysers,...
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R&D on sensof€@NIVBDROCASENS @ 3el5

efficiency
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R&D on sensoBEBIBD RD53A@ lettécny If.

F

¢ 25x100 (1E) Efficiency aftbel6n/cm? 96.6%
(normal incidence)

]

—

l. Vila- X CPAN days Oct 29 2018 15



