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Outline

* Introduction: requirements & strategy
* MIMOSIS chip development (IPHC-IKF-GSI Collaboration)
° 65 nm R&D (with CERN EP R&D WP 1.2 & ALICE ITS-3)

* Stitching and bending
* Conclusion & Synergies in CMOS R&D
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Vs [GeV] 91.2 240 365
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Physics O(Hz/cm?)
Beam background 0(10-50 MHz/cm?)
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Z Higgs ttbar et
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Vs [GeV] 91.2 240 365 nggs Factory Vertex Physics
Luminosity / IP (10%cm2s?) 230 8.5 17 , = Flavour tagging

no. of bunches / beam 16640 393 48 deteCtor requ rement S = Low pT tracks ¢ z
Bunch separation (ns) 20 994 3000 = Ve rtex/J et cha rge E
< Mmc?r‘tef e ; oo pare Physics O(Hz/cm?) determination
o m |G (D Beam background 0O(10-50 MHz/cm?)

e o i  — Vertex reconstruction

o.oo: TeEeEe = granula”ty

Z(mm) =  Pitch ~¥17-20 um
= (ogp ~3-4 um)

Material Budget
= ~0.15% X, / layer
= < 1% X, for the whole VTX S
+~0.3 % X, for the beam pipe
+0.15% X, for 5 um Gold coating

Low material detectors &
supports structures

b

Ody =D ———5—
psinz6

a=~=5um b~ 15um.GeV @FCCee
b~ 10um.GeV @ILC
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Vs [GeV]

Luminosity / IP (1034cm2s1)
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74 Higgs
91.2 240 365
230 8.5 1.7
16640 553 48
20 994 3000
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Beam background

i

Radiation hardness
O(100kRad/yr) & O(10**)n.,/yr

Rad.Tol. devices

Time resolution
O(1 ps)

!

Power consumption
~< 50mW/cm?

Higgs Factory Vertex
detector requirements

Physics O(Hz/cm?)
Beam background O(10-50 MHz/cm?)

Fast read-out & low Power

Architectures (~ 20 mW/cm?)

Power pulsing (ILC) vs continuous beam (FCCee)
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Physics
Flavour tagging
Low pT tracks
Vertex/Jet charge

determination

granularity

4338

Vertex reconstruction

Pitch ~17-20 pum
(Csp ~3-4 um)

=~

Material Budget

0.15% X, / layer

= < 1% X, for the whole VTX 8
+~0.3 % X, for the beam pipe
+0.15% X, for 5 um Gold coating

Low material detectors &
supports structures

Od, = a D

a=~=5um b~ 15um.GeV @FCCee
b~ 10um.GeV @ILC
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74 Higgs
91.2 240 365
230 8.5 1.7
16640 393 48
20 994 3000
e'e Pairs Z
= D~
ABeamstrathng\

Beam background

i

ttbar

Radiation hardness
O(100kRad/yr) & O(10**)n.,/yr

Rad.Tol. devices

Time resolution
O(1 ps)

!

Power consumption
~< 50mW/cm?

Fast read-out & low Power
Architectures (~ 20 mW/cm?)

Higgs Factory Vertex
detector requirements

Physics O(Hz/cm?)
Beam background O(10-50 MHz/cm?)

Cooling
Stiffness / Alignment

Power pulsing (ILC) vs continuous beam (FCCee)
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Physics
Flavour tagging
Low pT tracks
Vertex/Jet charge

determination

granularity

4338

Vertex reconstruction

Pitch ~17-20 pum
(Csp ~3-4 um)

Material Budget
= ~0.15% X, / layer
= < 1% X, for the whole VTX S
+~0.3 % X, for the beam pipe

+0.15% X, for 5 um Gold coating

Low material detectors &
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74 Higgs
VsiGev] 912 | 240 | 365 Higgs Factory Vertex
Luminosity / IP (1034cm2s1) 230 8.5 17 . =
no. of bunches / beam 16640 393 48 deteCtor requrementS =
Bunch separation (ns) 20 994 3000 =
Vertex barrel R 2
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Beamstrahlung

Physics
Flavour tagging
Low pT tracks
Vertex/Jet charge
determination

Beam background O(10-50 MHz/cm?)
CLD and IDEA Vertex Detectors designs (superimposed)

50 100
Z (mm)

MAPS with o, =

Beam background

*  CLD concept: double |a
DEA concept: single cl

in Barrel/Endcap configuration
layers in Long Barrel configuration

i

granularity

4338

Vertex reconstruction

Pitch ~17-20 pum
(Csp ~3-4 um)

Radiation hardness

O(100kRad/yr) & O(10**)n.,/yr

Rad.Tol. devices

=15 mm X/X,=0.3%

ipe

=~
= < 1% X, for the whole VTX S
+~0.3 % X, for the beam pipe

+0.15% X, for 5 um Gold coating

Material Budget

0.15% X, / layer

Time resolution
O(1 ps)

159, 161 229,231 99, 301

!

Power consumption

~< 50mW/cm?

(Figure: D. Contardo)

Low material detectors &
supports structures

Fast read-out & low Power
Architectures (~ 20 mW/cm?)

Stiffness / Alignment

Power pulsing (ILC) vs continuous beam (FCCee)

Inner

(1.7 cm or lower ?)

5 single layers or 3 double layers ?

and outer radius are key

Cooling Odgy = a ®

b

psz’n% 0

a=~=5um b~ 15um.GeV @FCCee
b~ 10um.GeV @ILC

factors
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Strategy: on the road to Higgs factories

Design, build and exploit CMOS pixels sensors
with low material budget & high granularity

In order to contribute to the construction of a vertex & a tracking detector in a Higgs factory.

Approach the Higgs factories
vertex detector requirements

Input for detector simulations

MIMOSIS chip family (180 nm)

Maintain & develop the
know how to build sensors
to be installed in real
experiments

Optimize the parameters
of the technology
(e.g. sensitive layer)

The first joint FCC France-Italy workshop, IP2I Lyon, November 22, 2022

Exploit fully the potential
of the CMOS technology

R&D 65 nm

Large surfaces
(stitching)

Bent sensors

Integration

Emerging technologies
(e.g. double tier)

Z. EL BITAR



Time resolution in the context of ete”

colliders

CBM-MVD
5 ps - Under development

HL-LHC

STAR-PXL detector
185 us - 2014

ALICE-ITS2
10 ps - In construction

e.g.MALTA - 25 ns

ALICE-ITS3

Belle-Il upgrade ? ’

ex: ALICE "Full Silicon”

ALICE3 |

Others (ions, pp, etc.)

100 ns 10 ns 1ns 100 ps 10 ps
Time resolution
™ r /
backscatterred filter l l
Mini SIT &
inimal T 10 ns
VXD requirements unch tagging 7 Particle ID
ILC R&D N?‘: 300-500 ns article I LC
- HS
VXD requirements el Particle ID
~1 ps
Z bunch
tt bunch ~ 3 ps ~20ns Fccee
CLIC bunch
500 ps Particle ID CLIC
VXD requirements (H) Bunch (Z) bunch :
~1 us 680 ns 03 i Particle ID ICEPC

The first joint FCC France-Italy workshop, IP2l Lyon, November 22, 2022
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Synergilies

ECFA recognizes the need for the experimental and theoretical communities involved in physics studies,

experiment designs and detector technologies at future Higgs factories to gather. ECFA supports a

series of workshops with the aim to share challenges and expertise, to explore synergies in their
efforts and to respond coherently to this priority in the European Strategy for Particle Physics (ESPP).

Goal: bring the entire e*e- Higgs factory effort together, foster cooperation across various projects;
collaborative research programmes are to emerge

K. Jakobs, FCC Physics Workshop, Feb 2022

Important similarities between
FCCee requirements &
Heavy ions experiments
(ALICE ITS3, ALICE3, EIC, etc.)

=
g g
 Fo. e s
e s, 79 s
& & £ ,:9 ~ o P < &
LS TEES P, &0 S
CESEIIIIESISYY o8¢ ¥
DRDT <2030 2030-2035 2ha0 20402045 >2085
Position precision 3134 [ 900 200000
Low X/X,, 3134 @ @ 2000 200000
Low power 3134 (] . . . @ . . . . ® .
Vertex High rates 3134 W X W ) o 00000900
detector? Large area wafers® 3134 . . . o . o .
Ultrafast timing® 3.2 . . : .
Radiation tolerance NIEL 33 ®
Radiation tolerance TID 33 @ [ )
Pasition precision 3134 . . o0 . ® 00 0
Low X/Xg 3134 (N B NN N N N NN
Low power 3134 o0 N NN N NN
— High rates 3134 [ ] @ . @]
Large area wafers® 3134
Ultrafast timing* 5.2 [ ] [ ]
Radiation tolerance NIEL 33 [ ] [ ]
Radiation tolerance TID 33 ® @
Position precision 3134 1)
Low XX, 3134
Low power 1134
Time of light? High rates 3134
Large area wafers® 3134
Ultrafast timing*! 32 . . . . O .
Radiation tolerance NIEL 33
Radiation tolerance TID 33

. Must happen or main physics goals cannot be met . Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met
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MIMOSIS requirements

GSI Helmholtzzentrum fiir
Schwerionenforschung

CBM

Requirements

simulations

y-axis [cm]

| Average Hit density

1/mm%collision

i

GOETHE 52 eu I‘I70n

UNIVERSITAT
FRANKFURT AM MAIN  for developing new horizons for Rls

IPHC

Institut Pluri I(Lsclpllnalre
STRASBOURG

European network

Physics parameter Requirements

Spatial resolution ~5um
Time resolution ~5us
Material budget 0.05% X,

Power consumption <100 - 200 mW/cm?

Operation temperature -40°Cto30°C

Temp gradient on sensor < 5K

Radiation tol* (non-ion) ~ 7 x 1083 nyy/cm?

Radiation tol* (ionizing) ~ 5 MRad

_2§2 5 -2 -15 -1 -05 0 0.5 1 1.5 2

x-axis [cm]

2.5

@ 7 x10°/ (mm?s)
> 2 Gbit/s

Data flow (peak hit rate)

. 4 double-sided thin planar detector stations

100 kHz Au+Au @ 11 AGeV and 10GHz p+Au @ 30 AGeV
Non uniform hit density in time and space
High radiation environment, operating in wvacuum

e MIMOSIS chip

v’ Based on ALPIDE architecture
Discriminator on 27x30um? pixel
Multiple data concentration steps
Elastic output buffer

8 x 320 Mbps links (switchable)

Triple redundant electronics

N N N NN

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022

Parameter Value
Technology TowerJazz 180 nm
Epi layer ~25pum
Epi layer resistivity > 1kSQ2em
Sensor thickness 60 pm
Pixel size 26.88 pm x 30.24pm
Matrix size 1024 x 504 (516096 pix)

Matrix area ~ 4.2 cm?

Matrix readout time 5ps (event driven)

Power consumption 40-70 mW /cm?

Z. EL BITAR 11



MIMOSIS roadmap =550 el;rinpn iPl-lC

i J P . : I Pluridisciplinai
Schwerionenforschung FRANKFURT AM MAIN  for developing new horizons for Rls natiue 'ﬂ:fﬁ%?f’c'ﬂr?ugé
STRASBOU!

* 4 prototypes:

* MIMOSIS-0: = 2 regions
v\ Tests (2018-20109)
" Testability

e MIMOSIS-1: 1St full size

prototype

v’ Elastic buffer, SEE hardened
v Fabricated in 2020

v' Lab/beam test campaign in 2021

e MIMOSIS-2: Submitted last month

(october 2022)

v On-chip clustering
v' Thicker epi layer tests

504 x 1024 pixels = 16 super regions
1 super-region = 4 read-out regions of 16 columns
2 columns = 1 data driven read-out

MIMOSIS-0

v\ Test prototype for 1 pus readout time

* MIMOSIS-3: final pre-production
sensor

v >2023

= architecture adaptable to a fast sensor for a FCC vertex detector
= Opportunity to study different designs/options

The first joint FCC France-Italy workshop, IP2l Lyon, November 22, 2022 Z. EL BITAR 12



MIMOSIS-1

MIMOSIS tests

DC/AC pixels
ALPIDE-derived

top bias up to > 20V
(18 wafers)

v' Submatrices:
= DC pixels:
= AC pixels:

v 6 epitaxial variants
®= Thinned down to 60 um
= Study Yield
= Study charge collection / spatial res.
= Explore performances after irradiation

* Intense test program in 2021:

1024 pixels (30.96 mm)

SR |[SR ||| SR|| SR|| SR|| SR||SR || SR ||| SR [[SR ||SR || SR || SR || SR ||| SR || SR §

’.U.

&

DC pixels DC pixels AC pixels AC pixels B

MATRIX A MATRIX B MATRIX C MATRIX D a

I S

ﬂkpix (52mm ) lﬂkpix (lﬂmm ) 194kpix (157mm ) Mkpix (52mm ) g

128 pix 384 pix 384 pix 128 pix
Sensing part Amplification In-pixel Memory

AC coupling BlasZ
MV Bias1

Amp Comp
Charge inj.
160 aF

. More details on MIMOSIS-1 design > F. Morel,
“The MIMOSIS pixel sensor ”, TIPP 2021

.
ICharge inj.
160 aF

Shaping time few ps Full custom digital

Dual Port Pixeljoutput
2 words of 1 bit

61. - 60

v Laboratory tests —
, , Ljubjana (TRIGA)
v' Irradiation tests

~1 MeV reactor neutrons

Karlsruhe (KIT)

~10 keV X-rays

v' Beam tests @ DESY/CERN (3 campaigns)
v" Latchup / SEE tests at GSI

continuous n-layer

Checked thickness
(60 pm)

58

59
additional p-implant

ot L

B n-laver  ———
well collectic on
MWOS  Ea0S clectrode - — DOs  gagos 4 - -
s T = hedird o9 - L~
W pwell | nwell owe nwell H | pwell el __pwell nwe!
. Geep pwell Geep pwel deep pwell deep pwell
W 6000 rvtype implent v low tose 1 4ype lewlent v
Split 3 Split 4

P epitaxial layer

) -
Deep P-well “:;;;( “m T Deep Powell
e standard process (3 available wafers) ¥
o continuous n-layer (blanket) (3 wafers)
e additional p-implant (3 wafers) Split 2
e gap in n-layer (3 wafers) '
vl

Epitaxial variants

The first joint FCC France-Italy
workshop, IP2I Lyon,

ANl mirmsmn i e O AN

Pic from: Munker, Vertex 2018, Status of silicon detector R&D at CLIC
Carlos, TREDI 2019, Results of the Malta CMOS pixel detector prototype for the ATLAS Pixel ITK

Z. EL BITAR 13



MIMOSIS beam test results == I J eurizon |P|'|C

GSI Helmholtzzentrum fiir o ‘LuropcaF network Institut Py
Schwerionenforschung ‘or developing new horizons for Rls
| THERMAL NOISE 3-5eENC || le PATTERN NOISE: 5-17 e ENC | ALPIDE-like, DC pixels
> 16 = ‘| _h_pixel_noise > . _thigenond o
14 = V\xﬂ‘* Entries 193013 ~ Entries 193013 eeg——O — — = °
i < Mean 4923| = g/:a; :gzég 0 e I T
8120 |stdDev 05318 8 v 1089} =
g 10 [~ i ‘g standard epi - g
8k standard epi matrix B, DC pixels| & o7 (S SR S
F matrix B, DC pixels at 15°C _g .
6 - at15°C Vsug = OV = p-stop - non- |r£ — e
4 Vsug = 0V Vycasn =385 mV @ g5} " p-stop n1 Ea1; nngn m el -
Vycas =385 mV PRELIMINARY % n-gap - 1E14 neglom me L.
2 : DC pix, various epi layers std - non- II’E
1 l 1 1 93 Vgg= -3V ) std - 1E14 neq/cm R
2 4 6 8 10 200 250 300 350 100 150 200 250 300
pixel noise [e" ENC] pixel threshold [e ENC] threshold [e]
* Noise
v' DC pixels, no back bias applied) @ room T°C
v" Pixel Noise ~ 3-5 e~ ENC
v. FPN ~5-17 e~ ENC AC
8 T - n 3
] ] “r‘.’é‘n".gr resolution U —e— 0 S v ov
* Efficiency 75 Rmarsend o
v 2 995 % _ 21 N 5MRad: cluster size —--® - B 7 ) B 7 | —
. . £ ]
v' Time walk correction 3 °° =
, . . = (-3 E— B — T T ‘o
. Cluster multiplicity R N R S 7 8
, , 5 - B Jr7 % 5
v\ Typically in the 1-2 range 2 s ; i//%/?r% %
(<5 L T —d
. = P p - ‘-»'-::--.;::_:_‘ =3
* Resolution as expected a5 e I;JF i St T
_—
4
* Fake rate probably very low .. [PRELIMINARY 1

100 150 200 250 300
v (< 107%, tbc) threshold [e]

MIMOSIS = a milestone for Higgs factories (5 um / <5 us)

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022 Z. ELBITAR 14



From TowerJdazz 180 nm (ALPIDE®ITS2 g MIMOSIS)
to TPSCo 65 nm (ITS3)

nm feature size technology

(ALPIDE & MIMOSIS fabricated in 180 nm)
Larger wafers (= 30 cm)

More functionalities inside the pixel

Keeps pixel dimensions small = spatial res.

D NN N N NN €

Potentially faster read-out

v' Lower Power consumption

e TJ-65 nm available (since June 2020)

v Main driver: CERN EP R&D WP 1.2 & ALICE WP 1.2 structure

ITS-3 upgrades (involves other labs) =
LS3 ~ 2024-26

v/ Different requirements

ard.

222227

= EP: time resolution and radiation tol. t/granularity

= ALICE: granularity and material budget time
" Common R&D during the 1%t years. "

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022 Z. ELBITAR 15



The search for the optimal variant :
depletion and doping

NWELL
NMOS PMOS COLLECTION
- ELECTRODE ] -
(=

msm =  ELECTRODE
O i O 4
PWELL NWELL ' b PWELL NWELL

DEEP PWELL y AN DEEP PWELL

v' 3 process variations for depletion ﬁmﬁmd
ContrOl: : DEPLETED ZONE
= Standard (no modifications) reme
« Modified (low dose n-type implant) e
" Modified with gap (low dose n-type implant I -
with gaps) ,;,jv,vfu,qe,ep,v,wfﬂ ,,,,,,,,
v 4 process splits: S
Modified

1. Default
2. First intermediate optimization

3. Second intermediate optimization P

4. Fully optimized process
v Lower power consumption

v Possibly better radiation harndess

low dose n-type implant

Modified
with gap

depletion boundary

P epitaxial layer

= First submission: MLR1 (Q4 2020) _

= Synergy with Higgs factories requirements

= Relation with foundries and access to options is a key factor

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022 Z. ELBITAR 16



o5nm MLR1

* Technology exploration

* Various pixel matrices and test
structures
v/ Radiation test structures
v  Amplification, DACs, LVDS, etc.
v Pitch 15-25 um

v Epi variants IPHC, CERN, DESY, NIKHEF, Ral, Yonsei

SINGLE PIXEL CLUSTERS SPECTRUM

Reconstructed telescope tracks, on plane between 2 DTPS sensors

\ = ITS3 beam test prelMinary FOR WHOLE SF SUB-MATRIX
L \ 600 @DESY Sep, 2021, 5.4 GeV/c electrons o . L]
RN N run: 356753736 1091118300 . *
k e & >, ) L] ® L - % ~
400 e e,
" g e . ~ v e ¥ _ T
o S '.‘:°.‘;.-'- ﬁ.cg. .
E 200
H ° Si-K;, Escape peak
£ 200
400
. . . e® o e 8 ®
@ with hits on both DPTS U771 83/88 with hits on both DPTS
00| @ withhitonlyon DPTSD [ DPTSD
& with hit only on DPTS E .: DPTS E
® witout hit on any DPTS R 1500 2000 2500 300
—600 -400 -200 © 200 400 600 Cluster signal [ADU]
i Track intercont in x (ym)
) || TANGERINE (DESY) - e
DPTS in test beam CE_65 with >°Fe

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022 Z. ELBITAR 17



CE65: Process modification reduces charge sharing

x107°
’_a : T T T T | T T T T | T T T T | I .I T T | T T |:
@ o[ ALICE ITS3-WP3 beam test preliminan Chip : CE65 (MLR1) .3
K] T @CERN-PS May 2022, 10 GeV/c & Process : std/mod_gap (split 4) -
[+ — Voo = Vpuer =0V _
= 1.8 Plotted on 21 Jun 2022 R ST T —
S — —
[e) = ACamp.:HV=10V,1 = 1pA _
e 1.6 = ) DCamp.l, = 1uA _:
7)) — SF s =THA, V=33V —_
o 14— —
= C Cluster window: 3x3 -
UCJ 1.2 E Seed charge > 100 ¢, SNR > 3 =
1 :_ Fitting by Landau-Gaussian function _Z
0.8 « mod_gap AC amp. 7
= —=e— mod_gap DC amp. ]
0.6 — —e— mod_gap SF —]
- o std AC amp. _
04— -z std DC amp. ]
02 == @ std SF =
0 E& . e —— I .
0 1000 2000 3000 4000 500(

Cluster charge (e)

Entries (normalised)

><‘II 7:|3 T T | T T T T I T T T T I T T T T I T T T T T T T T |
ALICE ITS3-WP3 beam test prefliminary ~ Chip : CE65 (MLR1) .
3 @CERN-PS May 2022, 10 GeV/c & Process : std/mod_gap (split 4)
Plotted on 21 Jun 2022 Vo= Von = OV
ot = 5MA, I =100 pA, V=04V
ACamp.HV=10V,1 = 1A
2.5 DCamp:l, = 1A

MPV of cluster charge SF : lypgs = THA, V=33V

Cluster window: 3x3
Seed charge > 100 e, SNR > 3

Fitting by Landau-Gaussian function

»— mod_gap AC amp.
—e— mod_gap DC amp.
—e— mod_gap SF

II||III|I[IIIIIII|IIII

= std AC amp.
—————— @ std DC amp.
0.5 -z std SF

1 | 1 1 1 1 Eq_h 22
0 500 1000 1500

2500 3000
Seed charge (e)

With modified process all the charge is
mostly collected by a single pixel

I W S e

2000

v\ Excellent charge collection efficiency
v' Epi variants induce different charge sharing profile -> Resol Optimisation
v' Epitaxial layer thickness estimates match expectations

The first joint FCC France-Italy workshop, 1P21 Lyon, November 22, 2022 Z. EL BITAR 18



65nm future plans

Overcoming the reticle size i
limitation = stitching —_— — . _’/ = A am——

y
— Petra Riedler, CERN

CMOS sensor  CMOS sensor CMOS sensor CMOS sensor
* Next submission: ER1 (2022)

CERN EP R&D WP 1.2 & ALICE ITS-3 upgrades (Submission: Q2 2022)
" Monolithic Stitched Sensor (MOSS) driven by CERN
v/ Goal: study Stitching and interconnection (wafer scale)

" Yield, Power distribution, signal routing, Noise, etc.

IMOSS stitching

Endcap L Repeated Sensor Unit Endcap R
Wafer scale gds Pads 1 Peripheral circuits

I~

2

LARGE PITCH PIXELS (22.5 um)

o o [ R
FINE PITCH PIXELS (18um) |-
- A—————————
239_> -« Periphery ~0.8 mm - 145_
o mm o 2 Mmm
«—— 25.5 mm — peripheral circuits Pads Pad h: 035 mm
1.5 mm 25.5mm ZA4mm
< > < > W\
A
N A\
3 @ m i \\ m m T
3y \ \
\ \
MOSS . .
Wi MOST stitching

* Beyond ER1 = ER2 (2022-23) dedicated to ITS-3

The first joint FCC France-Italy workshop, P2l Lyon, November 22, 2022 Z. ELBITAR 19



Sensors with timing precision < 1 S

OBELIX sensor Belle Il upgraded VXD
* First version submission end of 2022
* Large collab: Bonn, CPPM, HEPHY, INFN, IPHC, Valencia

MIMOSIS-Ofast prototype sensor e Extension of TI-MONOPIX-2 issued from R&D for ATLAS-ITK

e Fabricated in mid-2022

* Derived from MIMOSIS architecture OBELIX
with faster front-end
* Explore timing in range 100-500 ns Pitch 33 to 40 pm j Total width = 30 mm R
with power dissipation << 100 mW/cm?
* 32x504 pixels (27x30 um?) Signal ToT 7 bits :
Time 7 bits a Matrix of 33x33 pm?
stamp 2 Height: 464 rows = 15.3 mm
T B Width: 896 columns = 29.6 mm
14.8 x 2.0 mm?2 time Sl :
S
Bandwidth <1 Gbps
periphery
Power < 200 mW/cm?
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Material budget: Bent sensors & stitching

* Stitching: o8 ALICE ITS2 —
. er
v' The way to go to minimize material budget 07]| Material budget :z‘/aart;;n
3 0.6 M.Mager(CERN) — ﬁ':p?;:um
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* ALICE-ITS3/CERN drive the R&D o7 o " - - - .
v. Cf. M. Mager Seminar: ALICE ITS3 - a next Azmuthalangie [*]

generation vertex detector based on bent, 1St paper: arxw210513000

wafer—-scale CMOS sensors
= https://indico.cern.ch/event/1071914/

e Micro-technics tests @IPHC
v' collaboration with ALICE-ITS3

v Know-how acquired for bent bonding.

%

Bending / bonding
Or Bonding / bending
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https://indico.cern.ch/event/1071914/

Conclusion & Synergilies 1in CMOS R&D

* Integration = not discussed here!
* C(CMOS Pixel Sensors are the baseline for Higgs factories
v. Requirements are within reach

* Strong dynamic of CMOS pixel Sensors Ré&D:
v' 180 nm : MIMOSIS series
* (5um spatial res./ <5us time res./ 60um thickness / < 70 mW/cm?)
= MIMOSIS-1 = full size prototype being tested
= MIMOSIS-2 to be submitted (Q3 2022)

v' 65 nm technology exploration
" First submission dec.2020 (MLRI1)
" First test beam on CE 65 chips @ CERN/DESY = promising first results
= 27d gubmission (ER1, Q1 2022): Stitching
v Stitching & large surfaces for very low mass detectors = Priority
for Higgs factories 1n the future
= Bent sensors test beam performed by ALICE
= Material budget & Large pixelated surfaces
v Synergies with
= CERN R&D (ALICE ITS upgrades and EP R&D WP1.2)
= R&D programs (e.g. AIDA-Innova, EURIZON, etc.)
" Heavy ion experiments (e.g. ALICE beyond LS3/4 proposal, CBM, EIC)

" Other experiments: Belle-II, etc.
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Thanks for your attention
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