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High Luminosity LHC and the CMS Pixel Upgrade

A The silicon tracker of the CMS experiment will be completely replaced for the-HgL

A InnerTracker(ITP t AESt RSGSON 6! yyl al OOKA2t 2Qa

A Two types of sensors are considered for the new tracker:
A{GFIYRFNR aLXylINE LAESEt &aSyazNa
A 3Dpixel sensor® Higherradiation resistancedthis Talk)

ar Pixel Sensor 4

A New technology for CMS IT: will be installed only in the innermost layer (only 30 mm from the beam Iine!)%

P

A In 3D sensors the drift path is perpendicular to the active thickness
A Short drift distance of charge carriel3:v 1t | (vs.pu 11 | for planar)

A 3D sensors have many advantages with respect to planar sensors:
A Smaller bias voltages needed to deplete the sensor

A Reduced trapping probability in irradiated sensors

3D Pixel Sensor

A Active thicknesgfor both 3D and planar pixel sensorg)v frt i

A Pixel sizgpitch):cu prutti  (six times smaller w.r.t. the present CMS tracker)
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FBK 3D Sensors

A FBK (Trento, Italy), in collaboration with INFN, is one the two producers of 3D sensors

A A low resistivity CZ silicon layer is bonded to the high resistivity FZ substrate (Silicon) FONDAZIONE
A Mechanical support for the silicon wafer during production PRUNO KESSLER
A Ohmic contact for thé ¢ junction
A a5ANBOG 2 I PWBldechrigyeRA Y I € 6

A Thinned and metallized at burdponding vendof Total sensor thickness arougdv frt | (with pu 1f | active thickness)
A The bias voltage is applied to the ohmic contact, on the backside of the sensor

A Columnar implants penetrate deep into the substrate from the same silicon face

metal

A | diameterholes in silicon

Column diameter

A Thecolumnsare dopeddifferently: ) andé i B N B U 1

Gap p* column p-spray Active thickness

A 1 columns reach the backside of the sensor, hence the bias voltage = """ —s 100150 um

p- high Qcm sensor wafer |,

A ¢ columns are connected to the readout chip

Handle wafer
thickness

A The columns are filled with polysilicon ~ 500 pum Metal to be deposited after thinning  gegjdual handle

Handle wafer to be thinned wafer thickness
50— 100 um

Side view of an FBK 3D sensor
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FBK 3D Sensors

A The¢ columnsin FBK 3D sensorspr@ vt |long

v

A Thern columns are at leagiv 11 [ long to reach the backside of the sensor

Al LIAESt 6OSftnf colummd RSt AYAGSR oé@

‘ . . oA Sideviewof an= column
A ¢ columnisinthe center ofthe v p it OSft f X Temporary

Metal

A ~ 7 ~ ~

AXFYR O02yySOGSR (2 GKS-boBitgR2dzi OKALJ 60 KNP dz3 K

A Thechiphasamrt v 1fi pixel matrix
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Schematics of two adjacent Three I pixel cells m
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CNM 3D Sensors

A CNM (Barcelona, Spain) is the other foundry that produces 3D sensors m %

Centro Nacional de Microelectronica

A £+SNE GAYAT NI O2yaiaNHzZOUA2Y GONIDG O . 0b% .2 a)\yafs a

A Same active thickness and same total thickness after thinning

A The main differences are; sio,

A Larger column diameter: | e

e ... High p
p+ ®e p+
—

wnEst

A Longert columns: about I (in present samples)

A p-stop instead of gspray isolation technique S

Column diameter 8 ym
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The CMS Reedut Chip: CROC g

readout
electronics

A¢KS wSlRhdzi / KAL) owh/ 0 A& O2dzLi ¢
A X gAiGK dbdodng edrvgud |

substrate
A Sensor + ROT Pixel module

fa 2 NX

sensor

Bump Bonding
A TheCROGs being designed by the RD53 Collaboration

A Joint ATLAEMS effort established in 2013 to develop readout chips for theHHL pixel detectors

A RD53Awas the first prototype, used for sensor R&D until the beginning of 2022 CROC module mounted

A xouytom vl ) pixel channels (the analog freahd chose by CMS is 1/3 of the pixel matrix) into a single chip card

A The CROC was available for testing late 2021

A Now used for sensor R&D: first test beams with CROC modules in 2022
A ptupwxg vl )pixel channels

A Various calibrations are needed to operate the pixel modules

A The pixels channels can be tuned to average thresholds amummd before irradiation

A After irradiation, we aim to similar values (although with a higher noise)
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CROC MOdUIES Irradlatlc)n Campalgn 24 GeV Proton Irradiation

A We had CROC module irradiation campaign atRiRADfacility at CERN (31/08/2207/10/22)

A Tilted byo 1td achieve a uniform vertical irradiation

A Horizontal scanning (scan spani | ) to achieve a uniform horizonal irradiation

A Behind four CROC modules we placed aluminum foils

A The foils are divided intgrtsmaller pieces (about vl [ )

Irradiation support with the
seven CROC modules installe

7
.

A Can be used to estimate the fluence in different (row and column) regions of the modules

N ’

Aluminum foil placed in the backside of the
module, divided into 20 smaller pieces
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CROC Modules Irradiation Campaign

The measured fluences are reported in each rectangle for the corresponding sample

(row,co)=(0,432 (row,col)=(0,0)

Y
2
IS
o
5
< 76E+159 TA »| 6,7E+15| 7,6E+15| 8,1E+15| 84E+15| 8,3E+15 X
| 42E+19 TA Scan Direction
| > Wire Bond Side
(row,col)=(336,43: (row,col)=(336,0)

A Fluences are obtained from the spectroscopy of aluminum foils: the aluminum foil of each module is cut into smaller s
A Not perfectly centeredalongY

A Uniformirradiation alongX (the direction of the scanning)

A In any case we have a large area of the CROC module irradiated at about 1 -7 H

A This will be our Region of IntereR@) in the following

A The spectroscopy results acensistentbetween the aluminum foils of different modules
A x berror on fluence, as estimated by IRRAD

A The innermost tracker layer should be replaced after an expected fluence of [
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SPS Test Beam

A Test beam at CERN SPS: 02/11/20029/11/2022
A 120 GeV pions

A EUDET telescope
A Six pixeplanes equipped with MIMOSA26 sens@rsjf | pitch)

A One plane was not working

A ¢t Iresolution in each coordinate

A Four Device Under TesBT3 are kept inside a cooling box N N B N

A Placed in the middle of the telescope

A Heat exchangers close do the DUTSs

A Stable air temperature aroundo 1@ # I BN
A Three of the four DUTs can be rotated 0 U L

A Using a rotation stage inside the cooling box DUTs

Telescope Planes Telescope Planes

BEAM
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