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BIntroduction

BRevisiting 1st TPSCo 65 nm submission
= CE-65 sensor design and tests

BER1 submission

= MOSS design and test
= CE65v2 design and test

BSummary and outlook



Sensor requirements

-- Goal is to develop high granular and radiation hard depleted monolithic active pixel sensors for
future experiments such as ALICE ITS3, FCC-ee, etc.

Compulsory for tracker ® Optional (and more stringent

* Position resolution 10 pm * Position resolution 2.5 to 3 pm

- Matched by pitch 35 pm with binary - Required by vertex for ALICE3, FCCee
* Hit rate (triggerless readout) * Higher hit-rate

- Middle Layers 1.7 MHz/cm? - 94 MHz/cm? for ALICE3 vertex

- Outer Tracker 0.06 MHz/cm? - 160 MHz/cm? for LHCb UT
* Tolerance to radiation * Tolerance to fluence

- Middle Layers 50 kGy + 1x10" n_/cm? - 1x10' n /cm? for ALICE3 vertex

- Outer Tracker 0.8 kGy + 2.5x10* n, /cm? - 3x10"* n,/cm? for LHCb UT

Slide: Frédéric Morel, Jérome Baudot
(IPHC brainstorming-ALICE3days) 3



1st TPSCo 65 nm submission (MLR1)

standard + 2 modified for better depletion APTS (Analogue Pixel Test Structure)
-- “modified”: low dose n-type blanket - 6%6 pixel matrix
-- “modified with gap”: same as above + gap - Direct analogue readout
on pixel edge. - 4 pitches: 10, 15, 20, 25 um
standard .. - 3 process variations
Ref: APTS
— \mm CE65 (Circuit Exploratoire 65 nm) v1
e - 2 matrix sizes (64x32 & 48x32)
e - Rolling shutter readout
Modified ... ; .
% =l - 2 pitches: 15, 25 um
S Ref: CE65

DPTS (Digital Pixel Test Structure)

- 32x32 pixel matrix

- Asynchronous digital readout

- Time-over-Threshold information
- pitche: 15um

-Only “modified with gap” process
modification

Ref: DPTS



https://arxiv.org/abs/2403.08952
https://arxiv.org/abs/2309.14814
https://www.sciencedirect.com/science/article/abs/pii/S016890022200568X

Results APTS: Position resolution and efficiency
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CE-65 Sensors (v1)

CHIP

Contribution from IPHC

'START

PIXEL MATRIX
_BIAS SF_NMOS_PIX
—BIAS_SF_PMIS_PIX
—HV_RESET
—VRESET

- Analogue output

ROW SELECTOR

- Rolling shutter readout f::'-:g;j TITITIT
- Readout 10 to 40 MHz

Variant Pitch | Matrix | Front-ends Collection
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structure

- Note: AC-coupled front-
end allows sensitive

- volume biasing without

- backside voltage
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Results from CE65v1 testbeam

Telescope and DAQ:
Reference Arms: 4 ALPIDE planes for track reconstruction EU R.*LABS
DUT: CE65 J
TRG: DPTS

Reference plane DUT  Trigger Reference plane

0 1 2 3 4 5

Test beam:

-- EUDAQ2

-- Analysis using corryvreckan
-- May 2022 at CERN-PS

-- 4 frames for each event __JALPIDE } LRGP
-- Pedestal map Noise map
-- Calibration file

25 mm




Comparing charge sharing (‘std’ and ‘mod_gap’)
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Entries (normalised)

Comparing residuals (‘std’ and ‘mod_gap’)

X residuals
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Comparing charge sharing (15um and 25um for ‘std’)

Cluster Charge Distribution

Entries (normalised)

Seed Charge Distribution
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Comparing residuals (15um and 25um for ‘std’)

X residuals Y residuals
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-- Spatial resolution ~2.7+/-0.3um (std-25um), ~1.3+/-0.3 um (std-15um).
-- We loose about 1.4 um from 15 to 25 um EUR®-LABS
-- DPTS with modified process and 15 um pitch: about 4 to 4.2 um e



See slide from Nicolas Tiltmann this meeting

ER1 submission

-- Learn and prove stitching
-Methodology, Constraints, Yield

-- “MOSS”: 14 x 259 mm, 6.72 MPixel (22.5 x
22.5 and 18 x 18 pm2)

- conservative design, different pitches

“MOST”: 2.5 x 259 mm, , 0.9 MPixel (18 x 18
Hm2)

- more dense design, higher power granularity

-- Small prototype and test chips (like MLR1)
- Pixel Prototypes (New versions of APTS, DPTS,
CEG65(v2) )
- Fast Serial Links, PLL, I/0Os, SEU

Slide: EP RD WP1.2 meeting | 20230515

& B am | weEl

MOST (1 of 6)

30 cm wafer (12")

MOSS (10f6) <7
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https://indico.in2p3.fr/event/20053/contributions/137854/

CE-65 Sensors (v2)

- Tested at DESY in Nov. 2023

- AC-coupled only

- three types (STD, GAP, BLANKET)
- pitches (15um, 18um, 22.5um)

- geometry (regular and staggered)

- option for window readout

Pitch / process

—» - planned to test at SPS in Apr. 2024

(mainly to study apatial resolution)

- planned to test at DESY in May 2024
(Irradiation study)

3 GeV 4 GeV 5 GeV
225 GAP SQ PCB08 [10V &4V (50k ev) 10V (90k events)
18 GAP SQ PCB02 |10V (17kev) 10,4 & 0V (55k Ev) & 2V (~30K)
15 GAP SO PCB19 10,4,2 & OV (75k Ev)
225 GAP HSO PCB05 10,4,2 & OV (50k Ev)
18 GAP HSO PCB03 10,4,2 & OV (85k Ev)
225 S0 PCB18 10,4,2 & OV (50k Ev)
15 S0 PCB06 10,4,2 & OV (85k Ev)
18 S0 PCB23 15,10, 4 & OV (55K Ev)

10V (100k Ev) 4,2 & OV (50k

225 GAP S0 PCBO7 Ev) + 3 frames mode (50k Ev)

Test done at DESY, Nov. 2023

13



CEG65v2 test beam

-- Tested at DESY in November 2023 u ———

Meain -0.5186
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-- Analysis with Corry
- cluster (3x3) :
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-- Modified with gap
-- Square pixels : :
. -- 0 of residuals is large
- Pitch - 22.5um -- investigation is ongoing
-- detailed analysis for all the runs is underway
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MOSS design
-- 10 repeated sensor units (RSU)
-- top and bottom halves with different pitch (18 and 22.5 um) (iE/RW
%

-- 4 different sub-matrices. 6 different analogue designs, 3 of the bottom regions have ALICE
the same FE
-- Each half RSU can be tested independently

-- Stitched “back-bone” allows to control and readout the sensor from left short side
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Y | = g
g
=
3 &
=1 ] =
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= = =
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) I i 0 |
i ] - ] - 4
TOP LEVEL | | TOP LEVWEL READDUT |
READOUTS |SLCM' CONTROL =
g =
i | STITCHED COMMUNICATION BACKBONE
I SUPFLY IEDNTF'.DL l,REIAI}DL!T IS-LFPF‘LY
mi e EE Pitch 22.5 um
i = . . Endcap L Repeated Sensor Unit Endcap R
i - Conservative layout P P P
. -7 mW/cm2 (analog FE) \ Pads Pads 10
LARGE PITCH PIXELS % 5 - 1us peaking time -
(22.5 pm) : B g E I| RSy (eI GIETia) S HiTiEsEE i
|Eaimasal EEESEEEI = i) HHHH
- & = === R
I H : = I|
£l —
FINE PITCH PIXELS (18 ? 17 | . l
i . ” Pitch 18 pm e LS
1 K . mmnn ) A ) .5 mm
Compact layout +«——25.5mm ——  Peripheral circuits Pads

- 11 mW/cm2 (analog FE)

- Tus peaking time Slide: Magnus Mager (CERN) | HSTD13 | 07.12.2023| 15

- 1.4 x 26 cm monolithic stitched sensor



MOSS test beams

0] ACEITE e R
Ploited on 39 Ag 2023 0 o T
-- Several test beams in 2023 |
-- Parameters still to be optimised and detailed £ o ‘;" QLI_E
data analysis is ongoing 1.5
-- Very encouraging results il
_yo ) Fossion . sgonsi  Rsgional | thgios
-15 -10 -5 0 5 10
Haoss (MM}

B Slide: Magnus Mager (CERN) | HSTD13 |07.12.2023| 16



MOSS test beams...
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Summary and outlook

»TPSCo 65 nm is validated for detection and stitching seems doable.

> Full characterization of MOS-S and MOS-T needed to assess more precisely (yield)
stitching

» CE-65 sensor family focuses on charge sharing & position resolution studies

> Position resolution behaviour with pitch & process modification qualitatively understood
with charge sharing
> TCAD & Allpix2 on-going for quantitative intepretation

> 25 um pitch in standard process using full analogue information yields better resolution
(~2.7 um against ~4 um) than 15 um pitch with binary output in modified process

»CEG65v2 was tested at DESY. Preliminary results are shown. Detailed analysis is
underway

»Planned to test CE65v2 sensors:

> Studying spatial resolution at SPS in April 2024 . Important to compare for various pitch
and pixel geometries (regular & staggered)

Thank you for your kind attention! 18



People involved in CE65 sensors

IPHC: A. Kumar, A. Dorokhov, S. Bugiel, J. Baudot, A. Besson, C. Colledani,
Z.. El Bitar, M. Goffe, C. Hu-Guo, K. Jaaskelainen, S. Senyukov, H. Shamas, I.
Valin, Y. Wu(USTC)

Zurich: E. Ploerer, A. Ilg, A. Lorenzetti, A. Macchiolo

Prague: P. Stanek, L. Tomasez, A. Kostina

Hiroshima: Y. Yamaguchi, T. Katsuno

Tokyo: H. Baba, T. Gunji

Tsukuba: T. Chujo, J. Park, D.Shibata, S.Sakai

+

Larger community contributed globaly on TPSCo 65 nm development (backup
slide 21)

19



Backup slides
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Large collaboration

Many contributors

University and INFN Torino: F. Benotto, S. Beole, C. Ferrero, V. Sarritzu, U.
Savino, 5. Perciballi, F. Prino, A. Turcato

University and INFN Bari: G. De Robertis, F. Loddo

University and INFN Catania: P. La Rocca, A. Triffiro

University and INFN Cagliari: D. Marras, G. Usai, 5. Siddhanta

University of Salerno: R. Ricci

University and INFN Trieste: M. Buckland, G. Contin

IPHC: J. Baudot, G. Bertolone, A. Besson, R. Bugiel, 5. Bugiel, C. Colledani,
A. Dorokhow, Z. El Bitar, X. Fang, M. Goffe, C. Hu, K. Jaaskelainen, F.
Morel, H. Pham, S. Senyukov, J. Soudier, I. Valin, ¥. Wu (also with USTC)
CPPM: P. Barrillon, M. Barbero, D. Fougeron, A, Habib, P. Pangaud
MNIKHEF: R. Russo, V. Gromov, D. Gajanana, A. Yelkenci, A. Grelli, R. Kluit, J.
Sonneveld, A. Vitkovskiy

Heidelberg University: H.K. Soltveit, P. Becht, A. Yuncu

Prague University: A, Isakov, F. Krizek

Technical University Munich: L. Lautner, |. Sanna (also with CERN)

DESY: A. Chauhan, D.-V. Berlea, M. Del Rio Viera, D. Eckstein, F. Feindt, .
Gregor, K. Hansen, L. Huth, B. Mulyanto, C. Reckleben, 5. Ruiz Daza, P.
Schitze, A. Simancas, 5. Spannagel, M. Stanitzki, A. Velyka, G. Vignola, H.
Wennlof

Technical University Vienna: 1. Hasenbichler (also with CERN)

STFC (RAL): A. Hodges, 5. Matthew, |. Sedgwick

Oxford University: D. Bortoletto, F.Windischofer (also with CERN)

..
Birmingham University: L. Gonella, P. Allport

Bolu University: K. Oyulmaz

Talinn University: K. Rebane (also with CERN)

Zagreb University: T. Suligoj, D. Dobrijevic {also with CERN)

Yonsei University: ¥. Kwon, G.H. Hong

CCNU: Wenjing Deng (also with CERN)

EPFL: E. Charbon, F.Piro (also with CERM)

CERM: G. Aglieri Rinella, |. Asensi Tortajada, W. Bialas, G. Borghello, R.
Ballabriga, I. Braach, E. Buschmann, M. Campbell, F. Carnesecchi, L.
Cecconi, F. Dachs, D. Dannheim, V. Dao, K. Dort, loao de Melo, W.
Deng (also with CCNU), A. Di Maura, D. Dobrijevic, A. Dorda Martin, P
Dorosz, L. Flores Sanz de Acedo, A. Gabrielli, G. Gustavino, J.
Hasenbichler (also with TU Vienna), H. Hillemans, .I. Kremastiotis, A.
Kluge, T. Kugathasan, M. LeBlanc, P. Leitao, M. Mager, P. Martinengo,
M. Munker {now with U, Geneva), L. Musa, H. Pernegger, F. Piro, K.
Rebane (also with Talinn University), F. Reidt, P. Riedler, |. Sanna (alsc
with TU Munich), A. Sharma, W. Snoeys, C. Solans, M. Suljic, G. Termo
M. Vicente (now with U. Genewva), J. Van Rijnbach (also with Oslo U.)
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Pixel design: position resolution

adiation tolerance
‘Mod. with gap, Vsub = 12V

" 35 pm to 50 pm pitch with binary output would match ¢ ~10 '
nm =
e Potential issue with detection efficiency in TPSCo 65nm =
N
- observed with 35 pm with H2M (hybrid-to-monolithic) sensor but under investigation gf
- Will get worse with irradiation §§
c . . c - Pitch = 10 um ©
- Important test to follow up with ER2 APTS versions with 30, 40, 50 pm pitch “+ Pitch = 15 ym o
4~ Pitch = 20 ym
-4 Pitch = 25 um
[ ] 1 < = .
About optional ¢, = 3 pm . o o on or,
e (not discussing option with pitch < 15 pm and binary output => out of interest "%% ‘?%;,O "%;,0 %
for tracker) T, T, Oy,
e pitch 25 pm w'1th some charg(? digitisation (2-3 bits?) may get close to ¢, ~3 T lente S0 1 mecquires:
pm BUT requires Charge Sharlng Low temperature («150(:) and

- Charge sharing detrimental to radiation tolerance optimization of modified process

- Not supported by APTS-SF results (arXiv:2403.08952) with modified process
- Waiting for additional CE-65 results (pitch: 15, 18, 22.5 pm)

Slide: Frédéric Morel, Jérome Baudot
(IPHC brainstorming-ALICE3days) 29



APTS-SF Results (arxiv:2403.08952)

. Pitch = 15 um Ve = -1.2V Mod. with gap, Vsup = -1.2 V
Jy____-é)
E . /1]]
-?-'EE -# Hit/no-hit resolution
Sao . &+ Analogue resclution
iy= - "
=1 ' o .
S . Spatial resolution
$ [+ H] e —
| S .
=k
=
& 2 T ——
E —
= - Hit/no-hit resolution S |
E ; . &3 Analogue resalution :
= 2 i . cr—-——mm*""‘"""'"ﬂ
(=] ,./t T
v 14 = 3
s P I
E _E 3 "f___ _—tiT S m Stamsaniaiia ¥ 1:*, et [ —_
o S g e
% 5 r [ e ey " 'f::’ - I o )
2.4
@ h\-\.k‘_\m & Mad. with gap
N 22 - Madified - Pitch = 10 pm
T . 4 Pitch = 15 pm
8 g 2° % Mod. with gap — —# Pitch = 20 ym
55 “+ Modified L ~4- Pitch = 25 ym
[ T -4 Standard ——
x . _ o
k=T ] [
@ L M T I S
= 1.4 = == — —
=T T TT——m Tm
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o 12 2.4 36 “a.B 10 15 20 FL Zon Zon Zon )
Veup (V) Pitch (um) e 2, 'e% g’» +30w@
o, v, f‘b-% I
Fomy, Tmy T .,
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APTS-SF Results (arxiv:2403.08952)

Pitch = 15 pm Vb = -1.2 V Mod. with gap, Vsus = -1.2 V
- 100 *_ _‘_ S ‘______ — Thr = 110 &fF
E‘:_ ol e ———————* [\ | | | I | O —— ‘:\. —— . _____ ]
N
o , W
g Y \
S8 X . .
£2 \ Efficiency
Il o4
.E = - Pitch = 10 pm
o Y gzl o+ Mod. with gap —= Pitch = 15 pm
a -+ Madified -#- Mod. with gap —4- Pitch = 20 pm
8 a0 + Standard s+ Modified 4 Pitch = 25 pm
- 220
B 200 | b —
- P —"
S 180 e S - _— AN Y
2 == T :
Il 160 . = - F“x =
= T T
@ 140 —
= Iy
E 120 [ =~
@ 100 = |
= —
= 8o
3s
e *
—_ 1
'y 34
Wl 3z N -
E \\
3o 3
% “*\'\ P
A0 28 N W . e - F—-—""f_;‘_’f—__ 3
§ . - *,4._ - —
W
24 S— M — -
"'_‘_—'—0—-—\_._“4
o -12 2.4 36 -4.8 10 15 F) 25 a4y 20 Zos, 20, IS
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« 1st submission: MLRfra-thAlnnuvaE i « 27d cubmission: ER1 2021-2022
- Test structures + Functional blocs i ! - Test structures + Functional blocs
1 1
1 1
.
1

Activities in synergy with
CERN EP R&D WP1.2 & ALICE-ITS3

- Various pixel structures
- 1+ stitched sensor

- Various pixel structures

" Design work " Testing work " Question addressed
= Techno validation

Preparation for ER2
2023 - ALICE-ITS3 stitched sensors
- Still some chiplets

Finalise tests on MLR1
Start ER1 tests

- 1st test on stitched sensors
- Tests on chiplets

* Yield with stitching

« Handling/bending of thin &
large (<100cm?) area
* Performance optimisation

3rd submission Q4: ER2

2024 * Preparing 4* submission: - (space & time resolution)
MPR2 » Finalise tests on ER1
- Large prototype addressing future = Techno exploratinn
vertex detectors & trackers * Preparartion of ER2 tests
2025 - New ideas (amplification, ...} - OUTCOME of
1 AlIDAinnova
* Preparation for MPR2 (Q4 2024) - Readiness for ALICE-ITS3

Tests of ER2 may not start

* Seeds to ECFA-DRD3/7 projects :
before end-of-AlDAinnova

- Readiness for future plans

Slide: Jerome Baudot 75



ER1 submission

ER1 Submission (12/2022)

Learn and prove stitching
Methodology, Constraints, Yield

“MOSS”: 14 x 259 mm, 6.72 MPixel (22.5x 22.5
and 18 x 18 um?)

conservative design, different pitches

“MOST”: 2.5 x 259 mm, , 0.9 MPixel
(18 x 18 pm?)

more dense design, higher power granularity

Small prototype and test chips (like MLR1)

Pixel Prototypes
Fast Serial Links, PLL, I/Os, SEU

SLIDE 02515 | EP BD WPL.2 meeting

HEE

e

- Ll bew

o

Ran‘c]h
\

\

b

30 cm wafer (12%)

ER1 testing preparation




Recap on 1st submission

" Multi-Layer Reficule (MLR1)
* 5 metal layers, HR thin (~10um) epi layer

= 3ensors
* 10-25 pym pitch

: e + APTS = analogue
__‘l'u-an OPAWP 5 seeciii | T |IDPTSE ] i -H” outputs with OpAmp

oo, VLD AL e e e, S
P (| i ! il s ©

- W A5 s Sk g [ =20 pi ANPT P
. el R S L e N
e 20 priy) PAD 120 iy « DPTS = digital outputs

f
o SFaCH
BRI Chip iC A5k Jii] GOsY | GhE

GOEd | GDE

#0015 um ST

« CE&5 = analogue
outputs with DC/AC
and no-Amp/Amp

10 V] 8F 1)

Ihack, RAL

VIDSCML recaiver fdriver, NIKHEF: bandgap, T-sensar, VOO, CPPM: ring-o tors, Yonsei: amplitier structor

AFter final G5 placemant ¥ i tiated twrice

erged with 4 splits of 3 walers

Slide: Jerome Baudot 27



TPSCo 65nm process modification $xARA

" 4 process splits )
* Doping modifications: Pwell g *J 1 P-well ] b * s =
1. Default process EaEiRaEl S Deep P-well Desp P-well

2. First intermediate process d ode A o

3. Second intermediate p@&ﬁéﬁ\’_ ion ' g ngasiC

N-

eC
C\'_\O d d ub\aﬂ\(et Il e

4 Optl mized process u Standa P-type epitaxial layer Lo Opt\m\ g -type epltaX|aI layer
P* substrate P* substrate
W. Snoeys et al.:
Backside voltage DOI: 10.1016/j.nima.2017.07.046. Backside voltage

" 3 collection diode structures

* Following successful modifications in Tower Pwell ©) * l Pwell
180 nm Deep P-well Deep P-well
N.

e Standard => Optimized(gap) structures

-

d B ; "
Co\\ec’t\0 eg ap” O 9o

. ) P-type epitaxial layer u Opt\
= Both modifications based on TCAD P> substrate
studies gbh?:ufgiroestsazlﬁ48-ozz1[14zo5zc05aaekside voltage

el . | brics -


https://doi.org/10.1088/1748-0221/14/05/C05013

MLR1 findings

oA
Innova

Promising radiation tolerance

* DPTS (digital) with 15 pum pitch

e Beam test results

L ALICE ITS3 beam test preliminary r 10°
= @PS July 2022, 10 GeVi/c positive hadrons,
Plotted on 13 Oct 2022
95 - 102
s
3> 90+ -10!
3 ¢
9]
O \
i L 100
85 ,L i \ 10
\
5 4
e
| L 10-1
g 80 !{ 10
b
& T
0 © ) .
75 - 1N \ 41 r107?
\‘ \ \
............ o - o meas uT(E’n—(—rP:(-E:ﬁvn/ limit s
70 1 Association wiqdow: 480 pm X ;.5 us, no pixel qwasking. [ | r10-
50 100 150 200 250 300 350

Threshold (via Vcasp) (€7)

S.Perciballi @ TREDI2023 https://indi.to/yD2ZF

DPTS

Vowenr = Vsup = — 2.4V
Ireser = 35 pA

Ipias = 100 NA

—#— Detection efficiency

- &~ Fake-hit rate

—&— Non-irradiated

—#— 10?3 1MeV ngq cm™2

—%— 104 1MeV nop cm—2

—4— 10'° 1MeV ne, cm—?

—#— 100 kGy

—#— 10 kGy + 10*3 1MeV nyy cm 2

ALICE
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https://indi.to/yD2ZF
https://indi.to/yD2ZF
https://indi.to/yD2ZF

MLR1 findings {XAIDA

" Timing resolution C. Ferrero @ TWEPP 2023
* Based on APTS, CE-65, DPTS: talks at lwrrin2022 TrRENI 2093
ULTIMA 2023 ALICE ITS3 beam test/preﬁminary picw 1oum
1751 @SPS June 2022, 120 GeV/c hadrons e Ribigey
Plotted on 8 Mar 2023 :"""":Ef::’\
. . . Mean: 157+4 ps 'b':z;fzujl“‘
* Variety of pixel pitches: 10-25 um 1501 | RMS: 1533 ps = Roon
Overflow entries: 3 Vot L
Gaussian fit: Vi Z900my
o 1251 H:159%5 ps Voweir = Vaup = = 2.8V
i . o 0: 109+7 ps T= ambient(34°C)
* Successful sensitive layer depletion ¢ X/ndf: 131 — Fitlne
?g 1001 | Timing resolution: === Extrapolation
E UIE = 77£5ps Elrtr:sngz :}:]a-l.t'iss:ical only
T P S 751 Detection efficiency:
* Promising radiation tolerance & OPAMPO: 98.9+0.3%
OPAMP1: 98.1+0.4%
50
. . . . .
Promising time resolution 5] o /V2=77ps
0 T T
-1000 -750 =500 -250 0 250 500 750 1000

OPAMP1 - OPAMPO At (ps)
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MOSS design

LEFT ENDCAP MOSS HALF UNIT RIGHT ENDCAP
| Blasing |
— — — — SUPELY = .
OO0 Oog om0y i
D_-E-D D--E-D e D_—;:-D D_-E-I:l i
O30 O30 - O Of|0 ,
B = a5 4l = uw =]
D§D D§D DED D§D MATRIX 0 MATRIX 1 E MATRIY, 2 MATRIY 3
S =1 IR =1 I SN =Y I =1 I = z &
A ] & k1
OE0 OO0 OEO OO - g
00 Off0 - OfEi0 Of0 =t
O=0 O=0 --- OFED OFid = || BmsING ||| 1 |[ 1~ =
OOy OO |d i [ || [COLUMN STEERING ||| Il
T T T T 3 DAC |[PINEL|[ aecion =
CNTRL CNFG | READOUT
| Readout, Control {RRUs, TRU) |
TOP LEVEL ‘
, TOP LEVEL READOUT
Endcap L Repeated Sensor Unit Endcap R READOUT- SLOW CONTROL =
10 =
\ pads , "In, 2 X i-PadS 10 4 STITCHED COMMUNICATION BACKBONE
; S s e [ T i i ST e L0 || L] L il ] ! i 4 100 4 ||
£ MiEEEEEEEE e o : SiHiE Hisiiieaisie GEiE ]suppw II’.CI-HTHEIL Lnemﬂm ]'suppur
=
il
2739 mm 1.5 mm

+——25.5 mm ——  Peripheral circuits Pads




MOSS design

Pitch 22.5 um
- Conservative layout
-7 mW/cm2 (analog FE)
- 1us peaking time

LARGE PITCH PIXELS
(22.5 pm)

FINE PITCH PIXELS (18 .

pum) Pitch 18 um
e S - Compact layout

WLLLLLL AL IR TEE R LTI TN TRELEL T 1x MNP UL S ITEEAELTRWL Lyt tortAPLEALITEATAEE LA L IRLBEY 2ot r L OLITE AT LTI (T iR J -11 mW/cm?2 (analog FE)

- Tus peaking time

AR AR AL oM ALMIR) MS] =

- 1.4 x 26 cm monolithic stitched sensor
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Sensor requirements

-- Goal is to develop high granular and radiation hard depleted monolithic active pixel
sensors for future experiments such as ALICE ITS3, FCC-ee, etc.

Sensor spatial resolution

Hit rate and time resolution
(depends on experiment)

Radiation tolerence and
NIEL fluence

0y < 3 pm — for Higgs-factories
~5pm - for ALICE
~5-10 pm — for Belle IT

-- few 10 MHz/cm?/s for Higss-factories
-- 100 MHz/cm?/s for Belle II

-- Time resolution ~ns for CLIC

-- time resolution in 10-100ps range
(Specific for PID or 4D tracking)

-- Up to 10" n ;v /cm? for task 5.2

-- Mimimum 10% n,,.,,/cm* and beyond
for task 5.3

< critical benefit of small feature size
in 65nm for task 5.2

< requires new readout architectures,
critical for both tasks 5.2+5.3

< benefit of thin sensitive layer in
65nm, critical for task 5.3

< 65nm tolerance to be checked,
critical for task 5.3
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