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Muon Forward Tracker

Fast Interaction Tracker
N - ¥ (FIT)

* properties of the quark-gluon plasma produced
in heavy-ion collisions

* low momentum (<1 GeV/c) particle
reconstruction

INEN

ITS2 first large-area (~10 m?) silicon tracker - MAPS
ALPIDE chip: TowerJazz 180 nm CMOS imaging process

Main characteristics:
* 7 layers of MAPS (3 inner - 4 outer barrel)
* close to interaction point (23 mm)
* improved single point resolution (pixel ~ 29x27 um?)
* low material budget: 0.36% Xd/X
» fast readout:
> Pb-Pb collisions at 50 kHz (ITS1: 1 kHz)
° p-p at 400 kHz

: Beam pipe
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% ITS3 — truly cylindrical wafer-scale MAPS tracker & oimomo
ALICE @

Layout:
3 layers - replace ITS2 Inner Barrel
* beam pipe inner radius (to 16 mm with 500 ym thickness)

Technology:
* 65 nm CMOS from TPSCo (Tower Partners Semiconductor):
> 300 mm wafer-scale chips, fabricated using stitching

* thinned down to 50 pm
o flexible (bent to target radii)

* mechanically held by carbon foam ribs with low density and
high thermal conductivity

Cylindrical support structure

Half-layer
sensor
Half-ring ’on geron

o Beampipe

Benefits:
« extremely low material budget: 0.07% Xo/X
* homogeneous material distribution

- " ®
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MAPS Iin the 65 nm CMOS technology
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Process modification for fully depleted sensor: [ == & S
> standard — ALPIDE like design "
> Modified - completly depleted
> modified with gap - increase the lateral N - ——

field to speed up the charge collection
process

Selected for time resolution studies

MODIFIED WITH GAP

depleted zone
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Speed of charge collection
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MLR1 Test Structures & oi Toning
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MLR1: Multi Layer Reticle 1 - first submission in the TPSCo 65 nm technology

\\N
APTS (Analogue Plxel Test Structure)

 aim: explore different pixel designs « aim: study pixel matrix  aim: study in-pixel

* matrix sizes: 4x4 uniformity discrimination

* pixel pitch: (10, 15, 20, 25) um « matrix sizes: 64x32, 48x32 * matrix sizes: 32x32
« pixel pitch: 25, 15 pm * pixel pitch: 15 pm

Two types of output drivers:
Source follower (APTS-SF)
Operational Amplifier (APTS-OA)
-~ preserve timing information
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® APTS-OA: setup & BREE
ALICE @

DAQ Board Proximity Board Carrier board i .
|_l|Reverse * 4 inner pixels read out by the

- Oscilloscope - Sampling rate 40 GSis

« 12 outer pixels read out by a custom
made proximity board - Sampling
rate 4 MSls

us
Interface ‘g

13 14 15)

Pixel map
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) Aims of Test Beam 06/2023 g
ALICE @j}l

A Test Beam @SPS CERN with 120 GeVI/c positive hadrons has been conducted in
June 2023

Main Test Beam Purposes:
* Time resolution of the modified with gap design
* Detection efficiency associated to time resolution

Reference arm DUT Trigger Reference arm Timing plane
0 1 2 3 4 5 6 7 8
Y
LGAD
.\l.l'll_)lz I P __-\l_"l'_.‘i—i)_l o __-\E'l'_."i—:iq A D SR _Bgll_ll_ o )
T direction
Wh { d 20mm ! 25 mm ! 48mm 24 mm c 48mm 125mm!25mm!  52mm

* Tracking resolution < 3um
* Time reference layer with time resolution < 50 ps
* Trigger plane with a small area to collect the least amount of events without signal
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g Setup:

* 6 ALPIDE planes: pixel pitch ~ 29%27 ym?, 5 um spatial
resolution

* Device Under Test (DUT): APTS-OA 10pm pitch
modified with gap type

* Trigger plane: APTS-SF 15um pitch with the 12 outer
pixels masked to mimimize the trigger area

1} « Time reference: Low Gain Avalanche Detector (LGAD

- produced by Fondazione Bruno Kessler)*, quoted time
resolution = 30 ps, readout by the oscilloscope

* PMT and scintillator to localize the beam

DUT

Oscilloscope APTS-OpAmp /

e 1.9 ym spatial resolution Problem for eudaq2 integration:

N. on the DUT plane Merge both readout systems without

2 15|74 5 mismatch between events
Pixel map * https://doi.org/10.1140/epjp/s13360-022-03619-1
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Trigger and busy chain

Trigger
Board

- Trigger Board

.
r ' BUSY CHAIN
1

Alighment setup

L

Pulser

! with transistor.~

=

Trigger on
LGAD
channel

Trigger on
Aux In

l Scope

Final Alignment : SF, OPAMP
projection on LGAD
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Physics runs setup

then transfers in block to the computer

g 300 local_intersect

B : = C Entries 2568

LGAD projection on 3 E Meanx 4748

ALPIDE 2 o0 Mean y 269.6

Wi PO F Std Devx 0:6832
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Oscilloscope is read out using sequence mode
in which acquires a fixed humber of events and

Coincidence between events is guaranteed by

the busy chain
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"“ TELEDYNE LECROY
Everywt

rywnereyouiook

* Signal from the DAQ
that triggers the
oscilloscope

* Output of the trigger
enable from the
oscilloscope that could
be used as a busy

-500 ns 100 ns -300 ns 2( 5 ( 5 ' ) NS ) NS : 100 ns 00 ns
[ ) )T | signal

1.00 Vidiv 100 mV/div
-2.000 V of st -300.0 mV |

100 ns/div Stop 410 mV
40kS 40 GS/s Edge Positive
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1) Implement an inverter with a pulser BUSY CHAIN e S5
2) Simulate an LTSpice circuit that will give T W
the same output o)
3)Implement the circuit in a closed box S E
F M
1B
_ _ : <
DAQ trigger out signal Scope busy signal @
0. TELEDYNE LECROY 3
Scope Trigger enable
inverted with transistor /
pulser
Trigger on
Aux In In
~ Scope
Delay ~ 200 s P

100 m: fd Stup HIJmV
40kS 40 GS/s Edge Positive
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Coincidence between LGAD and

B e APTS-OA - reverse bias = -4.8V

1992mv * Time residuals At = ~tLcAD 420%
Time resolution =V, -,

® Test Beam measurements

B File | ¥ Vertical | ++ Timebase P Trigger | & Display | # Cursors | El Measure | @ Math |~ Analysis X Utilities = @ Support Proces

1532 mv

133.2mv

ALICE ITS3 preiiminar.

@CERN 5PS Jun 2023, 120 GaVic positive hadrons Sample data
Ploted on 1 Mor 2024 entries: 43340
5000 mean:  -2752 + 1ps

RMS: 92+ 2ps
meangozy: -2752 1 ps
RMSog7%: 87 + 1ps

% 40001 FWHM: 178 ps
;L Errors are statistical only
% 3000+
b e Bt b8 A A o et S A hn fuft, |" i th A, g
B fl.,fw.ﬁ A Wl UM»'«'”L,| | et bl A i i = 20
! o
|| 1000
|

038 3.7 =36 -3.5 —3.4 —3.3 —3.2 —3.1 —3.0 ~2.9 2.8 2.7 ~2.6 ~2.5 ~2.4 —2.3 —3.2 2.1 3.0 -1.9 -18
Time residuals (ns)

With the sequence mode we
SRR SN R S S increased the acquisition rate
Mo _rarsice Eeanmlch Pt o e of a factor ~ 40

status .—‘L. ) o

C3 DC50 i Timebase 0.0 ns
200 v 20.0 mV/div 20.0 mV/div 20.0 mV/di 5.00 ns/div Normal
-173.20 mV. -188.00 mvV -196.40 mV 51.00 mV | | 2kS 40 GS/s Pattem

TELEDYNE LECROY Waiting for Trigger  6/1/2023 11:.09.09 AM

116.4n
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® To summarize

ALICE

INFN

TORINO

« ATest Beam @ SPS CERN with 120 GeV/c positive hadrons has been conducted
iIn June 2023 on the APTS-OA test structure to study the detection efficiency
and the time resolution

* An increase in the acquired statistics of a factor ~ 40 was achievable thanks to
the use of the sequence mode

* The final sensor intrinsic time resolution obtained for the APTS-OA with a
reverse bias of -4.8V is equal to 63 ps for time walk corrected results
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“”Elllﬁl\\l;,fll}{{:;[l]& v) 9 Edinburgh United Kingdom TORINO

12th Beam TelescOﬁes and
Test Beams Workshop

Topics:
« BEAM LINES & INFRASTRUCTURES
« BEAM TELESCOPES & DEVICE INTEGRATION
« DATA ANALYSIS, TRACKING, ALIGNMENT

+ SIMULATIONS AND SOFTWARE PACKAGES

Thank you!
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