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PLAN OF PRESENTATION

1) Scientific results obtained since the last year

2) Modifications of the scientific Work Plan
(as compared to the initial plan in the Grant Agreement)

3) Possibilities/needs of another request for the extension of the
project (beyond 30 November 2023)
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CONTEXT

Trackin
N 9

Current
achievements

- -

° Limit around 1 % X, .
* ~5 um ALICE — ITS2

- with 1-10 MIPs °0.3100.8 % X, ‘

+ 5-10 pym FIRST, hadro&erapy * ALICE-ITS2 over 10 m?
+ lons 150-300 MeV/u °~0.2% X

Monolithic sensors

o FOOT prototype over 30 cm?
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(
THMM — Precision tracking + ow materia +
target Cpos, < 10 pm udget << %

Identification
A

Energy loss

medasurement
1-103 MIPs

° Strong point ‘

° Thick substrate 300-1000 u m

o Available for MIP leve
° 0O not investigated
o Initial work for >> MIPs

° Indirect estimation of AE



STRENG
SENSOR’S OVERVIEW

CMOS Monolithic Active Pixel Sensor
design in TowerJazz 180 nm process

- First submission: preliminary prototype (TIIMMO) submitted in March 2020. For position and energy measurements
- Second submission: TIMMO/TIIMM1 /TIIMM1 A /TIIMM1B prototypes received in August 2022

7 sensing layer variants

Thickness Process

25 um Epi 1. Non-uniform N- layer
Standar 2. Uniform N- layer

High Res. + Extra Deep

50 pum Epi 1. Non-uniform N- layer

High Res. 2. Uniform N- layer + Extra Deep P

100 pum Epi 1. Non-uniform N- layer

TIIMM1B sensor High Res. 2. Uniform N- layer + Extra Deep P
Chip area: 2.2 mm * 1.5 mm

THMM1 sensor THMMZ1A sensor

Chip area: 2.2 mm * 1.5 mm

THMMO (second submission)

Chiparea: 22mm*1.5mm 1 Chiparea: 2.2 mm * 1.5 mm

Matrix: 32 (rows) * 16 (col)
Pixel pitch: 40 umx40 pm

Matrix: 32 (rows) * 24 (col)
Pixel pitch: 41.2 yumx40 pum

Matrix: 32 (rows) * 24 (col)
Pixel pitch: 41.2 umx40 pm

Matrix: 46 (rows) * 32 (col)

Corrected from the first New front-end New front end New front-end enhanced

submission Analog part study only
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STR@NG
SENSOR'S OVERVIEW — TIIMMO (rks7 susmission)

Measurements
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SENSOR’S OVERVIEW = TIIMM1B (seconD suBMISSION — SIMULATIONS ONLY)

TIIMM1B pixel cell

i TIIMM1 vs TIMM1B I
I I
: 1 Amplifier structure optimized :
: for larger input dynamic range :
: d New Comparator structure with :
: less intrinsic input offset :

e o o o o e e ol

STRENG

* ¥ %
*
% *
* *
*

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 TOT: Time Over Threshold
ANALOG %i D IGITAL § EulseWidth_Ci)mp_vout : ' 1
! S
Krummenacher H ! 300_5
Feedback | ) N
CSA VOUT U |5 | B
H i 100 E
Cr=3.7fF COMP_VIN §§ |
X Amplifier | COMP_VC}}DUT """"" wo éibi;?; """" Y s00.0
I ToT | Qin (ke)
__d e AC_coupling (6-bit)
i |C . Vth ! & 1007
= Cod[e%tlon u ] % ii B Moan:419.69m\ /r
100e - 1 5 80 Sigma:6.60mV
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Comachiad 0} it
TIIMM1 TIIMM1B : -
20— comparator
B offset
ange of TOT Maximum at 250ke- Maximum at 700ke- 05052 hbe ohe ods o4 Az 04r b cf.ﬁéim(\?)s
S Curve fit
gmu; Gaus J J J
2 | —— Fit Curve
‘g 80 W Mean :420.22mV
2 [ Sigma:2.76mV
Comparator 6.6 mV 2.7 mV ol
. ol TIMM1B
II'IPU" Offsei B comparator
2o offset
7 83 0.32 0.34 0.36 0.38 0.4 042‘ 0.44 0.46 Co%zivin(\?)s

STRONG-2020 Annual Meeting, 18-19 October 2022 §>



TIIMM1B - First Functional test results (single pixel)

TIIMM1B Sensor covered

TOT counts

hwNE

5.

Setup:
ADC - SOC (FPGA: Cyclone V with ARM- A9 running Linux)
Avutomatic controlled Pulses generator
Sensor prototype wire bonded on custom board
monitoring ADC, biasing DACs, analog outputs
readout
Full control acquisition system
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STRENG

Full chain

TOT: Time Over Threshold

0.8 1.0 12 1.4 16 18

Input amplitude (V)

O Internal analog injection pulse
(using parasitic capacitor)

O The full chain working
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TIIMM1B - FIRST LASER TESTS

Single pixel CSA output signal
with 2 laser pulses

Pulsed Diode LASER

(Model LDH-P-C-N-1060)

Pulse generator

(Model HP 811A)
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TIIMM1B sensor

= Selectable repetition frequencies: 3.25 KHz to 80 MHz

_ " Wavelength (average): 1061 nm

= Peak power (intensity): from 18 mW to 400 mW
= FWHM (time-width): 88 ps to 500 ps

= Width: 5 ns ; Period: 10 ns
= Amp:2V
® Leading-edge: 2ns ; Trailing-edge: 2ns

We can move the laser spot in

x/y direction with 1um step precision

We are able to inject charge in a
single pixel

Positioning and number of laser
pulses are remotely controlled

8 analog outputs to perform
different measurements with
the oscilloscope
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TIHIMMI1B — FIRST LASER TESTS - FULL MATRIX HEAT MAP
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TIIMM1B - CSA output preliminary tests with Fe55 source - Calibration

Fe55
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STR&NG

DEEOTY

Histogram of the output voltage
of the CSA (single pixel) with a Fe55 source only
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i PulseWidth_Comp_vout 1

TIIMM1B — FIRST LASER TESTS ENERGY L Groiatio”
LOSS MEASUREMENT (SINGLE PIXEL TOT)
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STR@NG
STATUS ON THE WORK PLAN

)] o - Six
= o
_ S = E months
No change in the work plan v @ P extension
- =1 =
- - -
312 TIMING OF THE DIFFERENT WORK PACKAGES AND THEIR COMPONENTS l
Work package number JRAX
Waork package acronym TIIMM
Work package title Tracking and lons ldentifications with Minimal Material budget
TASKS/Subtasks Year 1 Year 2 Year 3 Year 4
QL |02 [Q3[Q4[Q1]Q2[{03]|04|Q1][Q2]Q3[0Q4|Q1]Q2][0Q3[04
- (Task | Sensars and final device requirements definition
1.1 Sensors and final device requirements definition T 1T [ T 1 e b '
Task 2 Sensors design A Deliverable DIP_Z - MS62
2.1 Design of the first sensor profotype I 1" m . , . . ,
2.2 Design of the second sensor profotype MSED 1 _ | | | | |
(Task 3 Production of the sensors
3.1 Production of the first sensor prototvpe m
comple’red < 3.2 Production of the second sensor projofype H
Task 4 Preparation of the test set-up
4.1 Preparation of the first sensor test set up |
4.2 Preparation of the final device test set up
Task 5 Testing and reporting of resulis
5.1 Testing of the first prototype
\_ |52 Report on the first prototype obtained performances
5.3 Testing of the second prototype {multisensor device)
5.4 Simulation and modelling of the performances H
5.3 Report on the possibilities for PID from the resulis
{Timelines are indicate in grev, milestones with black baxes) mnverahh DZ?_],, - Mml \/

Tests might not be fully
completed by May 2023

but OK for Nov. 2023
;



STRENG
CONCLUSIONS & EXTENSION BEYOND NOVEMBER 2023 V¥l

Current results of second prototypes are very promising
= Continue in-lab test
= Beam tests with ions planned in first half of 2023

Possibility to extend the scope of our WP
= Combine the pixel front-end developed within TIIMM with a faster scalable matrix digital read-out
= Third prototype, still small area (~ 5 x 5 mm?), but otherwise almost complete sensor / usage in experiment

Schedule
= Third prototype design can be achieved within current project but not with delivery and tests.
= Fabrication and Tests would require an additional 6-12 months
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THANKS

STRONG-2020 Annual Meeting,
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Backup

Output Pulse

Fixed Threshold

Yol t

Time (Time-over-Threshold)
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