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Particle trackers are traditionally placed in the inner part of a detector.

Trackers : they can i s etlee@harged particles tracks

Key: tuon
= Elactron
e Charged Hadren (2.g. Pion)
— — — - Meutral Hadren {e.g. Neutren)
""" Photon

Transverse slice
thugh CHS

Principle of operation: detection of the

lonisation induced by the particle traversing

—

the sensitive medium, leaving measurable

signals (hits) in multiple layers of the

detector.

Superconducting
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Particle trackers are traditionally placed in the inner part of a detector.

Trackers : they can i s etlee@harged particles tracks

Principle of operation: detection of the
lonisation induced by the particle traversing
the sensitive medium, leaving measurable
signals (hits) in multiple layers of the
detector.

Coupled with a calibrated magnetic field, it
provides the measurement of the charge
and momentum of the particle



© 4D tracking??

Particle trackers are traditionally placed in the inner part of a detector.

Trackers : they can i s etlee@harged particles tracks

(@]
-cfd, For their excellent spatial resolution, flexibility, and reliability, silicon -based sensors have been the
= preferred technology for more than 40 years.
(@]
— These sensors are fabricated using thin layers of silicon, approximately 300 micrometres thick:
o . . . . .
S diodes of various geometries are operated applying a reverse -bias voltage A the sensor (p-n
& junction) is depleted of free charge carriers and effectively behaves as a solid-state ionization
S| chamber. A
Z (mA)
D:. p region n region
Forward bias
i
V; < . >
i 0 0.7V
Hiee Barrier = Ryumir
Reverse bias potential I
- VBIAS +
CONN
R

https://www.circuitbread.com/study-guides/basic-electronics/diodes-and-diode-circuits
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Particle trackers are traditionally placed in the inner part of a detector.

Trackers : they can i s etlee@harged particles tracks

(@)

£

_‘fé For their excellent spatial resolution, flexibility, and reliability, silicon -based sensors have been the
= preferred technology for more than 40 years.

(@]

<t

. These Sensors are fabrlcated US|ng thln IE)\IDY‘C nf cilirnn Qr-\ntrnvimof.n!\l 20N Mirrnmaotrac thirl/-

g diodes of various geometries are ope’ Some characteristics of Silicon crystals

S| junction) is depleted of free charge ce I Small band gap Eg =1.12 eV -> E(e-h pair) = 3.6 eV (~30
= chamber. N eV for gas detectors)

< (mA) T ; i 106 e-h/pm (average)

- |

I High carrier mobility p, = 1450 cm?/Vs, y, = 450 cm?/Vs
A fast charge collection (<10 ns)

| Forward bias

L] il R T Rigidity of silicon allows thin self supporting structures
[ knee 0 B:}zi\fer I Detector production by microelectronic techniques
Reverse bias | potential A well known industrial technology, relatively low price,

small structures easily possible

\AR

https://www.circuitbread.com/study-guides/basic-electronics/diodes-and-diode-circuits
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Particle trackers are traditionally placed in the inner part of a detector.
Trackers : they can i s etlee@harged particles tracks

For their excellent spatial resolution, flexibility, and reliability, silicon -based sensors have been the
preferred technology for more than 40 years.

These sensors are fabricated using thin layers of silicon, approximately 300 micrometres thick:

diodes of various geometries are operated applying a reverse -bias voltage A the sensor (p-n
junction) is depleted of free charge carriers and effectively behaves as a solid-state ionization
chamber.

inalcmx1cmx300um volume: 3.2 x10* e-h pairs produced by a M.I.P

4.5 x108 free charge carriers in this volume A reduce number of free charge carriers, i.e. deplete the
detector
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Particle trackers are traditionally placed in the inner part of a detector.
Trackers : they can i s etlee@harged particles tracks

For their excellent spatial resolution, flexibility, and reliability, silicon -based sensors have been the
preferred technology for more than 40 years.

These sensors are fabricated using thin layers of silicon, approximately 300 micrometres thick:

diodes of various geometries are operated applying a reverse -bias voltage A the sensor (p-n
junction) is depleted of free charge carriers and effectively behaves as a solid-state ionization
chamber.

inalcmx1cmx300um volume: 3.2 x10* e-h pairs produced by a M.I.P
4.5 x108 free charge carriers in this volume A reduce number of free charge carriers, i.e. deplete the
detector

Silicon tracking detectors underwent a remarkably fast evolution, enabling many key discoveries in
the fields of nuclear and particle physics. Their applications extend across diverse fields, including
solid-state physics, astrophysics, biology, and medicine.
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Detectors for particle time measurement, mostly aiming at time-of-flight measurement for particle
identification or to time tag reconstructed particles, have been traditionally based on Multigap
Resistive Plate Chambers (MRPC), scintillator counters, and Cherenkov -based detectors .

The feasibility of using silicon sensors for precision time measurements has been recently
demonstrated, particularly in the development of timing detectors for pile-up mitigation at LHC, enabled
by the development of the low-gain avalanche diode (LGAD) technology .
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Detectors for particle time measurement, mostly aiming at time-of-flight measurement for particle
identification or to time tag reconstructed particles, have been traditionally based on Multigap
Resistive Plate Chambers (MRPC), scintillator counters, and Cherenkov -based detectors .

The feasibility of using silicon sensors for precision time measurements has been recently
demonstrated, particularly in the development of timing detectors for pile-up mitigation at LHC, enabled
by the development of the low-gain avalanche diode (LGAD) technology .

The introduction of silicon sensors with high-precision timing capabilities has opened the
way to R&D oriented to measuring position and time of passage of a charged particle
using the same silicon -based sensitive device , to achieve
high-resolution 4D-tracking detectors.
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The inclusion of track -timing in the event information may change radically how we

design experiments.

The time information can be available:
1) At each point along the track

2) Attrack level

3) Atthe trigger level

++ + +f ;-'
+ + L A
+ * A+

Massive simplification of patter recognition using only

333ps143ps

lcm

Ati me compati bl e poi“-_
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R. Arcidiacono 1 4D-tracking

The inclusion of track -timing in the event information may change radically how we
design experiments.

The time information can be available:
1) At each point along the track
2) Attrack level

3) At the trigger level

Timing allows distinguishing Longitudinal view
Timing layer

«

overlapping events by means
of the time information.

Transverse view

10
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R. Arcidiacono 1 4D-tracking

The inclusion of track -timing in the event information may change radically how we
design experiments.

The time information can be available:
1) At each point along the track

2) Attrack level

3) Atthe trigger level

a) 5,
% Missing
Jet
Jet Jet

) ) ) 3-Jet event? 2-Jet and Missing Et event
trigger rate reduction: time can be used

to better identify the different topologies
P P

already at trigger level b) p P

Forward jet? Overlap of uncorrelated tracks

11
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Facility: CLIC
~5 <3 <3

oo €1
100s 100s
Thickness of tracker material [ { | of Si] ~ 100 ~ 100
Hit rate [10 6/s/cm?] ~ 20 ~0.2
Power dissipation [W/cm 2] 0.17 0.2 0.1
25x 25 25x 25

1006s

~100 air cooled?

0.1

25x 25 w._  pixelated
binary read-out
. N Qo0 w
: XS
k~05-1

FromAiThe 2021 ECFA detector resear ¢BCFADetectar R&DeRbawmamBracess Group d ma p 0 12
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Facility

oo U1

100s 100s
Thickness of tracker material [ { | of Si] ~ 100 ~ 100
Hit rate [10 6/s/cm?] ~ 20 ~0.2
Power dissipation [W/cm 2] 0.17 0.2 0.1
25x 25 25x 25

Very difficult to achieve

CLIC
~5 <3 <3

100s
~100 air cooled?
1
0.1
25x 25 pixelated
\ binary read-out _
. N Qo0 w
" Vp ¢

Dimension of the pixels is driven by the position resolution, not occupancy k~05-1

Tiny pixels technologically very difficult (power, bumps, services)

Time resolution is also very challenging with so many pixels and not enough

power

13
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Reguests for the trackers at the next generation colliders

A very low material budgefor accurate measurement of low momentum
particles

A very small pixels to reach the desiahtial resolution(5-10 micron$

A very goodime resolution(few tens ofps)

Emerging technology resistive reaeut LGAD silicon sensors
first implementation realized as AGupled resistive readut LGADs

(also calledAGLGADr RSD

14
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It all started with this question .
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Can we achieve a concurrent accurate time and space measurement using the
same silicon sensor device?

15
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It all started with this question

C

Can we achieve a concurrent accurate time and space measurement using the

same silicon sensor device?
i in 2014/2015: INFN CSN5 and ERC Advanced Grant fueled this R&D
X
§ UFSD fnRJddtraSil i con Det ect orsdicondpteciorj abteto g ¢ a | |
g achieve concurrently
% Ti me resol uts on ~ 106s
(&} . A
g Space resolut mon ~ 100s |of
<
m - [] L] L] L]

suitable for tracking in 4 Dimensions
baseline technology: Low Gain Avalanche Diodes
ZTRID50 Very first conception - November 2012-RD50 proj ect "detectors with enhart

16
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Chasing 4D tracking with silicon sensors

R. Arcidiacono 1 4D-tracking

Can we achieve a concurrent accurate time and space measurement using the
same silicon sensor device?

in 2014/2015: INFN CSN5 and ERC Advanced Grant fueled this R&D

Within the UFSD project/RD50 collaboration

- working on thin LGAD sensors, optimized for timing - big pad size -
before addressing the ultimate small pixel matrix (eventually we took a detour)
- steady progress from ~ 2015:
- Foundries involved: CNM first, followed by FBK (2016) and then HPK, Micron
(2017)

17
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Chasing 4D tracking with silicon sensors s

R. Arcidiacono 1 4D-tracking

Can we achieve a concurrent accurate time and space measurement using the
same silicon sensor device?

in 2014/2015: INFN CSN5 and ERC Advanced Grant fueled this R&D

Within the UFSD project/RD50 collaboration

working on thin LGAD sensors, optimized for timing - big pad size -
before addressing the ultimate small pixel matrix (eventually we took a detour)
steady progress from ~ 2015:

Now a booming field: several new designers/producers developing LGADs
(Teledyne, IHEP-IME, IHEP-NDL, BNL é )

Foundries involved: CNM first, followed by FBK (2016) and then HPK, Micron
(2017)
R&D focused on timing applications A CMS ETL /ATLAS HGTD

18



O Chasing 4D tracking with silicon sensors s
Can we achieve a concurrent accurate time and space measurement using the
same silicon sensor device?
starting in 2018¢é how do-sizeemagx¥@t a pi xel a

Within the RSD INFN project/FBK R&D/4DInside team
- addressingthen p &sd zparameter to improve the spatial resolution in LGADs

Working on two fronts:

- Trench -Isolated LGADs

- Resistive AC -coupled LGADs (also known as RSDs T Resistive Silicon
Detectors)

- Several Foundries now developing AC-LGADs (FBK, HPK, CNM, BNL, IHEP & )

R. Arcidiacono 1 4D-tracking

19



[+

Clean Rooms developing LGAD technology ¢+

/_\
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CAM[:

Centro Nacional de Microelectrénica  CSIC

-

CNMI:

Centro Nacional de Microelectrénica CSIC

=3¢

FONDAZIONE
BRUNO KESSLER

@mne

v

R. Arcidiacono 1 4D-tracking

( 5-6 million CHF)

G. Pellegrini

Market size in 2024 -25:
ATLAS, CMS purchase:

25 7 30 m2

I RD50 summary talk (Dec. 23)

Centre Nacional de Microelectrénica CSIC

=3¢

FONDAZIONE
BRUNO KESSLER

HAMAMA‘I’S&

(N

FONDAZIONE
BRUNO KESSLER

Brbokhaven

National Laboratory

flcom):

Centro Nacional de Microelectronica CSIC

14

FONDAZIONE

BRUNO KESSLER

=
[sEMICONDUCTOR
= B

National Laboratory

(,‘ Brookhaven

\ INSTITUTE OF MICROELECTRONICS
(/ OF THE CHINESE ACADEMY OF SCIENCES|

C S Forschungsinstitut fir
l Mikrosensorik GmbH
117

373

’ E%. TELEDYNE
TECHNOLOGIES -()

Everywhereyoulook
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R. Arcidiacono 1 4D-tracking

2017: UFSD2 First50e mt hi ck LGAD ( FBKHc-cpoO wafer )

dsdn

. 2019: RSD1 Resistive AC-LGAD
Late 2022: UFSD450¢ mt hi c k L GAD  ( FE D water, —oone
deep and shallow optimized carbonated gain layer) o 2021: RSD2 Resistive AC-LGAD
CMS ETL prototype run V '
) 2024: DC-RSD1 Resistive DC-coupled LGAD
0
py
%
)
UFSD2 UFSD4 vV V' Rspi RSD2
=
Gt
| W

Some FBK remarkable productions .
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Design innovations

(-
Two design innovations  have radically changed the performance  of silicon sensors:
A The introduction of an internal moderate gain:
(@]
c
> Low -Gain Avalanche Diode (LGAD)
S - It provides large signals with short rise time and low noise, ideal for timing
2
o de‘[ath -
3 |
< n
S | p
© 1
< |
X : p
I
|
|
Erag Ec P

Standard n-i-p silicon sensor
+

22
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Design innovations o

R. Arcidiacono 1 4D-tracking

Two design innovations  have radically changed the performance  of silicon sensors:

A The introduction of an internal moderate gain:

Low -Gain Avalanche Diode (LGAD)
- It provides large signals with short rise time and low noise, ideal for timing

A The introduction of intrinsic charge sharing: '_ nte

Resistive AC -coupled read -out LGAD (AC -LGAD or RSD)

- It provides intrinsic signal sharing, which is a key
ingredient to excellent spatial resolution using large
pixels

Standard n-i-p silicon sensor +

where the fAn++0
resistive layer --> n+ 23
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@ Standard silicon sensors in single or multi-pixels read-out *™*.

Single pixel
where the signal is induced on one pixel

\ |: ‘\[
Pixelsize | 'y
7 N
4 -\ N
/ \

R. Arcidiacono 1 4D-tracking

A 4, depend on the pixel size
pixel =100 HO A Q, HO

24
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@ Standard silicon sensors in single or multi-pixels read-out *™*.

R. Arcidiacono 1 4D-tracking

Single pixel Multi pixels
where the signal is induced on one pixel where the signal is induced on a few pixels

Pixel size

Lorent

z angle

A @, depend on the pixel size AqQ, << pixel size
pixel =100 HO A d, Ho A Same, canbe obtained with larger pixels

25
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@ Adding Precise Time Measurement to Single Pixels Read-out Cr=
A
~ depth ",
o y A n
§ development of thin LGAD sensors (~50ish microns) =
£| - thinlayer of doping element (Boron) to I p*
£ produce low controlled multiplication (gain :
o layer) close to the n++ electrode I b
|
- Several years of R&D to improve the timing ' ——
performance, radiation hardness, Eigq Ec p*
uniformity and yield of large area devices e

(driving force A ATLAS/CMS timing layers)

with no gain
26
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.
@ Adding Precise Time Measurement to Single Pixels Read-out ==

(@]
£
X
T
A
~ depth ",
'g g A The low-gain mechanism, obtained with a moderately 4 =”
é i doped p-implant, is the defining feature of the | p*
S design. !
< : : :
" A The low gain allows segmenting and keeping the :
shot noise below the electronic noise, since the I P
. |
- leakage current is low. e
pertormance, radiation hardness, Eted E. p*

uniformity and yield of large area devices
(driving force A ATLAS/CMS timing layers)

27
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State-of-the-art LGADs for timing Ci=

R. Arcidiacono 1 4D-tracking

%
57
o/

K

55

’ 0 Y/

S5
s

<

State -of-the-art (ATLAS/CMS timing layers LGADS)
Anpixel o size2= 1.3 x 1.3 mm

O\
”’ A\

N

XS
:::::::’ '/
4800

55
RS
el

&
IR
SRS

&
S8
555
050
0SS
05050
5%

<5

A time resolution: 25-40 ps (new-irradiated)

<P

y/
(555
55
55

A well known characterization in lab and at testbeams
A gain layer uniformity ~1% or better
A rad hardness: still able to deliver >=5 fC of charge .

up to ~ 2E15 ng4/cm? 1\ !
Gain ~ 10 I
|
: p
|
I
Efeld EC pH

28
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A Sensors produce a current pulse
A The read-out measures the time of arrival

by GD =| Cq > _,--""'j
= Vi gomparofor

‘ Sensorl | Pre-Amplifier ‘ ‘Tir‘ne measuring circuit |

Time is set when the signal crosses the comparator threshold
The time resolution is determined by the characteristics (shape, shape

variations) of the signal at the output of the pre-Amplifier and by the
TDC binning

29



€© Why do LGADs allow good time measurement? ¢

A Sensors produce a current pulse

A The read-out measures the time of arrival

o
£ I .
~ e -
S NN T =
5 = Vi gomparofor
N —
Ié ‘ Sensorl | Pre-Amplifier ‘ ‘Tir‘ne measuring circuit
S
G
o
et
< Minimized b
: (o] (o] (o] (o] o O
o 2— 2f 2 2 _ 2 _ 2 inimized by
u t LHter + 'Mne Walk + Lléndau Noise + [Hstortlon + 'f‘-be optimized RO
\ J electronics

Terms related to variation of signal
shape (Landau distribution)

30



€ Why do LGADs allow good time measurement?

)
INFN

==

A Sensors produce a current pulse

A The read-out measures the time of arrival

| | : .
b GD =| Cqy -~ | /_/-"’
= Vi @ompamfor

‘ Sensorl | Pre-Amplifier ‘ ‘Tir‘ne measuring circuit

R. Arcidiacono 1 4D-tracking

\ Y J electronics
Terms related to variation of signal
shape (Landau distribution)

o

IRamoa Qrift Ew
Requires uniform v, and E,

oo _ 920 20 20 20 20 Minimized by
u t— J’r!ter + 'Hme Walk + Lla\ndau Noise + [Hstortion + 'f‘-be optimized RO

31
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A Sensors produce a current pulse

A The read-out measures the time of arrival

SOlE:

)?+ (Landau Shape)® + TDC

S =
= dV/dt

nJittero term

Pre-Ampilifier

1
r ~
v -
T Comparator

‘Tir‘ne measuring circuit

32
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A Sensors produce a current pulse

A The read-out measures the time of arrival

L ® T

'H-..‘_h-
e
L e
Cq o

=(

)?+ (Landau Shape)® + TDC

O

-y
-

Vi @ompomfor

‘Tir‘ne measuring circuit

t dV dt
NnJittero t er
T ted WV LASIN)

U need gain to increase S
U need thin detector to decrease t,,

£
<

it medium

33
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€© Why do LGADs allow good time measurement? ¢

A Sensors produce a current pulse

A The read-out measures the time of arrival N R
H th

r -
) T Co - |

Vi gomparofor

) + (Lmdwﬂape) + TDC ‘Ti:we measuring circuit

"
1 - Time walk : minimized by time correction circuitry

s =(

dV/ dt

R. Arcidiacono 1 4D-tracking

34
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INFN
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R. Arcidiacono 1 4D-tracking

A Sensors produce a current pulse

A The read-out measures the time of arrival

SONE T |

t

= (——)*+ (Landau Shape)” + TDC ~
\

dV/ dt

Vi @ompamfor

Pre-Ampilifier ‘Tir‘ne measuring circuit

i ¢
I - I discriminator signal for A

| discriminator signal for B
t

>

1 - Time walk : minimized by time correction circuitry

Time walk effect

Time walk: the comparator threshold V,, is reached at different
times by signals of different amplitude, and it is due to the
physics of signal formation

ét v U
sV =et 1y
& S Oy

35



€ Why do LGADs allow good time measurement? -

A Sensors produce a current pulse

A The read-out measures the time of arrival N R
H th

r "\-._‘_h_.
| L L - >—
in GD T Cqy ~ |

Vi @ompamfor

+ (Landau Shape)” + TDC _ =
dV/dt) ( / ap ) ‘Tlme measuring circuit

/

2- Shape variations

s =(

R. Arcidiacono 1 4D-tracking

nonhomogeneous energy deposition

36



‘ Why do LGADs allow good time measurement?

A Sensors produce a current pulse
A The read-out measures the time of arrival

/

2- Shape variations :

Most probable |
Signal 8 fC

(@)

£

2 2@ o P S
Y Thickness: 50pm
@ N 2 2 de- Gain: 15
-| |15.=(=—=)"* (Landau Shape)” + TDC | - | .
: dv/dt _— . - iy
-

(]

<

o

80|
60|
40|
20|
100|
80|
60|
40|
20|

nonhomogeneous energy deposition

lllllll

1.2 ns

" L L L "
5e-09 5.2¢-09 5.4e-09 5.6e-09 5.8e-09 6e-09 6.2¢-09 6.4e-
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Why do LGADs allow good time measurement? @

A Sensors produce a current pulse

A The read-out measures the time of arrival

P . 1 ~ _-!____Vth

2! A The gain gives high amplitude signals and allows to go thin (200 -300 A 50 um)
§ A Thin sensors gives steeper signals
_@ A Thin sensors reduce the Landau noise intrinsic term
g A There is a gain range in which the S/N improves
I
S
(&)
< Vinimized b
' 92— 2p 20 20 20 20 inimized by
* US= “Jher T “Hhewak T 1Yndau Noise T bhtorion T “Hbc optimized RO
electronics

Terms related to variation of signal
shape (Landau distribution)
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Radiation hardness e

R. Arcidiacono 1 4D-tracking

Evolution of the active acceptor density with fluence
1 () Qoo 4=m m w®-0) 7

5 = fluence (F, is aconstant) deApth

N, (F) , Na (0)= active acceptor density at fluence £, E——

Qo empirical constant (~0.02 cm™)

I
|
The J||fcoeffic:ients to be determined :
I
|

depend upon the irradiation type, the P
acceptor type and the initial acceptor density
|
Eiag Ee p™
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Radiation hardness: acceptor removal s

R. Arcidiacono 1 4D-tracking

J_() L)
= _(m) 11'111) -

H<) 7

1.2
c 1 @i
L
prer}
o -
© .l."‘-.
< 08 o
S oA,
. 06 T g
) n O
L B ™
04 0%
., %o
0.2 b
"o
0 1 'l 1 L1 11 I: 1 1 1 L1 1.1 I: 1 1 I:
1.0E+13 1.0E+14 1.0E+15

Fluence n_eq/cm2

1.0E+16

1MeV-neutrons irradiation

y = 9.9E-01e 2 1E-16x
y =9.7E-01e27E-16x

y= 9.8E-01e"3-1E-16x

y = 1.0E+00e">-5E-16x

y = 1.0E+00e"8-5E-16x

4 W6 B+C - <CV>

+ W15 Ga+C <Cv>

OW1LD <Cv>

© W8 B <CV>

O W14 Ga <CV>
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HPK i HPK2 i 50 um nominal

Iming per

LGAD T

T T=-25°C
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LGAD Timing performance

R. Arcidiacono 1 4D-tracking

[\ a6eyon Seig

Time resolution [ps]

HPK i HPK2 i 50 um nominal
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Pad size: how small can it be? (PIXEL?) .

R. Arcidiacono 1 4D-tracking

Inthe 0 s t a n ARSD deéign, isolation structures between read -out pads represent
a no-gain area for signal collection (inter -pad area)

size of inter-pad area is in the 40-120 eramge
measured with TCT laser setup and @Beam Test

nt p ot
o Vendor Production no-gain area
o N Ao (microns)
gain layer JTE _ JTE" gain layer
pSi no-gain area ~70 m - FBK 2020 (UFSD3.2) 40
+
\p HPK 2020 (HPK2) 65
CNM 2020 (AIDA2020) 40 ]

l

Fill Factor for a 1.3 mm pitch pad matrix = 94%
Fill Factor for a 100 e m pitch pixel matrix = 36%
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A new technology for the inter-pad area

R. Arcidiacono 1 4D-tracking

No gain area ~ 50 -70 um

JTE + p-stop design

A CMS && ATLAS choice
A Not 100% fill factor
A Very well tested

16x16 array
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A new technology for the inter-pad area s

R. Arcidiacono 1 4D-tracking

No gain area ~ 50 -70 um No gain area ~ few micrometers

\

) Trench -isolated design
JTE + p-stop design pad isolation structures are substituted by tranches (Deep Trench

Isolation technology, < 1 pm wide) i FBK development
A CMS && ATLAS choice

A Not 100% fill factor

Almost 100% fill factor (depends upon the pad size)
A Very well tested

Trench -isolated LGADs produced by FBK: 3 productions
Now this technology is mature

To o Do Do

R&D on TI-LGADs pixelated matrices (50,100 um) are ongoing

16x16 array
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Focusing on Position: Single and Multi Pixels Read-out L,,q

R. Arcidiacono 1 4D-tracking

Single pixel Multi pixels
where the signal is induced on one pixel where the signal is induced on a few pixels

Pixel size

Lorent

z angle

A @, depend on the pixel size AqQ, << pixel size
pixel =100 HO A d, Ho A Same, canbe obtained with larger pixels

a7



Focusing on Position: Single and Multi Pixels Read-out

R. Arcidiacono i 4D-tracking

Single pixel
where the signal is induced on one pixel

Multi pixels
where the signal is induced on a few pixels

Lorent
z angle

48



9 Focusing on Position: Single and Multi Pixels Read-out '"""F.E:I

Multi pixels
where the signal is induced on a few pixels

Lorent
z angle

R. Arcidiacono i 4D-tracking
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O Resistive AC-coupled Silicon Sensors s

Another way of achieving signal sharing among pads is the AC-coupled resistive read-out

N N ™
AC pads —~— l/ I/ l/

oxide
—t— resistive n+

R. Arcidiacono 1 4D-tracking

p bulk

electrode pr+
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O Resistive AC-coupled Silicon Sensors s

Another way of achieving signal sharing among pads is the AC-coupled resistive read-out
A Charge is induced on the n+ electrode ==> very fast process (1 ns)

NN N
e Za %

oxide
—t— resistive n+

R. Arcidiacono 1 4D-tracking

1
A F

p bulk

I clcctrode prt
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Resistive AC-coupled Silicon Sensors s

R. Arcidiacono 1 4D-tracking

Another way of achieving signal sharing among pads is the AC-coupled resistive read-out
A Charge is induced on the n+ electrode ==> very fast process (1 ns)

A This generates signals on the near -by AC pads (fast component i capacitive coupling)
(spread controlled by n+ resistivity, metal pad capacitance, pitch, system inductance)

MONOYNDN
AC pads —~— l/ l/ l/

oxide
—t— resistive n+

p bulk

electrode pr+
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Resistive AC-coupled Silicon Sensors

INFN

L.r"' m——

R. Arcidiacono 1 4D-tracking

Another way of achieving signal sharing among pads is the AC-coupled resistive read-out
A Charge is induced on the n+ electrode ==> very fast process (1 ns)
A This generates signals on the near -by AC pads (fast component i capacitive coupling)

A The charge flows to ground (slow component)

short RC short RC

Fast signal - Fast signal , =

AC pads

oxide
—t— resistive n+

p bulk

electrode pr+
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INFN

Resistive AC-coupled Silicon Sensors s

R. Arcidiacono 1 4D-tracking

Another way of achieving signal sharing among pads is the AC-coupled resistive read-out
A Charge is induced on the n+ electrode ==> very fast process (1 ns)
A This generates signals on the near -by AC pads (fast component i capacitive coupling)

A The charge flows to ground (slow component)

short RC short RC

Fast signal - Fast signal , =

AC pads

oxide
—t— resistive n+

—_ Signal on each read -out channel is reduced as
p bulk it is naturally shared among a few pads

S c/cc0de P

54
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Resistive AC-coupled LGADs Sk

R. Arcidiacono 1 4D-tracking

To overcome this limit: adding a continuous gain layer (moderate gain) to amplify the signal
resistive AC -LGAD (or Resistive Silicon Detector)

U Thin LGAD with a resistive AC read-out, where the design of the read -out pads (shape and
segmentation) adapts easily to any geometry and defines spatial resolution

U 100% detector efficiency , 100% Fill Factor, reduced material budget and enhanced timing
performance

™ N ™
AC pads I/ l/ l/

oxide
I ———resistive n+
———gain layer

5m | —4—

p bulk

electrode pr+
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R. Arcidiacono 1 4D-tracking

Top view

L [ b

L s

[ L kb ok Lok bk
Lot L ! ! !
Boofe ofs of of o oFc W R oE LR
S Y !

oy
il g
e

AC pad

Crosscut

RSD (AC-LGAD)

n+

contact

resistive n+

gain
implant

U Thin LGAD with a resistive reauat AGcoupled,
where thedesign of the readut pads(shape
and segmentationjefines the segmentation
and can easily adapt to many geometries
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R. Arcidiacono 1 4D-tracking

Top view

AC pad \

Crosscut

n+

contact

RSD (AC-LGAD)

resistive n+

gain
implant

U the coordinates are reconstructed exploiting the
charge sharing amongst neighboring electrodes
spatial resolutions much better than

A , k=051

E?
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€ RSD spatial resolution: results with laser TCT

INFN
==

Results from FBK RSD2 production
(2021):second RSD production with
optimized design (parameters that drive __
the sharing) and optimized electrode '
shapes

o e ¢ o ® °

R. Arcidiacono 1 4D-tracking

(A) (8) (€)
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€ RSD spatial resolution: results with laser TCT ¢+

Results from FBK RSD2 production

(2021):second RSD production with

optimized design (parameters that drive

the sharing) and optimized electrode

shapes

x2 O22NRAYIGS&a NBO2yailiNHzO0SR daAaAy3d GKS aOKINHS
Fa@YYSUNRE YSGK2R b O2NNBOGAZ2Y

Using only the 4 electrodes of the cell with the

highest signal (sum of the 4)

R. Arcidiacono 1 4D-tracking

R. Arcidiacono et al, #fAHigh precision 4D tracking wit h)htips/fdg.ce


https://doi.org/10.1016/j.nima.2023.168671

€ RSD spatial resolution: results with laser TCT ¢+

Results from FBK RSD2 production
2021):second RSD production with ot
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€ RSD spatial resolution: results with laser TCT ¢+

Results from FBK RSD2 production
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The coordinates are thenorrected
using a migration matrimeasured

always with the laser setup
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R. Arcidiacono et al, AHIi gh precision 4D tracking wit h)htips/
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RSD spatial resolution: results with laser TCT @

Results from FBK RSD?2 production 100 ¢ RSD2 crosses: spatial resolution for 4 different pitch sizes

. . 90 F
(2021):second RSD production with . 1300 um
optimized design (parameters that drive§ 70 | ~ & —340um

o . . = 0 - B -200um
£ | the sharing) and optimized electrode S5 | g A
3] 340 f \
S | shapes 2 30 | A &
7 4 <
()] @ 20 f \‘ :z :‘1*
j < o . A o 10 [ o - :?“?‘tﬁ“,F:::::t::::
ol x& O022NRAYI (GSa NBO2y &l NUSTSR—drrt—y—= oS . ’
S|FadYYSGiNEBE YSGK2ZR b O2NNBOGA2y ° 0 1000 120 40 1600
% ae u & u u y Total AC amplitude [mV]
g
o - spatial resolution when the total AC amplitude = 60 mV
< -
1| RSDat gain = 30 achieve a spatial =40 | _ -

resolution of about 3% of the pitch sige =30 | y=0.03x+3.57 ="

A 1300 x 1300 m#h s, ~ 40mm -%20 I ="

A 450 x 450 mrt s, ~ 15mm S _mp-

o 10 B -
o
O I I I I I I ]
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RSD time resolution: jitter term

R. Arcidiacono 1 4D-tracking

Results from FBK RSD2 production,

(2021) 70 + "" ---Calcvlated Jitter
\ 1300 x 1300 umA2
'3'60 - \
I A~ Lo + 450 x 450 umA2
NB: Landau fluctuations NOT presents =50 gain A 200 x 340 umAL
-o— 40 B \‘\ ¢
° 30 Ao
g | &
l(“ A% S 2
L T — Ao
0 L 1 1 L [l 1 1 1
0 20 40 60 80 100 120 140 160 180 200

The time Is obtained combining the information
from the 4 read-out pads, minimizing the chi 2

Zq, Tec * A2
> A7

where 0O 0 0

rec —

Total AC amplitude [mV]

The resolution(jitter + delay term)depends mostly
upon the signal size angeakly on the pixel size

Cm _ 5 i very small

RS crossest gain = 30 achieve artejitter of 20 ps
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RSD performance with particles

INFN

R. Arcidiacono 1 4D-tracking

Performed two successfidstbeamsn DESH the past 12 monthsDUT data synchronized with
EUDET tracker

EXPERIMENTAL SETUP
DESY Tracker
-
< — —_— — —
Timing reference (Trigger) RSD

DUTs:RSD2L30Q pixel 1300 x 1300 um 4 electrodes
RSD2450, pixek50 x 450 urh 16 electrodes

Readout methods
A 16chFNAL Board + CAEN Digitizer
A 16ch FAST2 Board (INFN TorincAENCDigitizer

64
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R. Arcidiacono 1 4D-tracking

RSD performance with particles o
Performed two successfidstbeams in DESYthe past 12 monthsDUT data synchronized with
EUDET tracker
EXPERIMENTAL SETUP
FIRST TESTBEAM:
DESY Tracker AFNAL Board +16ch CAEN Digitizer
Amax gain obtained with DUTs ~15
/\ Ausing high part of Landau distribution to
HM I study performance
-
SECOND TESTBEAM (Oct 2023)
Timing reference (Trigger ) RSD AFAST2 (custom ASIC) Boatéch CAEN

DUTs:RSD2.30Q pixel 1300 x 1300 uf 4 electrodes
RSD2450, pixek50 x 450 urh 16 electrodes

Readout methods
A 16chFNAL Board + CAEN Digitizer
A 16ch FAST2 Board (INFN TorincAENCDigitizer

Digitizer
Alower electronic noise, higher amplificatio
Ahigher signal amplitudes obtained
Aexploring up to gain ~50 with tHeSD250

n
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RSD@testbeam: RSD2A450 at 200 V

R. Arcidiacono 1 4D-tracking

At 200 V this device has a gain

close to ~ 50

—~1000-800 -600 -400 200 0 200 400 600 800 1000
Xrsd [um]

2D map of the average distanc

hit RS hit_tracker

e

Xrsd vs Xtrk pixel

Xrsd Jum]

_HIJIIM —B00 600 —400 200 O 20 4 600 BOD 1000

Yrad [um]

'“Wm —800 —600 400 200 @ W 400 600 BO0 1000

E T | Yrsd vs Ytrk pixel |
Mean x 1193
Mean y 107.4
Std Der 33 1000,
3339

Xirk [um]
Entries 10161 Yres
Mean -11.53
Std Dev 26.1
e ¥©indf  9.205e+04 /27
fé 0 Constant 1980+ 405 é 2000
1800 Mean -11.26 + 0.43 w1800
1600 Sigma 18.91 + 0.48 2600/
1400 E 1400]
1200 1200

50 100 50 [} 50 100
Xrsd - Xirk [um]

150

Yirk [um]
Entries 10161
Mean -13.16
Std Dev 26.62

2indf  9.466e+04 /27

Constant
Mean
Sigma

1942+ 40.7
-14.6 0.5

19.34 +0.50

50

100

1

Yrsd - Yirk [um]

Sigma ~ 19 microns, tracker resolution to be remove®(8m)
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RSD@testbeam: preliminary results using FAST2 ¢

R. Arcidiacono 1 4D-tracking

100 1

o N @ w0
o © o o

o

Resolution [um]
[=]

—'Ngb

o o

v
o
T

RSD2 Crosses 1300 um: spatial resolution

. * TCT data
-~ testbeam
e
.
‘‘‘‘‘ T
0 10 20 30 40 50 60 70 80

Very good results with loamplitudesignals
This DUT had high noise at higher gain
at thetestbeamsetup

For equivalent gain, FAST2 yields better results

67



Here the spatial resolutiomeasured with

. . . -}
RSD@testbeam: preliminary results using FAST2 @
100 RSD2 Crosses 1300 um: spatial resolution M RSD2 450 Crosses: spatial resolution
:2 = TCT data 35 . = TCT data
ol =70 : - testbeam -E-so o testbeam
£ g 60 . 572 =
[S) 50 |} \._. - c 20 . ® N
© c o | e T
3l 5w - 5 i O
M B RSRE SR R i
= Q s | e g |
8 e 19
3 0 : 0 . ' : : : : - )
S 0 10 20 30 40 50 60 70 80 10 15 20 25 30 35 40 45 50 55
g Gain Gain
<
X

Very good results with loamplitudesignals

This DUT had high noise at higher gain

at thetestbeamsetup

For equivalent gain, FAST2 yields better results.

particles, at higher amplitudeis, dominated by
the constant termresiduaimis-alignment,
uncertainty on the tracker resolution, reaadt

chain nonuniformities
68
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O Lastest results obtained RSD2+FAST?2 e

x2/ ndf 1.264/3

RSD 450 micron :Cc..,,,..,, [uml[ . 13.24 + 0.6775

—_ 30 - 11— —1___Noise-Amplitude m 2.?71 +0.2108
8 E
a 251 —
o bﬁ - _
C b -
= 20— 4 Total RSD resolution -
& - - .
& wir v o o BT EYTH BE * -
j A Hi 17 H(?ﬁ)? - Constant term .
o 19" RsD Jitter B
S - ]
8 5 .
g - .
= Resolution around of the pitch. o b L . A R
<E_ 80 100 120 140 160 180
o Apixe! [mV]

A The constant term dominates the resolution, abqut X pod a
A The constant term includes radignementRSD NI O1 SNE &Sy a2NJ I yR St SO0 NE

L. Menzioe t

al ,

AFirst

test

beam measurement

of the 4D resolution )dMA X065 (PO24) 16852® mi cr on s pit|c|69pi
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R. Arcidiacono 1 4D-tracking

Take away message from AC-LGAD (RSD) [

To be noted:

A signalspread may involve a large (>4) and variable number of electrodes, leading to slight deterioration ar
spatial resolution, which is positieshependent.

A performance of these device with cross shape electrodes is computed using only four electrodes, method
leads to the best result©n average 30% of the signal leaks outside the area read by the four electrodes

A the leakage current of the whole device is read out at the periphery of the device: baseline fluctuations in |
or in highly irradiated devices

A Signals are bipolar with rather long tails during the discharge



Take away message from AC-LGAD (RSD)

Tz

R. Arcidiacono 1 4D-tracking

To be noted:

A signalspread may involve a large (>4) and variable number of electrodes, leading to slight deterioration an

spatial resolution, which is positieshependent.

A performance of these device with cross shape electrodes is computed using only four electrodes, method

leads to the best result©n average 30% of the signal leaks outside the area read by the four electrodes

A the leakage current of the whole device is read out at the periphery of the device: baseline fluctuations in |

or in highly irradiated devices

RSD 450 micron

A Signals are bipolar with rather lon 250 ®
-~ MPV (All ch) -
200
A the resolution should = 150 | MPV (Highestpixel) . o
_ - [ o
further improve with the full | o
o
containment of the signalina = 0 |
predetermined area 0 . . . : :
100 120 140 160 180 200
Bias [V]

220
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The evolutionDGcoupledRSD o

R. Arcidiacono 1 4D-tracking

DCGRSDDGcoupled Resistive reamit Silicon Detectors

Development started in the framework of theoject 4DInSid@talian National project) icollaboration with FBK
and now supported by thdDSHARE Grdftalian National project)

12
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The evolutionDGcoupledRSD e

R. Arcidiacono 1 4D-tracking

DCGRSDDGcoupled Resistive reamit Silicon Detectors

Development started in the framework of theoject 4DInSid@talian National project) icollaboration with FBK
and now supported by thdDSHARE Grdftalian National project)

Goal: evolve the resistive AGAD design, improving the performance
and scalability to large devices

Key points: achieve controlled signal sharing in a predetermined
number of pads and drain the device leakage current at every pixel

73



(4 The D&oupled resistive readut LGAD (D&SD) o

n+ contact

™~ AC pad

N

resistive n+

N gain implant

v
RSD (AC-LGAD)

charge fAcontjai nmento

n+ contact

R. Arcidiacono 1 4D-tracking

Evolution of the RSD design:

DC collection of signals , with low resistivity paths to read-out
pads+ char ge 0 c ostractaresnisokating tienches

for now) DC-RSD design

™~ bc pad

resistive n+

| gain implant

DC-RSD
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R. Arcidiacono 1 4D-tracking

C
n+ contact
™~ AC pad
. . N .
A Oxide layer for ACoupling removed resistive n+
Areadout electrodes implanted on the resistive layer ™ gain implant

Athe signals are read out via the closest DC electrodes

Athe leakage currents is removed locally at each electrqdes

v

RSD (AC-LGAD)

charge

ficont

ai nmento

DC-RSD

n+ contact

™~ bc pad

resistive n+

| gain implant
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(4 The D&oupled resistive readut LGAD (D&SD) o

n+ contact

™~ AC pad

(@]
% A No signal dispersion, reconstruction of a [ resistive n+
S particle hit involves a predetermined N gain implant
S number of pads N
o Ab2 O0ALREINI ATyt OA PSP &fRBHACHAPA OKI NBESO I ™
3 nslong pulses ~ . .
oo ) . . . charge fdAcontlai nmento
2 A No signal dispersion + No baseline
3:_ -'F f dZél.,l le L,] 7\ 2 y é. I_b A YLJI\ n+ contact
- A Due to their characteristics, BRSD with AA— A VA1 o pac
O(cn?) active surface are feasible “
resistive n+
| gain implant

DC-RSD
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Status of the R&D: production process flow

Cs
J

R. Arcidiacono 1 4D-tracking

¢ TWO YEARS of work!

Development of the production process flow (exploration of technological solution to manufacture

the device- FBK) and simulation of the device

FBK technological studies

A iz erreos i sAl4Svsubistyaté contact
achieved

A completed a few shorlbops to acquire the
necessary technical skills needed for :
A tSINY K2g (2NBDODKNEW
Al- Sisubstratecontact
A Investigated the possibility of

A fizerreosi stivityo contact
achieved

A work Qngoing to master the art of implementing

Ade tfﬁ(e mISe d resistors with controllable, and

uniform values

introducing interpad resistors (FTiN
as charge sharing containment

Using trenches (like ®iPMor TILGADS) to contain
the signal, instead of intgrad resistors
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Status of the R&D: 3D TCAD simulations

(s

¢ TWO YEARS of work!

Development of the production process flow (exploration of technological solution to manufacture
the device- FBK) and simulation of the device

The DERSD concept and the sensor design have been guided by simulations

We performed detailed simulation studies on the signal spiatacteristics (sharing,
amplitude variations, delays between electrodes) in different conditions:

A Use ofcrossedshapedor barshaped electrodes

A Use of floating electrodsto contain the signal

A Use ofasquarel or hexagonbmatrixof electrodeqdot-like), effect of electrode diameter

R. Arcidiacono 1 4D-tracking

A Use ofresistive stripbetween electrodes
A Use oftrenches of differentength between electrodes

F. Moscatelli et al, https://www.sciencedirect.com/science/article/pii/S0168900224003061 A. Fondacci's talk at Pixel2024 78




@ Signal spread with cross-shaped electrodes in DC-RSD

)
INFN

==

R. Arcidiacono 1 4D-tracking

3x3 pixel DARSD structure, evolution of the current density over the resistive layer

Different crosshape dimensiot
were considered:

when the electrodes are an
important fraction of the pitch,
the signal is weltonfnedinside
the cell

however, if the particle hits on
electrode not in its center, the
information about the impact
position is altered (located in
the center), so it is not
appropriate to implement
electrodes with long arms.

3D TCAD simulations with MIP stimulus
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Different crosshape dimensions
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when the electrodes are an
important fraction of the pitch,
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the cell

however, if the particle hits one
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information about the impact
position is altered (located in
the center), so it is not
appropriate to implement
electrodes with long arms.

84



@ Signal spread with cross-shaped electrodes in DC-RSD

)
INFN

==

R. Arcidiacono 1 4D-tracking

Different crosshape dimensiot
were considered:

when the electrodes are an
important fraction of the pitch,
the signal is weltonfnedinside
the cell

however, if the particle hits on
electrode not in its center, the
information about the impact
position is altered (located in
the center), so it is not
appropriate to implement
electrodes with long arms.
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Signal spread with inter-pad resistors or isolating trenches ™.

R. Arcidiacono 1 4D-tracking

5x5 pixel structure, evolution of the current density over the resistive layer

X

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signa
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the simulated pixel TotalCurrentDensity (A*cmA-2) TotalCurrentDensity (A’em?-2)

0.50 2.94 17.32 101.94 600.00 5.00e-01 2.94e+00 1.73e+01 1.02e+02 6.00e+02

inter-pad resistors isolating trenches

3D TCAD simulations with MIP stimulus .



Signal spread with inter-pad resistors or isolating trenches ™.

R. Arcidiacono 1 4D-tracking

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signal
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the SimUIaterixel TotalCurrentDensity (A"cmA-2) TotalCurrentDensity (A’em?-2)

0.50 2.94 17.32 101.94 600.00 5.00e-01 2.94e+00 1.73e+01 1.02e+02 6.00e+02

inter-pad resistors isolating trenches
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Signal spread with inter-pad resistors or isolating trenches ™.

R. Arcidiacono 1 4D-tracking

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signal
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the SimU|aterixe| TotalCurrentDensity (A*emA-2) TotalCurrentDensity (A*cm®-2)

0.50 2.94 17.32 101.94 600.00 5.00e-01  2.94e+00  1.73e+01  1.02e+02  6.00e+02

inter-pad resistors isolating trenches
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Signal spread with inter-pad resistors or isolating trenches ™.

R. Arcidiacono 1 4D-tracking

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signal
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the SimU|aterixe| TotalCurrentDensity (AcmA-2) TotalCurrentDensity (A*cm~-2)

0.50 2.94 17.32 101.94 600.00 5.00e-01  2.94e+00  1.73e+01  1.02e+02  6.00e+02

inter-pad resistors isolating trenches
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Signal spread with inter-pad resistors or isolating trenches ™.

R. Arcidiacono 1 4D-tracking

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signal
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the SimU|aterixe| TotalCurrentDensity (Acm®-2) TotalCurrentDensity (A*cm~-2)

0.50 294 17.32 101.94 600.00 5.00e-01  2.94e+00  1.73e+01  1.02e+02  6.00e+02

inter-pad resistors isolating trenches
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Signal spread with inter-pad resistors or isolating trenches

R. Arcidiacono 1 4D-tracking

Pixels with intepad
resistors or isolating
trenches, connecting
100% of the gap within
electrodes, have a signal
well confined

The cause of the small signal
spill outside the hit pixel, 1 or
2 orders of magnitude smaller
than the central signal, is
related to the dimension of
the simulated pixe| TotalCurrentDensity (A*cm#-2) TotalCurrentDensity (A*cmA-2)

0.50 2.94 17.32 101.94 600.00 5.00e-01 2.94e+00 1.73e+01 1.02e+02 6.00e+02

inter-pad resistors isolating trenches
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($) DC-RSD1: ffcrommacfept o pr qd

The first production was completed @FBK in November 24: DC-RSD1
A The solution selected to achieve charge containment : use of Isolating Trenches (like TI-LGADs or SiPM)

R. Arcidiacono 1 4D-tracking
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DC-RSD1: fofcromacfept o pr od

The first production was completed @FBK in November 24: DC-RSD1
A The solution selected to achieve charge containment : use of Isolating Trenches (like TI-LGADSs or SiPM)

= Several test structures  implemented:
‘;‘% A devices with squared or hexagonal matrix of electrodes
57 (dot-shaped), with and without isolating trenches,
¥ multiple pitch options =
% A strips with multiple pitch options and multiple length 7 (;'g
o P |
% T.-T.T.T..T non o A g
8880 S
< SRNs! 3
o 8888/
e o o
fisqguareo or Atriangleo pix ¢
J | | 'vvvvi'
A devices without isolating trenches have been implemented to e 1 , ’A%A%A%AI
allow comparison with the equivalent designs in AC-LGADs 7 |Ph B VAvAvAY
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R. Arcidiacono 1 4D-tracking

The first production was completed @FBK in November 24: DC-RSD1

A The solution selected to achieve charge containment : use of Isolating Trenches (like TI-LGADs or SiPM)

— ] wafer selected

Split table:
Wafer| NPLUS dose[CONHO IMP| Trench depth| Trench process| PGAIN dose Thickness

0,25 D2 P2 1.02 55

0 no nﬂ 1. 02

0,25 D2 p2 1.06

0 P —— » TT

05 D2 P2 1.02 55

05 | | D2 P2 1.06 55

05 D2 P2 1.06 55

0,5 D2 P2 1.02 55
D2 P2 1.02 55
D2 P2 1.06 55
D2 P2 1.02 55
D2 P2 1.06 55
D2 P2 1.06 55
D2 P2 1.02 55
D2 P2 1.06 55

see M. Centis Vi g n @dlkiatdrREDI2025 for more information on the DC-RSD1 production

for lab and
testbeam
measurements

DC-RSD1 wafer
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DUTs @DESY testbeam

R. Arcidiacono 1 4D-tracking

Preliminary results on space and time resolutions of
measured with a 5 GeV electron beam (DESY)

ASquareo pixels

3x3 pixel matrix
16 electrods

o o I

pitch

ATriangl eo
A 5x3 pixel matrix
A 14 electrodes

A 500-micron pitch

500- and 1000-micron

pi xels

these devices
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The DESY test beam set-up

R. Arcidiacono 1 4D-tracking

Two different data taking modes

Studies of spatial resolution Studies of time resolution
Read many pixels using a CAEN digitizer Read 2 pixels using an 8-ch oscilloscope
A Upto 16 electrodes A Up to 7 electrodes + MCP (time reference)

A High time resolution

|- - 4 -

Data path

I
Oscilloscope }" CAE _— PC Oscilloscope
Digitizer
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The DESY test beam set-up
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DC-RSD1 W3: gain studies A

R. Arcidiacono 1 4D-tracking

Wafer 3: A hgaigdose, highest n+

resistivity (fAslowerg

resistive layer)

High-statistics runs taken at different
reverse bias voltages.

Gain estimated by comparing the signal
area measured at a given bias, with the
theoretical signal area in a PIN
(uncertainty ~10%)

35
30
25
20
15
10

Gain

Gain vs Bias
 propagation on t he=
[
|
o
150 170 190 210 230 250 270
Bias [V]

Gain range used in the analysis: 15 -45
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Signals collected by a pixel

R. Arcidiacono 1 4D-tracking

Entries

The signal collected by a ndpi

summing the amplitudes seen by the four  (three)
electrodes defining the squared (triangular) pixel

10°

1 1
0 20 40 60 80 100 120 140 160

B =rumt<rtiny

Clear separation between signal (Landau in red) and noise.

Event Selection criteria:  =_ O
Events with lower amplitudes are located close to trenches

xel o

S
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Signals collected by a pixel: inefficiencies?

Cs

R. Arcidiacono 1 4D-tracking

Entries

The signal collected by a dpi x e llsghe DT inefiécierit?mat e d
summing the amplitudes seen by the four  (three)

Events with tracks inside the active area and

electrodes defining the squared (triangular) pixel Smiogn HT
— 2000 T T T
10* EL [
> 1500 |- —— ca -
10° . ) : i
1000 F R Eeianea
10° i - ¥ H
500 |- RS- U, CHP—
“‘ S S
. . of S £
0 20 40 60 80 100 120 140 160 [
-5005 L ' ' L 18,
=500 0 500 1000 1500 2000
- - - - X IIJ-mI
Clear separation between signal (Landau in red) and noise. . .
_ L mostly aligned with the trenches!
Event Selection criteria: =_: ¢ _u O .. ' ..
_ _ - m this is not inefficiency but acceptance
Events with lower amplitudes are located close to trenches (fill factor ~ 99%)
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Signal shape:

square pixel, 500-micron pitch

Cs
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R. Arcidiacono 1 4D-tracking

Amplitudes recorde d by 6
electrodes (see sketch)

A The signal is fast , unipolar, same
shape of a standard LGAD.

A Perfect isolation

hit pixel.

: the signal is seen
only in the electrodes belonging to the ==}
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DC-RSD signal containment

R. Arcidiacono 1 4D-tracking

Average signal amplitude seen by each
electrode as a function of the (X,Y) tracker

(Square pixels 230V)
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