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ALICE

Outline

* ITS3: The upgrade of the ALICE Inner Tracking System
* The 65 nm CMOS process
* Prototypes for the ITS3

* Results from laboratory characterization and in-beam
measurements
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ITS3: an innovative vertex detector

ALICE

INFN

TRIESTE

ALICE Inner Tracking System for LHC Run 4 Mechanical mockup of

Key elements:

Performance improvements:

three ITS3 half-layers,
Engineering Model 1

6 large-area O(10x26 cm?),
ultra-thin (<50 um),

flexible MAPS sensors

Closer to the interaction point:
24 mm (ITS2) - 18 mm
Reduced and more uniform
material budget:

0.3% (ITS2) = 0.05% X,/layer

~26 cm

Tracking efficiency P
- : ; | ‘ See F. Krizek’s talk:
> : /
Pointing resolution P “4TS3. the ALICE Vertex

? detector for LHC Run 4”
—
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The 65 nm CMOS technology

ALICE

e Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)

* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D
on monolithic pixel sensors

Key advantages:
* High radiation hardness 5 um 2D spatial resolution
* Low power consumption  Large wafers (@ 300 mm)

4 MAPS pixels

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 4
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ALICE

The 65 nm CMOS technology j INEN

.\‘.

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)
* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D

on monolithic pixel sensors

Key advantages:
* High radiation hardness
* Low power consumption

5 um 2D spatial resolution
* Large wafers (@ 300 mm)

Three process options explored:

NMOS PMOS R s
= L] = —

L owe | nwell J == : pwell nwell

deep pwell deep pwell

STANDARD

depleted zone

depletion boundary

4 MAPS pixels

18/10/2023

anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 5


https://towersemi.com/
https://ep-rnd.web.cern.ch/topic/monolithic-pixel-detectors

ALICE

The 65 nm CMOS technology % INEN

.\‘.

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)
* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D

on monolithic pixel sensors

Key advantages:
* High radiation hardness
* Low power consumption

5 um 2D spatial resolution
* Large wafers (@ 300 mm)

Three process options explored:

nwell collection
electrode

NMOS PMOS

= -—

= @ 5 e B

pwell nwell
deep pwell

pwell _nwell
deep pwell

STANDARD

depletion boundary

4 MAPS pixels
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The 65 nm CMOS technology (i) (INEN

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)

* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D
on monolithic pixel sensors

Key advantages:
* High radiation hardness
* Low power consumption

5 um 2D spatial resolution
* Large wafers (@ 300 mm)

Three process options explored:

NMOS PMOS

il B Bl
STANDARD

depleted zone

depletion boundary

4 MAPS pixels

nwell collection
NMOS PMOS electrode
= = == =
pwell . nwell Ji (== ! pwell | nwell )
,,,,,,,,,, deeppwell ./ Moo eeppwel |
low dose n-type implant
depletion boundary

MODIFIED

depleted zone
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The 65 nm CMOS technology {8y (INEN

", TYM

ALICE %

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)

* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D
on monolithic pixel sensors

Key advantages:

* High radiation hardness 5 um 2D spatial resolution
* Low power consumption * Large wafers (@ 300 mm)
Three process options explored: 4 MAPS pixels
Brall B R e = il
deep pwell

deep pwell deep pwell deep pwell

low dose n-type implant

MODIFIED

STANDARD

depleted zone

depletion boundary
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ALICE

The 65 nm CMOS technology

(7NN
a
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N

INFN

TRIESTE

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging

process for Monolithic Active Pixel Sensors (MAPS)

* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D

on monolithic pixel sensors

Key advantages:
* High radiation hardness
* Low power consumption

5 um 2D spatial resolution
* Large wafers (@ 300 mm)

Three process options explored:

NMOS PMOS

] T AR ) A = =
I H _-" % O J
l pwell | nwell l ; £--- : nwell
deep pwell deep pwell
depleted zone
depletion boundary

nwell collection
NMOS PMOS electrode
= = == =
pwell . nwell Ji (== ! pwell | nwell )
,,,,,,,,,, deeppwell ./ Moo eeppwel |
low dose n-type implant
depletion boundary

MODIFIED

depleted zone

low dose

Gap

p epitaxial layer

n-type implant

MODIFIED WITH GAP

depleted zone

depletion boundary
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The 65 nm CMOS technology (sl) (INEN

ALICE e %

* Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging
process for Monolithic Active Pixel Sensors (MAPS)

* Chosen for ALICE ITS3 detector and under study by the CERN EP R&D
on monolithic pixel sensors

Key advantages:
* High radiation hardness 5 um 2D spatial resolution
* Low power consumption * Large wafers (@ 300 mm)

Three process options explored:

i nwell collection nwell collection
NMOS PMOS bl NMOS PMOS electrode Nwos PMOS electrode
__| B oo BT e i = — = = — —= ] =
| TR e e § e Tr
pwell | nwell I =) t _ nwell pwell | nwell H b=y pwell J nwell J pwe || nwell J \ well el
deep pwell deeppwell | deeppwell g S deeppwell deep pw ell \_ deep pwell
.’/ 2 low dose n-type implant low dose n-type implant
STANDARD | MODIFIED MODIFIED WITH GAP )=

depleted zone

Gap

depleted zone depleted zone

depletion boundary
p- epitaxial layer
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. MLR1: first submission in 65 nm

ALICE

12 mm

— * Multiple Layer Reticle 1 (MLR1), received in Sep. 2021
Ee e i Il O E=8 - Many prototypes:
e e | @  ° Transistor test structures -> radiation hardness studies

[
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* Diode matrices - charge collection studies
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MLR1 sensor prototypes

S0 S

/ ) =0

) INFN
Lo 07 TRIESTE

1.5 mm

N

f )
APTS Analog P|er Test Structure

6x6 plxel matrix

Pitch: 10, 15, 20, 25 um
Analogue readout of central
4x4 submatrix

Output buffer in two versions:
Source Follower (SF) and Op
Amp (OA)

Goal: explore pixel designs y

1.5 mm

CEG65: Clrcwt Explorat0|re 65

f.

A JE— =&

64x32 pixel matr|x 15 um pltch
(3 subvariants: AC, DC and SF)
48x32 pixel matrix, 25 um pitch
Rolling shutter readout (50 ps
integration time)

Goal: explore pixel matrix
uniformity and rolling shutter

1.5 mm

1

||||||||||||||||||||||||||||||||||

i

\((MY

T R e,

REERRG

IRCTIKM UR RS T T

WA ——

-32>;32 pler matrix, 15 pum p|tch

Asynchronous digital readout
Time-encoded pixel position
Time-over-threshold
measurements

Goal: study the in-pixel front-
end

J
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MLR1 sensor prototypes

INFN

TRIESTE

APTS:
"z

Analog Pixel Test Str

cture

-

CE65: Circuit Exploratoire 65

T — -

N
DPTS: Digital Pixel Test Structure
A -

~

BEEGREERERRD

H ‘t‘,,l ‘I :’l.;t x;%{g 1
E £ 1 & } =l
S £ 1 |le =i «
‘ i I Bt ]
RUREEH £ 7 e e ) s O S i‘ G ﬁj’n‘ﬂ:if‘:ﬂ:‘:— B
4 ‘— - ‘ — v B —— e — Z } v ir_fj—: jjﬂfsﬁi ]
* 6%6 pixel matrix *  64x32 pixel matrix, 15 um pitch 32x32 pixel matrix, 15 pum pitch
* Pitch: 10, 15, 20, 25 um (3 subvariants: AC, DC and SF) Asynchronous digital readout
* Analogue readout of central * 48x32 pixel matrix, 25 um pitch Time-encoded pixel position
Ax4 submatrix * Rolling shutter readout (50 ps Time-over-threshold
e Output buffer in two versions: integration time) measurements
Source Follower (SF) and Op
Amp (OA) * Goal: explore pixel matrix Goal: study the in-pixel front-
. I: ' ' uniformity and rolling shutter end
Goal: explore pixel designs N Yy g JAG P
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MLR1 sensor prototypes

,;’.g\,éfﬁ %

TRIESTE

INFN

+

* 6%6 pixel matrix O

e Pitch: 10, 15, 20, 25 um

* Analogue readout of central O
4x4 submatrix .

e Output buffer in two versions:
Source Follower (SF) and Op
Amp (OA) .
* Goal: explore pixel designs

APTS Analog Plxel Test Structure CE65: Circuit Explorat0|re 65

i h : |
v Lorre=r v‘ g
s — - e = v L= ————————

64><32 plxel matrlx 15 LLm pltch
(3 subvariants: AC, DC and SF)
48x32 pixel matrix, 25 um pitch
Rolling shutter readout (50 ps
integration time)

Goal: explore pixel matrix
uniformity and rolling shutter

-

1.5 mm

32><32 plxel matrix, 15 um pltch

Asynchronous digital readout
Time-encoded pixel position
Time-over-threshold
measurements

Goal: study the in-pixel front-
end

~

J
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Prototype test campaign (W) (neN

ALICE

* Laboratory measurements:
* Definition of the operating conditions
* Response to X-ray: >>Fe source and fluorescence photons
e Test-beam campaigns @DESY, @ MAMI, @CERN PS, @CERN SPS

2022:
https://doi.org/10.1016/j.nima.2022.167213

Testbeam @ DESY 06- 13 Sep 2021

(| L\Q\' A i4) Testbeam @ MAMI Apr 2022 2023:

https://doi.org/10.1016/j.nima.2022.167213

| |
rlTestbeam @ PS May 2022

Testbeam @ PS Jun 2022

Testbeam @ SPS May 2023
l Testbeam @ PS Aug 2022
T 12021 T ? 12022
2020: first 09/2021: Testbeam @ PS Oct 2021 Testbeam @ DESY Dec 2022 Testbea||n @ SPS Jun 2023
submission received ' :
in 65 nm MLR1 chips Testbeam @ SPS Nov 2021 || Testbeam @ SPS Oct 2022 Testbeam @ SPS Jul 2023

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 15
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il

ALICE

APTS SF: process selection

INFN

e °5Fe source measurements

0.0030

deep pwell 2 kS deep pwell

depleted zone

APTS SF —-—-T—\:r‘u- et - -—-—I—D—DT—

ALICE ITS3 preliminary pitch: 15um i 2l = B S—

Fe-55 source measurements Mn - Ka = 100pA
—_ | Plotted on 27 Mar 2023 Iniasn = 5 MA low dose n-ype implant
1 0.0025 Ipiasp = 0.5 PA v
Q fb.asq =150 0 A depletion boundary
o Ibias3 = 200 pA
™~ Vieset = 500 mV
OLJ 0.0020 1 Veub = Vpwen = — 1.2V et
=
>
(@)
$ 0.0015
> ~| Standard ™ e
2 Modified
v 0.00101 1 Modified with gap
% low dose n-type implant
E depletion boundary
& 0.0005- G

ap
e R L depleted zone
0.0000 . . . . . . . = . p epitaxial layer
0 250 500 750 1000 1250 1500 1750 2000
Seed pixel signal (e7)
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ALICE

APTS SF: process selection

INFN

TRIESTE

e °5Fe source measurements:

0.0030

Relative frequency (per 20 e™)

0.0000

0.0025

0.0020

0.0015

0.0010

0.0005

ALICE ITS3 preliminary
Fe-55 source measurements —
Plotted on 27 Mar 2023 Mn Ka

0 250 500 750 1000 1250 1500 1750 2000
Seed pixel signal (e7)

APTS SF

pitch: 15 um

split: 4

Ireset = 100 pA

Ibiasn =5 WA

Ibiasp = 0.5 WA

,biasd =150 HA

Ipias3 = 200 pA

Vieset = 500 mV

Vub = prell =-12V

Standard
Modified
[ Modified with gap

432
x
o

2 Test
i » Structure

depleted

a

= =]
pwell nwell

deep pwell

|

depletion boundary
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INFN

i APTS SF: process selection

ALICE TRIESTE
e 2>Fe source measurements:
0.0030 APTS SF - - "‘"i'.'i‘;g i =
ALICE ITS3 preliminary pitch: 15 pm "W\ = [ Ls“_;@ﬂ,_;
Fe-55 source measurements Mn — Ka witd, L I
0.0025 1 Plotted on 27 Mar 2023 f"'ﬁ“"fg‘_r‘,AA T
’::: = 1.50“uA depletion boundary

Ipias3 = 200 pA
Vieset = 500 mV

IQJ

o

N

E 0'0020_ Vsub=vaell= = L2V depleted zone

e

>

o

$ 0.0015

g_ Standard

g Modified

v 0.0010; [ Modified with gap

E ® Analo

] | g

o 0.0005 l‘Pier
F;Test

0.0000 : : . : . . : , o Structure
' 0 250 500 750 1000 1250 1500 1750 2000

Seed pixel signal (e7)
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il APTS SF: process selection (il (INFN

0o 0 TRIESTE

ALICE e

e °5Fe source measurements:

* Modified with gap - improved modified process, optimal charge
collection

0.0010

1 Modified with gap

0.0030 T APTS SF

ALICE ITS3 preliminary pw’tlctr;:415 Hm

Fe-55 source measurements Mn — Ka = 100pA
— | Plotted on 27 Mar 2023 Ipiasn = 5 HA
1 0.0025 Ioiasp = 0.5 A
g fbiasd =150 uA
o Vo =500 my
© 0.0020 Vaup = Vower = = 1.2V
-
>
9}
$ 0.0015+
> Standard
o Modified
Y
w
2
©
7]
o

0.00051

depletion boundary

p- epitaxial layer

0.0000

0 250 500 750 1000 1250 1500 1750 2000
Seed pixel signal (e™)

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 19



" N

APTS SF: NIEL radiation hardness (&) (CINFN

ALICE e

* Non-lonizing Energy Loss (NIEL) affects mainly the charge collection process
* >>Fe source measurements at 14° C, pixel pitch 15um

0.0025 T APTS SF
ALICE ITS3 preliminary pitch: 15 ym

t : dified with
Fe-55 source measurements g R
Plotted on 27 Mar 2023 heset = 250 pA

g biasn = 2 M
0.0020 e =dut

T lpiasa = 150 |JA

Ipias3 = 200 pA
Vieset = 500 mV
Vsup = prell= —-1.2V
T=14°C

per 20 e7)

(
2
)
o
=
(9

1 Non-irradiated
1013 1MeV ngqgcm™2

1014 1MeV negcm—2
1 10% 1MeV negcm™2
1 2x10% 1MeV negcm ™2
1 5x10% 1MeV negcm ™2
1 10'® 1MeV negcm ™2

0.00101

0.0005

Relative frequency

2200 250 500 750 1000 1250 1500 1750 2000

Seed pixel signal (e7)
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APTS SF: NIEL radiation hardness J INEN

ALICE

* Non-lonizing Energy Loss (NIEL) affects mainly the charge collection process
* >>Fe source measurements at 14° C, pixel pitch 15um

* Beyond the

0.0025

per 20 e™)

(
S
o
o
=
Ul

Relative frequency

0.0000
0

0.0020+

0.00101

0.0005

ALICE ITS3 preliminary

Fe-55 source measurements

Plotted on 27 Mar 2023

250 500

750 1000 1250
Seed pixel signal (e

)

APTS SF

pitch: 15 pm

type: modified with gap
split: 4

Ireset = 250 pA

Ibiasn = 5 WA

Ibiasp = 0.5 HA

Ipiasa = 150 HA

Ibias3 = 200 A

Vieset = 500 mV

Vsub = prell =-12V
T=14°C

1 Non-irradiated
1013 1MeV nggcm—2

1014 1MeV nggcm—2
1 10> 1MeV negcm™2
1 2x10% 1MeV negcm~2
[ 5x10%> 1MeV neqcm™2
1 10'® 1MeV negcm™2
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APTS SF: NIEL radiation hardness INFN

ALICE

........

* Non-lonizing Energy Loss (NIEL) affects mainly the charge collection process

* >>Fe source measurements at 14° C, pixel pitch 15um
* Beyond the

0.0025

per 20 e™)

(
S
o
o
=
Ul

Relative frequency

0.0000
0

, still operational after

0.0020+

0.00101

0.0005

ALICE ITS3 preliminary
Fe-55 source measurements
Plotted on 27 Mar 2023

250 500 750

1000 1250 1500 1750
Seed pixel signal (e7)

APTS SF

pitch: 15 pm

type: modified with gap
split: 4

Ireset = 250 pA

Ibiasn = 5 WA

Ibiasp = 0.5 HA

Ipiasa = 150 HA

Ibias3 = 200 A

Vieset = 500 mV

Vsub = prell =-12V
T=14°C

1 Non-irradiated
1013 1MeV nggcm—2
1014 1MeV nggcm—2
1 10> 1MeV negcm™2
1 2x10% 1MeV negcm~2
[ 5x10%> 1MeV neqcm™2
1 10'® 1IMeV negecm™2
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DPTS: NIEL and TID radiation hardness

ALICE

_,;;,‘Q\S S,. "\
/4 ™

INFN

TRIESTE

* Non-lonizing Energy Loss (NIEL) affects mainly the charge collection process
* Total lonizing Dose (TID) radiation affects the in-pixel front-end - studied with DPTS

Detection efficiency (%)

1091 ALICE ITS3 - 103
""""""""""" doi.org/10.1016/j.nima.2023:168589 |
DPTS, Vgup = -2.4V

95 A - 102
o
n
90 - 100 T
Q
L
Q
85 A % 100 g
]
\\\ E
\ =1 =
80 v 107" <
)
-
A : L8

75 Seh - 10

\\\\ \\
------------ B P -o O R e EE o —RE-E— 5 e e
R measurement sensitivity \|m|t
70 10—3
75 100 125 150 175 200 225 250 275 300 325 350

Threshold (via Vzsp) (€7)

b4t tis

FET Digital
T & Pixel
L. Test

- J Structure

Detection efficiency

Fake-hit rate

Non-irradiated

1013 1MeV ngg cm™2

1014 1MeV ngg cm™2

101> 1MeV ngg cm™2

10 kGy

100 kGy

10 kGy + 102 1MeV ngq cm~2
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INFN

DPTS: NIEL and TID radiation hardness

TRIESTE
ALICE
* In-beam measurements: detection efficiency *“g.igitlal
£ Pixe
| Test
| Structure
108 . ALICE ITS3 - 103
PR e T dor.org/10/1016/nima 2023, 168589 |
DPTS, Veup = -2.4V
95 - F102
T
» —#— Detection efficiency
90 A 101 T -#- Fake-hit rate
g —— Non-irradiated
2 4 1013 1MeV ngg cm™2
85 T | 100 o eq
= —f— 10 1MeV neq cm~2
o —%— 10%° 1MeV ney cm™2
80 1 1071 ©  _§ - 10 kGy
% —§— 100 kGy
75 L 10-2 = —#— 10 kGy + 10" 1MeV ngg cm™2
a - = 5 = = = L ;E;“'let
70 -10-3

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vzsp) (€7)
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DPTS: NIEL and TID radiation hardness

ALICE

INFN

TRIESTE

* In-beam measurements: detection efficiency Ilg.igitlal
. C . . || Pixe
* Functional characterization: Fake Hit Rate (FHR) L Test
| Structure
108 1 ALICE ITS3 - 103
P - e T doi.org/10.1016/j.nima.2023.168589 |
DPTS, Vsup = -2.4 V
95 - - 102
)
> —— Detection efficiency
G 90 -10' [T [=d- Fake-hitrate
_g ‘k —— Non-irradiated
— 85 i 50 —f— 10'3 1MeV ngq cm™2
Y B A B
S Q\‘ —f— 10 1MeV neq cm~2
- \
S ‘\‘ —$— 10%° 1MeV ngy cm 2
é 80 v - 10 —#— 10 kGy
@ \ —§— 100 kGy
75 %’\ \ L 10- —#— 10 kGy + 10?3 1MeV ny cm™2
............. =FH—- =T =5/ ny A oy A - ._._._.V
R measurement sensitivity limit
70 L 10—3
75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vzsp) (€7)
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DPTS: NIEL and TID radiation hardness (&} (CNFR

TeRsss o RIESTE
ALICE e

* In-beam measurements: detection efficiency
* Functional characterization: Fake Hit Rate (FHR)

109 ALICE ITS3 103
(. SR e e . e R doi.org/10.1016//.nima.2023/168589 |
DPTS, Vsyp = -2.4 V
95 - - 102
= —— Detection efficiency
9 -101 [T (<8 Fakehitrate
= —— Non-irradiated
é | 250 —f— 10'3 1MeV ngq cm™2
C —f— 10 1MeV neq cm~2
c
.8 —$— 10% 1MeV ngg cm™?
O - 10~ —#— 10 kGy
g —%— 100 kGy
L 10- —#— 10 kGy + 10?3 1MeV ny cm™2
X - ;Ey-m.i.t...
70 1 L 10—3

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vzsp) (€7)
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DPTS: NIEL and TID radiation hardness

| { INEN
R o/ TRIESTE

ALICE
* In-beam measurements: detection efficiency % Digital
. . . ‘| Pixe
* Functional characterization: Fake Hit Rate (FHR) b Test
| Structure
108 1 ALICE ITS3 - 103
e i S ST e | iy il dor.org/10,1016/jnima 20231168589 |
DPTS, Veup = -2.4V
95 - - 102
?o. —— Detection efficiency
o 90+ - 10! -§- Fake-hitrate
_g ‘k —— Non-irradiated
A= \ 1013 1MeV n. 2
£ 85 \ 100 = il
g : —f— 10 1MeV neq cm~2
o \ —$— 105 1MeV ngy cm 2
O 80- : - 10~
@ —— 10 kGy
v RN —¥— 100 kGy
(@] \y ~ N
VA é\v%\_\\\ ] L e e e —\ — lTS—g F—I-IR—re—qL"—rer—ne—r‘tu- 10~ + 10 kGy + 1013 1MeV Neg cm~?
‘ : ity imit
70 L 10—3

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vzsp) (€7)

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 27



DPTS: NIEL and TID radiation hardness

ALICE

» Efficiency higher than 99% in a wide range of thresholds
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DPTS: NIEL and TID radiation hardness

ALICE

Fos N
: INFN
\, Ty TRIESTE

» Efficiency higher than 99% in a wide range of thresholds
* Efficiency of 99% up to 10" 1MeV n_.cm™
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DPTS: NIEL and TID radiation hardness

ALICE
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» Efficiency higher than 99% in a wide range of thresholds
* Efficiency of 99% up to 10" 1MeV n_.cm™
* Efficiency of 99% at ITS3 radiation level
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ALICE

DPTS: spatial resolution
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In-beam measurements

4.50 1
4.25

€ 400/

5 4.00

c

2 3757 ALICEITS3 1.5

3 doi.org/10.1016/j.nima.2023.168589

8 3.50 - @ DPTS, Veyp/= -2.4 VW L 1.4

o

© 3.25- - 1.3

©

o

W 3.00 A 1.2
2.75 1 - 1.1
2.50 1 F 1.0

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (via Vcasp) (€7)

Average cluster size (pixel)

b4td 44

8 Digital
§° Pixel
4 Test
<l Structure

—#— Spatial resolution
-#- Average cluster size

Non-irradiated

101% 1MeV neq cm™2

10 1MeV ngq cm™2

10 1MeV ngq cm™2

10 kGy

100 kGy

10 kGy + 10%% 1MeV ngy cm™?

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3

31



ALICE

DPTS: spatial resolution

* In-beam measurements: spatial resolution
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ALICE

DPTS: spatial resolution

* In-beam measurements: spatial resolution and average cluster size
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ALICE

DPTS: spatial resolution

* In-beam measurements: spatial resolution and average cluster size
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ALICE

DPTS: spatial resolution
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* In-beam measurements: spatial resolution and average cluster size

* Spatial resolution better than the binary resolution
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ALICE

DPTS: spatial resolution

* In-beam measurements: spatial resolution and average cluster size
* Spatial resolution better than the binary resolution
* Not affected by the irradiation
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ALICE

DPTS: X-ray fluorescence

X-ray source

* Fluorescence photons from Sn target

Yy Digital
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ALICE

DPTS: X-ray fluorescence
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DPTS: X-ray fluorescence 5 CNER
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* Fluorescence photons from Sn target
3,
co@z

18/10/2023 anna.villani@cern.ch — VERTEX 2023 — MAPS prototypes for ITS3 40



il

ALICE

DPTS: X-ray fluorescence
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DPTS: X-ray fluorescence
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DPTS: X-ray fluorescence
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DPTS: X-ray fluorescence
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ALICE

Large-area MAPS
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Large-area MAPS: stitching
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ALICE

Large-area MAPS: stitching
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Large-area MAPS: stitching

ALICE
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* April 2023 - received first stitched sensors:
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small prototypes Run 1, first peripheral structures along the outer edges of
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Large-area MAPS: stitching

ALICE
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Large-area MAPS: stitching

ALICE
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TRIESTE

@) Large-area MAPS characterization

ALICE

2019

ER1: MOnolithic Stitched Sensor, MOSS:
e 25.9x 1.4 cm?
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@) Large-area MAPS characterization

ALICE
Small prototypes Large-area MAPS
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@) Large-area MAPS characterization

ALICE
Small prototypes Large-area MAPS
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Large-area MAPS characterization

ALICE
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ER1: MOnolithic Stitched Sensor, MOSS:
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MOSS in-beam measurements

ALICE
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9& MOSS in-beam measurements INFN

TRIESTE
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e | - ¥ ¢ - Testbeam @ CERN PS: hitmaps
— ALICE ITS3 beam test preliminary, MOSS @ CERN PS August 2023, 10 GeV/c hadrons, plotted on 29 Aug 2023 50
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. MOSS in-beam measurements INFN

H I_ I C E TRIESTE
 Testbeam @ CERN PS: hitmaps and correlations
ALICE ITS3 beam test preliminary, MOSS @ CERN PS August 2023, 10 GeV/c hadrons, plotted on 29 Aug 2023 50
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Conclusions () CIneN

ALICE

* An innovative vertex tracker will be installed in 2026 for the ALICE Experiment.
It will be made of large-area, flexible, bent MAPS detectors.

* The activities towards ITS3 are going on as scheduled:
* The 65 nm CMOS process has been validated

* The radiation hardness for both TID and NIEL (up to the expected level for the ITS3 of
10 kGy and 10" 1 MeV n,, cm™*) was verified for the first test structures

* An excellent response to X-rays in terms of energetic resolution was obtained
* First tests on stitched sensor are ongoing

* The ITS3 technology will be the starting point for the development of the new
tracker for the future experiment ALICE3, proposed for run 5 and 6 of LHC
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Backup

ALICE
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ALICE

DPTS: TID radiation hardness

N
sy INFN
o TRIESTE

* DPTS performance with a TID radiation level above the ITS3 limit (10 kGy):
* Efficiency of 99% at

without annealing

e Efficiency of 99% at 5 MGy TID after 2 months

Detection efficiency (%)
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ALICE

DPTS: power consumption

o,
2 INFN
oy TRIESTE

* |ITS3 power consumption requirement: < 40 mW/cm?
* Lowest possible setting: /,,,. = 20 nA - power consumption = 10 mW/cm?

Detection efficiency (%)
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MOSS test system

ALICE

65 cm

Automation

and readout

Proximity boards
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TRIESTE

il Bent ITS3 prototypes

ALICE
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