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ALICE Inner Tracking System (ITS) ALPIDE CHIP

Inner Tracking System
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The ALICE vertex detector (ITS = Inner Tracking System) has
been upgraded during LHC LS2 —23 mm from the
Interaction Point

® High tracking performances also at low p_(100 um pointing

resolution at p_=200MeV)
e Built using ALPIDE, a Silicon pixel chip based on 180 nm
Monolithic Active Pixel Sensor (MAPS) 2
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The ITS3 - a bent vertex detector

The ITS3 structure

e Ready for LHC RUN 4 - mounted during LS3 EYUNEIFIERE SUPRGIE SHUERIrS
e Built using wafer-scale MAPS sensors, — l R——

fabricated using stitching H_Iay‘;’r” H-ring

e Mechanically held in place thanks to sensor
carbon foam ribs longeron

e Thinned £ 50 um, when Si is flexible

e Bent to the target radius (18 mm, closer to the Beam pipe

interaction point thanks to the new beampipe

at 16 mm)

e Goal: more efficiency, less power consumption

: =18 mm
innermost layer

e |TS3 will replace 3 innermost ALICE Inner Tracking Ry cam pipe = 16 MM

System 2 (ITS2) with only 6 sensors of 26 cm length
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Material budget contribution in the ITS3

x: ALICE COLLABORATION, CERN-LHCC-2019-018. LHCC-I-034
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The ITS3 - a new golden vertex detector

——— : Improved Performances
- Tracking efficiency - Impact parameter resolution
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e less material budget, closer to the IP, less inhomogeneities d, track impact parameter
® impact-parameter resolution improved by a factor two
with respect to the current ITS2

D flight line—, __ - - -

primary vertex secondary vertex
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CHARGE SHARING

New Monolythic Active Pixel Sensor prototypes

NWELL

CHARGE COLLECTION EFFICIENCY AND SPEED

MODIFIED
WITH GAP
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* Based on MAPS and 65 nm CMOS technology
* 50 um thick
* Three different chip designs for
characterization and qualification purposes:

1. Standard type

2. Modified type

3. Modified type with gap
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MLR1 Sensors characterization and qualification

Multi Layer Reticle 1 - First submission in the 65 nm MAPS technology for the ITS3
Goal — test and qualification (long R&D work done together with CERN EP R&D WP1, WP2)

APTS - Analog Pixel Test Structure DPTS - Analog Pixel Test Structure CE65 - Circuit Exploratoire 65 nm

| - -

[\

matrix: 32x32 pixels ® matrix: 64x32 or 48x32

® matrix: 6x6 pixels °

e readout: direct analogue e readout: digital with ToT e readout: Rolling shutter readout (down

e readout of central 4x4 e pitch: 10, 15, 20, 25 pm to 50 ps integration time

e pitch: 10, 15, 20, 25 um e process: standard, modified, ® pitch: 15 um or 25 um

e process: standard, modified, modified with gap e process: standard, modified, modified
modified with gap with gap

Intensive characterization campaign:

Laboratory tests (also with Fe-55 source), Testbeams (efficiency and spatial resolution studies) :
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APTS - Analogue Pixel Test Structure for the ITS3 upgrade

e APTS (Analog Pixel Test Structure)
e Based on MAPS and 65 nm CMOS technology
* 6x6 pixel matrix, readout of central 4x4
(16 analog outputs)
e 50 um thick
e Can operate at different back bias voltages
(fromO0to-4.8V)
e Different chip designs for characterization purposes:
1. Standard, Modified, Modified with gap
2. Pixel pitch size: 10, 15, 20, 25 um
e Characterization done in laboratory (also with Fe-55)
and with testbeams (CERN PS and SPS)

1.5mm

1.5mm
8
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Testbeam Setup and analysis

Referenge aini PUT Trigger , Reforerivs i e After characterisation campaign in
0 1 2 3 4 5 6 7 L :
- laboratory — ionising particle beam
e Telescope: 6 reference ALPIDE chip
___JAPEY ) A _PT_S+ _____ z___L___1. Beam | > planes for track reconstruction
T direction . . .

® Goal: measure tracking efficiency and

| 25 mm | 25 mm | 209mm ! 271 mm ! 27mm J 25 | 25 mm | spatial resolution performances of APTS

< N & 3 & N & 3>
3 7> < 7> < 7> < >

N & N
> <€ 7 >

TESTBEAM TELESCOPE

AP15-5F ~ ' l . .
Test beam '» —— 2@l e Data analysis performed usil \C )

ses - (NERAN LA o Corryvreckan*

October 2022

o software written in C++ Detection efficiency:
o used for test beam data

reconstruction and analysis H# track31 ass.cluster. DUT
o it performs offline event||€ = ' '

building also in high total # trackspyr

complexity data-taking
conditions

* https://gitlab.cern.ch/corryvreckan/corryvreckan
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Detection Efficiency - Standard type

Efficiency changes depending on

Detection efficiency (%)
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Detection Efficiency - Modified type

APTS SF Almost same efficiency also at

Detection efficiency (%)
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Detection Efficiency - desigh comparison
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350

APTS SF
Non-irradiated

Siﬂfth: L5 Hm Modified with gap shows also at at
= Z30% " higher thresholds the best

Ibiasp = 0.5 pA e o

ma=-150ua  efficiency values

Ipias3 = 200 pA

Vieset =500 mV

el Rt # tracks, ass.cluster, DUT

total # trackspyr

Modified type with gap

nwell collection

NMOS PMOS electrode
—
— N W8 5y =y Kb W . (=) =)
pwell nwell 1 pwell nwell
1

low dose n-type implant

depletion boundary

Depleted zone

p- epitaxial layer

-

PSD13: The 13th International Conference on Position Sensitive Detectors



ITS3 roadmap

MLR1 - test

MLR1

ITS3
LS2 RUN3 LS3 RUN4 LS4
2020 2021 2022 I 2023 2026 2027 2028 2029 2030 2031 2032 2033 2034

ER1

ER2 + ER3

You are here 6

Multi Layer Reticle 1 (MLR1)

First submission using 65 nm
technology

e Many prototypes (55 sensors)
e Aim: technology qualification

LR
¥
‘o
.4
‘e
®
e
>4

Engineering Run 1 (ER1)

First stitched (wafer-scale)
prototype

1D stitching
First working stitching
prototype in HEP

®  First tests in 2023, July
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Engineering Run 2 (full sensor) +
Engineering Run 3 (final sensor)

e 2D stitching
e final size sensor studies
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Summary

e Results on MLR1 chips qualified the 65 nm technology for the use in ITS3 and put the basis
for studies on new ER1 sensors

e In particular, results of data analysis from the APTS beam tests show:

e Better tracking efficiency when increasing the reverse bias voltage for the standard process
technology

e Almost the same efficiencies among different reverse bias voltages for the modified process

o Better tracking efficiencies for the modified with gap type compared to the modified
and standard type processes

Next steps

e Finalize studies on spatial resolutions and Non lonizing Energy Loss (NIEL) irradiation for the
different APTS variants

e Study of first large-scale stitched sensors performance (ER1)
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ALICE - A Large lon Collider Experiment

® ALICE is one of the main 4 experiments at the
Large Hadron Collider (LHC) at CERN

® Focused on heavy-ion interactions physics to
X study Quark-Gluon Plasma (QGP)
2L EXPERIMENT

"\?"'T:\
SSSEANN

_______

m The collision product is a “fireball”
which should reproduce:
- early Universe evolution stages
» —, - transition from partonic deconfined
Loy ~ g B~ matter into confined hadrons (few us
: 5 after the Big Bang)
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Detection Efficiency - modified with gap type
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APTS SF
Non-irradiated
type: modified with gap
pitch: 15 um

split: 4

Ireset = 100 PA

Ibiasn =5 WA

Ibiasp =0.5 HA

Iiasa = 150 pA

Ipiasz = 200 HA

Vieset =500 mV

prell = Vsup

Trend similar to modified type
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Depleted zone
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Detection Efficiency - DPTS
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Fake-hit rate (pixel=! s71)

ITS3 requirements

Detection efficiency
Fake-hit rate
Non-irradiated

10*? 1MeV ngy cm—2
104 1MeV ngy cm—2
10%> 1MeV ngy cm—2

10 kGy
100 kGy

R444+44e4

10 kGy + 10*? 1MeV ngy cm™2

nwell collection
NMOS PMOS electrode

_'!'JUEUJ """"" o ]

low dose n-type implant

Depleted zone

p- epitaxial layer

depletion boundary
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Corryvreckan

Framework used to analyze data from the beam
test. Analysis steps are:

REFERENCE PLANES DEVICE UNDER TEST (DUT) REFERENCE PLANES

1. Masking: pixels with firing rate 1000 times

than the average are «masked»; //I/ / W

particle track

2. Prealignment: correlation of the hits on all

[

the planes of the telescope with the hits on
the first reference plane; tack search window el

positons y

3. Clustering: adjacent fired pixels grouped in // / //
Z

clusters  center-of-gravity technique to

calculate the hit
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Corryvreckan

4. Pre-tracking: building of straight-line pre-tracks
using the cluster on all the detectors, including
also the DUT;

5. Alignment: the pre-tracks in 3 degrees of
freedom (x-shift, y-shift, z-rotation) are used to
align the detectors, using the updated pre-aligned
coordinates.;

6. Tracking association: for each event, the clusters
in the reference planes are used to reconstruct the
straight-line tracks. Then, a chi-square test is used
for the goodness-of-fit;

7. Residuals calculation;

8. Efficiency calculation

Study of MAPS silicon detector prototypes for the ALICE ITS3 upgrade | Riccardo Ricci

REFERENCE PLANES DEVICE UNDER TEST (DUT)

particle track

track fit

— 1 —
E

REFERENCE PLANES

//l/

search window

/

— L

reconstructed hit

positons

e el
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Pointing resolution and vertex detectors layers

The pointing resolution Op can be written as:
Sp ms
where gp™ is the contribution due to the multiple scattering and Op* the one given by the structure of the

detector (number of layers ad proximity to the Interaction Point.)

This indicates that is possible to achieve a better op by having a better spatial resolution of the detector,
going closer to the IP, and having a lower material budget (in this particular case, of the beampipe and the
innermost layer).

”
0';7”5 ~ 110rMS 0—;77 — \/( 2 0—1)2 +(
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