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2 Silicon sensors for tracking/vertexing detectors
= hybrid vs monolithic technologies
= planar vs 3D internal structure
= large dimensions
= timing information

Detector integration
= truly cylindrical detector
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Silicon sensors for tracking/vertexing detectors
Hybrid vs Monolithic sensors

Characteristics of a sensor for tracking/vertexing

KHigh space point resolution (~10 pm) w
» High detection efficiency (~100%) and low fake-hit rate

» Low material budget (< 0.1%)
» Low power density (— material budget) } 0
» Time resolution

» Radiation hardness (HL-LHC ~2x1016 1 MeV neqlcmZU

Hybrid sensor

Readout
electronics

» - optimisation of readout and electronics
» - large signal
» cons - large material budget

» cons - large power consumption

Monolithic sensor

NWELL NMOS PMOS

U T W
GL el Ui j » - low material budget
) g » - low power consumption
oy » - low noise
h ™ » cons - small signal
R AL . » cons - limited radiation tolerant
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DIODE____ TRANSISTOR | _ TRAKSITOR » - standard CMQOS readout integration

» cons - slow (charge collection by diffusion)



Silicon sensors for tracking/vertexing detectors
Hybrid sensor

» State of the art for all LHC detectors during Run1 and Run2

ar 4
*y

» Future upgrades:
CMS Phase Il OT

: 6MS '-_Pi);el l‘:r"a_'ékér |

HV hole .

dring

ATLAS - Dixel module

ssssss

45 cm? active area:

e 2x 960 Strips 2.4 cm x 100 um

u ¢ o 32 x960 macro-pixels 1.5 mm x 100 um
POH _guiins: P .

CMS Pixel-Strip
(PS) module
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1: PS-s sensor

2: PS-p sensor

3: Macro-pixel ASICs

4: AI-CF spacer

5: Front-end hybrid

6: Power hybrid

7: Opto hybrid

8: CFRP support

9: CFRP baseplate

10: High voltage tab

11: Temperature sensor
12: Kapton HV isolators




CERN-LHCC-2010-0013

Silicon sensors for tracking/vertexing detectors
3D sensors to improve radiation hardness

» 3D sensors: depletion region grows laterally
between the electrodes, whose distance is
much smaller than the substrate thickness
— depletion voltage dramatically reduced
with respect to planar sensors

ATLAS Insertable B-Layer (IBL)

¢Planar‘ ’ 3D
T
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» First 3D sensor application in ATLAS

innermost layer (2014)

» >200 V needed to fully deplete the sensor,
while 1000 V for a 200 um thick planar

» During HL-LHC (2029) innermost tracking layers of ATLAS and CMS will have to cope

with extreme radiation fluences (up to 2x1016 1 MeV neq/cm?2)
— 3D sensors are good candidates but needs improvements:
increased pixel granularity, reduced material budget and better geometrical efficiency

NPMTP22 | 1-2 December 2022 | Domenico Colella

J NIMA 395 (1997) 328—-343
J NIMA 694 (2012) 321-330

J NIMA 824 (2016) 386387



Silicon sensors for tracking/vertexing detectors
Monolithic Active Pixel Sensor (MAPS)

J. NIMA 907 (2018) 6080

[Selectable analog outputs ~ 220 ym for Pads + Electronics | 4

» First application of MAPS technology in a
collider environment for STAR HFT PXL

detector @RHIC (2014) — Mimosa28
* pixel pitch: 20.7 uym
* matrix: 928 x 960 pixels
« CMOS technology: twin well, 0.35 pm
 readout: rolling-shutter fashion in 185.6 ys
» power budget: 150 mW/cm?2

Pixel Array

365 pm ||

_______ Column-level Discriminators |

= | Zero Suppression |
3280 um[ [3TAG ] [Mem-1] Il [Seq-Ctrl | [Mem. 2] [Bias-DAC]
[ PadRing ]

v

20240 pm

J. NIMA 765 (2014) 177-182

» MAPS development for ALICE ITS2

detector @LHC (2021) — ALPIDE

* pixel pitch: 28 ym

* matrix: 512 x 1024 pixels

 CMOS technology: TowerJazz 0.18 ym

 readout: continuous or triggered global-shutter
(priority encoder)

« power budget: 40 m\W/cm?2

 several applications: sPHENIX, protonCT,
calorimetry, test beam telescopes
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Silicon sensors for tracking/vertexing detectors
Monolithic Active Pixel Sensor (MAPS)

» Standard process, partially depleted epitaxial layer —
doesn'’t allow full charge collection by drift, mandatory for
more extreme radiation tolerance

» Charge collection time < 30 ns
« Operational up to 1014 1 MeV neqg/cm?2

» Modified process, toward fully depleted epitaxial layer (still
keepings small collection electrode) — planar junction
separated from the collection electrode in the epitaxial layer

« Charge collection time < 1 ns
» Operational up to 101 1 MeV neq/cm?

» Modified with gap
 In modified process electric field in sensor reaches a
minimum in the pixel corners — degraded timing
resolution and efficiency loss after irradiation
* A gap in the deep n-implant increases the lateral electric
field at the pixel borders

» Modified process further pursued with MALTA, CLICpix,
FastPix, ITS3...

NMOS PMOS

DEEP PWELL

Standérd

P= EPITAXIAL LAYER

DEPLETED ZONE

DEEP PWELL

DEPLETION BOUNDARY

O J W I OJ
pwell nwell pwell nwell
________ deeppwell e deeppwell

low dose n-type implant
M O d . f. e d depletion boundary

low dose n-type implant

Modified
with gap

p epitaxial layer

depleted zone

depletion boundary
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J. NIMA 871 (2017) 90-96
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Silicon sensors for tracking/vertexing detectors
Large dimensions sensors

» Chip size limited by field of exposure of photolithography equipment (~20 x 20 mm?2)

» Stitching technique allow sensor size exceeding the photolithography limitations
» Building blocks are integrated in the photolithography mask as different mask regions

rby s PIXELS | rby s PIXELS | rby s PIXELS :
r by s PIXELS rby s PIXELS
v1)

rby s PIXELS | rby s PIXELS | rby s PIXELS ~

Readout l Readout 3

Isolated building blocks put Readout Readout Readout

Sketch of an image sensor design separately on the reticle

Extending the size of the sensor beyond
the reticle field of view

Tower Semiconductor Ltd, Stitching design rules for forming interconnect layers, US Patent 6225013B1 (2001)
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Silicon sensors for tracking/vertexing detectors
Large dimensions sensors

ALICE ITS3 stitched sensor
MOSS Monolithic Stitched Sensor Prototype

""""""""""""""""""" Endcap L Repeated Sensor Unit Endcap R
Pads 1 Peripheral circuits 2

|
3 Il N FINE PITCH PIXELS (18 pm) £

s W e
l HHY FHHHE T I R

Periphery ~0.8 mm
2.39_|;|m « . . . Pad h: 0.35 mm I 1.§_mm
25.5 mm — peripheral circuits Pads

300 mm wafer I

Coumn stcerng

o
Prcartg PreiContg
e regen
rw oy (- S e | | e

op readout

=2
=
Readout l

I ' E ? 77777777 - Readout .
6 MOSS and 6 MOST per Wafer S”pp'ytt con
» Primary goals

MOSS dimensions o _ _
14 mm x 25.9 cm * Learn Stitching technique to make a particle detector
* Interconnect power and signals on wafer scale sensor

 Learn about yield
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Silicon sensors for tracking/vertexing detectors

Timing information for 4D tracking

: \
p+ gain layer
p bulk

JTE
: p++

N L

E field Traditional Silicon detector

Ultra fast Silicon detector E field

J. NIMA 979 (2020) 164383

Drift area with gain

-
-
-
? Zoom
\ 0.5=2umlong
\

' :

Gain implant

\

» Low Gain Avalanche Diodes: additional moderately doped deep p-implant — In the

region between this implant and the read-out electrode, the electric field is high enough
for generating multiplication of the drifting electrons

» Low gain allows segmenting and keeping the shot noise below electronic noise — low
leakage current

» Could reach ~30 ps resolution (sensor) and 20-30 ps (ASIC)

» New design, AC-LGAD architecture, uses
charge sharing to achieve excellent time and
spatial resolutions while reducing the number
of channels by more than a factor of 10.
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Silicon sensors for tracking/vertexing detectors
Timing information for 4D tracking

CERN-LHCC-2020-007
CERN-LHCC-2019-003

» At HL-LHC: average 1.6 collisions/mm
« trackers mostly mitigates pile-up effect, but still
challenging, specially, in the forward region
* timing information (~30 ps) can be used to
mitigate the effect of pile-up
» ATLAS and CMS proposing timing detector
systems for HL-LHC

ATLAS High Granularity Timing Detector (HGTD)
ALICE 3

Superconducting g
magnet system

» Future experiments like ePIC@EIC and
ALICE3@LHC foresee a Time-Of-Flight PID
detector, requiring ~20 ps timing resolution

* LGAD technology is explored
* Fully depleted MAPS also under investigation

absorber

Muon
chambers

CERN-LHCC-2022-009
2022 JINST 17 P10019
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Cylindrical
Structural Shell
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Half Barrels

Detector integration:
a truly cylindrical detector
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Detector integration: a truly cylindrical detector
Motivations

» It is well known that thin silicon
(<50 ym) can be bent without
mechanical damages

0.8
Other
0.7 1 mm Water
I Carbon
0.64 Aluminum
’ I Kapton
N Glue

o
wn
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[

S| s » Silicon makes only about 15% of

g, o total material

= 0.07 ' ' y ¥ y Y Silicon

) parmutal ngle —rme=eexl oy Irregularities due to support/cooling
E ‘ I 0.05% Xollayer and overlap of adjacent modules

o E 0.5
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Azimuthal angle [ ]
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Detector integration: a truly cylindrical detector
How to realise it?

ALICE ITS3 implementation

truly cylindrical
detection layers

Key ingredients

» Wafer-scale chips using stitching (~28x10 cm)
» Sensor thickness 20-40 um

» Chips bent in cylindrical shape at target radii [The whole detector will comprise Sin
» Si MAPS sensor based on 65 nm technology chips and barely anything else!

» Carbon foam support structures

Beam pipe inner/outer radius (mm) 16.0/16.5

 IBLayerParameters | Layer0 | Layer1 | Layer? |
" Radial position (mm) | 180 i 240 | 800 |
_ Lengthof sensitivearea(mnm) | 3000 |
 Pseudo-rapidity coverage | 225 | 223 | %20
- Active-area(cm?) | 610 | 816 | 1016 |
"~ Pixel sensor dimension (mm2) | 280 x 56.5 | 280 x 75.5 | 280 x 94 |
""" Number of sensors per layer | 2 |
 Pixelsize@my | 0(10x10)
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Detector integration: a truly cylindrical detector
How to realise it?

Key ingredients

» Wafer-scale chips using stitching (~28x10 cm)
» Sensor thickness 20-40 um

» Chips bent in cylindrical shape at target radii

» Si MAPS sensor based on 65 nm technology
» Carbon foam support structures

EIC ePIC SVT implementation

Same ITS3 sensors dimensions but larger
layer radii — More sensors needed per layer

. 56.5

75.5
94.0

L0=4x56.5;R=36 L2

L1=4x75.5;R=48
L2=8X94.0; R=120

ePIC - SVT 11
Same 3 sensor formats: o
LO = 3 x 9 reticles /\
L1 =4 x 9 reticles é

L2 =5 x 9 reticles
1 sensor per wafer
4 or 8 sensors per layer

Units = mm
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Detector integration: a truly cylindrical detector

R&D activities - ALPIDE chip bending

» MAPS at thickness used in current detectors (~50 um) are quite flexible
» Large benefit from going even a bit thinner: the bending force scales with thickness

to the third power

» The breaking point moves to smaller bending radii when going thinner
» Project goal thicknesses and desired bending radii are in a “not breaking” regime

ALICE ITS3 Bending test

—_ 1000 T T T T T T LI T T l T T | T T I T T I T T T
=z 3 : ! ! : a
Si thickness =97 um (+8) 7
3 Si thickness = 50 um (x1) 7]
800 *2 | Sithickness =40 um (x(5/4)3) ]
600 = ]
400 m% —
200 LT
0 1 _— g S | S | “: u ‘.:::‘:':1.:1—
-2 6 8 10 12 14

Displacement (mm)
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Pixels / 5e”

Detector integration: a truly cylindrical detector
R&D activities - ALPIDE chip bending
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Detector integration: a truly cylindrical detector
R&D activities - Wafer-scale silicon bending

» Developed procedure allows silicon bending in a repeatable reliable way
» Bending tool: tensioned mylar foil wrapping around a cylindrical mandrel

!_
_ i

50 um thick
Si dummy chip
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Detector integration: a truly cylindrical detector
R&D activities - Carbon foam characterisation

» Different foams characterised for machinability
and thermal properties

ERG DUOCEL ALLCOMP LD ALLCOMP HD
0.06 kg/dm3 0.2-0.26 kg/dm3 0.45-0.68 kg/dm3
0.033 W/m-K >17 W/m-K 85-170 W/m-K

Longerons and wedge < ERG DUOCEL
Support

M'

Half-ring <— ALLCOMP LD
Support + Cooling

Fleece to reduce glue
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Detector integration: a truly cylindrical detector
R&D activities - Carbon foam characterisation

racks

A

C 1 1 1 1
-6 -4 -2 0 2

(a) Multiple Coulomb scattering (b) Scattering angle distribution
Taken from [Paul Schiitze, 2019, Dissertation]
Xory
Fair Toar Toair | P ar Toar T oair |
DUT

®  Scatterer

Impregnated

fleece

Glue Silicon

4 6
o [mrad]

ALPIDE

y [mm]

» Analysis of the kink angle distributions at the
position of a scatterer

» Material budget image: represents the widths
of the scattering angle distribution of all particles
traversing a given bin
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Kink vs incidence position, medium logZ

- 0.8
— Preliminary 200M events @ 5.4 GeV (~300Hz rate) .
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Detector integration: a truly cylindrical detector
R&D activities - Layer assembly procedure

» Different options under study (including vacuum clamping)
» Currently working solution based on adhesive caption tape
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Detector integration: a truly cylindrical detector
R&D activities - Layer assembly procedure

» Different options under study (including vacuum clamping)
» Currently working solution based on adhesive caption tape

Wedges replaced with
half-ring due to excessive
deformation from
cylindrical shape
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Detector integration: a truly cylindrical detector

-

Super-ALPIDE: 18 not diced ALPIDE chips

» Super-ALPIDE
- 18 not diced ALPIDE chips
« dimensions close to the ones for LO sensor

» Goals

- verify bending tools for large-size working chips

- verify mechanical support alignment tools

- develop wire-bonding over bent surface tools

- develop first bent flex prototype (for powering
and data streaming)

- assemble first working large dimension bent
sensor
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Detector integration: a truly cylindrical detector
TOWARD FIRST WORKING LARGE DIMENSION SENSOR

Five main components
 super-ALPIDE
 support structures

« exoskeleton

» edge-FPC

« exo-FPC (not shown)

NPMTP22 | 1-2 December 2022 | Domenico Colella 25



Detector integration: a truly cylindrical detector
TOWARD FIRST WORKING LARGE DIMENSION SENSOR

Super-ALPIDE assembly
with dummy sensor

¢
\\\\\
\\\\\\
S

| o Jer test™
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Detector integration: a truly cylindrical detector
R&D activities - Embedded MAPS

Idea
and history

* | learned about a similar technique (and forgot about it in-
between), at FEE2014 (Argonne):
https://indico.cern.ch/event/276611/contributions/622863/
attachments/502969/694527/dulinski FEE-2014.pdf

* This actually followed the SERWIETE idea:
https://arxiv.org/abs/1006.5424

* To my knowledge it was not followed up much further, and
had two difficulties:

 redistribution layer on the chips was necessary since
the chips had small pads

* |t required on Al metallisation (good for material budget,
bad for using standard techniques)

o
( IPHC FEE-2014, Argonne, USA rm—

N

~ Novel approach for ultra thin sensor packaging:
use of a “standard” flex PCB process for chip embedding in plastic foils
The goal: < 0.1 % of X, per sensor layer (large area ladder, all included)

Embedding principle

T, o v v o

# * Opening vias using lithography
1

+ Metallization: Al (5-10 ym)
" ] (e 10 ptren el

+ Gluing of another on foil for
w depo:?ﬂon of secmdmntefal layer

No wire bonding, excellent mechanical chip protection

3 SERWIETE project

bump bonding metal traces 1 pm thick sketch of metal traces 10 pm thick 3 binary MIMOSA-26 sensors
; / 1analogue MIMOSA-18 sensor / Y -
-

“ » Y

- id
~43 mm ~120 mm

14 mm

W g T~

Figure 6: Sketch of the two SERWIETE prototypes. On the left, the 2010 prototype
equipped with 1 analogue output MIMOSA-18 sensor. On the right, the 2011 prototype
with 3 binary output MIMOSA-26 sensors with indication of some metal traces.

LCWS/ILC 2010

Magnus Mager (CERN) | ITS3 WP4 | 28.04.2022 | 2
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Detector integration: a truly cylindrical detector

R&D activities - Embedded MAPS

Assembly process

300 pm Al pad 2.5 pm Ni, 50 nm Au

IJI

Ni/Au plating I inati
_— —_— —_—
50 pm Si MAPS 10 kg/om?
180 °C
um
150 pm opening
hole patternin, polyimide el glue etching
_No'e patterning e il =
EDA H2804
anisotrop isotrop.
Plating Ni/Au plating
_—
carbon
electro Cu

Cross-section through one interconnection

part thickness
~” Cuplating 13 ym
s .  Cugladding 5 pm
Polyimide 45 um
glue 25 ym

B e e — T

~ . metal stack 10 pm
silicon 45 uym
EE o 25 um
Polyimide 45 pm
total: 213 ym

radiation length

(0.06%)
(0.07%)
0.02%

0.01%
0.01%

0.05%
0.01%

0.02%

0.11%
(+0.13% Cu)

arXiv:2205.12669v1

o s o P Ve e A

Py
A
1IN d
L
1 1]
LAUEERUAREAN
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? ECFA Detector R&D Roadmap (10.17181/CERN.XDPL.W2EX)

Solid State Detectors Task Force identified essential Detector R&D themes
1. Achieve full integration of sensing and microelectronics in monolithic CMOS pixel sensors

2. Develop solid state sensors with 4D-capabilities for tracking and calorimetry

3. Extend capabilities of solid state sensors to operate at extreme fluences
4. Develop full 3D-interconnection technologies for solid state devices in particle physics
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First test submission: MLR1

* Main goals:
— Learn technology features
— Characterize charge collection
— Validate radiation tolerance
e Each reticle (12x16 mm?):
— 10 transistor test structures (3x1.5 mm?)
— 60 chips (1.5x1.5 mm?)
* Analogue blocks

 Digital blocks
* Pixel prototype chips: APTS, CE65, DPTS

e Submitted in December 2020
* Received diced chips in July 2021

f Transistor testi |

E Transistor tgsﬁt;"’ i
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APTS: Analogue Pixel Test Structure

* 6x6 pixel matrix

* Direct analogue readout
of central 4x4 submatrix

* Two types of output drivers:

— Traditional source follower (APTS-SF)

— Very fast OpAmp (APTS-0A)
e AC/DC coupling
e 4 pitches: 10, 15, 20, 25 um
* 3 process variations

* Presented results with >>Fe source
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APTS-SF:

Process modification reduces charge

sharing

* Instandard process
seed pixel takes ~50%
of charge

* In modified process
most of the charge is
collected in one pixel

Effect on efficiency and

spatial resolution to be

verified at beam test

cy (per ImV)

Relative frequen

ALICE ITS3 preliminary

Fe55 source measurements

20

40 60 80 100 120 140
Seed pixel signal (mV)
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APTS-SF:
Substrate bias amplifies the signal

* Substrate bias lowers A vaase
the node capacitance oo A
and increases signal z et
amp litude % 0061 Ve~ 500mv

* Valuesaslowas2.2fF v aon
were observed : S

i S
000

0 20 40 60 80 100 120 140
Seed pixel signal (mV)
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APTS-SF:

Charge collection vs.

* Charge collection
doesn’t seem to depend
on pixel pitch

* Remarkable result to be
confirmed by beam test

* If confirmed —another
way to reduce power
consumption

Relative frequency (per 1mV)

0.05 A

0.03 A

pixel pitch

ALICE ITS3 preliminary
Fe55 source measurements
Plotted on 17 Jun 2022

APTS SF

type: modified with gap
split: 4

Vo = Vomer = —2.4V
Iresee = 100 pA

Ioasn =5 PA

I 05pA

[ =150pA

[ 200pA

v, 500 mv

[ pitch = 10 ym
[ pitch = 15 ym
1 pitch = 20 um
1 pitch = 25 um

Chips:

- AF10P_W22824
AF15P_W2284
AF20P_W2286
AF25P_W2287

60 80 100 120 140
Seed pixel signal (mV)
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APTS-0OA:

Process modification reduces charge

collection time

* Fast readout allows to
estimate the charge
collection time via signal fall
time

* In modified process the
charge is collected faster

Cluster size = 1

Fall time (ns)

Cluster size

6
5
4
3
2
1
0
6
5
4
3
2
1
0

Standard

Modified with gap
10-?

6
5 4
44
3 -
2
1
0 " N T T
0 20 40 60 80 100 1073

6
5 4
4
34
2 -
1

g T T r 0 r T T T

0 20 40 60 80 100 O 20 40 60 80 100

Relative frequency (per 2mV 100ps)

10-4

Amplitude (mV)
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DPTS: Digital Pixel Test Structure

e 32x32 pixel matrix R
. REEERRAERRRE
* Asynchronous digital readout -

 Time-over-Threshold information
e Pitch: 15x15 um?

* Only “modified with gap” process
modification

e Tunable Power vs Time resolution
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Backup

Non irradiated DPTS:
Excellent efficiency and low fake hit rate

- . d DPTSOW22B7
100 1 S Spni L _L_____ALICEITS3 beam test preliminary _ | 10° Not irradiated
@DESY March 2022, 3.4 GeV/c e o0 Ve(SiONZ O
Plotted on 14 jun 2022 [ split: 4 (opt.)
- lreset = 35 pA
95 4 102 L Ipias =100 NA
¢ Ipiasn = 10 NA
a lap = SOBDO%
g Veasn = mV
L8 Vower=Viw
90 1 10 s T =ambient
L 2
Pt o
g o £
€ 851 10
[} °
g ]
£ -
80 A1 107! g
g
g -~ Efficiency
- ~{B- Fake Hit Rate
R 1072 =
75 0 5 - V=12V
- B Veup=-0.6 V
{3_
- = Vep=-0.3V
L -3 + =-
70 1 Association window: 480 um x 480 um x 1.5 ps, no pixel masking 10 Vsup= 0.0V
100 150 200 250 300 350 400

Threshold (via VCASB) (electrons)
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Backup

Irradiated DPTS (10% n,,):
Larger fake hit rate, but has margin

F—— . DPTSXW22B10
100 [ [ =ea-tan, L. ____.____ALICEITS3 beam test preliminary [ 10’ 103 1MeV n,, cm™2
@DESY March 2022, 3.4 GeV/c e = version: X
Plotted on 14 Jun 2022 v split: 4 (opt.)
- lreset = 35 pA
95 - F107 5 Ipias = 100 nA
X Ipiasn = 10 NA
S gp=50nA
- Veasn = 300 mV
S Vowen =V,
4 L 1 O pwell sub
% [L 10° 3 T =ambient
— \ =
2 \ g
> \ g
2 85 \ F100 £
2 \ °
< \ B
5
g % :
80 1 3¢ 107! g
\\ . ‘Qj
1N S - Efficiency
\ Ly A ~{B- Fake Hit Rate
y \ L10-2 &
” \ \ T - Vip=12V
{ 3 3 3 £ £ \hu_ = _JL\ = &= % L Vsup=-0.6 V
8—8—8-8—88-8—u- D = B TR measurement seitiity fimit w - Vop=03V
L 10-3 - --
70 1 Association window: 480 um x 480 um x 1.5 us, no pixel masking 10 Vsup=-0.0 V
100 150 200 250 300 350 400 450 500

Threshold (via VCASB) (electrons)
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Backup

Irradiated DPTS (10" n,):
Efficient at 20 °C with limited fake hit rate

Efficiency (%)

100
99

95

90

85

80

75

70 1

4

4

4

4

ALICE ITS3 beam test preliminary

@PS May 2022, 10 GeVicn~
Plotted on 14 Jun 2022

FHR meas?

ment sensitivity limit

Association window: 480 um x 480 um x 1.5 ps, no pixel masking
T T T T

F103

+10?

10!

F10°

F10-!

F1072

F1073

75

100 125 150 175 200 225 250 275

Threshold (via VCASB) (electrons)

Fake Hit Rate (pixel~! s1)

DPTSOW22B17
10'® 1MeV ng, cm~?
version: O

split: 4 (opt.)
lreset = 35 pA

Ipias = 100 nA
Ipiasn = 10NA

lgp = 50NA

Veasn = 300mV
Vowen = Vup
r=20"C

- Efficiency
~{#- Fake Hit Rate
= Vyp=-18V
= Vyp=-12V

1 Visup=-0.6 V
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DPTS: Spatial resolution ~5 um

ALICE ITS3 beam test preliminary |
@DESY Sep 2021, 5.4 GeV/c electrons lmea" = -0.7 um

RMS .5 um
Plotted on 16 Jun 2022 fit p .7 um
fito 1pum

5
-0
5.

50  -40  -30 -20 -10 0 10 20 30 40
Xtrack = Xnit (M)
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DPTSOW22B3 (not irradiated)
version: O

split: 4 (opt.)

Jresee = 10 pA

Ibias = 100 nA

Ibiasn = 10NA
Il =100nA
Veasn = 300 mV
Veass = 250V

Vower = Vo = =12V

w




DPTS: Temporal resolution ~7 ns

4001 ALICE ITS3 beam test preliminary
@DESY Sep 2021, 5.4 GeV/c electrons

mean = 0.7 ns

RMS = 20.1 ns
350 Plotted on 16 Jun 2022 fitp=-0.2ns
fito =10.3 ns
overflow entries = 41
»n 300 timing resolution = o/v2 = 7.3 ns
- 250
—
2
=200
"
()
= 150
-
c
w
1001
501

[ —— .

9100 -90 -80 -70 -60 -50 -40 30 -20 -10 0 10 20 30 40 50 60 70 80 90

DPTS1 signal time - DPTS2 signal time (encoding scheme and timewalk corrected) (ns)
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DPTSOW22B3 (not irradiated)
version: O

split: 4 (opt.)

lreset = 10 pA

Ioas = 100 nA

Iiasn = 10 NA

lg =100nA

Veasn = 300mV

Veaso = 250 mV

Vowet = Vyo = =12V

DPTSXW22B1 (not irradiated)
version: X

split: 4 (opt.)

lreser = 10 pA

Iias = 100 NA

Jovasn = 10 NA

I = 100nA

Veasn = 300 mV

Veass = 280 mV

Viower = Voo = =12V




b Service pigtail adds a challenge to the assembly sequence
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ALICE 2

ITSZ for LHC Run 3

ITS2 installed and under commissioning

Pointing resolution
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Shutdown/Technical stop

Protons physics
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Commissioning with beam

Hardware commissioning/magnet training

Tracking efficiency
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ITS2 will provide unprecedented performances
— pointing resolution: 15 ym at p; of 1 GeV/c
— tracking efficiency: above 90% for prt > 200 MeV/c
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Tracking efficiency Pointing resolution
100 — 103
] - |TS2 standalone
-== ITS2+TPC
© ITS2+TPC (full MC)
80 1 —— |TS3 standalone
_ T ~== [TS3+TPC
= 2 102 ITS3+TPC (full MC)
> c 1 . . "
2 60- e 4 i Improved pointing resolution
(] =}
< 3 . : .S
£ g R and tracking efficiency for
o o -:..‘: ...........
£ 404 < by, R low momenta (x2 at all pr)
8 3 107 e
[ g 1 .
20 4 ITS2 standalone B ] ~‘ ““““
ITS2+TPC T T T T T T ttE=—=——r==
ITS3 standalone
ITS3+TPC
0 T T L | T T T T T T T 100 LA L | T T 1 T T L B L | T
0.05 0.1 0.2 0.3 0.5 1 005 0.1 0203 05 1 2 3 5 10 20 30
Transverse momentum [GeV/c] Transverse momentum [GeV/c]

. . . . - 0.1 71717 | L DL L LA L B o
Study of the enhancement of charm quarks in heavy-ion collisions § [ ALICE Simulation -
+ + A# =+ = 8 | = - pK=®, and charge conj. |
» AC and DS used to study baryon and fere) S 0.08- Pb-Pb, 0-100%, Y5 =5.5TeV, |y| <05 .
strangeness enhancement (compared to DO) & I ms2Run3 n 6(1TS2) = 16.87 ym |
» B might set very powerful constraints to test HF E 8 0,061 = ITs3, Run 4 SRR
0 E — -
coalescence models A= # 5 | ]
enhancement = -
. 0.04— -
Expected significance Ml b |
8 I I l | | ! | — } | | 4 Ll ! J— | l = —
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s gi = 0.02— —
L ] -
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MLR1 SUBMISSION AND TEST + ER1

< ~12 mm >

» MLR1 is the first submission in the Towerdazz

65 nm technology
« scoped within CERN EP R&D WP1.2, but significant drive from ITS3
» this technology will allow to build larger sensors (300 mm wafers)

» More than just “first test structures”
- transistor test structures
- analog building blocks (band gaps, LVDS drivers, etc.)
« various diode matrices (small and large)
- digital test matrices
= Essentially covers the initial goals of MPW1 and MPW2

» First wafers received
- laboratory characterisation ongoing
* test beam campaign (PS, SPS and DESY) in Oct-Dec 2021 v e
« characterisation of bent test structure expect O(300) dies per wafer

~16 mm

» ER1 Stitched Sensor prototype Endcap L Repeated Sensor Unit Endcap R
- Key requirements and architectures Pads N~10 Pads

defined (sensor, primary features,
dimensions and floorpan, powering
scheme, I/Os and global busses)

« Mock submission by end of November

p—
2.45 mm
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Shutdown/Technical stop
l | | Protons physics

Ions

\ Run 3 Long Shutdown 3 (LS3) \ Run 4 ’ s & o a kil e ainin

T T T

ALICE 2.1

Expression of Interest LHCC 139 (Sep 2019)

G

LARGE HADRON COLLIDER COMMITTEE

- pmm::‘:: Minutes of the one-hundredh-andthirty-ninth meeting beld on P rOj e ct S et u p (S p ri n g 2 0 2 0 )

Wedneséay and Thursday, 11-12 September 2019

® Project leaders
© Work packages conveners
® |nstitutes joining

& ® “The LHCC is impressed — -
by the new concept for
the ITS3...”

Expression of Interest

BT et Ls: Letter of Intent

ALICE Coliaboravian, CERY, Geneve, Switserland

LHCC 142 (Jun 2020)

CERN/LHCC-2020-008
LHCC-142
June 2020

Letter of Intent
Geona, Swrzetang for an
ey 6.2015 ALICE ITS Upgrade in LS3

ALICE Collaboration, CERN, Geneva, Switzeriant

- == peiyg B —
= . o ==
D kick-off (Dec 2019)
“ : < ‘
o 1 g g LARGE HADRON COLLIDER COMMITTEE
" Minutes of the one-hundred-and-forty-second meeting held on
.‘*. D ¢ 'l‘ Thursday and Friday, 4-5 Tune 2020

[ALICE-PUBLIC-2018-013]
https://cds.cern.ch/record/2644611

ome a subproject of ITS, with a

2y for MAPS raised y
s full Monte-Carlo the full detector
new physics channels have been explored. First R&D studics on
mechanic: d electrical properties of bent MAP! nsors have been performed
and a full validation of MAPS curved to R = 18 mm is underway.

The LHCC congratulates the ITS3 groups for the successful start of the project.

ITS3 has now bec cs ramping up. Pioneering
the Physics studies

“The LHCC congratulates the
ITS3 groups for the successful
start of the project.”

[CERN-LHCC-2019-018 ; LHCC-I-034]

Oct 2018 Sep 2019 Sep 2019 Dec 2019 Spring 2020 Jun 2020
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» Central barrel (—0.9 < < 0.9)

» Muon spectrometer (—4.0 < n < — 2.5)

» Forward detectors: trigger, centrality, luminosity, reaction plane

‘ a. ITS SPD (Pixel)
: b. ITS SDD (Drift)

semasaw. Y avh mm A aVAN 16, > . c. ITS SSD (Strip)
2 — 7 d. VOand TO
e. FMD

» Tracking and PID per large kinematic range
» High resolution vertex reconstruction

i®

LHC Run 1 and Run 2 data taking

[
N e
) LU T

Colliding System

2010-2011 276 z AbTow
Pb-Pb i | 2 TRO
2015-2018 5.02 T a2
6. HMPID \.\
Xe-Xe 2017 5,44 5 bea
9. PHOS, CPV
_Pb 2013 5.02 12 Absorber
p 2016 502, 8.16 12: Muon Tracker
13. Muon Wall
2009-2013 0.9,2.76,7, 8 15, Dinote Madet
pp 2015, 2017 5.02 16, PMD
2015-2018 13 18.ZDC
19. ACORDE
ITS impact parameter performance
Central barrel PID performance = 300, ‘ ‘
er T 1 3 @ g ] S ALICE
g ITS - PPt om0z 7oy | O S 2500 charged particles
% ALICE Performance 1 g _g E ¢ ]
f‘; 500 PO-PD |5, =5.02TeV ER g 200 4 ppls=7TeV 7
g o 3 I ' ® p-Pb Sy =5.02 TeV
2 s | T 1500 ® Pb-Pb |5,y =276 TeV
- o 10 s 1
o L 1
200 = ALICE Performance ] 100} 3=‘ 7
100 PD-PD | spyy=5.02TeV [ o 2=‘ ]
“0767' 0.}1 ”76'3 .‘u'; 05 S |I 2 -é P ; AR | . M | 1 .10 50} ..&i!!* B
o S p (GeVic) 1 10 p (GeVic) <l H TN
ITS o ~ 10-15% p/z (GeV/e) . o O
dE/dx o TPC o4e/ax ~ 5% TOF 6Time of Flight ~ 96 PS 10 ! 18T (GeVic)
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utdown/Technical
Protons physics
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2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
J|FIMAM|]|][A[S|OIN|D{] [FIMA|M|J|J]A|S|ON|D{J |FIMIAIM[] [J |A|S|OIN|D{J [F[M|A[M] ]| |A[S|O|N|D}J |FIMIA[M|J |J |A|S|OIN|D{J |F|MAM|] [J |A|S|OIN|D{J [FIMA|M|J|J |A|S|OIN|D}J [FIMA[M|J | J |A|S|OIN|D{J |F|MIAIM|] |J |A[S|OIN|D{ ] [FIMA[M|J | J |A|S|OIN|D|
\' Run3 l Long Shutdown 3 (LS3)J \ Run 4 \
| HERRRNARRRARRTRARERY
* L [ | L ]
ou are here!
Y ALICE 2 ALICE 2.1

Data taking strategy
» Record large minimum-bias data sample
— read out all Pb-Pb interactions up to maximum LHC collision rate of 50 kHz
(was ~1 kHz in the central barrel)
— increase Pb-Pb Run 2 minimum-bias sample by factor 50-100

Colliding System Integrated luminosity

Pb-Pb @ VSnn =5 -5.5 TeV 13 nb-! Plus pp reference data
p-Pb @ VSnn =8 - 8.8 TeV 0.6 pb-1 Plus pp reference data
pp @ VS = 14 TeV 200 pb-! Focus on high multiplicity and rare signals

» Improve tracking efficiency and resolution at low-pr
— increase tracking granularity
— reduce material thickness

» Preserve Particle IDentification (PID)
— consolidate and speed-up main ALICE PID detectors

Programme is presented in CERN Yellow Report (https://arxiv.org/abs/1812.06772)

Future high-energy pp programme with ALICE (https://cds.cern.ch/record/2724925/files/ALICE_HEpp_ PublNote.pdf)
LHC schedule
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Based on the ALPIDE Monolithic Active Pixel Sensor

512 rows

» In-pixel amplification, shaping discrimination and
Multiple-Event Buffers (MEB)

» In-matrix data sparsification

» High detection efficiency (>99%) and low fake-hit rate

(<< 10-6 /pixel/event)

» Radiation tolerant:
> 270 krad TID

> 1.7x1012 1 MeV/neq NIEL
» Low power consumption ~40 mW/cm?2

1024 pixel columns

O OO U
O iUy (U

L
u

ero suppression
Zero suppression

zero suppression
F

i O U

TU_*TJ_T_LT_

’ Bias, Data Buffering, Interface

In-pixel read-out electronics
AMP  COMP _l
Dl I
THR

NWELL TRANSISTORS NWELL
DIODE

DIODE NMOS PMOS

DEEP PWELL

Diffusion
N,

Epitaxial Layer P- \ ‘ ------ )
3

ITS (Run 1/Run 2) ITS 2
Number of layers 6 (pixel, drift, ustrip) 7 (MAPS)
Rapidity range |n| < 0.9 Il < 1.3
Material budget per layer 1.14% (SPD) 0.35% (IB)
Distance to interaction point 39 mm 22 mm
Pixel size 50 x 425 ym? 29 x 27 ym?2
Spatial resolution 12 umx 100 um 5 um x5 um
Max. readout speed Pb-Pb 1 kHz 100 kHz

Outer Barrel (OB)
144 staves

F T Inner Barrel (IB)
48 staves

10 m?2 active silicon area
12.5%10° pixels
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Fake Hit Rate / pixel / event

Jan 20 .

Dec ‘20 . .
Installation in
4—
Mar 21 ALICE cavern
Global
<—— commissioning
in ALICE OB Half Barrel

Detector Construction and Assembly
» ~72000 chips — ~2600 Hybrid Integrated Circuits (HIC) — ~280 Staves
— (chip yield ~ 65%, HIC yield ~ 85%, Stave yield ~ 95%)
» >10 production sites in Asia, Europe and Unites States of America
» Stave integration completed in January 2020

On-surface commissioning
<«—— with final services ongoing
until December 2020

6 . Performance |
RL{Q_(S)OlOQS (15 x 10° events @ 50 kHz, VBB = -3 V, THR = 100 e tuned)
number of pixel vs hit frequency

10-6 = 1:5853 —
B 2: 2991 m oy
1071 -1 3-100: 37 - Example threshold map - 0
I 101-0.1%: 27 0 O
E 0.1%-10%: 13 - 3,2 Nl
107% 3 N 10%-99%: 6 9 153 0
Zo ] . S >99%: 24 E 20480 14336 21504 28672 35840 43008 50175 GLJ
Ty m Example E

o IR
10710 4 [ 1024 4 0 m
) ) ! C
ol o ; e e - e . -
cC Fake-hit rate < 10-° /pixel/event masking less than 200 pixel/chip (average ~50 pixel/chip) >
S - Threshold tuning to 100 e-working to 2 e- precision (on-chip spread: 20 e-) , O
0]

Y 102 103 104

# Masked Pixels (out of 28 x 108)
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@ Integrated Online-Oi system (O2)

Readout upgrade for other detectors

O2/EPN

Event Processing Nodes

O2/FLP

First Level Processors

»
I
O]
o
o
-

]

T
30
w £
o ©
n_‘l-
£ Q
o £
0O+

Disk Storage
| . CROorCERNCC

Central Trigger Processor (E‘fﬁj_ T

Distribution of timing info, heartbeat trigger

» Continuous readout
» Upgrade of all detector readout boards
» Heartbeat from CTP
» Timeframe (instead of events)

» Multi-step reconstruction chain
 Detector —» FLP — EPN — Storage

» Synchronous processing (EPN farm)
» Data volume reduction (factor 35)
* Online calibration
» Clusterization and tracking (using GPUSs)
— Compressed Time Frames (CTF)

» Asynchronous processing (EPN farm/T0/T1)
* Final refined reconstruction
— Analysis Object Data (AOD)

Pb-Pb @50 kHz IR
2 ms drift time
TPC reconstructed tracks from
different colour-coded events
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Change (mA)in laand Id power supply current

Change in Alpide (LTU & IPHC A8, A4, B3 & B2) supply current (la & Id) versus bending induced Strain

infinite (flat)
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