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« High Luminosity LHC upgrade
— very large particle fluences
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5
Pixel Barrel |
Layer-1 —

0

100 150 200 250
Z [cm]

0 50

IKA geometry v.3.7.0.0

LHC / HL-LHC Plan

L § x nominal Lumi

e 5107,
e -y
1age - CMS

ATLAS

HL-LHC CIVIL ENGINEERING:

1e+17
Tracker Barrel Pixel — TBPX
4 layers

Tracker Forward Pixel - TFPX
8 disks

%

Tracker Extension Pixel - TEPX

le+16 = 4 disks
En Beam
3 interaction
e point
2

1 +1 = Service Cylinder

e+15 =

ie+14

VERTEX2020, Oct. 5-8, 2020

Pixelated 3D sensors --jordi.duarte@cern.ch



« High Luminosity LHC upgrade
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3D Pixel sensors
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“Novel” technology, but well established
(S. Parker et. Al. NIMA 395 (1997) 328)
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— Fast response time and inherently radiation tolerlnt
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3D Pixel sensors
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e Low depletion voltage — low
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power ISSIPatlon s \ . Lange et al. JINST 10 (2015) C03031

« Short charge collection distance cnml:

— Fast response

- Less trapping probability
after irradiation

e Active/slim edges

guard fence (p* columns)
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3D Pixel sensors
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e = Metal to be deposited after thinning
70 E Handle wafer to be thinned
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S. Terzo et al. JINST 14 (2019) 06, P06005
Drawbacks
null points — delayed signal (diffuse first)
ATLAS Simulation / =0 x 10" neg/cm?, 40 V, Perugia Rad. Mode ° Non uniform Spatial response
] [ ] v = . .
\W - 128 - Charge losses inside electrodes
o g - Low field regions between
Q
_ © & same type electrodes
3 " A oY " i sl 2| « Higher capacitance than planar
i - Higher noise
ATLAS Collaboration JINST 14 (2019) P06012 o ol g
« Complicated technology
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Hit efficiency [%
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3D Pixel sensors
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o Qualification and characterization of
small-pitch 3D sensors for the HL-LHC
experiments with (pre-)production chip(s)  EZZZra

(RD53A) ITkPix/CROC

« Time performance for 3D pixel Sensors g xamverger et at. NMA, 934 (2019), p. 26

— 3D-trenched electrodes: uniform fields
with 3D-geometrv

] N

""" [D03] 3D-trench Silicon Pixels with 20ps timing resolution
' & Adriano Lal (Uiersia sINFH B0 0 Manna et gl. NIMA 979 (2020) 164458
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A. Lai ef al. NIMA 981 (2020) T B ! il
« 3D pixel sensors radiation hardness at extreme il H L 1
fluences > 1x107 n,/cm? A A
- “Sensor maintain function” at FCC expected HL-LHC lifetime expected
irradiation levels fluence CMS IT innermost layer
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e Qualification and characterization of
small-pitch 3D sensors for the HL-LHC
experiments with (pre-)production chip(s)

(RD53A) ITkPix/CROC k ’7.4{1/4/;7/////1////////”(, il

» Time performance for 3D pixel Sensors ¢ krmberger et al. NIMA, 934 (2019), p. 26
—  3D-trenched electrodes: uniform fields

. . ' with 3D-geometrv % 5

[D03] 3D-trench Silicon Pixels with 20ps timing resolution
2. Adriano Lai (Universita & INFN.Ca.) - g pfanna et g). NIMA 979 (2020) 164458
*!Not covered in t 1s
gpresentatlon i

A. Lai ef al. NIMA 981 (2020) T ' +
» 3D pixel sensors radiation hardness at extreme L L 1
fluences > 1x10%” n,,/cm? v""‘" o
- “Sensor mamtam function” at FCC expected HL-LHC lifetime expected
irradiation levels fluence CMS IT innermost layer
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CNM/FBK 3D productions
" compatible with RD53A chips¢
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FBK: Si-Si 6”, DWB substrates: p++ low-resistivity CZ

(2™ 3D-SS)Batch with Mask
Aligner lithography (FZ 130 pym
thickness)

3D- SS) Batch with Stepp
lithography (FZ 150 pm thickness)

CNM: 501/Si-5i 4”7, substrates: p++ low-resisitivy CZ
high-resistiviy FZ, SS process

\ - \\\\ Enml
RDS3A AT
& P ——
SOI i— Si-Si

Column Diameter

and h1gh—re51st1v1ty FZ DRIE for columns. SS process = —

passivation

column
Gap »

~20 um

Active thickness
100 = 150 um

p-spray

- p" high Qcm sensor wafer

Handle wafer
Thickness

~500 um Metal to be deposited after thinning  pegjgyal Handle
Handle wafer to be thinned Wafer Thickness
[G.F. Dalla Betta et al., NIMA 824 (2016) 386] 50 —100um
|
T D
FONDAZIONE
BRUNO KESSLER
el
an = e
N . SIO
B 2, ~
T N —— 0=
1 e
2 . Si-Si
Sl 2,
]

VERTEX2020, Oct. 5-8, 2020

Pixelated 3D sensors -- jordi.duarte@cern.ch

12



| 41"«
!}_s‘é'/‘/‘ ° ° . ’.
¥,

“RD50 Pixel Geometries
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« ATLAS/CMS considered pixel geometries (CMS final decision by
Q1/2021)
- ATLAS choice: 25x100 ym? 1E barrel, 50x50 pym?2rings
-
50x50 ym?, 1E  25x100 pm?, 2E 25x100 pm?, 1E
50 ym
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2 https://cds.cern.ch/record /2287593 /files /%20RD53A_Manual_V3-42.pdf
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« RD53A02]: a demonstrator readout chip for
HL-LHC upgrade of ATLAS and CMS

- 65 nm CMOS technology

- Not a production chip
. Chi{) divided in regions with 3 different |
analog front ends — o
- CMS choice Linear AFE T;:\:Y.;a..muuuummmum1 I o 0
- ATLAS choice: Differential AFE | |

e H,“H — i

poyy i
W\
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e Sensor+RD53A
mounted over

& Bonn SCC
adapters cards for reg, £ Bonn
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« Test beams are used to characterize sensor performance under similar
conditions than in the real experiment ;
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https://indico.cern.ch/event/803258 /contributions /3582883 /attachments /1962451 /3262153 /300-Meschini-3D_Pixel CMS.pdf
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Power consumption

S. Terzo et al. AIDA-2020-SLID-2020-018, https://cds.cern.ch/record /2718227
https://indico.cern.ch/event/813597 /contributions /3727841 /attachments/1989479 /3317451 /final_presentation.pdf
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« Power dissipation below 10 mW /cmz2for operational range
- Fulfill ATLAS specs (CMS are less stringent)
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Small-pitch 3D Eixel sensors bump-bonded to pre-production ROC (RD53A)
have proven to have an excellent radiation tolerance up to 1:10%¢ neq/cm?

« High efficiency( > 97% normal incidence)

« Maintain spatial resolution

« Low operational bias voltages (40-140 V)

« Low power dissipation (<10 mW/cm2 @ -25 C)

« Both 25x100 and 50x50 designs shows similar performance, in
particular 25x100-1E is able to reach requirements (no need for 2E)

- Comply with ATLAS/CMS baseline performance requirements

Samples irradiated to 2:106 neq/cma?, to be tested in beam soon

Preparing final radiation tolerance study with production ROCs (ITkPixV1 &
CROC)
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